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No: 9/90 Ref: EW/G90/06/25 Category: 1b
Aircraft Type

and Registration: Pilatus Brtten-Norman BN2T Islander, G-TEMI

No & Type of Engines: 2 Allison 250-B17C turbine engines

Year of Manufacture: 1982

——

Date and Time (UTC): --27 June 1990 at 1320 hrs

Location: Bembridge, Isle of Wight

Type of flight: Private (flight test)

Persons on Board: Crew -2 Passengers - None

Injuries: Crew - None Passengers - N/A

Nature of Damage: Tailplane, fuselage and right wing buckled, main landing gear broken

Commander's Licence: Commercial Pilot's Licence

Commander's Age: 34 years

Commander's Total

Fiying Experience: 2,729 hours (of which 930 were on type)
Information Source: Aircraft Accident Report Form subrmitted by the pilot

A flight test was being carried out in wind conditions of 220°%17 kt, with slight gusts which had not
been mentioned in the forecast. The first task was to demonstrate compliance with the requirements of
BCAR K2-7 para 3.3, which states that “In the event of sudden failure of the Critical Engine at any
point in the take-off conducted in accordance with the recommended technique at any speed up to Vit
shall be possible to prevent a lateral divergence from the intended take-off path of more than 9.1 m (30
feet)". Paragraph 3.4 goes on to state that "Where the aircraft is airborne at speeds below V5, it shall be
possible......to re-land without the display of undue skill on the part of the pilot™. V5 had been
calculated on this occasion as 60 Knots Air Speed Indicator Reading (KASIR) and the pilot had decided
to demonstrate compliance by using V5 + 5 KASIR. Engine failure, for the purpose of the
demonstration, was achieved by closing the low pressure fuel cock at a speed which was judged as
likely to produce the (seconds later) engine run-down at the chosen speed (60 KASIR, in this case +5
kt).

Failure of the left engine was demonstrated to be satisfactory, with the engine run-down occurring at 63
KASIR and with a lateral divergence of 3 mto the left.
— )5/ 07L -
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A similar demonstration was carried out with a right engine failure but, on this occasion, the engine
un-down occurred at about 70 KASIR (V2 +.10). Immediately prior to the run-down, the aircraft
pecame airbome, stated by the pilot to be caused by a gust of wind, and drifted further 1o the right of the
unway centreline than would have been induced by the run-down alone. At a height of 35-40 fect and
95-30 feet right of the centreline, the commander decided that there was insuf ficient distance remaining
10 2ccomplish a stop within the TODA. He therefore continued the take-off, believing that the weight of
the aircraft would allow an adequate climb performance. However, the airspeed decayed, perhaps as
the gust died down, and, despite the usc of full power and flap retraction, the aircraft continued to sink
w the ground. The height was too low to allow recovery of the airspeed and the aircraft descended in a
high nose attitude, which the commander had maintained in order to increase survivability, and
impacted with the ground at about 55 KASIR, beyond and to the right of the runway.

! There was no fire and having made the aircraft safe the crew vacated it.




/| [
OSSN TD




Lori Ann Peplinski Davis, thirty, a lovely woman with the

high cheekbones of a fashion model, was pregnant on 15
August 1990 with her first child. She was woxrying about
when the labor pains would start, not about the routine flight
her husband, LT William C. “Catfish"  Davis; thirty-three,
and CAPT Steven A. "*Axle” Haz.clngg, forty-two, chief test
pilot of the Strike Directorate, were flying that mommg in
an old A-6 bomber.

. Hazelrigg was. in.the left.seat; ﬂying! the: bomber“away
from Pax River and south toward the.Northem. Neck, of
Virginia.- A:divorced -and loving father.of .two daughters,
Hazelrigg was widely admired withinthe Strike Directorate

as a leader and an aviator. He was fun loving off duty—had

- even dared to bring his ski boat with him when he reported
to Pensacola as a flight student—and on duty led by example
rather than intimidation. .. o

Catfish Davis was sxtting on the nght sidc, in t.he bombar-
dier-navigator’s seat. He was an old hand in the A-6. He had
bombed Lebanon from one' A-6 in 1983 and ejected from
another in 1984, miraculously landing safely in the predawn
210 '

‘ark on the flight deck of the USS John F. Kenncdy § sh
was a dedicated aviator who had been selected to worx on
the hush-hush A-12 stealth-bomber program at Pax but
never forgot that he had a lovmg wife at home.

Axle and Catfish were up in the sky in the A-6 because
they were testing a new bomb for the plane. The two gradu-
ates of TPS were resuming tests of the new dummy bomb
they had taken aloft before. They were going along at S00
knots at 5,000 feet, setting up to test how the weapon would
withstand the bomber’s pitching maneuvers. :

Steve Hazelrigg went into the up-and-down, nosc-to-tall
maneuver called a “sinusoidal stick pump” test to see if
the bomb rode all right—if it stayed attached in stressful
maneuvers. Suddenly, something broke between the control
stick and the horizontal stabilizer on the tail. It could have
been a section of rod, a crank—any one of scores of pieces
in the control line leading from the stick to the elevator.
The leading edge of the horizontal stabilizer slanted upward
into the oncoming air, forcing the tail to ride up over a hill
of air. This pushed the tail of the bomber up and its nose
down. Hazelrigg pulled back on the stick to bring the plane
back up to level flight. Nothing happened. The plane stayed
in its straight-down dive. Catfish felt the bomber go into a
sxckenmg left roll during the.dive...» . - 2. .

.The feeling was like having an elevator break away from
its overhead cable:and plunge toward the basement at 500
miles per hour.. You would find yourself up against the ceil- .
ing. of the elevator,,The lap and shoulder . hamesses held
Axle and Catfish in their. seats, But they were being pushed .
upward toward the canopy at a force- 6.8 times their own
Welght. [AF N BENTY -'--'qp L l'l.la 14t w. b

. “Pulll™: Catﬁsh told: Axle;. not{realinng the pxlot had al- A

rcady tried. The horizontal stabilizer was stuck with its full
leadmg edge up. The plane was out of control. The excruci-
ating gravitational force. made it difficult.for. either flier to
reach the ejection handles under his seat or behind his head.
Somehow Catfish.reached down and got his hand around
the lower handle.. The A-6 was diving at 550 knots. The
plane was.only 3,500 fcet above the ground. Catfish was

ail
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being pushed up against the canopy roof with more negative
Gs than the ejection system was designed to overcome. But
it worked. Catfish was shot through the roof one tenth of a
second before negative Gs would have incapacitated him.
Steve Hazelrigg either did not want to eject, perhaps figuring
he could regain control of the bomber, or was so stricken
by the negative Gs that he could not reach either of his
ejection handles. The A-6 is not rigged so.that Catfish could
have ejected Axle along with himself--a flaw that infuriates
those who fly the bomber. Axle rode the plane down to its
head-first crash into the earth. Pilot and plane dmntegrated
in a farm field near Burgess, Virginia, . . .. ...
Catfish probably never. heard the “gotcha" snap of his
parachute’s opening. He was grievously injured and would
never remember exactly what happened immediately before
and after-his ejection, even under hypnosis. His parachute
snagged a treetop, apparently providing a braked rather than
sudden stop. An unimpeded smash into the earth probably
would have killed him because of his many injuries. He hung
suspended in his chute with just the balls of his feet touching
the ground. He was conscious but too weakened by his many
injuries to extricate himself from his hamess. i <t o .o
Hazelrigg and Davis had been in constant: clectromc con-

tact with engineers at Pax RiversThe engineers were study-
ing the. telemetry coming:from, the: bomber . as, it, went
through its maneuvers. Suddenly, the telemetry revealed an
unprogrammed. dive. Then electronic contact was broken.
The engineers sounded the alarm. Salty. Dog 505 had gone
off the radar scope, and one Emergency Locator Transmitter
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DENSILA0S2 http/sww ntsb gov/aviation DEN'91A082 htm

1of1

NTSB Identification: DEN911.A082 For detatls, refer to NTSB microfiche number 443884

Accident occurred JUN-12-91 at DENVER, CO
Aircraft: BOEING DHC-6-300, registration: N242CA
Injuries: 2 Uninjured.

AT DAWN, THE PILOT AND A NECHANIC WENT OUT TO PREFLIGHT THE AIRCRAT AND
THEN FLY IT ON A LOCAL AIAINTENANCE TEST FLIGHT. THE IYDRAULIC SYSTEM
CIRCUIT BREAKER WAS NOT "IN" WHEN THE AIRCRAFT ENGINES WERE STARTED. AS
THE RIGHT ENGINE RPM BEGAN TO INCREASE, THE AIRCRAFT STARTED TO MOVE
FORWARD, THE PILOT APPLIED THE BRAKES ONLY TO DISCOVER THERE WAS NO
IHYDRAULIC PRESSURE IN THE BRAKE LINES. BEFORE CORRECTIVE ACTION COULD BE
TAKEN, THE AIRCRAFT STRUCK A PARKED AIRCRAFT.

Probable Cause

THE PILOT'S FAILURE TO PERFORM AN ADEQUATE PREFLIGHT, LE., NOT FOLLOWING
THE CHECK LIST AND THE NORMAL BRAKE SYSTEM WAS INOPERATIVE AS A RESULT
OF NO IHIYDRAULIC SYSTEM PRESSURE (HYDRAULIC SYSTEM CIRCUIT BREAKER NOT
“IN").

Index for Jun 1991 | Index of Months

0772272000 8:26 PAI
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+ DATA REPORT DE HAVILLAND-DHCS-300 ACCIDENT +
+ EVENTS |PHASES BRAKE-AIRCRAFT STANDING +
+ LOSS OF CONTROL-TAXIING +
+ COLLISION WITH OBJECT-OTHER-TAXIING +
#-ceeeeseecccccceccsscsccesssesccsseesesescsecsccmemamsassessssasasana mAteceamvamcssesessssceccssssacssscascassessecaasss +

4+
Cmmmeeee e OPERATION ~====-=-=sssesssounens > 44 Coememreeeececaaeaaas FILE DATA ===---====--=«ou-eaaaas >
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ ICAO FILE : 9170211-0

++ FROM STATE : UNITED STATES
FINAL REP -+
Ceoorennnnan DATE, TIME AND METEOROLOGICAL DATA ~---ssnsae > 44 Cevsecceccnanacacaens AIRCRAFT DATA =======cccmeemccecaen >
DATE : 91-06-12 ++ MASS CATEGORY : 2250 - 5700 K6
TINE : 05:00 ++ STATE OF REGISTRY : UNITED STATES
LIGHT : DAWN ++ REGISTRATION 1 N242CA
GEN WEATHER : VMC ++

++
Croemoeeeanaaaaans vumean LOCATION =----ccceooeenacccammans > #4 Comoooooaens DAMAGE, INJURY AND TOTAL ON BOARD =====-----~ >
LOCATION : DENVER,CO ++ A/C DAMAGE : SUBSTANTIAL
STATE/AREA & UNITED STATES ++ INJURY : FATAL SERJOUS MINOR NONE LINKNOWN TOTAL
DEPARTED :  DENVER,CO ++ CREW  : o 0 0 1 0 1
DESTINATION : DENVER,CO ++ PAX @ c o0 0 0 0 0

++

----------------- NARRATIVE ==-=---ecccusnan

THE PILOT STARTED THE ENGINES FOR A TEST FLIGHT. THE HYDRAULIC SYSTEM WAS NOT PRESSURIZED. AS NO.2 ENGINE STARTED UP AND
THE OIL PRESSURE BEGAN TO COME UP, THE PROPELLER CAME OUT OF THE FEATHER POSITION, PULLING THE A/C INTO A PARKED A/C.
DRN: THE HYDRAULIC SYSTEM CIRCUTT BREAKER WAS NOT "IN"., THE PILOT APPLIED THE BRAKES ONLY TO DISCOVER THERE WAS NO
HYDRAULIC PRESSURE.

~+sssesscscs GEQUENCE OF EVERTS ------------
EVENT 1 BRAKE - AIRCRAFT STANDING
1.NORMAL BRAKE SYSTEM - NO PRESSURE
2.FL CREW PRE-FLIGHT CHECK PROCEDURE - INADEQUATE
3.USE OF CHECK LIST - NOT FOLLOWED
EVENT 2 LOSS OF CONTROL - TAXIING
EVENT 3  COLLISION WITH OBJECT-OTHER - TAXIING

CESSNA-421
ATC RELATED EVENT-EN-ROUTE
AIRCRAFT NEAR COLLISION-BOTH AIRBORNE-EN-ROUTE

ICAD FILE
FROM STATE

FINAL REP
Kemmmmmmaaa DATE, TIME AND METECROLOGITAL DATA bbb et s A o eELLEli il wresesen AIRCRAFT DATA ~----ce==cecemcnccaas >
DATE : 91-10-22 MASS CATEGORY : 2250 - 5700 kG
TIME : 00:00 STATE OF REGISTRY :
LIGHT : ISTRATION :
GEN WEATHER H
K+rensnccsnnncnnencnnns [OEATION ~ec--om-mec-ccrucsacanaed 44 Commmrrrscan E, TNJURY AND TOTAL ON BOARD ----=------ >
LOCATION H A/C DAMAGE NE
STATE/AREA - NITED STATES INJURY : FATAL SERI INOR NONE UNKNOWN TOTAL
H CREW : 0 0 1] 0
: PAX H 0 0 0 0
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Aircraft accident description 16.09.1991 Antonov 74

http-//aviation-safety net/database/1991/910916-2 lam

Accident description

r s:gn guestbook

» view guestbook

¥ editorial

* what's new?
~Accident reports 'f‘

| g e, -

Accrdant specia!_}

Date:

Type:
Operator:

C/n:

Year built:
Crew:
Passengers;
Total:
Location:
Phase:
Nature:
Flight:
Remarks:

Source:

Registration:

16.09,1991

Antonov 74

Aeroﬂot/‘l—:s"hersk Aviation Plant
SSSR-74002

07-03 (I/n)

15850

fatalities / on board

fatalities f on board

13 fatalities / on board
Petropaviovsk-Kamchatsky (Russia)
Take-off

- (Flightnumber )

Caught fire and crashed.

[disddairm=]

Copyright € 1996-2000 Harro Ranter / Fabian Lujan
Aviation Safety Network; updated 3 January 2000

0772372000 7:43 PM
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NTSB AVIATION ACCIDENT/INCIDENT DATABASE REPCORT

FTWO2LA040
MicyoFrshe 46282

Report Number:

General Information

Local Date: 12/10/1991

Local Time: 08:55 CST

City/State: ARLINGTON, TX

Airport Name: ARLINGTON MUNI

Airport Id: GKY

Event Type: ACCIDENT

Injury Severity: NONE
Operations Information

Category of Operation: GENERAL AVIATION

Aircraft Type: HELICOPTER

Aircraft Damage: SUBSTANTIAL

Phase of Flight: 570 LANDING "

Aircraft Make/Model: BELL BHT-206-L3 ' LONG RANGER

Cperator Doing Business As:

Cperator Name: BELL HELICOPTER TEXTRON

Operator Code:

Operator:

QOwner Name: BELL HELICOPTER TEXTRON
Narrative :
THE EXPERIMENTAL CERTIFICATED HELICOPTER WAS BEING TEST FLO WN AS
PART OF THE HEIGHT VELOCITY DIAGRAM DEVELOPMENT FCOR THE 206L4
CERTIFICATION PROGRAM. THE TEST PILOT WAS CONDUCTING ABORTED
TAKEQFFS WHEN AT 30 FEET AND 50 KNOTS HE INITIATED AN
AUTOROTATION. THE COLLECTIVE WAS LOWERED SLIGHTLY AND A HIGH
DESCENT RATE OCCURRED. DURING THE DESCENT THE MAIN ROTOR RPM
DECREASED AND THE HELICOPTER LANDED HARD RESULTING IN TAILBOCM
BUCKLING AND SEPARATION OF THE TAIL ROTOR DRIVE SHAFT. THE
PILOT'S APPLICATION OF COLLECTIVE BEFORE TQUCHDOWN DID NOT ARREST
THE DESCENT RATE.

Prcbable Cause

THE HELICOPTER'S AUTOROTATICNAL LANDING PERFCRMANCE CAPABIL ITY
WAS EXCEEDED. FACTORS WERE THE PROPER DESCENT RATE WAS NOT
POSSIBLE FOR THE PIC AND SUFFICIENT INFORMATION FRCM
THEMANUFACTURER WAS NOT PROVIDED.

Aircraft Information
Number of Seats: 2
Aircraft Use:
Type of Operation: 14 CFR 91
Domestic/International:
Passenger/Cargo:
Registration Number: 2770X




Pilot-~in-Command

Air Carrier Operating Certificates:

Ailrcraft Fire:
Injuries
Fatal Serious Minor None
Crew 0 0 .0 2
Pass 0 R ¢ T ¢ 0
Cther 0 0 ) 0

Landing Gear:

Certificated Maximum Gross Weight:

Engine Make:
Engine Mocdel:
Number of Engines:.
Engine Type:

Environment/Cperations Information

NONE

SKID
4150
ALLISON
250C-30p
1 :
TURBO SHAFT

Basic Weather Conditions:VISUAL METEOROLOGICAL CONDITIONS (VMC)

Wind Direction (deg):

Wind Speed (knots):
Visibility {sm}:
Visibility RVR (ft):
Visibility RVV (smj:

Cloud Height Above Ground Level
Visibility Restrictions: -
Precipitation Type:

Light Condition:

Flight Plan Filed: -

ATC Clearance:

VER Approach/Landing:
Event Locaticn:

Certificates:
Ratings:
Plane:
Non-Plane:
Instrument:
Had Current BFR:
Months Since Last BFR:
Medical Certificate:
Medical Certificate Validity:

(EL):

COMMERCIAL,

0

G

12

0

Q

25000
NONE
NONE
DAYLIGHT
NONE

~NCNE

SIMULATED FORCED LANDING
ON AIRPORT

FLIGHT INSTRUCTOR

SINGLE ENGINE LAND
HELICOPTER
AIRPLANE,
YES

12

CLASS 2
VALID MEDICAL-WITH

HELICOPTER

WAIVERS/LIMITATIONS
Flight Time (Hours)
Total : 8200 Last 24 Hrs : 2
Make/Model : 100 Last 30 Days: 20
Instrument 60 Last 90 Days: 50
Multi-Engine: 0 Rotorcraft : 7800
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NTSB AVIATION ACCIDENT/INCIDENT DATABASE
Report Number: DEN921LA036

General Information

Local Date:Time 02/29/1992:10:22MST

City:State LEADVILLE: CO

Airport Name:Id LAKE COUNTY:LXV

Event Type: ACCIDENT

Injury Severity: NONE
Operations Information

Category of Operation: GENERAL AVIATION

Aircraft Type: HELICOPTER

Ailrcraft Damage: SUBSTANTIAL

Phase of Flight: MANEUVERING

Aircraft Make/Model: ° TH -28

Operator Name:Code ENSTROM HELICOPTER CORPORATION:EAHA

Operator: ENSTRCM HELICOPTER CCRP - EAHA

Owner Name: ENSTROM HELICOPTER CORPORATION
Narrative
THIS WAS ONE OF A SERIES OF EXPERIMENTAL TEST FLIGHTS LEADI NG
TOWARDS FAA CERTIFICATICN OF THE MODIFIED HELICOPTER. DATA POINTS
FOR THE HEIGHT VELCCITY CURVE HAD BEEN COLLECTED AND THE PILOT WAS
ATTEMPTING TO CONFIRM THEIR ACCURACY. AT 46 KNOTS AND 400 FEET
AGL, THE PILOT MADE AN INTENTIONAL AUTOROTATICN. HE SAID THE SINK
RATE WAS HIGHER THAN PREVIOUSLY NOTED, AND HEAVY ROTCR BLADE STALL
MADE THE FLARE INEFFECTIVE. THE PILOT SAID A DOWNDRAFT MAY HAVE
PRECIPITATED THE ACCIDENT.

Probable Cause
THE PILOT MISJUDGING THE DESCENT RATE AND CONSEQUENTLY DELAYING
THE FLARE., A FACTOR WAS: DOWNDRATT.

Aircraft Information
Number of Seats: 3
Aircraft Use:
Type of Operation: 14 CFR 91
Registration Number: 8631E
Aircraft Fire: NONE

Injuries
Fatal Serious Minor None
Crew 0 0 0 1
Pass 0 0 0 0
Other 0 0 0

Landing Gear: SKID
Certificated Maximum Gross Weight: 2750




Engine Make:Model : ALLISON:250~-C20W
Number of Engines: |
Engine Type: TURBO SHAFT
Environment /Operations Information
Basic Weather Conditions:VISUAL METEOROLOGICAIL CONDITIONS (VMC)

Wind Direction (deq):Speed (knots) 340:5
Visibility (sm}:. ... . 30
Visibility RVR z 0
Visibility RVV (sm): 0

Cloud Height Above Ground Level ({ft): O

Visibility Restrictions: NONE
Precipitation Type: ' NONE
Light Condition: DAYLIGHT
Flight Plan Filed: NONE

ATC Clearance: NONE

VFR Approach/Landing:

Event Location: ON AIRPORT

Pilot~in-Command )
Certificates: COMMERCIAL, AIRLINE TRANSPORT, FLIGHT INSTRUCTOR

Ratings:
Plane:SINGLE ENGINE LAND, MULTIENGINE LAND, SINGLE ENGINE SEA
Non-Plane: HELICOPTER, FREE BALLQON
Instrument: AIRPLANE, HELICOPTER

Had Current BFR: i YES

Months Since Last BER: 8

Medical Certificate: CLASS 1

Medical Certificate Validity: VALID MEDICAL-NQ WAIVERS
/LIMITATIONS

Flight Time {Hours)
Total : 0479 Last 24 Hrs : 0
Make/Model : 889 Last 30 Days: 50
Instrument : 668 Last 90 Days: 97
Multi-Engine: 1657 Rotorcraft : 4225
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MICHAEL A. DORNHEIM/LOS ANGELES

TheYF-ZZAprmotypewiIlnmbere-
paired following its crash, which
abruptly ended the curremt U.S. Air
Force advanced tactical fighter flight test
program. Testing will restart with produc-
tion prototypes, set to fly in 1995.

The Lockheed prototype bellied onto
the Edwards AFB runway on Apr. 25
and caught fire while sliding several thou-
sand feet down the concrete strip.

Lockheed test pilot Tom Morgcnfcld
climbed out of the cockpit by himself af-
ter the aircraft came to a halt. He suffered
only a sore back. The aircraft pancaked
onto the runway after severad cycles of
severe pitch oscillation that started during
a go-around.

Officials believe this was the first time a
go-around had been conducted using
thrust vectoring in afterburner while re-
tracting the gear. “It’s probably & sleep-
er” problem area in the flight envelope
that had not previously been investigated,
an executive familiar with the program

ted.

Air Force chief of staff Gen. Merrill A,
McPeak said the fly-by-wire flight control
system gains will be checked, and if they
are deficient then it will be a “relatively
straightforward software fix,” McPeak
noted that the horizontal tail has more
motion when the landing gear is down
than when it is op.

The Prant & Whitney YF120-powered
YF-22 burned for about a half hour. The
other YF-22 prototype powered by GE
YF119 engines will not be reactivated.
“Itsasadwaytomdaprogmm. a
Lockheed official said.

The Air Force portrayed the crash as a
minor setback, saying that more than
90% of the EMD test objectives had been
accomplished and three-quarters of the
test hours had been flown.

All structural loads and all vibration
and acoustic data had been measured to
help in designing the production aircraft.
The last few flights were collecting acro-
clastic data, and the fina] flight was also
measuring weapons bay noise. The pilot
was conducting flybys at the end of the
2.2-br, mission when the accident oc-
curred .

Tests that were not performed include
maximum performance mmaneuvers, en-
gine transients and other propulsion
checks. The aircraft was owned by Lock-
heed during dem/val, but it became Air
Force property when EMD started Aug.
2.

The aircraft was not ruined, and one
official estimated that 20-25% of the
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structure was destroyed by the fire. The
test data recorders in the nose survived
and telemetry was being recorded as well,
giving investigators information to help
determine the cause of the accident.

The first 2pproach was uneventful, and
the go-around was initieted routinely by
using military thrust and retracting the
landing gear. The difference with the sec.
ond go-around was that the afterburner
was activated. The oscillations started im-
mediately after the afterbumer was en-
gaged and the gear was commanded up.

THREE UP-DOWN CYCLES
The aircraft appeared steady on ap-
proach, with large jerky motions in the
tailplanes typical of unstable fly-by-wire
aircraft. However, it appeared to be over-
controlled in a tail-aspect videotape that
shows the last 7.5 sec. of flight. -
There are three irregular cycles of up-
down motions in the last 7.3 sec., starting
with a nose-up attitude and ending with
impact just as the aircraft began to rotate
up again from a level attitude. The excur-
sions are bounded by roughly 20 deg. up
and 5 deg. down. The videotape shows
the tailplancs and thrust-vectoring noz-
zles moving in concert to drive the pitch
motions. Airspeed was in a proper range,
an official said, and the aircraft can be

seen rising and falling, indicating the
wing was not stalled. - . . -
Dunngtheeadypanoflhepxtchoscxl
lations the afterburmners were on, but they
shut off about 5 sec. before impact. The
vectoring nozzles are slaved directly to
tailplane motion at a given speed, and the
gearing ratio does not depend upon the

thrust setting. As a result, operating in.

aRerburner gives more powerful pitch re-
sponse and could alter pitch stability,
The landing gear was in transit at the
beginning of the pitch oscillations, and
appeared to be fully retracted 2.5 sec. be-
fore impact. Gear retraction reduces pitch
authority in the flight control laws.
“My impression is there’s nothing
wrong with the aircraft,” an official said.
“From the video, it appears there's no
resson to think there's any problem with
the thrust vectoring being out of sync.
Maybe it was in an ares that was not
investigated in dem/val It looks like the
pilot an into something and was too
close to the ground to recover.” .
Afterbumer was used with thrust vec-
toring in dem/val, but at higher altitudes
and without gear-retraction. No classic
pilot-induced oscillation surveys were nun
in dem/val. The YF-22 has a sidestick
controller with about 0.75-in. throw from
neutral to full-aft stick. O
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USAF will not repair YF-22A following crash during flight test
PERSONAL AUTHOR
SOURCE
jati -and- - .v. 136 May 4'92 p. 20.

DESCRIPTORS
Aviation-Accidents; Stealth-aircraft-Testine .




#evovasrora te-re-cenerenzeava testemmavescsncanes REQUEST 074/98, REPORT 30 --=-=--------- Hetssssssssees-esescecssccscneses +

+ DATA REPQRT BEECH-90 KING AIR ACCIDENT +
+ EVENTS!PHASES DOOR/PANEL FAILURE-CRUISE +
+ PRESSURIZATION FAILURE-CRUISE +
e T RO LEL L LT P R L L L L e EL LR e L et

4
SRR PP OPERATION =======acocececasacaann > 4+ Coosoemmesnmicecasiaene. FILE DATA ~----==cc=ameeeans cemee>
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ 1CAO FILE : 95/1150-0

++ FROM STATE : UNITED STATES
FINAL REP ++ il
Gemmmmemaas DATE, TIME AND METECROLOGICAL DATA --~------- > 4+ Comcemseemmaeocnooans AIRCRAFT DATA ====-==meocecncmeaans >
DATE : 95-11-03 ++ MASS CATEGORY : 2250 - 5700 KG
TIME : 15:00 ++ STATE OF REGISTRY : UNITED STATES
LIGHT : DAYLIGHT ++ REGISTRATION : N93RY
GEN WEATHER : VMC -

++
Cmmeaanens vemeceenaees LOCATION =====-=svosmosmscanna veu> #4 Commomeomenn DAMAGE, INJURY AND TOTAL ON BOARD =---=-=-==- >
LOCAT[ON : WICHITA,XS ++ A/C DAMAGE : SUBSTANTIAL
STATE/AREA 1 UNITED STATES ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : WICHITA,KS ++ CREW @ 0 0 0o 2 ¢ 2
DESTINATION = WICHITA,XS ++ PAX 3 0o 0 0 1 0 1

+¥

----------------- NARRATJVE -=-==c=a-c==zena-

DURING A MAINTENANCE TEST FLIGHT AT 14,500 FT, THE PILOT NOTICED A WHISTLING NOISE AND DECIDED TO CHECK THE CABIN DOOR FOR
AIR LEAKS. HE PUSHED THE CABIN DOOR BUTTON AND TURNED THE HANDLE FROM THE NEUTRAL TO THE LOCKED POSITICN, THEN BEGAN
PUSHING ON THE CABIN DOCR. THE DOOR OPENED. NO ANOMALIES WITH OF THE CABIN DOOR WERE FOUKND. THE PILOT DID NOT OBSERVE THE
CAUTION PLACARD ON THE DOCOR NOR THE EMERGENCY DOOR WARNING NOTICE IN THE FLIGHT MANUAL.

EVENT 1 DOOR/PANEL FAILURE - CRUISE
1.DOOR - LEAK/LEAKED
2.FLIGHT CREW PROCEDURES - NOT FOLLOMWED
3.DOOR ~ OPEN

EVENT 2  PRESSURIZATION FAILURE - CRUISE

——
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LCDR Steve Eastbnrgof'EPSC.lass 100 and LTSean

Brennan of Class 99, both. thirty-thre¢ years old, were pre-
to teke the S-3Vihngannsubmarmeanu'aftupover .
the Chesapeake. Bay" to ﬁra.“vomxt comet" mission. The

idea was to do the aenal.eqmvalentcfrevetse engineering.

First, theywouldﬂythes-ammughasenm ofpreasema—_
neuvers. while an elaborate: network: of instruments ‘moni-
tored and recorded’what: happened 1o -the . plane. “Next,
engineers and techmc:ans on the. ground would _study ‘the

information gained and useitto ﬁne tune the: s:mulator. ‘The
payoff would be a. more-reahsuc simulatar: for. pilots trying

to master the S-3 nnder vanous ﬂymg condmons, mcludmg _

adverse ones.

The flight plan’ had" been studlously devc!oped ‘before

Eastburg and Brennan were assxgned to execute it.. They
discussed what they: weré goifig to do, step by step,. with

other aviators and engineers. before climbing into the S-3

designated Waterbug 736. Nothing looked particularly risky.

Engineers at the Chesapeake Test Range at Pax River wonld
be watching for, trouble the whole time:they were anborne:, :
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Eastburg, a naval flight officer, would be in the right seat
of the S-3, working the radios, studying several of the key
Instruments in the cockplit, and taking down data. Brennan,
the pilot, would be flying from the left scat and taking the

.plane from one point in the sky to another to complete a
long list of maneuvers.

The rough part of their ride—the part that inspired the
name “vomit comet”—would come when Brennan pitched
the S-3 up and down, rolled it from wingtip to wingtip, and
swerved it from left to right in a series of skids called yaws.
The first set of these stomach-jolting mancuvers would be
done at an altitude of 10,000 feet at a speed of 305 knots.
The second set would be down in the rougher air at 5,000
feet at an even faster speed, 365 knots.

‘The S-3 is a twin-engine jet with thick wings and a tail so.

tall that it has to be folded over from the top to fit in carrier
hangar bays. Pilots regard it as a solid aircraft that flies
smoothly. Eastburg and Brennan felt safe in it. They had no
fears the airplane would break during the maneuvers that
lay ahead of them this sunny afternoon of 29 April 1992, ..

After a quick lunch and ah extensive preflight briefing,
the aviators took off without incident and steadied the .S-3

at 10,000 feet in clear air over the Chesapeake a few miles
cast of Pax. River,. Brennan. worked the throttles. and trim -
until he had the plane straight-and level at 305 knots: East- -
burg watched the gauges and answered such standard radio

calls from .the ground as.*‘Waterbug.736, you're five miles

from the bouadary.! Sean Brennan pushed ths stick forward -
and .backward .in 1 ever-decreasing : intervals.:, The.: planc .-
pitched up and:down:like a:bucking:bronco. Hé: swung;the .
stick .left and right in.the: sama:quickening sequence..Tha'
plane rolled like a canoo being smacked on-its. sides, by -

higher and, higher waves, Scan went:into rudder sweeps’ to
generate the yawing, pushing the left rudder pedal, then the
right, then the left, then the right. The motion causes queasi-
ness in. the guts for even veteran pilots. .

All that done, with lunch swirling uneasily in’their stom-
achs, Steve and Sean descended to 5,000 feet. Sean put:the

rlano through the same set of punishing mancuvers at 365 '

.4 b

knots, The ride became rougher at this faster 8{)&&6 in e
thicker air. He was in the middle of the same sickening
rudder sweeps when Steve heard the noise of catastrophe
coming from somewhere in the aft fuselage. .

Craaack! P o
. Steve had never heard such a chilling sound in an airplane.
It sounded like a tree snapping in half during a windstorm.
They knew the plane had broken, but not where. Telemetry
would show that the top of the giant tail had broken off—
meaning that Sean could no longer make the plane move
left or right with the rudder pedals. At about the same in-
stant one of the elevators needed to make the plane go up
or down snapped off. The plane went out of control. It
rolled, pitched, and yawed violently. Each new gravitational
force pushed or pulled the aviators in a different direction
as they sat in their seats,'their shoulder and lap harmess
straining to:hold them down. Steve glanced over at Sean '
and saw he was still fighting the airplane. His body was so
twisted by the .pile up.of gravitational .forces. that Steve
doubted he could reach the ejection. handle even though it .
was now obvious that they had to leave the wrecked. plane
or die. Steve managed to get his hand around the ¢jection -
handle under- his ;seat: as: Sean started :the:*Eject;. cject, -

~ eject” command.: : :

It was less than’ two' seconds’ bétween when: they were
confronted with. the emergency and when Steve pulled the
ejection handle. They would learn later that waiting another

 split second would have killed them both. The rockets under
the:seats of: Steve+and :Sean -ignited,: blasting:them. through -
_ the plastic roof of the cockpit just before it became‘a death - -

. trap.: The 'S-3 skidded around until it was-hurtling ‘through - ™

the air:tail first, and the right:wing btoke:off at itd:root in

. the fuselage, pouring.fuel into-the onrushing air. The atom-

ized: fuel exploded into;a fireball,. probably. from: the-en-
gine exhaust.. =~

.. Steve and Sean did not know what was happening.to the
airplane at the time.’ Only- later would telemetry tell the

story: so much force slapped into the sides of the rudder

that it could not take it.and snapped.




After the accident there was a lot.of second guessing
within the test-pilot community at Pax River. Questions in-
cluded: Why had not the engineers at Force Warfare discov-
ered the dangers inherent in such high-speed rudder sweeps %
before they wrote the flight plan for Bastburg and Brennan
to carry out? Why did not the engineers and technicians
watching the telemetry while the flight was in progress see
the problems before disaster struck and call off the tests?
Eastburg and Brennan did not join in on this second guess- -
ing, which comes in the wake of such accidents..I found
myself wondering whether the accident showed the need for
a better computerized data base of what had happened to
the S-3 before on similar tests. . - .
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Navy

Investigating Crash

Of T-45A Test Aircraft

EDWARDS AFB, CALIF.

Navy/McDonnell Douglas T-45A

test aircraft suffered extensive damage
when it veered off the runway immediate-
ly after landing and hit the remains of a
building foundation here. The pilot eject-
ed safely.

The 11:33 a.m. accident occurred on
June 4 as Lt. Owen P. Honors, a Navy
test pilot assigned to the Strike Aircraft
Test Directorate at NAS Pzatuxent River,
Md., was completing a ferry flight to Ed-
wards AFB. The Navy's single-engine
trainer was to undergo several weeks of
engine operability tests here.

Honors made a standard Navy ap-
proach to Edwards’ Runway 22, landing
about 500 ft. beyond the threshold. When
all three landing gear contacted the run-
way, the aircraft immediately veered to
the left and ran off the concrete about
1,500 ft. past the touchdown point.

The pilot managed to avoid hitting a
truck and two men parked near the run-
way, then ejected as the trainer became
uncontrollable in the rough desert terrain.

After it struck the concrete foundation
of an old building site, the aircraft appar-
ently skidded sideways 100 fi. until it
stopped, still upright. The right wing tip,

nluumwmn'smm.ﬂmmmmﬂmmmsmmmm
mmmmmmnmmmmemm ':;----'

nose gear and right main landing gear
were ripped off. The 1t main gear col-
lapsed, but was still attached to the wing.
A small fire appeared to have caused mi-
nor damage around the engine tailpipe.
Landing winds were light and variable,
measured at less than 10 kt. and generally
down the runway, according to Lt. Cdr.

James W. Galnme, a pilot and safety ofﬁ-
cer from NAS Patuxent River. - -

Cause of the accident is being investi-
gated by a Navy accident board. The full
extent of damage to the No. 1 T-45A test
aircraft was still being assessed by Navy
and McDonnell Douglas offictals as of
early last week. O
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standoff jamming for all tactical air opers-
tions would be axsigned to the Navy. The
committee denied the Air Force's request
for $68.6 million to upgrade its EF-
electronic warfare sircraft. lnstcad.
ing for the Navy’s EA-6B
be doubled, to $97.3 million,

to perform the mis.

the services’ war-fighting mpa.bd
the Senate panel propo

by the Navy, from 200 to 100. O

Probers Eye
As Factor in

Fuel Starvahon E ?:‘
V-22 Accident

DAvID A. BROWN/FT. WORTH, STANI.E\’W KANDEBO/PHILADELPHIA EECERE

nvesnguors scckmg the cause of the

crash of a prototype Bell/Boeing V-22
were concentrating on the possibility that
fuel starvation caused the aircraft to Jose
power in both engines as it was approach-
/mg:landmgattheUS.MarmeCorps
nir base at Quannco, Va. (AW&ST July 27,
p- 23).

The crew is believed to have told the
Quantico control tower shortly before the
July 2] accident that they had at least 20
min. worth of fue! on board. This would
have been the amount normatlly carried in
the two tanks in the engine nacelles,

Accuracy of the fuel quantity indica-
tors for all five tanks was to be checked as
was the possibility that the fuel system
could have the capability of trapping fuel
80 it was unusable. About 75 gal. of fuel
was found in the tanks after the aircraft
was recovered from the Potomac River.

Most of the wreckage of the prototype
tilt-rotor aircraft was recovered from the
river last week, as were the last of the
bodies of the seven persons killed in the
accident.

officials said all of the major
compeonents of the V-22 had been located
and all were expectad to have been recov-
ered within a few days.

Video pictures of the aircraft taken dur-
ing its fatal plunge into the river appar-
ently showed that while both rotor-props
continued to turn, neither appeared to be
receiving much, if any, power. The air-
craft crashed while it was transitioning
from forward, wing-borne flight to heli-
copter, rotor-borme flight. The nacelles

we
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gle of about 60 deg. from the horizontal
when the sircraft suddenly dropped into
the river, The V-22 struck the water in an
approximate 5 deg. nose down attitude
and rolled to the right about 5 deg.

Both of the V-22's Allison T406 free
turbine turboshaft engines were recovered
from the river and were being sent to the
Naval Air Test Center at Patuxent River,
M4, for teardown and analysis. The full-
authority digital' electronic control
(FADEC)ﬁdeontroI]mfmmuchcn-
gmca.lsowererecovemd.

The aircraft’s wing was recovered in
two pieces, and most of the fuselage, in-
cluding the cockpit, also was lifted from
the river by a salvage barge. =~ -

Investigators last week also were look-
ing at a number of other questions which
may bear on the accident camse, These
include:

B Qualifications of the pilots flying the
sircraft. Boeing test pilot Pat Sullivan,
was the nominal pilot-incommand dur-
ing the flight, and Marine Corps Maj. Bri-
an J, hma.mcopilat.aothdmdmthe
crash: ‘
8 Preflight p[anmng. mc!udmgwhl.tom»
tingency planning was conducted to per-
mit refueling en route and for other
possible inflight emergencies.

B Communications en route and with the
control facilities at the final destination
and whether the crew reported low fuel or
any other emergency during the flight.
¥ Emergency training received by the
flight crew, especially in regard to engine
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fire warnings or other inflight emergen-
cies that could require an immediate spe-
cific response.
® Layout of the V-22 cockpit, especially
regarding the location of emergency con-
trols and how the cockpit may have dif-
fered fundamentally from other rotary-
wing or fizxed-wing aircraft the pilots had
previously flown.
R Reasons for seven people flying on
board the V-22, which was an experimen-
tal flight test vehicle. Flight crews on
such aircraft are normally restricted to
two or three people.
S Changes or other modifications made
to the aircraft while it was at Eglin AFB,
Fla, during the four months preceding
the accident, especially any modifications
that could have affected the engines, pow-
er transmission, flight control, emergency
waming or fire suppression systems.
Sullivan, 43, served as an Army heli-
copter pilot in Vietnam and later graduat-
ed from the Navy Test Pilot School at
Patuxent River. He was a former Bell
employee and had flown both the tilt-rotor
X-15 and V-22 extensively, He had beem a
Boeing project test pilot since 1939 and
was designated the company’s prime pilot
for the V-22 program. James, 34, graduat-

ed from the same school in Jome, 1991.

Initial unconfirmed reports last weck
indicated the V-22 may have been bow on
fuel when it neared Quantico. Initial
flight planning called for a nonstop flight
from Eglin to Quantico, with an optional
fuel stop en route.

DISCRETIONARY STOP

This stop was to have been made at the .

flight .crew’s discretion if stronger-than.
forecast headwinds or other conditions
made completion of the flight unlikely as
planned.

The crew apparently elected to overfly
the refueling point.

These reports also indicated the flight
crew and the Quantico air traffic control
facility discussed the aircraft’s fuel supply
immediately before the accident. How-
ever, the aircraft’s crew apparently did
not indicate the fuel supply was sufficient-
ly low to declare an emergency.

The V-22 has a maximum range of
about 2,000 mi when carrying a light
payload and maximum fuel. The aircraft
which crashed, in addition to carrying
seven crewmembers, also carried a pallet
of test equipment in the =aft cargo bay.
How much this additional weight could

have cost in potential range is being inves-
tigated. - : -

The accident investigators also are ex
pected to look at the V-22's power man-
agement system. The aircraft is equipped
with 2n aircrafi-type throttle lever, which
travely forward to increase engine power
and—during rotor-borne flight—the col-
lective pitch angle of the biades of the two
rotors. Rearward movement of this throt-
tle reduces engine power and—in rotor-
borne flight—the collective pitch angle of
the blades, . | -

A decision was made doring the ini-
tial design phase of the program to use
the aircraft-type throttle system rather
than the standard helicopter-type collec-
tive pitch lever, which also acts as a
throttle. - "

In a standard helicopter control sys-
tem, an upward movement of the collec-
tive control increases both the rotor pitch
angle and the engine power, while a
downward movement reduces both..

All three remaining V-22 flight test ve-
hicles remain grounded pending a deter-
mination of the cause of the most recent
accident. Another aircraft was destroyed
in a crash last year (AwasT June 17, 1991,
p.53.0




Reprinted From The Philade!phia Inquirer
November 14, 1993

MISSION TO DISPLAY MILITARY
AIRCRAFT WAS FATALLY FLAWED

By Nathan Gorenstein
Inquirer Staff Reporter

at Sullivan banked his aircraft low over the
Potomac River and scanned the two display
screens on his instrument panel.

The test pilot saw no sign of a problem, which was 2
relief. He and his six-man crew had struggled since
dawn to get this craft—the experimental V-22
Osprey-- off the ground in Florida and onto its
appointment in Quantico.

Now Sullivan leveled the wings, lining up for the
final approach.

Moments before, he had made a low pass over the
Marine Corps airfield, to show the Osprey off to the
VIPs who were gathering below to inspect it.

It was a little flourish to cap a flight that some in the
V-22 program disparaged as a “dog and pony show,”
but Sullivan's boss, Boeing Helicopters, saw it as an
expected bit of salesmanship.

Powerful Pentagon civilians wanted to cut the
Osprey, with its novel but expensive tilt-rotor
technology, from the shrinking defense budget. But
Boeing and its partner, Bell Helicopter Textron,
remzined eager to sell it to the Marines, by the
hundreds.

Boeing managers had made it clear that Quantico was
an important part of the sales effort. To reach the
Marine base on this day, July 20, 1992, Sullivan had
skipped a planned refueling stop and pushed through
a crescendo of problems-—-an uncertain fuel system, a
balky engine starter and two in-flight wamnings that
should have prompted an immediate landing,

Out over the Potomac, Sullivan commanded the
Osprey to do its revolutionary magic. As it flew, the
engines on the tips of its wings began to rotate
upward. The giant blades that had pulled the Osprey
swiftly through the air like an airplane began to tilt so
that it might float to the ground like a helicopter.

Suddenly, the co-pilot, Marine Maj. Brian Jones, let
out a sharp breath: “Qooh ... Noise, a weird sound.”

ol (24/?7

A few seconds later, staring at his color screen, James
said, “We just lost the right engine.”

The hundred or so dignitaries assembling that day in
Quantico included ranking Marine and Navy officers,
senior Pentagon civilians and Bell and Boeing
executives. The Osprey’s backers planned to dazzle
them with a glimpse of the hottest advance in vertical
flight in decades, a machine twice as fast as any
helicopter, an aireraft many Marine aviators ached to
fly.

Instead, at 1:42 p.m., the flight of the Osprey ended in
16 seconds of terror over the Potomac as it plunged
into the river before the eyes of horrified onlookers,
killing all aboard.

The flight became a tale of miscalculated risks, of
technology pushed too far by pride, ambition and the
pressures created as defense contractors scramble to
preserve their piece of a shrinking Pentagon budget.

The first casualty on the flight was the respect for
safety drummed into every professional aviator, A
manager in the V-22 program said later, “We were
pushing it.. Nobody thought the aircraft would
actually fly that day. It needed more local test
flying.”

Relatives of some crew members have bitterly faulted
Boeing for pressing ahead with the Quantico flight
despite what they said were indications that the.
Osprey wasn't ready. A Navy Count of Inquiry
concluded that Boeing “made decisions which were
not consistent with flight safety.”

In a written statement to the Inquirer, Boeing said it
has taken steps to ‘“comect.. dcsugn and
administrative deficiencies,” while saying those
problems did not cause the accident.

It has also stated that pilot Pat Sullivan was “not
under excessive pressure to meet the schedule.”

An internal Boeing review of the company's test flight
operations—obtained by The Inquirer—-concluded that
the V-22 and other Boeing Helicopters test flight

programs had a *high probability of safety bcmg'
compromised due to b ) budget and schedule pressare.”

The pressures were similar to those felt by millions in
the workaday world, multiplied for many V-22
workers by a sense of how much was riding on the
Osprey.




Marine fliers wanted it to carry out their combat
mission. Bell and Boeing thought it could mean $15
billion or more in military sales, with the potential for
billions more in civilian business. And that would
create jobs at Boeing's plant in Delaware County and
Bell's plant near Fort Worth, Texas—and provide a
career boost for many at Boeing, Bell and the Marine
Corps.

A Pentagon decision on whether to proceed with the
V-22 Osprey program or try an alternative may come
at the end of this month.

This account of the Osprey's flight is based on the
records of an official naval inquiry obtained through
the Freedom of Information Act, on internal Boeing
documents obtained by The Inquirer, on interviews
with relatives and co-workers of the V-22 crew
members, and on interviews with military and test
flight experts.

The documents included a twanscript of cockpit
conversation from takeoff in Florida te the skies over
Quantico, and an unusual second-by-second account
of the aircraft's final moments recorded by test
equipment. Boeing Helicopters discussed the V-22
program in general terms, and along with Bell
representatives described design changes now being
made. Boeing declined to discuss most questions
about the circumstances of the July 20 flight,

||
6:15 a.m. Central Time, Monday July 20, 1992

Dawn is approaching as the V-22 crew gathers at
Eglin Air Force Base on the western Florida
panhandle.

Sitting on the tarmac, rotors tilted toward the sky, is
Aircraft 4, one of four airworthy V.22 Ospreys in the
world. Made of lightweight composites, it is not
sleek and sharp like a jet, but short, dumpy and odd-
looking,

Still, painted in military camouflage, it has an air of
dangerous purpose. The V-22 is intended to carry 24
Marines into combat sweeping quictly over enemy
territory at 275 knots or more, then dropping
precisely onto its landing zone. It is a giant leap
beyond noisy helicopters chugging along at barely
half that speed, easy targets for enemy guns.

One of the first to arrive is Tony Stecyk, a Boeing
mechanic and crew chief. Stecyk will fly today
because a co-worker skipped the flight to help his
family move back to Pennsylvania. That's fine with
Stecyk. A flight on an Osprey is something he always
craves,

As his wife Michelle drops him off, Tony voices
second thoughts. Maybe he shouldn't leave Michelle
and their 2.1/2 year old son to drive the thousand
miles back to their home in Tinicum, Delaware
County. Michelle herself has wondered whether
Tony should fly, worrying that the Osprey is not
ready for the long trip north.

The V-22 had been at Eglin since January, suffering
through a series of high-stress climate tests heated to
125 degrees and frozen to minus 65 degrees as
engineers watched to see what would go wrong.

And go wrong things did. The Osprey spent weeks
undergoing maintenance and repairs, including
replacement of a clutch assembly in the right engine.
During that work, a drive shaft oil seal was apparently
installed backwards.

Despite her concerns, Michelle knows how much the
V-22 means to Tony, how proud he is to be part of
the project

Go, she tells him: “You deserve to step down from
that airplane with all the people cheering you on.”

Tony assures Michelle the V.22 is ready and insists
Pat Sullivan wouldn't fly if it weren't safe. “Pat is the
best,"hesays. T

Sullivan, recently named Boeing's prime V-22 pilot,
has had a busy three days. Friday he got engaged to a
co-worker, scheduling the wedding for Las Vegas in
two weeks. He has little time to celebrate, spending
the weekend grappling with problems that threatened
to ground the V-22,

A screw was lost inside the left engine. The V-22s
fuel system hadn't worked right in 11 days, and was

- leaving hundreds of gallons of fuel trapped in the

tanks.

The screw was recovered midday Sunday, but repairs
in the fuel system dragged on. Sullivan remained
with Aircraft 4 until 9 Sunday night The Boeing
mechanics were stretched thin because most support
personnel and managers had already left—eager to get




home after six months in Florida or to be at Quantico
when the V-22 artives.

Quantico is a big deal. Five days of activities are
planned at the base, and Boeing managers have been
calling Florida regularly to check on the V-22 status.
This moming, three Boeing managers contacted
Sullivan in a conference call to find out if he was
ready to go, and what time he'd take off.

The Navy Court of Inquiry later said Sullivan was
under “wemendous” pressure — from Boeing and the
“government” - to0 make the fight.

Sullivan and Stecyk are two of seven men on today's
crew, an unusually large number. A basic rule of test
flying is to minimize crew on unproven aircraft. And
the V-22 is unproven~ The four V-22s have
completed fewer than 765 of a scheduled 4,100 hours
of flight testing typically with two- to four-member
cTews.

The co-pilot, Brian James, is a Marine astronaut
candidate. James, 34, the son of a Baltimore
firefighter, is the epitome of a Marine aviator. “The
top lieutenant 1 have worked with in my career,” is
how one commander described him.

Sullivan and James will sit up front, staring out the
Ospreys bug-eyed windows. Behind them will the
meticulous, safety-conscions senjor  flight test
engineer, 34 year-old Robert L. Rayburn of Newark,
Delaware. A pilot building his own experimental
plane, Raybumn joined Boeing in 1981, Years ago, he
showed a picture of a V-22 to his wife and said, ‘Tm
going to work on that some day, I just know it."”

His commitment to the aircraft is shared by the entire
crew. Many have linked their careers to the Osprey.

Gerald W. Mayan, 31, of Dover, Delaware, the
second Boeing engineer on board will fly with a
motion-sickness patch behind his ear to overcome his
chronic ailment. He helped put together the Ospreys
sophisticated on-board monitoring system.

With Stecyk in the back,-where troops would sit, will
be two Marine crew chiefs Sgts. Gary Leader, 43, and
Sean P. Joyce, 33. More than comrades, Leader and
Joyce are brothers-in-law and best friends.

8:30am

By now, the V-22 should be thrumming its'way north.
Instead, it sits on the tarmae., A _!ubricatiﬂ problem

‘has arisen in a midwing gear box. Stecyk helps solve
that.

Then Sullivan discovers he can't start the engine.

A small auxiliary engine—the APU--that is needed to
turn over the two 6,000 horsepower main engines
shuts down afier its sensors wam that it is
_overheating.

Sullivan can override the shutdown command by
switching to the APUs emergency mode, but the
manufacturer has warned that doing so can

permanently damage the unit. It also would_violate_

Bocing’s rules.

However, the hot APU signal could simply be due to
a faulty sensor. If so, Sullivan can tumn over the
engines safely. But if the warning is real, the V-22s
pas turbine engines might not restart after the
scheduled refueling stop in Charlotte, N.C.

Sullivan faces a dilemma. If he follows the rules, he
can't take off now. But they are expected at Quantico
by 3 p.m.—and are already behind schedule.

Sullivan starts the APU on its emergency setting.

The turbines whine louder as he eases the throttle
forward, Before him, the high-tech system of color
computer screens—two for each pilot—displays the
data that fliers once obtained by scanning mechanical

dials. ..

The V-22, its black prop-rotors beating the air, rolls a
short distance down the runway, rises into the air, and
turns northward. Itis 9:55 a.m.

The Osprey climbs above the Florida landscape, an
ungainly marvel in flight In the cockpit, Sullivan
twirls a small thumb wheel attached to the throttle
lever. The Ospreys nacelles--wingtip pods housing
the engines and the heart of the complex system that
drives the rotors—rotate from vertical to horizontal,
The prop-rotors, each 38 feet across, move with the
engines.

For a few crucial seconds, as the hydraulic system
rotates the nacelles, the Osprey is a new species of
aircraft, neither plane nor helicopter, with
aerodynamic and mechanical traits all its own.




The V-22s hybrid technology exists because in the
carly 1980s the Pentagon wanted a single helicopter
for a variety of missions: ferrying Marines into
combat, dropping Army forces behind enemy lines,
searching for downed pilots and flying anti-submarine
patrols for the Navy.

Bell and Boeing said their V-22 could do it all, and in
1586 the Defense Department wanted $1.8 billion for
an unusual joint effort between Bell and Boeing.
They were ta design and build six V-22s for flight
testing.

Bell was responsible for designing the wings and
nacelles. Boeing built the cockpit and fuselage. The
companies established separate test flight programs
with two different crews and sets of rules.

As the years went by and budgets tightened, the Army
and Navy dropped out of the program,

The Marine Corps clung to the V-22 as its
replacement for Boeing's H-46 Son Knights, creaky
1960s vintage helicopters whose top speed was no
more than 143 knots— 167 m.p.h.--compared to almost
300 knots--343 m.p.h.— for the V-22,

The Marines contended that, without the V-22 or
some other replacement, they would be unable to do
what the Corps exists to do:  assault enemy
strongholds and deploy swiftly to trouble spots, They
would be like paratroopers without parachutes.

But, because the Pentagon ongmally wanted the V-22
to be a jack-of-all-trades, the aircraft was designed to
fly faster, higher 2nd longer than the Corps required.
That helped make the V-22 hcavn:r and more costly
than Bell and Bocing had countedon. ~ ——

By 1992, the companics had spent $2.5 billion and
still did not have a design that could meet the
ambitious Pentagon specs, much less be ready for
production. It needed to be lighter, components had
to be redesigned and the engines had to be upgraded.

“We had to put an additional $1.5 billion into what
was supposed to be a-completed aircrafi to finish
development,” said David Chu, a former assistant
secretary of defense for program =analysis and
evaluation who opposed the V-22 as too expensive.

Boeing disputed Chu's contention, saying the
Pentagon knew the design would be modified as the
program proceeded.

A source close to the project said Boeing publicly
minimized its design problems to keep the flow of
development money coming.

“They had to sell the airplane to Congress, and they
presented it as being production-ready,” the source
szid, “It's not.”

Boeing spokesman Nick Kerbstock disputed that
claim: “We never really sold the program on the
basis of its being production-ready and trouble-free.”

Boeing and Bell have now spent more than a year
reworking the craftt.  The Pentagon has set a
December 1994 design deadline.

The source estimated that the redesign will take at
least two more years, “If you work the problems
really hard.” Boeing and Bell have received an extra
$1.5 billion to work out the bugs. They obtained the
money in 1992 as part of a V-22 truce between then
Secretary of Defense Dick Cheney and Congress.

Cheney, trying to manage a shrinking post Cold War
defense budget, wanted to kill the program. Pushed
by the powerful Marine lobby, members of Congress
such as Delaware Countys U.S. Rep. Curt Weldon
said building the V-22 would save Marine [ives,
create jobs and eventually bolster the commercial
aircraft industry

This was the compromise Cheney and Congress
reached; Bell and Boeing would get the money to--
build four rcdcsigncd models, but the Pcntagon would

industry  tc to subrmt “designs. for a_ traditional
alternative.  Those proposals will be part of the
Pentagon's V-22 review scheduled for November 29,

The deal was disclosed on July 2, 1992, less than
three weeks before Quantico.

The V-22 team was pleased to have the money, but
uncertain what the deal might mean. Sean O'Keefe,
former Defense Department comptroller and ex-
secmary of the Navy, described Boeing and Bell as

“suspicious,” fearful that the agreement gave the

Pentagon another chance to kill the Osprey.

But everyone was pleased the first, costly inadequate
V-22 design was not being built, Q'Keefe said. *“No
one wanted it,” he said.

The lighter, possibly cheaper version Bell and Boeing
are now designing carries an estimated price tag of




$29.4 million each, a figure that even V-22 backers
say is based on optimistic assumptions.

The source familiar with the V-22 said design
problems arose in part because Bell and Bocing
figured wrongly that they could easily scale up Bell's
experimental XV-15 tilt-rotor into the much larger V-
22,

Their optimistic schedule also combined two typically
separate stages of aircraft development—full scale test
models and “pilot” production, according to the
General Accounting Office. That meant production
could start while design details were still being ironed
out.

With its design problems and Cheney's opposition,
the program had fallen years behind schedule by the
time the Osprey rose into the Florida sky that July 20.

| |
10:16 am.

“We're humming,” James says as the V-22 climbs
into the sky at 170 knots.

Eighteen seconds later, his cheery mood is dampened,

A red light atop the instrument panel flashes on.
“RTB rotor,” Sullivan says.

RTB: Return To Base

Return 1o base because sensors in the Osprey’s
nacelles are reporting that prop-rotor components are
being over stressed.

Under the V-22's flight clearance--standing rules that
govern how it should be handled in the air-an RTB

rotor alert requires landing as soon as possible.

But Sullivan doesn't land. He secks an analysis of the
problem from Rayburn, the cautious senior flight
engineer,

Rayburn knows the sensors measure-stress on critical
components, including one that changes the rotor's
pitch—how it bites the air—and ancther that connects
the rotors to the engine,

Rayburn calls out to his fellow enginecer, Mayan:
“Jerry, you want to take alook . . . back there?"

Back there is the “CONDM™ instrument system,
which has been installed to monitor key parts of the
rotors and enpines. It is not_intended to be an in-
flight diagnostic system.

An expert with the system, Mayan scans the data, and
quickly concludes a more detailed analysis is needed.

“You better do it,” Rayburn tells him.
“Yeah, no kidding,” adds a voice.

While Mayan is analyzing, more trouble develops. A
second wamning briefly flashes, a yellow “QM™
caution. A lower grade warning than the RTB, it has
to do with the amount of torque, twisting energy,
going to the rotors.

“OK, if we can't isolate that rotor, we're going to have
to come down,™ Rayburn says.

Sullivan responds with a question.

“Come down where, Bob?"
"Ihals urgent; that's a “rctum to basc, replies
Raybum. “You can't continue.”

After a pause, Sullivan seems to agree: “Well, 1
know, we'l] have to go back to Eglin.”

But Sullivan hasnt given up. “Any other
troubleshooting we can do?" he asks. -
Rayburn replies that he and Mayan are “working on
it”

With that Sullivan decides to *“push _on,” and tells
Rayburn he'll wait to “see what you can come up
with. We've got plenty of fuel to turn around.”

Itis 10:2]1 am., 26 minutes out of Eglin. They are at
15500 feet, traveling at 200 knots—roughly 230
mph,

At this point, the Navy Court of inquiry later said,

*Sullivar**should have landed.”

Sullivan, like James, is a graduate of the naval test
flight school in Patuxent River, Md., where a famous
sign reads, “Plan the flight. Fly the plan.”

Instructors at “Pax River” explain the theory behind
the slogan: Under stress in the air, a test pilot can

make a wrong—and possibly fatal—decision. The best _




way to avoid wrong choices is to stick to a flight path
drawn up calmly on the ground.

The V-22s flight rules are clear: An RTB rotor
wamning means the aircraft must land at the nearest
suitable airfield.

But test pilots acknowledge a gray area in which a
pilot can exercise judgment.  What becomes
important is when, where, and how the pilot chooses
to do so.

Sullivan chooses to do so now.,

He consults again with Raybumn, who reports that
readings form the sensor are fluctuating, suggesting
the warning could be the result of a loose wire.

“Probably we don't have any kind of clearance to
continue with that. How do you call it? Raybum
asks.

“lI say continue, then,” says Sullivan. Then
addressing his copilot: "Do you have any problem
with that?*

“No,” James replies. “I can live with that,”
u

A 1990 Wilmington News Journal photograph of
Sullivan showed him gazing from the Osprey’s
cockpit with cool steadiness. “I planned my career
around this plane,” he told the interviewer,

Sullivan was raised in a small town outside Niagara
Falls, N.Y, Fed up with antiwar radicals, he dropped
out of Columbia University in 1968 and ended up in
Vietnam, flying Army transport helicopters. A
divorced father of two, he joined Boeing after retiring
from the Army in 1989. Through July he had logged
155.2 hours in the V-22,

“Whatever he could do for his country, he wanted to
do,” said a relative who asked not to be identified.
“That sounds comy... [but] he truly believed the
Csprey was desperately-needed- by the Marines, and
by doing this he would help save American lives.”

V-22 crew members had great faith in his ability as a
pilot, and even now their relatived refuse to criticize
him.

“T won't say anything bad about Pat Sullivan,” said
Kathy Mayan, who said her husband Jerry thought
Sullivan was a “great guy...the best.”

Mayan's brother, John, recalled that Jerry told him the
Friday before the flight: *There is a lot that needs to
be done to it yet,” but also told him, “If the pilot is
confident to fly the plane, then I'm going wuh him.”

Kathy Mayan said her husband told her that the crew
felt pressured: “Jerry had said to me.. ."We have to
get to Quantico on Monday.”

John Mayan said a co-worker of his brother's took
part in a meeting with a Boeing manager the same
Friday, at which, according to the account from the
co-worker, “Pat was pretty much told this plane has
got ta be there Monday.”

Grady Wilson, a fellow V-22 test pilot and friend,
told the Navy inquiry that when he saw Sullivan the
day before the flight, the pilot was “wound up...damn

tight”

*There was a huge amount of pressure on him,” said
Wilson, who resigned from Boeing after the crash,
told the Navy. “He was very, very dedicated to this
machine and to the program.”

Sullivan's relative said the pilot reported feeling
pushed to make the July 20 flight. The relative also
said Sullivan had pinpointed weeks before the flight
what he thought would be its most dangerous .
moment—over Quantico when the nacelles rotate to
turn an airplane into a helicopter.

*“He felt” the relative said, “that given the stresses the
airplane had undergone during the testing, that was
point anything would happen.”

Jobs are why the V-22 is important to the
Philadelphia area.  If the Osprey goes into
production, it could mean a thousand or more jobs for
the Boeing plane in Ridley, more jobs for the Boeing
plant in Ridley Township, Delaware County, jobs
with good pay and health insurance.

Tony Stecyk knew what a job at Boeing could mean
to a family, He and his wife Michelle grew up within
a block of ecach other in blue-collar Tinicum
Township, where houses nestle against Philadelphia
International Airport,




Stecyk started in Boeing's sheet metal shop in 1974
right out of high school, received steady promotions
- and joined the V-22 program in the mid 1980s.

At his home in Tinicum, the beautifully finished
basement includes a display of his awards for
restoring Harley Davidson motorcycles. On one wall
is an Easy Rider poster.

Stecyk was closes friends with the Marines Leader
and Joyce, who shared his passion for Harley-
Davidsons. When he would invite them to his home
for holidays, the three would talk V-22s and
motorcycles.

Florida was a wonderful time for Tony, Michelle and
their son, Anthony. *Tt was like a whole new
relationship,” she said.

Michelle had some bad moments, though, when the
crew started making test flights over the gulf near the
Stecyks' beachfront condo.  She couldn't bear to
watch the Osprey whir over the blue water.

“He could not swim, and he was deathly afraid of
drowning. That was his worst fear.”

|
10:20 a.m. over Eujaula, AL

Through the flight, a chase plane has been following
the Osprey, a standard precaution. Sullivan radioed
to the chase plane, saying they've trouble-shot the
return-to-base warning, and “if things stay as they are,
we're gum gtogo ahcad and cor_:gq_ui

Flying the chase today are fellow Boeing V-22 pilots
Grady Wilson and Tom McDonald. Their passenger
is Lt. Col. Paul Martin, deputy manager of the
Marines V-22 program. At the Charlotte refueling
stop, James is to give his co-pilot's place on the
Osprey to his boss, Martin, who long has planned to
be the top Marine striding off the plane in Quantico.

That James is aboard the V-22 at all is unexpected.
the flight originally was to be nonstop, with Martin as
co-pilot and James aboard the chase plane. But
uncertainty about the fuel system led to the Charlote
stop being added at the last moment. So James, who
had just under four hours flight time in the Osprey,
got to co-pilot the first leg.

It has not been boring.

“A little excitement in the beginning, huh?" James
says to Sullivan,

They cross into Georgia, changing time zones. In the
cockpit, it becomes 11:29 a.m.

A few minutes later, there's a little more excitement.

Torque readings from the left rotor—-data needed to
ensure safe handling of the craft—are lost.

Sullivan reacts in a laconic voice: “QK™

Wilson later told Navy investigators this problem was
more severe than the RTB wamning, It “was clear-cut. _
That's a Land as soon as possible.” T

On board, Sullivan mulls whether he can skip
Charlotte, and asks Rayburn whether they can make it
to Quantico without refueling.

The crew lacks reliable data on fuel consumption at
15,500 feet—partly because in the rush to get the
aircraft ready, they had canceled a high-altitude test
flight.

Rayburn uses the facts he did have—speed, fuel,
distance--to estimate: *I show us on the ground with
700 pounds total.™

“Wow,” Sullivan says. The V-22s flight clearance
requires at least 1,000 pounds of fuel to be rcmammg
at touchdown. .

Just the same, Sullivan doesn’t rule out a nonstop
journey, figuring that mileage will improve as the
Osprey consumes fuel and grows steadily lighter.

He tums to his co-pilot and says “Appreciate your
hanging with us, Brian..This has not been an easy
start up and go.”

“Hey man,” James responds, “This is my job. I'm
foving it.™

|
The first ime Brian James met the oh-so-young-
looking woman who would become his wife, he
lectured her on her choice of friends.

It was 1981 at McGuire's Irish Pub, the place to meet
the lean, confident pilots from the military flight
school at Pensacola, Fla., where James was training.



Deanna Batton was a local, working days and
studying accounting in junior college.

That night, she was out with a Navy pilot.

“When my date...went to the restroom, 'IBn'an] came
up and started talking to me. He didn't like the guy I
was with, thought I was too young to be out with him,
and he let me know zbout it.”

“I was amazed at first, but intrigued too.”.

That was August. They were married in February.
They had four children while Brian moved up in the
Corps.

He volunteered for Lebanon in 1984; became a flight
instructor, then a test pilot. Eamed a master's in
mathemnatics. Considered a political career after the

Corps.

In July 1992, he was a flight safety officer at Pax
River.

So when he called home the night before the flight
and told his wife the trip was on, she was “a linle
taken aback.”

“I said: How can it be broken all wcclc and bc ﬁxed
now?"

12:06 p.m. Eastern Time

As James handles the Osprey's controls, Raybum
recalculates fuel consumption. They have two hours
of fuel left, and 410 nautical miles to go—about an
hour and 40 minutes of flying.

“Well, it's doable,” Sullivan says. *T think we ought .

to push on if it's feasible because otherwise,
wcrc. you know wc‘d never get out of Charlotte.”

s

The problem is twofold, Because the engines were
started on the emergency setting, Sullivan can't be
sure he'll be able to restart them once he shuts down -
to refuel.

Second, to take off from Charlotte without resolving
the rotor problcm would be a more severe safety
violation than 1gnonng the RTB warning in the first
place. -

Fifieen minutes later, Sullivan spots Charlotte and
makes his decision: “Anybody have any problem

with proceeding7”

Rayburn doesn't object, but warns a landing will be
necessary if the fuel system starts to falter. James
voices concern that his boss, Martin, will be furious at
being stranded at Charlotte, where the shorter range
chase plane must stop to refuel.

*You just got to defend me when we pet there. Make
Sure you say you overruled me,” James tells the pilot.
“He's going 1o chew my ass, boy. Wooh! It1l be
worth it, but I tel} you what, I'm going to stay away
from him.™

A few moments later, Sullivan repeats that the Osprey
might not have made Quantico if it had touched down
in Charlotte,

*I don't think there's any safety issues,” he adds, “I
think we're..” Sullivan does not complete the
sentence,

He does not know that in the right nacelle a safety
problem is developing, undetected by any sensor.

Boeing Helicopters consistently has said that no
undue pressure was placed on Sullivan and that no
special welcome was planned at Quantico.

“No formal arrival ceremonies were planned...the
schedule at Quantico was not critical enough to put
unusual pressure on the pilot,” Boeing said in 2
written response to Inquirer questions.

A July 13, 1992 memo from Timothy Fehr, then
Boeing Helicopters' vice president in charge of the V-
22, had described the Quantico event as important
and asked for employee cooperation.

*“The Quantico Operational Demonstration is the first
exposure of the V-22 to... many high level Marine
Corps customers™ Fehr wrote.  *Many Marines,
including several Marine Corps General Officers, are
expected to visit.”

A Boceing official said the stop at Quantico was
proposed by the Marine aviators.

Fehr distributed a detailed list of scheduled activities
for the Osprey's five-day stay at Quantico, starting




with the Monday afternoon display when “VIPs and
visitors™ were to see the aircraft,

The Osprey was to signal its arrival at around 3 p.m.
with a low pass only 200 to 300 feet above the heads
of the guests. After landing, it was to taxi to a spot in
front of the control tower to begin two hours on
display.

That was the moment for which Martin, the Marine
colonel left stewing in Charlotte, had been planning.
He told the Navy Court of Inquiry that his role at
Quantico involved “political considerations™ that he
had discussed “at length™ with James and Sullivan.

Tt was critical,” Martin said, “that I be the person get
out of the aircraft when it landed at Quantico because
we had some people that we wanted to talk to about
the aircraft.”

All week, jut one official test was planned at
Quantico. On Tuesday, 24 Marines in full combat
gear would try to exit the aircraft in 60 seconds,
which few doubted they could.

Boeing has said no flight demonstrations were
scheduled at Quantico. According to the Marines and
Fehr's memo, they were scheduled for Thursday and
Friday.

Boeing's public stance that Sullivan was not unduly
pressured is at odds with the internal Boeing
Helicopters review of its flight test program,
completed in November 1992,

The report by a team of 14 current and former Boeing
managers said they were in “general agreement there
is a high probability of safety b Béing compromlsod due
to budget and schedule pressures.” ~ °

“Budget and schedule for flight test is too optimistic,

success-oriented” said the report, intended for

circulation among high-level Boeing managers. Too
little attention was given to the unpredictable effects
of weather or mechanical problems, it added.

The review team concluded Boeing managers treated
the flight test phase as a place to make up for time
and money lost earlier.

“Flight test comes at the end of the development
process and is the last place management can save
money to get back on budget and on time.”

12:28p.m.

As Charlotte recedes on the horizon, Rayburn says,
“There's going to be a lot of Monday-morning
quarterbacking after this one.”

“Think so7" Sullivan replies.

“Yeah,” says Rayburn. *1 think we're making a sound
engineering decision, but, you know, sometimes thaz
doesn't always hold water.”

They rehash the issues. Was the rotor waming just a
wire? Should they have heeded the return-to-base
message?

Rayburn calls back to Joyce, who is with Stecyk,
Leader and Mayan. What does Joyce think?

*He's holding a thumbs up,” says Rayburn.

James then speculates-—-probably incorrectly-that the
commandant of the Marine Corps will be waiting at
the airfield when they land.

One thing the major knows for sure is that he faces a
quizzing from superiors about what went on in the
cockpit.

“OK. We'l have to have a united posmon [on the
decision to continue]” he tells the crew, “crew, “because 1
guarantee when we stop they're going to be asking s:-
I feel comfortable. I would not have flown, believe
me--T've got four kids—I would not have done it"”

“Yeah,” Sullivan replies, “I know, I hear you,”

The V-22 program was a plum assignment not only
for officers, but also for non-coms such as Gary
Leader and Sean Joyce.

Joyce, who was 17 when he joined the Corps, had
found a mentor and friend in Leader, 10 years his
senior, -Leader introduced Joyce to his sister,
Yvonne, who became Joyce's wife. And Leader
helped his brother-in-law get into the V-22 program.

“My brother thought it would be good for Sean's
career,” said Yvonne Joyce. “Gary used to say to
Sean: You're like the little brother I never had.”




July 20 was the first time they had flown together on
the V-22, Yvonne Joyce believes.

How they both ended up on board never has been
officially resolved. Boeing officials testified that they
expected one but not both of the Marines on the
flight.

On the Sunday evening before the flight, according to
testimony at the Court of Inquiry, Leader and Joyce
told drinking companions at a Florida bar that they
were both flying north becauce an officer with the
Marine V-22 program headquarters interceded_for
them with Boeing.

Col. James Schaefer, then the top V-22 program
officer, was identified in testimony as the officer in
question. He told the Court of Inquiry that he did not
ask anyone to include both sergeants. He did not rule
out the possibility that another Marine officer had
interceded.

After the crash, Boeing Helicopters said all seven
men had duties on the flight. Sullivan and James as
pilots, Rayburn and Mayan as engineers monitoring
test equipment, and Stecyk, Joyce and Leader as crew
chiefs. Boeing said the Marines were getting practice
for the possible day the Corps would deploy the V-
22.

Noting the V-22 was still “experimental,” the internal
review team said: “V-22 operating_instructions
specify minimum crew, but far more_individuals were
on-board than were required_ta_ operats_ the
equipment”,

One review team recommendation was; “Establish
ground rules in the contract so the customer can't
force you to put unnecessary personnel on-board an
experimental aircraft.”

|
1:06 p.m.
Less than 45 minutes out of Quantico, Rayburn
recalculates fuel consumption -and estimates that
theyll land with a thousand pounds.

*“That's acceptable,” Sullivan tells James,

James still is fretting about the colonel: “What can |
tell him”"

10

James wonders whether he should have pushed
Sullivan to land at Charlone: “There's_nothing |
could have done anyway to convince you, would it
have?"

Sullivan at first says no, but adds, *Yeah, you could
have.” -

James, as a Marine flight safety officer, knows what
he means.

“I could have called it safety, called it safety of flight,
but I couldn’t I———couldn’t do that though,” James
says.

“No, I don’t think so,” Sullivan says.

James takes over the flight controls, saying “Might as
well enjoy them now. Might be the last time I get
them after Col Martin gets ahold of me.”

1:23p.m.

Sullivan replaces James at the controls, They are 10
minutes from touchdown. Looming is Quantico, the
huge base south of Washington where the Marine
Corps trains officers and plans strategy.

The modest airstrip on the base's eastern edge has a
small, brick control tower atop one hangar.

James has flown here before, so he'll talk Sullivan
through the final approach. They discuss whether to-
come in over land or water. Sullivan, worried about
air traffic, says “over water is probably best.™

The planned low-altitude fly-by has Rayburn
concerned. “Make it gentle,” Rayburn tells Sullivan,
mentioning the loss of torque monitoring on the left
rotor,

“Ok. Yeah, it will be,” Sullivan says. *T always fly
this thing gentle.”

“Extra gentle, kid gloves,” says Rayburn,

- “Extra gentle. ‘OK. Icandothat™ The pilots ask the

tower to clear out air traffic.

“After that we'll do a left downwind over the water
and come in for a normal landing.” Sullivan says,

*Yay!" says a crew member,



Sullivan drops toward 1,500 feet. They are 10 miles
out,

“You guys in the back all set”* James calls out.
“We're all set aft,” a voice replies.

1:36p.m

Sullivan drops to 1,000 feet.

James is back to wondering who will greet them at
landing.

“T’'m sure the general will be late at the field,” he
says.

“If he's here yet,” says Rayburm. Having skipped

Charlotte, they are, after all, arriving more than an
hour early.

*Yeah, that's the problem,” says Sullivan.

The visitors “should be sitting in stands just halfway
between the runway and the hangars,” says James,

But from the air the grounds appear empty.
“I don’t se2 many,” Sullivan says.

“Good. I mean good for me,” James replies, referring
to Martin and the colonel's plans for Quantico.
“Make sure the colonel knows that.”

Marine enlisted men at the airfield watch as the
Osprey slides through the air a few hundred feet
above,

Rayburn peers out of the cockpit and observes:
“There’s a few there.”

Elsewhere the day is consumed by the business of
ordinary life.

Michelle Stecyk and her son begin the long drive to
Pennsylvania with her mother following in a truck
packed with belongings.

Yvonne Joyce is at Patuxent Rivér, where she works
in the Navy's Acgis program.

Deanna James is at home in Lexington Park, Md.
The next day, she and the children plan to drive to

Quantico, see the V-22 and go for a beach vacation
with Brian.

Kathy Mayan is straightening up her home outside
Dover, Del. which she found to be “a huge wreck”
after driving straight through from Eglin on Sunday.

Dottie Rayburn, Bob's wife is at her parent’s home in
Greensboro, N.C.

|
1:40p.m.
“Stand by on flaps,” Sullivan says.

The V-22 makes a tumn, swinging up and over the
river,

With his thumb, Sullivan rotates the small wheel on
the end of the throttle control lever. The V-22's
hydraulic system kicks in. The nacelles and their
powerful rotors move upward, halting midway
between horizontal and vertical. In this delicate
maneuver, lift is transferred from the wings—as in an
airplane—to the rotors—-as in a helicopter,

They are 1,300 feet above the Potomac, about a half-
mile from the strip, flying at 120 knots, enough speed
for the lift from the wings to keep the Osprey in the
air.

“Gear down, please,” Sullivan says.

“Gear's coming,” says James.

Four second pass. The V-22 slows to nearly 100
kmots.

In the cockpit, James suddenly exhales:
“Dooh...Noise, a weird sound.”

~O0R...Y015¢, 3 welrd sound.”
The sound is from the right nacelle where a leaking
fluid has been pooling. As the nacelle tlts, gravity
pulls the liquid into the turbine.

The liquid ignites. The turbine speeds and its
combustion chamber wall is torn by a burst of energy
from the burning liquid. Temperatures at one sensor
jump 350 percent in 1-1/2 seconds.

On the ground, witnesses hear a loud pop and see a
brief spurt of flame. Gray smoke puffs out of the
right engine as Sullivan continues rotating the nacelle,




Later, some Navy investigators concluded the
combustible liquid was probably prop-rotor gearbox
oil that leaked through a seal apparently installed
backwaxﬂ on the prop-rotor drive shaft.

Other naval officers, along with Boeing officials,
disputed that the scal was the problem, saying tests
failed to duplicate such a leak. They said the source
of the liquid couldn’t be determined, and Boeing’s
mechanics couldn’t be blamed. Complex mechanical
systems can always drip fluid, a Boeing spokesman
said. The redesigned nacelle now includes a drainage
system,

Since no one know when the liquid began to pool, it
is not known what would have happened had Sullivan
returned to Eglin or stopped to refuel.

Despite all the warnings and worries that have
plagued the flight, the crew has had no inkling about
this final problem.

1:42 p.m.

In the cockpit, a light signals failure of the Primary
Flight Control System. *“Let’'s get a reset” says
Sullivan,

The system powers back up and automatically revs
the damaged right engine. There is a second surge,
followed by a third. The right engine fails.

Red and yellow warning lights appear on the pilots’
screens. “Looks like an engine fail,” Sullivan says, as
James says, “We just lost the right engine.”

With the nacelles tilted up, an engine failure is
particularly dangerous. For the aircraft to stay in the
air, both rotors must be turning. To ensure that, Bell
and Boeing designed an “interconnect drive system.”
Usmg a cross shaft through the wing, it allows either
engine to power both rotors.

The systern kicks in, but in the next few seconds the
heat generated by the burning liquid and fuel-sucked
through the right nacelle by a cooling fan—cxcwds
1,200 degrees Fahrenheit- -

The heat destroys a secondary shaft within the nacelle
that is vital to the backup drive system. Made out of
composites, not metal,” this: shaft—can withstand
temperatures only up_to. 240 degrees Falucnhclt,
barely 20 dcgrecs above lhe nacelle’s likely opcranng
temperature on a hot day in the desert.
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With the secondary shaft buckled, the Ieft engine no
longer can power the right rotor. The Osprey has no
way of staying airborne.

Sullivan does not know that,
The computerized flight waming system is not

programmed to register a failure_of the Tnterconnect
dnvc systcm.

The Osprey rolls slightly to the right, then yaws
slightly to the left, reacting to the loss of power. Its
rate of descent increases,

In the next seconds, the display screens flash
warnings about a cascading series of failures.

The account the screens are giving of the Osprey's
problems is neither clear nor complete. In fact, one
of the warnings flashed--that the left engine has
failed--is false.

Sullivan and James do not know what is going wrong
around them.

Inside the right nacelle, the flailing remains of the
drive shaft slice through electrical and hydraulic
lines, knocking out the nacelle rotation system.

The tilt-rotor is no longer a tilt-rotor, The nacelles
are motionless at 58 degrees.

Now neither airplane nor helicopter, V-22 Osprey.
Aircraft 4 is falling from the sky.

Sullivan shoves the throttle forward to full power—-a
futile gesture with the rotor drive system crippled.

James calls out to the Quantico tower: “Mayday,
Mayday, we're going in! We're going in!™

1:42:25 p.m.

The Osprey is slightly nose down, giving the pilots a
clear view of the blue Potomac. It is almost out of
forward momentum and Sullivan is almost out of

In the three seconds before impact, he tries a final
desperate maneuver, twirling the control whee! to tilt
the nacelles to vertical-into position for what
helicopter pilots call autorotation.




The idea is to allow air to rush up through the rotors
and spin the blades, generating lift te cushion a crash
landing.

But with the hydraulic system gone, it can’t be done.

The Court of Inquiry termed the lack of an adequate
hydraulic backup a *'cause factor” in the accident.

Sullivan’s move to full power a few seconds earlier,
the court speculated, may actually have been an
attempt to start an autorotation, but with the throtile
in the wrong position.

The court said the throttle--a hybrid of airplane and
helicopter controls that the Marines insisted on--may
disorient pilots operating on instinct in an emergency.
The Navy has recommended it be redesigned.

Now Sullivan can do nothing. The Osprey is
plummeting , a few hundred yards short of Quantico.

Marines and Boeing workers at the airfield watch in
shock.

In the last instant before impact, the wounded right
rotor spins to a halt.

There is a tremendous splash. The data recorder
shuts down and, in a final burst of static, the voice
recorder.,

The Osprey hits the Potomac with an impact equal to
79 times the force of gravity.

No one survives.

13

Epilogue.

Michelle Stecyk leamned the news while standing on
the side of I-85 in South Carolina. Her mother had
heard a report on the radio and signaled her to pull
OVErT,

Yvonne Joyce saw her brother’s fiancee waiting in
the driveway when she got home from work,

Kathy Mayan's telephone rang while she was
cleaning house in Dover. On the other end was one
of her brothers.

Dottie Raybumn’s father took a call at dinner time, and
led his daughter out onto the front porch.

Deanne James found out when she flipped on CNN,
because Brian had said the news network might film
the landing at Quantico.

Some of the widows—particularly James, Joyce and
Mayan—remain angry. Kathy Mayan has filed a
lawsuit, and lawyers for other families are
considering lawsuits or seeking settlements.

The widows still believe in the Osprey and want it to
succeed.

“I hope someday,” Yvonne Joyce said “my daughter
and I can go on a tilt-rotor and I can say “Your daddy
was part of that.™

At Edgewood Memorial Park in Delaware County,
Tony Stecyk lies buried beneath a bronze marker that
has two etchings. One is of the Harley Davidson
emblem. The other is of an Osprey, nacelles tilted up.
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NAVY SAYS IT WANTS A CHEAPER OSPREY -OR AN
ALTERNATIVE :

Faced with a dwindling post-Cold War budget, the military will ask contractors
next week to devise a lower-cost blueprint for developing the controversial V-22
titt-rotor plane built by Boeing and Bell Helicopter.

But acting Navy Secretary Sean O'Keefe told a Joint House subcommittee
yesterday that the Pentagon simuitaneously will pursue alternatives that could
compete with the V-22 to replace the Marines’ CH-46 helicopters.
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MORE PENTAGON DOUBTS FOLLOW CRASH OF
OSPREY :

Reacting to the second crash of a V-22 Osprey in 13 months, Pentagon officials
yesterday voiced new doubts about the hybrid helicopter-airplane in an apparent
effort to stall congressional financing for it

Defense Secretary Dick Cheney has criticized the project all along, although early
this month he did free money to allow work on it to continue.
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OSPREY HELICOPTER CRASHES, KILLING 7

A prototype of the V-22 Osprey, a tilt-rotor aircraft whose future was already the
subject of furious debate, crashed yesterday in the Potomac River, apparently
kitlling all seven people on board.

The aircraft, which takes off like a heticopter and flies like a plane, was headed for
a landing at the Marine air station in Quantico, Va.
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NTSB SAFETY RECOMMENDATION AFFECTS ALL
2,300 BOEING 737S

The National Transportation Safety Board yesterday recommended that airiines
change their Boeing 737 rudder-contro| units to avoid steering problems reported
in six incidents. All 2,300 737s in service around the world could be affected.

The problems have not cauéed any injuries to passengérs or damage to
airplanes, but safety experts said the potential for accidents remains if the units
aren't changed.
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COLUMBIA ROARS SAFELY INTO ORBIT
SHUTTLE BLASTS OFF AFTER NASA WAIVES FLIGHT
RULE

Columbia blasted safely into space with six astronauts and a laser-reflecting
| satellite yesterday after NASA waived a fiight rule and launched the shuttle
} despite excessive wind gusts.
| ,

“The flagship of the fleet is back in space again,” shuttle commander James
Wetherbee said moments after NASA's oldest shuttle reached orbit.
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FAA TO WIDEN ITS PROBE OF THE EL AL 747 CRASH

The Federal Aviation Administration said yesterday it will broaden the scope of its
El Al 747 crash investigation to include all the mounts that hold the engine struts
to the wings.

The agency asked Boeing to test several 747s to see how the different strut
mounts stand up to stress during takeoff, landing and flight, officials said.
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The Transportation Safety Board of Canada (TSB) investigated this
occurrence for the purpose of advancing transportation safety.

It is not the function of the Board to assign fault or determine
civil or criminal liability.

AVIATION OCCURRENCE REPORT

NEWCAL AVIATION INC.
MODIFIED DE HAVILLAND DHC-4A (PROTOTYPE CONVERSION) N40ONC
GIMLI INDUSTRIAL PARK, MANITOBA
27 AUGUST 1992

REPORT NUMBER A92C0154

SYNOPSIS

The aircraft had just taken off on an experimental test flight
when it entered a gradually steepening climb. During the climb,
the aircraft rolled slowly to the right and, at approximately 200
feet above ground level (agl), it entered a steep nose-down,
right-wing-low attitude and crashed. Upon impact, the on-board
fuel ignited and the majority of the aircraft wreckage was
destroyed by fire. The three crew members aboard the aircraft
were fatally injured.

The Transportation Safety Board of Canada determined that the
gust lock system was not fully disengaged prior to flight and one
or more of the gust locking pins became re-engaged for
undetermined reasons after lift-off. It is unlikely that a
control check had been completed prior to take-off and, once
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airborne, the crew were unable to disengage the gust lock
mechanism before losing control of the aircraft.

05 August 1993
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NEWCAL AVIATION INC,

MODIFIED DE HAVILLAND DHC-4A (PROTOTYPE CONVERSICN) N400NC
GIMLI INDUSTRIAL PARK, MANITOBA

27 AUGUST 1992

REPORT NUMBER: A92C0154 (Accident)
INFORMATION SOURCE: Field Investigation
LOCAL, TIME: 1020 CDT

TYPE OF OPERATOR: Other

TYPE OF OPERATION: Experimental

DAMAGE: Destroyed

PILOT LICENCE: Airline Transport

PILOT-IN-COMMAND CO-PILOT
PILOT HOURS: ALL TYPES ON TYPE ALL TYPES ON TYPE
TOTAL 8,812 4,700 1,542 240
LAST 90 DAYS 138 96 T 6
INJURIES: FATAL SERIQUS MINOR/NONE
CREW 3 - -
PASSENGERS - - -
1.0 FACTUAL INFORMATICN

1.1 History of the Flight

The aircraft had just taken off on an experimental flight
when it entered a gradually steepening climb. During the
climb the aircraft rolled slowly to the right and, at
approximately 200 feet above ground level {(agl), it
entered a steep nose-down, right-wing-low attitude and
crashed. Upon impact, the on-board fuel ignited and the
majority of the aircraft wreckage was destroyed by fire.
The three crew members aboard the aircraft were fatally
injured.

1.2 Aircraft History

The aircraft was manufactured on 18 November 1965 and was
sold to the Kenyan Air Force, with whom it spent the next
21 years. On 05 June 1986, the aircraft was purchased
from the Kenyan Air Force by NewCal Aviation Incorporated,
of Little Ferry, New Jersey; the aircraft was assigned
U.S. registration markings N40ONC and was issued a
Certificate of Airworthiness for operation as a Transport
Category aircraft.
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Turbine Engine Conversion Program

In August 1988, NewCal Aviation Inc. applied for a
Supplemental Type Certificate {STC) to change the
powerplant installation on the aircraft from reciprocating
to turboprop engines. NewCal Aviation of Canada was
formed to undertake the turbine engine conversion program
and, for the purpose of this program, DHC 4 (Caribou)
serial number 240 was granted approval to operate under
the EXPERIMENTAL category of CAR 4b. The original
manufacturer, de Havilland Inc, was not involved in the
flight test program.

The modification project involved the removal of the
original Pratt & Whitney R-2000-7M2 piston engines and the
installation of Pratt & Whitney PT6A-67R turbo-prop
engines and associated equipment. This new configuration
included the addition of a five-bladed Hartzell propeller
system, along with new engine mounts and cowlings. Other
systems affected by the modification included the fuel
system, powerplant controls, powerplant instruments,
hydraulic system, fire protection system, electrical
system, and the engine oil system. This conversion
significantly modified the aircraft from the original DHC-
4 Caribou as type certificated.

The turbine conversion was accomplished at the Gimli
Industrial Park and the first flight tests of the modified
aircraft began on 16 November 1991. A total of 12 test
flights were carried out between 16 and 28 November 1991,
with an accumulated flight time of 22.9 hours; the
aircraft was then hangared over the winter.

Results of the evaluation flight test program conducted in
late 1991 indicated that minor design changes were
required to several of the aircraft systems. These
changes included the replacement of the aircraft's
mechanical vacuum pumps with a Bendix suction system, the
addition of in-line fuel boost-pumps, and the installation
of a newly designed hydraulic pump.

Data acquired during earlier taxi tests indicated that,
with the new in-line fuel boost pumps installed, the fuel
flow corresponding to a normal take-off power setting of
100 per cent torque was 740 pounds per hour (pph).

Purpose of the Occurrence Flight

The occurrence flight was intended to be the first of
several trips designed to flight-check the fuel and
hydraulic systems. On the morning of the accident, the
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crew attended a pre-flight briefing, which included a
thorough review of the flight test plan. The aircraft was
lightly loaded at a mid centre of gravity (C of G)
position. In-flight checks were scheduled to include
simulated failures of both the wing fuel pumps and the in-
line pumps; records were to be maintained regarding the
resulting fuel pressures.

A company engineer who had been involved in the design of
the fuel and hydraulic modifications was included on this
flight to record flight test results and to evaluate in-
flight performance of the two systems,

Flight Profile

The crew completed a pre-£flight inspection of the
aircraft, started the engines, and spent approximately 45
minutes doing a ground run and systems check before
proceeding to the button of runway 14.

The aircraft was taxied onto the runway surface and
brought to a full stop. Approximately 20 seconds later,
the engine power was advanced and the brakes were
released. Directional control of the aircraft was
maintained throughout the ground run and the aircraft
became airborne in approximately 800 feet.

The entire flight was recorded on amateur eight millimetre
(mm) videotape and in a series of 35 mm still photographs.
This photographic information confirmed that elevator
authority existed at rotation and that the aircraft's
pitch attitude increased to a position significantly
higher than had been observed on previous take-offsg under
similar environmental conditions. With the exception of a
higher-than-normal nose attitude at lift-off, the
aircraft's initial c¢limb appeared normal. At about 35
feet agl, the aircraft made a noticeable pitch-up
movement; from that point onwards, the elevator control
surfaces were observed to remain in their neutral
position.

The aircraft completed a gradually steepening wing-over
manceuvre, then it entered a steep dive and struck the
ground. Airspeed remained above the stall speed
throughout the manceuvre. Careful examination of the
photographic evidence revealed that there were no
discernable control surface deflections throughout the
entire manceuvre, from the point where the in-flight
pitch-up movement occurred through to the point where the
aircraft struck the ground. Enhancement of the
photographic images made it possible to identify an upward
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deflection of the elevator spring tabs with no
corresponding movement of the control surfaces.

Wreckage Examination

The aircraft struck the ground in a near vertical, right-
wing-low attitude. Primary wreckage was distributed
within a 50-foot radius of the aircraft and, except for
the detached outboard portion of the right wing, the
entire aircraft had been engulfed in an intense post-crash
fire. The landing gear was confirmed to be down and
locked; the aircraft's tail section and front fuselage
section were located forward of the left engine area and
were completely destroyed. Both wings outboard of the
engine nacelle area were torn open and severely burnt.
The outboard wing sections contained an internal, eight-
cell, wet-wing-design fuel tank arrangement, which burst
open upon ground impact.

Flight Control System Examination

An examination of the flight control system revealed no
pre-impact faults; continuity of the entire flight control
system was confirmed. The flaps were determined to be at
a seven-degree setting at impact, and the aileron and
elevator trim tabs were near their neutral positions. The
rudder trim tab was located half-way between the neutral
and full-nose-left position.

Propeller Examination

Both the left and right propeller systems were examined
following the accident. Damage to these systems indicates
that the blades contained significant rotational energy at
the time of the crash. Blade angles had been captured at
approximately 26 degrees; that blade angle is in the
normal in-flight governing range, and is consistent with
values that would be expected when the engines are
producing high power.

Engine Examination

Teardown and examination of the engines revealed high
internal rotational damage, consistent with a high power
setting at impact. Neither engine displayed any pre-
impact anomaly or distress that would have prevented
normal operation prior to impact.
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Instrument Examination

The TSB Engineering Laboratory determined that both of the
fuel flow indicators were captured at 740 lb/hour. No
useful data was derived from the remaining instruments.

Aircraft Gust Lock System

The aircraft is equipped with an internal gust lock system
for locking the control surfaces in neutral when the
aircraft is parked or is being taxied. The system is
controlled by a gust lock handle which is located on the
cverhead conscle, forward of the throttles. The handle
has two positions, marked LOCKED and UNLOCKED. When the
handle is moved aft to the LOCKED position and the control
surfaces are moved to their neutral position, the gust
locks will engage and secure the ailerons, elevator, and
rudder from further movement. However, if the control
surfaces are out of position when the gust lock handle is
moved to the LOCKED position, any subsequent deflection of
the control surfaces through their neutral position will
cause them to automatically lock.

Gust Lock Lever/Power Lever Relationship

The aircraft controls are designed such that, when the
gust lock handle is moved aft to the LOCKED position, it
prevents the throttles from being advanced to their full
power position. This relationship between the throttles
and the gust lock handle provides a safety feature which
is designed to ensure that a take-off cannot be attempted
while the control locks are engaged.

The throttle quadrant of the accident aircraft had been
re-designed as part of the engine modification project.
The resultant changes to the throttle system did not
adversely affect the positional relationship between the
gust lock handle and the throttle levers; in the newly
designed system, the throttle levers still could not be
advanced to achieve take-off power when the gust lock
lever was in its LOCKED position.

Elevator Gust Lock System

The elevator gust lock mechanism is mounted to a channel
on the bottom surface of the horizontal stabilizer,
located to the right of the aircraft centre-line. This
mechanism is operated by the gust lock system's chain and
cable circuit. When the gqust lock is actuated to its
LOCKED position, the elevator lock pivots and, provided
that the elevators are in their neutral position, a slot
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in the gust lock engages with the spring-loaded plunger of
the lock arm to prevent the control surface from moving.
If the elevators are not in neutral when the gust lock
system is actuated, the spring-lcaded plunger will be
depressed against the face of the elevator lock, and will
engage with the slot only when the elevators are later
moved to their neutral position.

The elevator gust lock assembly was recovered intact from
the tail section of the aircraft wreckage and was found in
the spring-loaded DISENGAGED position. The mechanism was
exercised and found to operate normally through its full
travel range. This assembly was confirmed to have been
rigged in accordance with the manufacturer's rigging
instructions, although the gust lock tension spring
appeared weak and exhibited evidence of fire damage.

Rudder Gust Lock System

The rudder gust lock mechanism is mounted at the aft end
of the rear fuselage, and is operated by the rear sprocket
of the gust lock system's chain and cable circuit.
Operation of the rudder gust lock mechanism is similar to
that of the elevator gust lock system described above.

The rudder gust lock assembly was recovered from the
wreckage and the gust lock's mechanical actuating lever-
arm was captured in the ENGAGED pcsition. 1In addition,
the spring-locaded plunger was jammed in its fully extended
position, and had been rotated approximately seven degrees
in its guide boss. The rotational damage to the plunger
is consistent with torsional loading damage that would be
expected if the plunger had been engaged, and had
subsequently rotated during ground impackt.

A sprocket assembly that interconnects the rudder and
elevator control lock actuation mechanisms was also
recovered from the wreckage. A number of the sprocket's
gear teeth had been bent in overload at impact, causing
the assembly's chains to jam. By measurement, and
comparison with a serviceable control lock mechanism, it
was determined that the sprocket was oriented midway
between the gqust lock ENGAGED and DISENGAGED positions.

Aileron Gust Lock System

The aileron gust lock mechanism was recovered in its
spring-loaded DISENGAGED position. However, further
examination of the aileron system revealed that the heads
of all eight (AN470-3) rivets used to secure the aileron
control quadrant's centre pivot-bearing structure had
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failed in tensile overload. This damage is believed to
have occurred when the aileron cables were stretched
beyond their normal loading limits while the control
quadrant was locked and unable to rotate. The two devices
in the system that could prevent free rotation of the
control quadrant are the quadrant stops and the spring-
loaded plunger when it is in the ENGAGED position. Both
of these devices were examined and no unusual damage was
apparent.

Gust Lock Handle

Portions of the gust-lock handle assembly were recovered
from the cockpit wreckage. These components exhibited
severe impact deformation and overlcad failure.
Examination of the relationship between several of the
moveable components cf this control system indicated that
the gust lock lever was in a fully DISENGAGED position
when recovered.

The aircraft captain had been seated in the left crew-seat
position. A knob from the gust lock control handle was
found embedded in his right wrist.

Gust Lock Operation

Following the accident, a number of tests were conducted
on a serviceable Caribou aircraft to determine how the
gust lock mechanism would operate under circumstances in
which one of the locking pins was jammed and unable to be
released. During these tests, the rudder locking pin was
held in place, and the gust lock handle in the cockpit was
released. The consistent result was that the gust lock
handle moved forward, under spring power, to a position
approximately one-half the distance between its LOCKED and
UNLOCKED positions. The flight controls were then
exercised and it was found that, under these conditions,
the flight crew would have aft (nose-up) elevator
authority but no forward (nose-down) elevator authority.
Although the rudder itself remained securely in place
because of the actuation of the locking pin, it was easily
possible to deflect the rudder spring tabs by applying
pressure to the rudder pedals.

During follow-up testing, the elevator qust lock mechanism
was rotated to a mid-range position between its fully
LOCKED and UNLOCKED station. It was noted that, at this
mid-point, the elevator gust lock pin disengaged
sufficiently to allow the elevator to be deflected to
command a nose-up pitch attitude. However, because of the
system design, when the elevator controls were moved
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forward to command a nose-down pitch attitude, the control
lock would re-engage as the elevator returned to its
neutral position. Further forward movement of the
elevator control column caused the elevator spring tabs to
deflect upward, and out of their neutral position without
a corresponding deflection of the elevator control
surface.

From these tests, it was also determined that it is not
possible to move the gust lock handle fully forward unless
the locking pins have been completely released.

Aircraft Performance - General

Aircraft performance figures available from the aircraft
flight manual, the servicing manuals, and from previous
flight test records were carefully reviewed.

Aircraft Performance - Weight and Balance

Loading for the accident flight was within the constraints
of the weight and balance envelcope. All ballast used on
previous test flights had been removed. The total take-
off weight for the accident flight is estimated to be
22,000 pounds. The maximum gross weight allowable under
the conditions of the day was 28,500 pounds.

Alircraft Performance - Take-off Power

The normal maximum-power permissible for take-off
corresponds to 1,281 Static Horse-Power (SHP) at 1,700 rpm
and 100 per cent output torgque. Either engine is capable
of producing 1,424 SHP at 1,700 rpm, which corresponds to
111 per cent torque.

The engine manufacturer estimates that, with the control
lock handle in the LOCKED position, the engines may have
been capable of producing between 400 and 800 SHP, with
the most likely wvalue falling to the low end of that
range.

Alircraft Performance - Take-off Distance

Aircraft performance charts indicate that the expected
take-off distance for the conditions of the day should
have been 700 feet. The ground run of the accident £light
was measured to be approximately 900 feet and was
therefore more than 20 per cent longer than the
performance charts predict.’
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Aircraft Performance - Take-off Speed

Actual lift-off speeds are not available; however, take-
off performance charts in the draft Aircraft Flight
Manual, which was developed and compiled by Newcal
Aviation during the flight test program, indicate that
both the engine failure speed and the take-off safety
speed for the conditions of the day would have been
approximately 87 miles per hour (mph).

The aircraft did not stall throughout the entire in-flight
manoeuvre. The Aircraft Flight Manual indicates that the
normal 1-g stall speed for take-off configuration is 71
mph when at zero thrust. The power-on stall speed, in
take-off configuration, is not published but would be
lower than the published wvalue of 71 mph.

Pre-Flight Checks

Standard procedures for the operation of the Caribou
aircraft include the execution of a six-point control
check prior to take-off. This check is essential to
assure the crew that it has full and unimpeded operation
of the primary control surfaces. This check is especially
important on any aircraft that has the capability of
locking the flight controls while manceuvring on the
ground.

No control check was seen by witnesses on the ground, nor
was one captured on videotape or 35 mm film.

Weather

The Area Forecast for the time of the accident predicted
that the Gimli region would be under the influence of an
unstable airmass, a light to moderate southwesterly flow,
and patchy, moist mid-level clouds. An automated weather
cbservation system (Auto5}) is located at the Gimli
Industrial Park. That system indicated that the surface
winds at the time of the accident were from 200 degrees
(True) at 15 knots.

Flight Crew

Both flight crew members were licensed and qualified to
conduct this flight. Experience of either crew member on
the turbo-conversion aircraft was limited in that it was a
newly modified, "one-of-a-kind" aircraft. Neither pilot
was an experienced flight test crew.
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Autopsy and toxicology examinations did not reveal any
physiological, toxicolegical, or pathological factors that
would have had a bearing on this accident.
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ANALYSIS

Pre-Flight Preparation

This flight was pre-briefed in detail and was intended to

part of an on-going flight test program that was being conducted
as part of the aircraft modification.

2.2

Elevator Authority

The aircraft rotated at lift-off to a pitch attitude that
was slightly higher than that used on previous take-offs.
The smooth nose-rotation seen on the videotape indicates
that the crew did have up-elevator authority at lift-off.
However, in subsequent video frames, the elevator is seen
to remain in its neutral position with the spring tab
deflected upwards; this situation is known to occur when
the elevator movement has been impeded while pressure is
being applied to the control column.

During its initial c¢limb, the aircraft's pitch attitude
continually increased. It would be logical to expect the
crew to counter this continuous upward movement of the
aircraft's nose by applying forward control column
pressure. Photographic evidence of this occurrence does
show an upward deflection of the spring tab but does not
show any corresponding control surface movement. Such a
situation can be duplicated on the ground, with the gust
locks ENGAGED, by applying a forward contreol column
pressure against the locked elevator system. In the air,
the resultant spring tab deflection would cause an
aerodynamic effect that is the reverse of the commanded
control input. The photographic information, coupled with
the dynamics of the aircraft's flight profile,
corroborates physical evidence which indicates that the
elevator system was being restricted from moving toward a
commanded nose-down position. It is therefore concluded
that the crew was likely attempting to lower the nose by
applying forward control column pressure, but that the
elevator system was either locked or otherwise restricted
from movement. The crew's continuing effort to apply
forward control column pressure deflected the spring tabs,
and caused a further increase to the aircraft's pitch
attitude.

Rudder Gust Locks
Damage to the rudder gust lock mechanism indicates that it

was ENGAGED at the time of the impact. With the rudder
locks ENGAGED in flight, any attempt by the crew to

form
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counter an uncommanded right roll by using left rudder
inputs would have deflected the rudder spring tab towards
the right and increased the right-hand roll rate; this
movement would be consistent with the roll profile
observed on the videotape.

Aileron Gust Locks

Damage to the aileron control quadrant suggests that the
aileron gust lock may have been engaged at impact. If the
ailerons had been available for use throughout this
flight, it would be logical to have expected some attempt
by the crew to control the aircraft's roll rate throughout
the wing-over manceuvre; no change in roll rate was
cbserved. It is therefore unlikely that aileron control
was available to the crew during the in-flight portion of
this trip.

Gust Lock Handle Release

The aircraft gust lock handle is designed to restrict
forward throttle movement when the lock is ENGAGED.
Estimates by the engine manufacturer indicate that the
maximum throttle setting that would be possible with the
gust lock handle ENGAGED would have provided approximately
30 per cent to 40 per cent of the available engine power -
an amount considered insufficient to complete a take-off
even under light weight conditions.

In this occurrence, the aircraft became airborne in
approximately 900 feet and flew the entire flight profile
above its stall speed. The stalling speed for this
aircraft under take-off power is not published, but would
be less than 71 mph. The aircraft's acceleration to
speeds above the stall, along with its subsequent lift-off
and climb performance as observed on the videotape, would
not be expected if the aircraft throttles were restricted
to allow the engines to produce less than 40 per cent of
their maximum power. It is therefore concluded that the
gust lock handle had been released from its LOCKED
position prior to, or during, the take-off roll.

Crew Activity

During this flight, the aircraft entered a gradually
steepening, nose-high, attitude which eventually
progressed to become a very steep dive. It would be
reasonable to expect that, if either pilot had been
holding the throttle levers throughout this manoceuvre,
some attempt would have been made to adjust the throttle
position to compensate for the steep pitch attitudes.
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An examination of the aircraft flight instruments provided
indications that both engine fuel flow readings were 740
pph at the time of the crash. This figqure is significant,
in that it represents the precise fuel flow value that
corresponds to normal take-off power; the engine is
capable of producing power at levels either above or below
this particular setting. Because the fuel flow readings
at the time of the impact relate precisely to take-off
power, it can be concluded that no throttle adjustments
were attempted after take-off power was set. It is
therefore unlikely that either crew member had his hand on
the throttle levers throughout the flight phase of this
occurrence.

During the autopsy, a knob from the gust lock handle was
found embedded in the captain's right wrist. It follows,
then, that the captain's right hand was elevated and
positioned in the region of the gust lock handle at the
time of the crash. Based on this information, it is
likely the captain was attempting to operate the gust lock
handle at the time that the aircraft hit the ground.

Six-Point Control Check

Standard procedures for the Caribou aircraft allow for
locking the flight controls during ground operation. The
aircraft flight manual indicates that a six-point control
check is required prior to take-off to ensure free and
proper movement of the flight control system. No control
check was seen by witnesses on the ground, nor was one
captured on videotape or 35 mm £ilm. It is likely that if
the controls were locked prior to take-off because of some
unknown component failure or system jamming, a full
control check would have identified the restriction. It
is therefore concluded that the control check was likely
omitted for undetermined reasons.




- 14 -

A92C0154
CONCLUSIONS
Findings
1. The occurrence aircraft was operating under an

10.

11.

12,

EXPERIMENTAL category of CAR 4b; the aircraft had
acquired an accumulated flight time of 23 hours in its
modified configuration.

The aircraft was loaded within the weight and balance
constraints published in the Aircraft Flight Manual.

The aileron and elevator trim tabs were near their
neutral positions.

No flight control check was cbserved prior to
commencement of the take-off roll.

The take-off ground run was 20 per cent longer than
the performance charts predict.

Aft elevator authority existed at rotation.

The aircraft's initial climb attitude was
significantly higher than on previous take-offs under
similar envircnmental conditions.

At approximately 35 feet agl, the aircraft made a
noticeable pitch-up movement; from that point onwards,
the elevator control surfaces remained in their
neutral position.

Airspeed remained above the stall speed throughout the
in-flight manoceuvre.

The flight control system had not been modified during
the conversion process; there was no evidence of pre-
impact faults in this system.

The propeller blades contained significant rotational
energy at the time of the crash; blade angles had been
captured at approximately 26 degrees and were
consistent with a high engine power setting.

Both engines were under high power at impact; neither
engine displayed any pre-impact anomaly or distress
that would have prevented normal operation prior to
impact.
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14.

15.
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While the aircraft was in flight, the elevator spring
tabs were deflected upward with no corresponding
movement of the elevator; this situation occurs when
forward control column pressure is applied and the
elevator control lock is engaged.

The rudder gqust lock's mechanical actuating lever-arm
was captured in the ENGAGED position at impact.

A sprocket assembly that interconnects the rudder and
elevator control lock actuation mechanisms was
oriented midway between the gust lock ENGAGED and gust
lock DISENGAGED position.

Damage to the aileron control quadrant's centre pivot-
bearing structure is consistent with the aileron
control lock being engaged at impact.

Post-accident tests show that, in situations where one
or more gust lock pins does not fully disengage, it is
possible to have aft (nose-up) elevator authority with
no forward (nose-down) elevator control.

Causes

The gust lock system was not fully disengaged prior to
flight and one or more of the gust locking pins became re-
engaged for undetermined reasons after lift-off. 1t is
unlikely that a control check had been completed prior to
take-off and, once airborne, the crew were unable to
disengage the gust lock mechanism before losing control of
the aircraft.
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4.0 SAFETY ACTICH

4.1 Action Taken
4.1,1 Aircraft Gust Locks

Subsequent to this occurrence, the Transportation Safety
Board forwarded an Aviation Safety Advisory to Transport
Canada concerning the adequacy of pre-take-off checklists
and procedures pertaining to the removal of aircraft
control gust locks.

This report concludes the Transportation Safety Board's
investigation into this occurrence. Consequently, the Board,
consisting of Chairperson, John W. Stants, and members Gerald E.
Bennett, Zita Brunet, the Hon. Wilfred R. DuPont and Hugh
MacNeil, has authorized the release of this report. |



------------- seeressssanssemmascaaaasasaans REQUEST 074/98, REPORT 15 =-c=cc=sccmomocoomcommmaa e eaaacaaacaeas
+ DATAREPORT LEARJET-24 ACCIDENT +
+ EVENTS [PUASES GEAR FAILURE-TAXIING -PUSHBACK/TOM +
+ GROUND LOOP/SWERVE-LANDING ROLL *
+ OVERRUN-LANDING ROLL +
+* COLLISION WITH DITCH-LANDING ROLL +
* COLLISION WITH OBJECT-OTHER-LANDING ROLL +
L T T T T T TS L +

Lo
T T TTTRR LS eeessse OPERRMON ~=essmemccencncccacaacs > 44 Cemmmsemcceeceeeceeaacan FILEDATA -=evmceecmcmmnnnnanan.- >
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ 1CAO FILE : 92/0337-0

++ FROM STATE : SpuTH AFRICA
FINAL REP -
R ---~ DATE, TIME AND METEOROLOGICAUMSATA -----=---- R s e AIRCRAFT DATA =====-ncuen avmemmmnead
DATE : 92-07-25 ++ MASS CATEGORY : 5701 - 27 000 XG
TIME : 14:00 ++ STATE OF REZISTRY : SOUTH AFRICA
LIGHT : DAYLIGHT ++ REGISTRAION : 25-MGJ
GEN WEATHER : WMC -

b
€mvveennnanann mmmeaan LOCATION ====ememanaccanccaaaan. » Thliceraaaaans DAMAGE, INJURY AND TOTAL ON BOARD ==-===----- >
LOCATION : LANSERIA A/P T AYC_DAMAGE t SUBSTANTIAL
STATE/AREA  : SOUTH AFRICA ++ INJORY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED t LANSERIA A/P ++ CREW 0 0 o 2 0 2
DESTINATION : LANSERIA A/P ++ PAX 2 0 0 0o 0 0 0

Lo d

---------------- NARRATIVE ==-=-----=-----3

THE NOSE GEAR CENTRALIZING CAM WAS DAMAGED WHEN THE A/C WAS TOWED UP A STEEP INCLINE.
TAKE-OFF, THE NOSEWHEEL ADOPTED AN OFPF-SET POSITION AND REMAINED IN THAT POSITION AFTER
TO THE LEFT AS THE NOSEWHEEL TOUCHED THE RWY SURFACE. T

ON LANDING THE A/C SLEWED VIOLEN

HEN THE OLEQ EXTENDED AFTER
GEAR WAS EXTENDED FOR LANDING.
/C LEFT THE RWY, THE GEAR

COLLAPSED, AND THE A/C COLLIDEE WITH METEOROLOGICAL OBSERVATION EQUIPMENT ADJACENT TO THE RWY.

EVENT 1  GEAR FAILURE - TAXIING -PUSHBACK/TOW
1.APROM/SURFACE STATE - ABNORMAL
2.NQSE GEAR DOOR - DAMAGED

EVENT 2 ROUND LOOP/SWERVE = LANDING ROLL

I//’1.DIRECTIONAL CONTROL - COMPLETE LOSS OF
2.NOSEWHEEL STEERING - PREVIOQUS DAMAGE

E 3 OVERRUN - LANDING ROLL
EVENT & COLLISION WITH DITCH - LANDING ROLL
EVENT S COLLISION WITH OBJECT-OTHER - LANDING ROLL

SEQUENCE OF EVENTS

REQUEST 074798, REPORT 16

+ PRELIMINARY REPORT DE HAVILLAND-DHC4 CARIBOU ACCIDENT +
+ EVENTS |PRASES LOSS OF CONTROL-IRITIAL CLIMB +
* COLLISION WITH TERRAIN-EMERGENCY/UNCONTROLLED DESCENT +
. FIRE-POST- IMPACT +
L ettt e L L LT T e e ettt +*

+4
D L L e P PR OPERATION ~---- smmemememeneee > 4 Comceoonas cemeaaenaees FILE DATA ----==s==cacaccoeeaacas >
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ ICAD FILE 1 92/0359-0

++ FROM STATE : CANADA
FINAL REP *
R i DATE, TIME AND METEOROLOGICAL DATA ----- casa> 44 Cooooocessemmsacoooaas AIRCRAFT DATA =--=s--=cecomonnnnone >
DATE : 92-08-27 ++ MASS CATEGORY  : 5701 - 27 000 G
TIME : 10:20 ++ STATE OF REGISTRY : UNITED STATES
LIGHT : DAYLIGHT ++ REGISTRATION : R4OONC
GEN WEATHER : WMC -

Ll
Cuameomeoreaaeoaaaee LOCATION =======cmmmccmenanannes > 44 Comoommonon DAMAGE, INJURY AND TOTAL ON BOARD -------===- >
LOCATION : GIMLI ++ A/C DAMAGE : DESTROYED
STATE/AREA  : CANADA ++ INJURY :  FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : GIMLI ++ CREW @ 3 0 I T
DESTINATION : GIML! P : c o0 o o o 0

+¥

---------------- = NARRATIVE ----ccmccemcennn

THE A/C WAS TAKING OFF ON A TEST FLIGHT FOR A TURBINE-ENGINE CONVERSION PROGRAMME. IT CLIMBED STEEPLY, ROLLED TO THE RIGHT
AND CRASHED IN A NEAR-VERTICAL, NOSE-DOWN, RIGHT-WING-LOW ATTITUDE, THE A/C WAS DESTROYED BY FIRE.
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NTSB Identification: LAX921A390 For details, refer to NTSB microfiche number 47665A

Incident occurred SEP-16-92 at YUMNMA, AZ
Aircraft: NICDONNELL DOUGLASS MD-11, registration: N90187
Injurics: 8 Uninjured.

MCDONNELL DOUGLAS INSTRUMENTED A FLIGHT TEST MD11 TO EXPLORE TWO
PREVIOUS IN SERVICE INCIDENTS OF CENTER MAIN BODY LANDING GEAR DRAG LINK
FAILURES. THE TEST PROTOCOL WAS DESIGNED TO REPLICATE THE KNOWN
CIRCUMSTANCES OF THE TWO IN SERVICE FAILURES. DURING THE LANDING ON THE
TEST FLIGHT, A FAILURE OF THE DRAG LINK WAS INDUCED, WHICH ALLOWED THE
CENTER MAIN BODY GEAR TO FOLD AFT DAMAGING THE WHEEL WELL AND
ADJACENT SKIN PANELS. EXANINATION OF THE INSTRUMENTATION DATA REVEALED
THAT THE DRAG LINK FAILURE WAS THE RESULT OF A DYNAMIC INSTABILITY OF THE
CENTER BODY GEAR DUE TO AN UNFAVORABLE INTERACTION BETWEEN THE CENTER
BODY LANDING GEAR AND THE BRAKE CONTROL SYSTEM (INCLUDING THE ANTI SKID
AND AUTO BRAKE SUB SYSTEMS). AS A CORRECTIVE ACTION, THE MANUFACTURER
DEVELOPED A MODIFICATION TO THE ANTI SKID CONTROL UNIT.

Probable Cause

AN UNSTABLE INTERACTION BETWEEN THE CENTER BODY MAIN LANDING GEAR AND
THE BRAKE SYSTEM.

Index for Sep 1992 Index of Months 0000

TEg 00l TL N 1jol
#rmeeeresccese e e eoooLa——as—sassaca REQUEST 074/98, REPORT 17 -----cccccmmcm et e m +
+ DATA REPORT MCDONNELL-DOUGLAS-MD-11 INCIDENT +
+ EVENTS |PHASES OTHER GEAR COLLAPSED/RETRACTED-LANDING ROLL +
B L T L T L T D L L L LT TP PR P PP .

-
e OPERATION -----~+secemccnccnccnn. » #% Lecscsecescerrrroocccoon FILE DATA ==-cccccccccccccccccens >
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ [CAQ FILE : 9271139-0

++ FROM STATE : UNITED STATES
FINAL REP -
e e DATE, TIME AND METEOROLOGICAL DATA ~=---=v=-=~ > 4% Cr--co-ssssscsmsnccans AIRCRAFT DATA -+-rrwrero--ecacoona- >
DATE : 92-09-16 ++ MASS CATEGORY : 27 001 - 272 000 KG
TIME :r 22:20 ++ STATE OF REGISTRY :
LIGHT :  NIGHT/MOONLIGHT ++ REGISTRATION -
GEN WEATHER T WL had

+*+
Kvwrsavrmsssocncsncncnsoa LOCATION ====cescsrrccroereeaanas > 44 Qescmasscone DAMAGE, INJURY AND TOTAL ON BOARD ====ccceca- >
LOCATION T YUMA,LAZ ++ A/C DAMAGE : MINOR
STATE/AREA : UNITED STATES ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED s YUMA,AZ ++ CREW H 0 0 0 3 0 3
DESTINATION : YUMA,AZ ++ PAX : 0 0 0 0 0 0

-+

----------------- NARRATIVE -==--ccmcncecens

THIS WAS A MANUFACTURER FLIGHT TEST OF CENTRE MAIN S800Y LANDING GEAR DRAG LINK FAILURES ON THIS A/C TYPE. DURING LANDING, A
FAILURE OF THE DRAG LINX WAS INDUCED. THE CENTRE MAIN BODY GEAR FOLDED AFT, DAMAGING THE WHEEL WELL AND ADJACENT SKIN
PANELS. THE DRAG LINK FAILURE WAS THE RESULT OF A DYNAMIC INSTABILITY OF THE CENTRE BODY GEAR DUE TO AN INTERACTION BETWEEN
THE CENTRE BOOY LANDING GEAR AND THE BRAKE CONTROL SYSTEM (INCLUDING THE ANT! SKID AND AUTOBRAKE SUB SYSTEMS). THE
MANUFACTURER DEVELOPED A MODIFICATION TD THE ANT1 SKXID CONTROL UNIT.

------------ SEQUENCE OF EVENTS =-----------
EVERT 1 OTHER GEAR COLLAPSED/RETRACTED - LANDING ROLL
1.NORMAL BRAKE SYSTEM - ERRATIC
1.MANUFACTURER-DES 1 GN- INADEQUATE
2.MAIN GEAR - FAILED/COLLAPSED
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NTSB Identification: FTW921.A228

Accident occurred SEP-18-92 at SAN ANTONIO, TX
Aircraft: FAIRCHILD SA-227-AC, registration: N2183A
Injunies: 2 Uninjured.

THE PILOT WAS CONDUCTING A FUNCTIONAL TEST FLIGHT AND QUALITATIVE
ENGINEERING EVALUATION OF THE AIRPLANE'S LONGITUDINAL CONTROL DURING
LANDING. DURING FINAL APPROACH TO RUNWAY 121, HE REDUCED THE ENGINES TO
THE FLIGHT IDLE POSITIONS AND ESTABLISHED 95 KIAS. HE WAS UNABLE TO RAISE
THE NOSE OF THE AIRPLANE DURING THE FLARE TO ARREST THE DESCENT RATE AND
LANDED HARD ONTO THE RUNWAY. THE AIRPLANE WAS TAXIED TO THE RAMP AND
SECURED. NO MECHANICAL FAILURE WAS FOUND OR REPORTED.

Probable Cause

THE LANDING CAPABILITY OF TIHE AIRPILANE WAS EXCEEDED. THE LACK OF
PERFORMNANCE DATA WAS A FACTOR IN THE ACCIDENT.

Index for Sep 1992 | Index of Months OOO0O0O

LR e DD Dt g D etttk b REQUEST 074/98, REPORT 18 =--=v--ecscccccccccccncrcomcncmmunnconenonney +
+ DATA REPORT FAIRCHILD-5A227 It ACCIDENT +
+ EVENTS |PHASES HARD LANDING-LEVEL OFF/TOUCHDOWN +
#ermacesemsmemersseseseremEEemmmmAsASsAmseseessemEmEEETETSA-AiisAAsAssSeEEEsSEAmmemeASSeSSSSmeEeErRSS—c---diisdcessecssmem== +

-+
R ik d el OPERATION =--=se=omrrrmoronessans » #4 K-emesesscccccmccecccons FILE DATA «+scccccccccacormnnnwan >
TYPE : MISCELLANEQUS - TEST/EXPERIMENTAL ++ ICAD FILE : 92/1130-C

++ FROM STATE : UNITED STATES
FINAL REP ++
Corormremn. DATE, TIME AND METEOROLOGICAL DATA ---<s==--- P ¥+ Cecocmccesssncmecncone AIRCRAFT DATA <-=cccccecscmcnnanan. >
DATE : 92-09-18 ++ MASS CATEGORY : 5701 - 27 000 XG
TIME : 13:10 ++ STATE OF REGISTRY : UNITED STATES
LIGHT : DAYLIGHT ++ REGISTRATION 1 N2183A
GEN WEATHER T VMC had

++
Crrro-o-cesecat s esaaan [OCATION ----<scecccecccecceronnn > 4+ Ca-sacsccnos DAMAGE, INJURY AND TOTAL ON BOARD =-=--=-----=- >
LOCATION : SAN ANTONID,TX ++ AfC DAMAGE 1 SUBSTANTIAL
STATE/AREA : UNITED STATES ++ [NJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED = SAN ANTONID,TX ++ CREW : 0 0 0 2 0 2
DESTINATION : SAN ANTONID,TX ++ PAX H 0 1] 0 0 0 0

++

----------------- NARRATIVE ~-==s-=cececace~

THE PILOT WAS CONDUCTING AN EVALUATION OF THE A/C'S LONGITUDINAL CONTROL DURING LANDING. DURING FINAL APP TO RWY 12L, HE
REDUCED THE ENGINES TO THE FLIGHT IDLE POSITIONS AND ESTABLISHED 95 KIAS. WE WAS UNABLE TO RAISE THE NOSE OF THE A/C DURING
THE FLARE AND LANDED HARD ON THE RWY. NO MECHANICAL FAILURE WAS FOUND,

------------ SEQUENCE OF EVENTS =-------euan
EVENT 1 HARD LANDING - LEVEL OFF/TOUCHDOWN
1.RATE OF DESCENT - EXCESSIVE
2.A/C PERFORMANCE - EXCEEDED
3.USE OF PERFORMANCE DATA - INADEQUATE
1.MANUFACTURER-PUBL [CATIONS~ INADEQUATE

Rf’jfﬁ‘/"t‘fz'(/ ?é’ f‘:&;rCln[(/ AC ITN¢ N jdy\ /‘v’/- %
IV 4228




$recmcencaannaa. semcsccmssncsnsvanssssssscsasans REQUEST O74/98, REPORT 47 --ccescncccccmccmmceccmccmacccccecccancnanans +

+ PRELIMINARY REPORT CONAIR- FIRECAT INCIDENT +
+ EVENTS|PHASES FUMES/SMOKE-INITIAL CLIMB +
. POWER LOSS-FIRST ENGINE-INITIAL CLIM8 +
+ DIVERSION - DUE TO TECHNICAL REASONS-INITIAL CLIMB +
drewmeeeesesasssaamssmmacamsmEsssmmeEssscamSsEsEssssssmss==ssesesaEEEEEEEEEEssEssEEsTEETEETsSEETTEEEEESCoTT—Trasssssssssssss .
+4
€mmnnnnne cescsvensececes OPERATION +osessessns semsmannanas > 4 Cecocemmcmccncoeeneoooen FILE DATA ======-ccccmmmomommmans >
TYPE : MISCELLANEQUS - TEST/EXPERIMENTAL ++ ICAO FILE s 95/2127-0
++ FROM STATE : CANADA
FINAL REP +
€ommmnnnaane DATE, TIME AND METEOROLOGICAL DATA ---=------ > 44 Coommmememcmoeeeoneaae AIRCRAFT DATA ====esssosccescnanaas >
DATE : 95-05-25 ++ MASS CATEGORY : 5701 - 27 000 KG
TIME : 14:30 ++ STATE OF REGISTRY :
LIGHT : ++ REGISTRATION :
GEN WEATHER @ *
+4
Gommeeeemeneeees LOCATION --~~sseecencoccocoensan- > 44 Commmmomeens DAMAGE, INJURY AND TOTAL ON BOARD -=---s===s=- >
LOCATION : PRINCE ALBERT ++ A/C DAMAGE t MINOR
STATE/AREA  : CANADA ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : PRINCE ALBERT ++ CREW : 0 0 0 1 0 1
DESTINATION : PRINCE ALBERT ++ PAX s 0o 0 0 a o 0

e

----------- veeers NARRATIVE =e-eeeeeccnennas

SHORTLY AFTER TAKE-OFF DURING A TEST FLIGHT THERE WAS A FIRE WARKING LIGHT ACCOMPANIED BY FUMES IN THE COCKPIT. THE PILOT
SHUT DOWN THE RIGHT ENGINE, DISCHARGED THE FIRE EXTINGUISHER BOTTLE AND RETURNED TO LAND. SHORTED AND BURNED WIRES IN THE
FUSELAGE AND ELECTRICAL QVERHEAT DAMAGE TO THE RIGHT NACELLE FIRE WARNING CONTROL BOX WERE FOUND.

4-cmcmessscsscccssces—on~ ctrrsosioccccccccncnane REQUEST 074/98, REPORT 4B +vss-vcccccmccmccoccmrccrcnccconnannanveras .
+ PRELIMINARY REPORT MCOONNELL-DOUGLAS-DC-3 DAKOTA/C-47 ) IKCIDEKRT +
+ EVENTS |PHASES FLIGHT CORTROL SYSTEM FAILURE-CRUISE ’ +
* DIVERSION-CRUISE +
L L R L L R L L L ALl Ll L L R L L L L L Ll Ll trtLAmAsAsssssssTssasanenRTuwy +

++
Cemermm e wwswrs OPERATION ===c-s-esccancccccccccas > 44 Lr-s-cscccccccccaceroana FILE DATA -+-++v=cccsscecccemcncnnsn >
TYPE ¢ MISCELLANEOUS - TEST/EXPERIMENTAL ++ I1CAO FILE = §5/2644-0

++ FROM STATE :  CANADA
FINAL REP ++
Cemeemananaa DATE, TIME AND METEQROLOGICAL DATA ----=----- > 44 Cemcmwewscacccccsccnas AIRCRAFT DATA ==-=s-v-cewv---cacace >
DATE : 95-10-1 ++ MASS CATEGORY : S701 - 27 000 K6
TIME : 09:15 ++ STATE OF REGISTRY :
LIGHT : ++ REGISTRATION :
GEN WEATHER H ++

+
e e L E L Lt L e LOCATION ~====ccssccccs-ecessnncn > ++ Lorocsmcnoono DAMAGE, INJURY AND TOTAL ON BOARD --==-=--==-=- >
LOCATION : RED LAKE,20 KN S ++ A/C DAMAGE :  NONE
STATE/AREA t  CANADA ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : RED LAKE ++ CREW Q 0 0 2 0 2
DESTINATION : RED LAXE ++ PAX H 0 4] 0 0 0 0

++

---------------- NARRATIVE ~e=ccceccmccccnn

THE A/C WAS ON A MAINTENANCE CHECK NHICH HAD RECUIRED A WING REMOVAL. AS THE CREW LEVELLED THE A/C IN CRUISE AND USED THE
AILERON TRIM TO CORRECT A LEFT-WING-DOWN TENDENCY, THEY FOUND THAT APPLICATION OF THE AILERON TRIM AGGRAVATED THE
CONDITION, AND REVERSED THE TRIM INPUT. THE CREW RETURHED AND LANDED SAFELY. THE AILERON TRIM SYSTEM HAD BEEN OPERATING IN
REVERSE.



T et REQUEST 074/98, REPORT 13 -veee-vveccscccaccncnne cemmemmeacacccccaaaa.. +

+ UNOFFICIAL REPORT ROCKWELL-SABRE 40 INCIDENT +
+ EVENTS [PHASES UNKNOWN-TAXTING TO/FROM RUNUAY +
#eertrrArmebbmtrrrriiatssasssssssessvssmaseseswseTessess=e=============w ttessssrassssmcassssssssesEssvscssssesssmsssssse= +
+4+
Comemeeemooeaoae « OPERATION =------=oreccmosmccocns >+ <oueen R CEER PR P ERRR S FILE DATA =====s==-=ccecemmeamm- >
TYPE : MISCELLANEQUS - TEST/EXPERIMENTAL ++ ICAC FILE : 92/0452-0
++ FROM STATE :

_FINAL REP___ o o e
e DATE, TIME AND METEOROLOGICAL DATA wesso=cssed 44 Coosmcmccccmemeccsnone AIRCRAFT DATA ====s=ccmcccceccacnns >
DATE : 92-03-26 ++ MASS CATEGORY : 5701 - 27 000 KG
TIME : 00:00 ++ STATE OF REGISTRY :

LIGHT : ++ REGISTRATION :
GEN WEATHER @ +*

++
€mmrmemmeecmrenaeaees LOCATION -=<e==ssmmessenmnacaccns > +4 goocmeecones DAMAGE, INJURY AND TOTAL ON BOARD ===--=----- >
LOCATION : OPA LOCKA ++ A/C DAMAGE : MINOR
STATE/AREA  : UNITED STATES ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : ++ CREW 1 o 0 c 2 o 2
DESTINATION : ++ PAX 2 0 o0 0 0 0 0

+4

D LR NARRATIVE =-=-=veesoenmecs

ALRCLAIMS: WHILST TAX1ING, BRAXE PRESSURE WAS LOST AND THE PILOT SUBSEQUENTLY STEERED THE AIRCRAFT OFF THE TAXIWAY ONTO THE
GRASS. AFTER LEAVING THE TAXIWAY THE AIRCRAFT’S NOSE UNDERCARRIAGE STRUCK A CONCRETE BLOCK AND COLLAPSED. IT 1S UNDERSTOOD
THAT, ON START UP, THE CREW FOGOT TO TURN ON THE HYDRAULIC PUMPS.

o saeeeemeeeeecmmeemeeemecnooaicecccconessaaes REQUEST 074/98, REPORT 14 =======cccsccccccens D et e +
+ PRELIMINARY REPORT MIL-MI-6 ACCIDENT +
+ EVENTS |PHASES TRANSMISSION FAILURE-FIRST ENGINE-CRUISE +
+ FIRE-CRUISE +
LT “tammamssmsmmmessananenenmm— L ittt “rssasrasemencnanannen +

4+
D L LLEEEEEERREEEEEE OPERATION ~=-------=csserreseeens > +4 Coeeeccccacmssmaanaaaas FILE DATA =ss=soscaaccecoccacoces >
TYPE : MISCELLANEQUS - TEST/EXPERIMENTAL ++ ICAO FILE : §2/0291-0

++ FROM STATE : RUSSIAN FEDERATION
FINAL REP: -
D e DATE, TIME AND METEOROLOGICAL DATA -=====-=-- R AIRCRAFT DATA -eeesssssnccnacnnnnne >
DATE : 92-07-22 ++ MASS CATEGORY : 27 001 - 272 000 KG
TIME : 00:00 ++ STATE OF REGISTRY : RUSSIAN FEDERATION
LIGHT : ++ REGISTRATION : RA21896
GEN WEATHER  : -

++
D LECLOITITETTI LOCATION ==~--==--- sesvmmmcannoaas > +4 Commmooons -~ DAMAGE, INJURY AND TOTAL ON BOARD ----- ceenne>
LOCATION : NEAR MUNY MATERIK ++ AJC DAMAGE : DESTROYED
STATE/AREA  : RUSSIAN FEDERATION ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : ++ CREW @ 0o o 6 5 0 5
DESTINATION = + PAX @ 0o 0 c o o0 0

+4

----------------- NARRATIVE ==------oscsceos

DURING A CHECK FLIGHT THE RIGHT ENGINE DEVELOPED SEVERE VIBRATION AND WAS SHUT DOWN. THE CREW NOTICED FLAMES COMING FROM IT
AND SMOKE IN THE CARGO COMPARTMENT. THE ENGINE FAILURE WAS CAUSED BY FAILURE OF THE INTERMEDIATE TRANSMISSION SHAFT FRONT
BEARING. FOLLOWING A FORCED LANDING THE A/C WAS DESTROYED BY FIRE.




ﬂ?@-Z/ZZZ?




" .
»

- OTR 7/ 7
{
CHI92LA289 Page 1 of 1
NTSB Identification;: CHI92LA289 For details, refer to NTSB microfiche number 50976A
Accident occurred SEP-24-92 at HUTCHINSON, KS
Aircraft: LEARJET LR-60, registration: N602LJ
Injuries: 4 Uninjured.
THE FLIGHT WAS ENGAGED IN A TEST FLIGHT THAT INVOLVED AN INTENTIONAL
INDUCED AUTQOPILOT MALFUNCTION AT 80 FEET ABOVE THE RUNWAY SURFACE.
THE CREW IS REQUIRED TO DELAY RECOVERY FOR 2.0 SECONDS AND THEN
RECOVER FROM THE MALFUNCTION. THE AIRCRAFT MADE A HARD LANDING
DURING THE ATTEMPTED RECOVERY RESULTING IN SUBSTANTIAL DAMAGE TO
THE AIRPLANE. THE MALFUNCTION INPUT WAS MADE BY AN AVIONICS ENGINEER
IN THE AFT CABIN WHOQO DID NOT HAVE A READOUT OF RADAR ALTITUDE. THE
COMPANY AND THE FEDERAL AVIATION ADMINISTRATION HAVE MODIFIED THEIR
FLIGHT TEST GUIDANCE FOR LOW ALTITUDE INTENTIONAL MALFUNCTIONS SINCE
THIS ACCIDENT.
Probable Cause
INADEQUATE FLIGHT TEST METHODS BY THE MANUFACTURER AND THE FAA
WHICH DID NOT PERMIT SAFE OPERATING CLEARANCES.
#emeemmeceseeeseseemesesesseocccceecscsisoosases REQUEST 074798, REPORT 19 ~===ccvresc-sssmssmsmemmmncmmcmcasaeaeacooans +
+ DATA REPORT LEARJET-40 ACCIDENT +
+ EVENTS:PHASES HARD LANDING-LEVEL QOFF/TOUCHDOWN +
D AL LT LPE PR OPERATION =--s»messsccemmoaenaces > :: D L L LL L LL R St FILE DATA ==-=-------ocmmemneonaes >
TYPE « MISCELLANEOUS - TEST/EXPERIMENTAL ++ ICAD FILE 1 92/0196-0
++ FROM STATE :+ UNITED STATES
FINAL REP ++
Commemmmemne- DATE, TIME AND METEOROLOGICAL DATA --=-=----= > #4 geoocoresssaccaconooan AIRCRAFT DATA «-«se==occocmmmmoosns >
DATE : 92-09-24 ++ MASS CATEGORY : 5701 - 27 000 KG
TIME + 10:55 ++ STATE OF REGISTRY = UNITED STATES
LIGHT : DAYLIGHT ++ REGISTRATION +  N6O2LJ
GEN WEATHER 1 VMC *» =
B LOCATION ===ssvmemmmmoamecaceneos > 44 Cemveromeon- DAMAGE, INJURY AND TOTAL ON BOARD ----------- >
LOCATION +  HUTCHINSON,KS ++ AJC DAMAGE : SUBSTANTIAL
STATE/AREA + UNITED STATES ++ INJURY : FATAL SERIOUS MINOR NONE UNKKOWN TOTAL
DEPARTED + WICHITA,KS ++ CREW H 0 0 0 2 0 2
DESTINATION = HUTCHINSON,KS «+ PAX : 0 0 0 0 0 0

e

----------------- NARRATIVE -===csrevicacses
THE PROTOTYPE A/C LANDED HARD AFTER AN INTENTIONALLY INDUCED MALFUNCTICN ON APP DURING A TEST FLIGHT.DRN: THIS WAS A TEST
OF AN INTENTIONAL INDUCED AUTOPILOT MALFUNCTION AT 80 FT. THE CREW WAS REQUIRED TO DELAY RECOVERY FOR2 SEC AND THEN
RECOVER, THE MALFUNCTION INPUT WAS MADE BY AN AVIONICS ENGINEER IN THE AFT CABIN WHO DID NOT KNOW THEALTITUDE. THE OPERATOR
AND THE FAA HAVE MODIFIED THEIR GUIDANCE FOR LOW ALTITUDE INTENTIONAL MALFUNCTIONS.

------------ SEQUENCE OF EVENTS ----==----=-~
EVENT 1 HARD LANDING - LEVEL OF F/TOUCHDOWN
1.AUTOPILOT - FAILED/INTENTIONAL
1.CAA - ATRWORTHINESS STAFF-ORDERS-INADEQUATE

http://www.ntsb.gov/Aviation/CH/92A289 htm 3/22/99
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A REQUEST 140794, REPORT # 219
A

+ DATA REPORT MISCELLANEOUS - EXPERIMENTAL
ACCIDENT +

+ EVENTS | PHASES: HARD LANDING | LEVEL OFF/TOUCHDOWN
+

-+
++

< OPERATION >+ < FILE DATA

TYPE  :MISCELLANEOUS - TEST/EXPERIMENTAL ~ ++ICAOFILE  :92/0196-0
++FROM STATE  : UNITED STATES
++
< WHEN >++<———— AIRCRAFT DATA
DATE  :92-09-24 ++ MASS CATEGORY
TIME  :10:55 ++ STATE OF REGISTRY : UNITED STATES
LIGHT  :DAYLIGHT ++ REGISTRATION  : N602LJ

< WHERE > ++ <——--—- DAMAGE, INJURY AND TOTAL ON
BOARD >

LOCATION :HUTCHINSON,KS ++ A/C DAMAGE : SUBSTANTIAL

STATE/AREA : UNITED STATES ++ INJURY : FATAL SERIOUS MINOR NONE
UNKNOWN TOTAL

DEPARTED : WICHITAKS +CREW : 0 0 0 2 0 2

DESTINATION : HUTCHINSON,KS +HPAX : 0 0 0 0

OTHER DAMAGE : +GROUND: 0 O 0 O O

0

0
0

THE PROTOTYPE A/C LANDED HARD AFTER AN INTENTIONALLY INDUCED MALFUNCTIO
ON APP DURING A TEST FLIGHT.

EVENTS AND FACTORS
1. EVENT | PHASE: HARD LANDING | LEVEL OFF/TOUCHDOWN
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A/C Type Operator Regn Location Date Occnum  PJ/rub

JSTREAM 32 BAE G -S5UPR msm&t 6 OCT §2 9204083D P
CAA Narrative:

UX REPORTABLE ACCIDENT i1 WINC DROPPED AFTER TAKE-OFF - A/C CRASHED & CAUGHT
*IRE. 2 POB,BOTH KILLED,
WEEN THE TAXKE OFF BEGAN THE PIRST OFFICER WAS AWARE THAT IT WAS THE INTENTION
OF TEE COMMANDER TO GIVE A PRACTICE ENGINE FAILURE AT AN APPROPRIATE POINT,
THE COMMANDER INITIATED THE SIMULATED ENGINE FAILURE AT A TIME WHEN CONTROL
OF THE A/C HAD BEEN MANDED OVER TO THE PFIRST OFFICER IN ACCORDANCE WITH
KOXMAL FROCEDURES. THEREAFTER THE A/C LEFT THE GRCUND AND CLIMBED AT A
GRADIENT BLIGETLY BTEEPER THAN USUAL WHILE THE LANDING GEAR REMAINED IN TEE
EXTENDED POSITION. ABOUT 10 SECONDS AFTER THE A/C WAS ROTATED THE COMMANDER
REIMINDED THE FIRST OFFICER FORCEZFULLY AROUT THE LANDING GEAR AND THE
COMMANDER MADE THE "UP* SELECTION ON THE INSTRUCTION OF THE FIRST OFFICER TWO
SECONDS LATER. AT THIS MOMENT THE LANDIKG GEAR WARNING HORN SOUNDED ALMOST
SIMULTANECUSLY WITH ONE OF TEE STALL WARNING HORNS., WITHIN A FURTHER TWO
S82CONDS THE COMMANDER TOCK OVER THE CONTROLS OF THE A/C AND RESTORED POWER TO
THE RETARDED ENGINE BUT THE A/C CONTINUED T0 ROLL TO THE RIGH? UNTIL IT
STRUCX THE GROUND INVERTED, THE TOTAL TIME FROM RCTATION UNTIL IMPACT WAS
APPROXIMATELY 18 SECONDS. THERE WAS NO EVIDENCE OF A/C MALFUNCTION OR OF
MEDICAL PACTORS WHICH MIGET HAVE CAUSED OR CONTRIBUTED TO THE ACCIDENT. AAIB
FIELD INVESTICATION. FOUR SAPETY RECOMMENDATIONS RECEIVED CALLIRG FOR :l) A
POSITVE REQUIREMENT FOR A FLIGHT TEST AFTER ANY FLIGHT IDLE ADJUSIMENT OR
FUEL CONTROL UNIT {(FCU) CHANGE AND THAT THE MM SHOULD FMPHASISE THE
SIGNIFICANT DIFFERENCES BETWEEN THE FLIGHT IDLE FUEL FLOW SETTING FOR AN
ENGIRE FITTED WITH A DOWTY PROPELLER TO THAT OF A McCAULEY PROPRLLER) 2) THE
A/C MANUPACTURER 70 MARE EZVERY EFFORT TO ENSURE THAT ALL OPERATORS OF
JETSTREAM A/C CHECK THAT THEY HAVE CORRECTLY §BT THE PLIGET IDLE FUEL FLOWS)
3)THAT THE A/C MANUPACTUREZR REVIEW THEIR OPZRATING MANUAL, PLIGHT MANUAL AND
SOCIATED FLIGHT TRAINING PUBLICATIONS 10 ENSURE THAT THEY REFLECT THE
IMPORTANCE OF MAINTAINING AN ACCEPTABLE LEVEL OF FLIGHT IDLE TORQUE DURING
ASYMMETRIC POWER FLIGHT TRAINING EXERCISBESB; 4) THAT THE CAA CONTINUE 70
POSITIVELY ENCOURAGE THE DEVELOPMENT AND USE OF FLIGHT SIMULATORS RATHER THAN
A/C FOR INITIAL AND RECURRENNT TRAINING IN ASYMMETRIC POWER EXERCISES ON ALL
PUBLIC TRANSPORT AEROPLANES. CAA CLOSURE: PACTOR F3/94 PUBLISHED 26 JAN 54,
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AAIB Bulletin No: 11/93

Aircraft Type and Registration:
No & Type of Engines:

Year of Manufacture:

Date & Time (UTC):

Location:

Type of Flight:

Persons on Board:

Injuries:

Nature of Damage:

Ref:EW/C92/10/2

British Acerospace Jetstream 3202, G-SUPR
2 TPE 331-12UAR-704H turboprop engines
1991 .

6 October 1992 at 1422 hrs

South side of Runway 13, Prestwick Airport
Private (Training)
Crew -2

Crew - Fatal
Aircraft destroyed

Passengers - None

Passengers - N/A

Category:

1.1

Commander's Licence: Airline Transport Pilot's Licence

Commander's Age: 42 years
5,210 hrs (of which 1,398 were on type)

AAIB Field Investigation

Commander's Flying Experience:

Information Source:
History of the Flight
The aircraft was operated by the manufacturer 2s a company demonstrator. On the day of the accident

there was a requirement for the aircraft to be positioned from Prestwick to East Midlands Airport, in
order that certain modifications could be carried out to the flight deck for development purposes.

It was decided that the flight could also be utilised to complete the flying exercises required for the
renewal of the Centificate of Test in the first officer’s Commercial Pilot's Licence. These exercises
consisted of a take off with simulated failure of one engine between V1 (decision speed) and V2 (take-
off safety speed), followed by a climb to circuit configuration, an ILS approach to Decision Height and
go-around solely by reference to instruments, and an approach and full-stop landing, all with one
engine simulated failed. It was planned that the first three items would be carried out at Prestwick,
followed by the transit flight to East Midlands, where the last item of the test was to be completed,

It was known to be the standard practice for the commander to give a thorough pre-flight briefing prior
to the conduct of a test. No witnesses were found who could confirm that such a briefing took place
for this flight.

The departure time from Prestwick to East Midlands was planned to be 1420 hrs UTC, and a request
was made for an ATC Approved Departure Time (ADT) during the moming. No evidence could be
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found from ATC Flow Control records of any ADT being allocated to the aircraft, and flow control
was not in force on the aircraft's planned route around the time of the accident. However, the crew
were under the impression that 1420 hrs was a firm ADT, and attempted to arrange their flight
accordingly.

Information from the Cockpit Voice Recorder (CVR) provided the basis for constructing the history of
flight and assisted in assessing the actions of the flight crew. The first officer entered the aircraft at
approximately 1354 hrs, ahead of the commander, to commence the "Fli ght Deck Preparation” items of
the aircraft checklist. He contacted the Prestwick Tower ATC controller by VHF radio and advised
him of the aircraft's ADT, and of the intention 10 carry out one ILS approach and go-around prior to
departure for East Midlands. Start clearance was given by ATC for the flight. The commander was
seated on the flight deck some five minutes after the first officer, having completed the external
inspection in accordance with normal practice. Witnesses indicated that the commander occupied the
left seat.

The "Engine Start” checklist was read out by the commander, and responded to by the first officer.
The first officer started both engines at 1400 hrs, and the "After Start” checklist was completed. Taxi
clearance was obtained at 1404 hrs, the aircraft being initially cleared from the company apron area to
the holding point 'T" on the north side of Runway 13. During taxi, the commander would have
controlled the aircraft using the nosewheel steering handle on the left side of the flight deck. The first
officer carried out the "Taxi" checklist items in conjunction with the commander, including the
selection of 10° Flap for take off, and confirmation that the flap indication was correct on the flight
deck gauge. It was also confirmed that the three flight control trim indications were correct for take of f
(normally neutral for the aileron and rudder trims, and within the "green band” take-off range for the
elevator trim). The flying control gust lock lever was released, and all flying controls were checked
for full and free movement. The stall protection systems were also confirmed to be sclected ‘ON" at
this stage. Take-off speeds of 107 kt for V1 and Rotate speed VR, with 110 kt for V2, were
confirmed by the crew. The commander gave a short take-off brief, stating that it would be the first
officer handling the take off, with an engine failure between V1 and V2, and that the first officer
should "fly the aeroplane”. The first officer confirmed that he had understood the briefing.

At 1406 hrs, the aircraft was cleared by ATC to cross Runway 13 behind a departing aircraft, and to
taxi along the paralle] taxiway to the holding point ‘T at the western end of the airfield, so that a take
off could be made using the whole of the available Runway length. The aircraft was photographed by
a casual observer while approaching this holding point. These photographs confirm that the
commander was occupying the left seat, that flaps were set at the take-off position, and that the
elevator was fully down, indicating that the elevator gust lock was not engaged. The aircraft reached
holding position ‘T at 1408 hrs, but was instructed by ATC to wait, pending other aircraft and the co-
ordination of the flight into the traffic pattern.

There was little conversation between the two pilots during the waiting period, and at 1414 hrs the
commander enquired as to what flight details the first officer had passed to ATC. The first officer
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responded that he had requested an ILS and go-around, and that the departure slot (ADT) had been
communicated to ATC as 1420 hrs. (The ADT referred to the time that the aircraft would set course for
East Midlands after completion of the ILS approach and go-around, therefore the aircraft would
normally have had to be airborne several minutes prior to this time in order to complete the positioning
for and conduct of the ILS approach). There was then some discussion between the two pilots as to
how much leeway was available on the ADT. At 1415 hrs, the commander contacted ATC to say that
if the ILS approach was going to cause the flight to be delayed further at Prestwick, then he was
prepared to cancel it and continue in accordance with the ADT for the flight direct to East Midlands. In
response to this, ATC passed departure instructions to the aircraft, giving a heading and altitude to
achieve after take off in order to carry out the local flying, along with a radar transponder code.
However, due to the 2amount of traffic around the airfield, the aircraft was not cleared to line up on
Runway 13 until 1420 hrs. No revision to the take-off brief was made by either crew member.

A minor revision to the departure instructions was passed by ATC as the aircraft lined up on the
Runway, and the "Runway” checklist items were completed, with the exception of the
Torque/Temperature Limiter test. This is required to be carried out on the first flight of each day, but
was declined by the commander, probably in the interests of expediency. Once the aircraft was lined
up on the Runway, the commander passed control to the first officer.

Just prior to 1422 hrs, ATC cleared the aircraft for take off. The first officer applied the power, and
100% RPM was confirmed by the commander, along with the fact that all wamning lights on the
Central Annunciator Panel (CAP) were extinguished. Confirmation that full power (100% torque) on
both engines had been achieved was given by the commander, and that the air speed indications were
rising on both instruments. At the 70 kt speed cross-check, the first officer took control of the aircraft
steering (aerodynamic directional control through the rudder pedals). At this point, the commander
relinquished control of the nosewheel steering handle, and took control of the power levers. The take
off proceeded normally, the commander calling "V1, Rotate” as the aircraft apparently achieved the
appropriate speed. The first officer responded that he was rotating. The procedures set out in the
Company Manufacturer’s Operating Manual defining crew duties were adhered to up to this point.

Between approximately 6 and 10 seconds after the "V1, Rotate” call the first officer stated with
considerable hesitation "OK....it's the...ah...Jeft engine...” but was interrupted by the commander
who reminded him forcefully about the landing gear. The first officer immediately responded with a
call for the landing gear to be retracted and, almost coincident with the start of the landing gear
retraction sequence (evidenced by the landing gear waming hom sounding), the audible stall warning
system activated. The commander quickly took over the flying controls, which was acknowledged by
the first officer. The landing gear warning horn ceased sounding after approximately 2 seconds,
apparently as the commander advanced the power lever which had been retarded, but he was unable to
maintain or regain control of the aircraft.

There were many eyewitnesses to the aircraft's final flight path, including the personnel in the ATC
Control Tower Visual Control Room and several Qualified Flying Instructors from the Flying College
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on the airfield. The aircraft was also observed from a point just after becoming airbone by several
personnel employed by the aircraft's manufacturer, from the offices adjacent to the north side of the
Runway. Witness statements which described the final flight path produced a range of perceived pitch
attitudes and heights to which the aircraft climbed above the runway. A review of these statements
suggested that the aircraft had initially attained a somewhat higher pitch attitude than those observed in
the normal course of Jetstream take offs at Prestwick, and had climbed to a height of approximately
150 feet above the runway. Witnesses further along the Runway were sure that the aircraft had not
yawed significantly after lift-off. All were in agreement that the aircraft began to bank smoothly to the
right. The landing gear was observed to start retraction only after the aircraft had attained a significant
bank angle, The aircraft continued to climb and to bank beyond the wings vertical attitude. It then
began to lose height and to pitch such that it impacted the ground in a steep nose down and almost
inverted attitude some 18 seconds afier the initiation of rotation. It slid along the ground briefly with
the fuselage pitching towards an almost vertical attitude, and erupted in a Iarge fireball. The emergency
services were quickly at the scene to extinguish the fire, but both occupants had sustained fatal impact
injuries.

One radar return was received from the aircraft by the Lowther Hill Radar site, which gave a altitude
indication of 100 feet amsl, positioned over the Runway. The sweep period of the station was
approximately 5.5 seconds, and the single return was timed at approximately 1422 hrs and 15
seconds. Altitude resolution on this system is to the nearest 100 feet increment.

The Met observation, taken just after the accident, gave the surface wind as 060°%/8 kt, visibility 30 km,
no significant weather or low cloud, temperature +13°C, QNH 1027 mb, QFE 1024 mb. The
threshold elevation of Runway 13 is 38 feet amsl, and the airfield elevation is 66 feet amsl. An
aftercast obtained from the Met Office indicated that the wind at 1,000 feet was 050%/10 kt.

Prior to the flight, the aircraft was loaded with full fuel, giving a take-off weight of 6,444 kg, and 2
centre of gravity of 5.557 metres, both of which were within the permitted envelope. The
corresponding take-off speeds were checked, and were found to be within 1 kt of those calculated by
the crew.

For the actual take-off weight and the ambient conditions at the time of the accident, the following data
was extracted from the Aircraft Flight Manual (AFM):

Take-off (Flap 10°) Minimum Control speed in the Air (Vmca): 99 kt IAS

Stall Wamning Speed (Flight Idle Power): 101 kt IAS
Stick Pusher Activation Speed (Flight Idle Power): 92kt IAS
Minimum Speed in the Stall (Vms) (Zero Thrust): 92 kt (Zero Bank) EAS
04 kt (20° Bank) EAS
104 kt (40° Bank) EAS
128 kt (60° Bank) EAS




The figures quoted with bank assume a co-ordinated tum. No data is presented in the AFM to indicate
the reduction in stall warning speed or stall identification speed with values of torgue above the Flight
Idle setting, for the Flap 10° take-off configuration.

The V2 speed used in G-SUPR was almost coincident with a factor of 1.2 x the minimum speed in the
stall (Vms), and 1.1 x the take-off minimum control speed in the air (Vmca). This is consistent with
the requirement to utilise a V2 which is equal to the greater of these two calculated speeds.

The AFM states that failure of the right engine gives the more adverse effect on the handling and
performance characteristics of the aircraft during take off (critical engine). The handling techniques
and the scheduled performance in the AFM are based on this case.

The engines and propellers on Jetstream 31/32 aircraft operate at a selected constant RPM, the normal
take-off setting being 100% RPM indicated on the flight deck, which equates to 1,591 RPM at the
propeller, and 41,730 RPM at the engine, The power settings (Torques) used in flight are achieved by
variation of the propeller blade angles, rather than any significant change in engine rotational speed.

The lowest available power setting in flight is with the power lever in the flight idle position, and
unintentional movement of either power lever below this position is prevented by a physical latch
mechanism. Any movement of either power lever below the flight idle position into the ground (Beta)
range while the aircraft is in flight will result in a high pitch audio warning tone on the flight deck. No
such warning was evident during the accident flight.

Crew Details

The commander held an Airline Transport Pilot's Licence and had a total of 5,210 hrs flying
experience, of which 1,398 hrs was on Jetstream aircraft. He was a CAA Type Rating Examiner on
the Jetstream 31/32, and was also a Training Captain on the Jetstream 41 aircraft, having around 170
hours total training flight time on all Jetstream variants. During the month prior to the accident, he had
carried out flight training for overseas customers on the Jetstream 32. His last previous Certificate of
Test renewal examination on a UK pilot was conducted on 25 September. Jetstream 41 flight training
was also interspersed during this period. There are significant differences between the handling
characteristics of the Jetstream 31/32 series, and those of the Jetstream 41.

The first officer held a Commercial Pilot's Licence and had a total of 1,798 hrs flying experience, of
which 912 hrs was on Jetstream aircraft. He had previously undertaken a Cenificate of Test and
Instrument Rating renewal flight on 9 April 1992, with satisfactory results. It was also established that
he had the opportunity to practice a simulated engine failure after take off on 25 July 1992, while
accompanied by another Training Captain. On that occasion, he had dealt with directional control
satisfactorily after the simulated failure, but did allow the airspeed to exceed V2 by some 20 kt on that
occasion. (It is normal practice, on this type of aircraft, to maintain the airspeed at or just above V2, in
order to achieve the scheduled climb performance on one engine). The remainder of the procedures
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were carried out satisfactorily, and the relevant points from the exercise were debriefed accordingly.
No record has been found to indicate that any further refresher training of this type was carried out
prior to the accident flight,

No pilot training records were kept by the company relating to perfoxmancc during initial or refresher
training or periodic flight checks.

Wreckage and Impact Information

The aircraft impacted a disused taxiway in an inverted attitude and on a track of 180°M (aircraft heading
196°M), the initial impact being by the right wingtip and upper nose fuselage area. This was followed
by the aircraft rolling to the right, which resulted in the left wing impacting the taxiway and the
fuselage going into an almost vertical position whilst the whole wreckage slid on its forward fuselage
for some 240 feet before coming to rest. Both wing fuel tanks ruptured at the initial impact point and
an intense fuel fire started almost immediately. This fire continued to bumn for some minutes after the
aircraft came to rest.

Examination of the wreckage at the accident site showed that at impact the aircraft was structurally
complete and that all the flying control surfaces were attached and functional. The wing flaps were set
at the take-off position (extended to 10°), the main landing gears were retracted and locked, and the
nose landing gear was retracted but unlocked. Both propeller hubs had shattered at the initial impact
which caused the propeller blades and the internal hub mechanisms to be thrown with considerable
energy in various directions.

Subsequent detailed examinations were conducted at AAIB Farmnborough and component
manufacturer’s facilities. All flying, engine and propeller control systems were examined for evidence
of pre-impact failure or restriction. None was found, although due to post-impact disruption a 100%
check on any control restrictions could not be carried out. The three control surface trim positions as
indicated in the cockpit at the trim wheels, and at the flying control surface trim actuators, were
examined to determine the trim positions that were set at impact, but again due to post-impact
disruption no reliable pre-impact trim positions could be established. The three flying contro! surface
ground gust lock systems were examined in detail and positive evidence was found to show that they
were disengaged at impact.

Both propeller governors were taken to the manufacturer in the USA for examination and functional
testing. Both were found to be in a serviceable condition. The propeller blades and hubs were
reconstructed at the propeller manufacturer’s facility in the USA, but the extent of the disintegration of
both hubs prevented accurate assessment of the blade angles at impact. From this examination it was
concluded that: the damage to the blades was as a result of the impact and that there was no indication
of any failure prior to the impact; both propellers were operating under high power and RPM at impact;
and neither propeller was in reverse pitch or feather position at impact. Exact blade angles of each
propeller at impact were not determined, however based on various witness marks within the propeller
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mechanisms, it is estimated that both propellers were operating within the range of 25 to 35° of pitch at
the 30 inches reference station.

Analysis of the bulb filaments in the CAP panel, and glareshield Stall Identification lights, indicated
that at impact all the bulbs except those from the right Stall Identification caption were off. The
filaments of both bulbs from the right Stall Identification caption showed classic evidence of being hot
(bulbs illuminated) at the moment of impact. The stick push hydraulic actuator was undamaged by the
impact and post impact fire. Examination of the actuator's ram showed that the stick push system had
not been in operation at impact. It was not possible to establish by examination of the stick shake
mechanism whether this had been operating at impact.

Both pilots' seats and their adjustment mechanisms were examined for positioning and serviceability at
impact. Both seat adjustment mechanisms were found to be in a serviceable condition. The
commander’s seat was found to be at the fully rearward fore/aft position, with the height adjustment at
the minimum seat height position. The first officer’s seat was found to be just to the rear of the mid
fore/aft position, with the height adjustment at the minimum seat height position.

Flight Data Recorder (FDR)

The FDR was of no assistance in the investigation of this accident. As a result of a previous internal
failure, it did not contain any data relating to the accident flight.

The recorder was a Loral Fairchild Model F1000 Solid State Flight Data Recorder (SSFDR), serial
number No. 00320. This recorder uses semiconductor memory technology in the form of Electrically
Erasable and Programmable Read Only Memory (EEPROM). The specific type of EEPROM is known
as "Flash™ memory, the term Flash is used to indicate that the memory can be erased in a flash.

The SSFDR was connected to the AAIB replay facilities and the contents of the memory module
downloaded. Data is held in memory module in a compressed form. Before it can be interpreted it
must be de-compressed and then reduced to engineering values, Examination of the SSFDR data in
engineering values revealed that data from the accident flight had not been recorded. The data that was
present was compared with information on previous flights obtained from the aircraft's technical log,
and it was discovered that the last recorded data related to flights that had taken place in late March and
early April 1992,

The SSFDR was taken to the Loral Fairchild factory in Sarasota, Florida, USA where it was
discovered that a semiconductor device with the function of providing an electrical supply to memory
devices had failed. It was further shown that this fault activated the fault circuits within the SSFDR
and that the SSFDR "FDR FAIL" lamp on the flight deck should have illuminated.




In conjunction with British Aerospace personnel, the drawings for the SSFDR installation were
examined and it was apparent that the SSFDR fault alert signal was incorrectly wired, and that a fault
in the SSFDR could not illuminate the flight deck SSFDR "FDR FAIL" lamp.

An Alert Service Bulletin, with CAA Mandatory status, has already been issued by the aircraft
manufacturer in order to correct the wiring defect in all aircraft fitted with this system.

Cockpit Voice Recorder (CVR)
The CVR recording was of 30 iminutes duration. The track allocation was as follows:

Track 1 First Officer's microphone
Track 2 Cockpit area microphone
Track 3 Not used

Track 4 Commander's microphone

The initial part of the recording was fragmented (due to aircraft electrical power interruptions), and
contained conversation between the engineers conducting the pre-flight inspection of the aircraft.
Continuous recording then commenced when the first officer entered the flight deck and switched on
the electrical power. The commander was heard to enter the flight deck and the crew began working
through the "Flight Deck Preparation” checklist. The history of the flight detailed above was compiled
with reference to the recording, and no other technical or operational problems were discussed by the
crew.

After achieving V1, and at the end of the first officer's response of "Rotating®, there was a click
audible on the CVR. It is possible that this noise might have been made by one of the power levers
striking the Flight Idle (FI) baulk when it was retarded, but it was not possible to confirm this from the
CVR analysis of subsequent flights in other aircraft. An analysis of the CVR recording was made to
ascertain if it was possible to determine which power lever was retarded on take off to simulate the
engine failure. This involved using CVR recordings from other Jetstream aircraft undertaking the
same exercise, but it was not possible using the CVR recording alone to determine conclusively which
power lever was retarded.

Stall Protection System

The aircraft was fitted with the enhanced Jetstream 32 Stall Protection System. This comprises two
stall warning systems (stick shakers and homns) and one automatic stall recovery (stick pusher) system.
The stall warning systems give separate wamings for the left and right wings. Two airflow angles of
attack are sensed by the stall waming vane mounted on the leading edge of each wing. The first is the
stall warning angle, which activates the control column stick shaker and stall wamning hom if either
wing stall warning angle is reached. If the wing angle of attack continues to increase, and the stall
identification angle is sensed, the appropriate stall identification red light is illuminated on the
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glareshield in front of each pilot. If both wings achieve the stall identification angle, both glareshield
lights illuminate and an hydraulically powered stick pusher operates to move the elevator to
approximately 8° nose down, and thus reduce the angle of attack. The stick push is stopped when
either wing returns to the stall wamning range. It is possible to cancel a stick push by pressing one of
the illuminated stall identification captions which then causes the amber 'STALL' caption on the CAP
to illuminate. Stick push is automatically cancelled if the aircraft pitches down and results in an
acceleration of less than 0.5g absolute. A pull force of more than 80 Ib applied to the pilot's control
column will also override the stick push.

Failure of the stall protection system is signalled to the crew by illumination of the appropriate amber
"STALL' caption on the CAP, which would also be illuminated if the system is selected "OFF.

Landing Gear

From the production flight test report on G-SUPR, the time taken to complete the Landing Gear
retraction sequence was 6-7 seconds. The nose landing gear doors on Jetstream 31/32 aircraft initially
open during the retraction sequence, before closing over the retracting leg. The effect of this on an
aircraft subjected to sideslip at the time of retraction was measured during the post accident flight test
programme, and was found to be of the order of a 3° increment in that sideslip for the duration of the
retraction,

The landing gear warning horn fitted to Jetstream 32 aircraft will sound if any gear leg is not locked
down (or the landing gear is selected up), AND either power lever is near FI (or the flaps are selected
to 20° or more). If either power lever is pulled back to FI, the hom operation may be cancelled by
pressing the Landing Gear Hom Cancel’ switch on the lower centre panel on the flight deck.

Aircraft History

G-SUPR, aircraft serial number 956, made its first flight on 15th December 1991. After the standard
production aircraft test programme, it was ferried to East Midlands Airport for finishing and painting,
This was completed, and the aircraft returned to Prestwick on 16 February 1992, Three further test
flights were then carried out at Prestwick in order to gain the initial Centificate of Airworthiness
(Private Category), which was achieved on 18th February 1992, The aircraft departed during the next
day for a company demonstration tour to the Far East.

After a flight on 7 March 1992, from Brunei to Manila, the aircraft technical log indicated that the right
engine had "overfuelled in flight”. As a result, the Fuel Control Unit (FCU) on the right engine was
changed. Engine ground runs were then carried out, and adjustments were made to the FI and
maximum fuel flow adjusters in the FCU. No evidence could be found that a flight test was
subsequently carried out to establish that the FI fuel flow setting was correct. Although it was the
aircraft manufacturer’s standard practice to carry out such a flight test after an FCU change, none was




required in the Aircraft Flight/Maintenance Manual or the Engine Maintenance Manual, except if the
engine had been torque limited which was not applicable in this case.

The replacement FCU had been removed from a spare ‘new’ engine, and had been part of that engine’s
equipment during the engine manufacturer's test runs prior to its release to service. During these pre-
release test runs the FI and maximum fuel flow adjusters in the FCU had been altered.

After this change of FCU, the aircraft had flown approximately 318 hours, and made over 300
landings, without adverse comment on the engine FI fuel flow setting. During this period, it had been
flown by at least 12 company pilots. This included 7 days of flight training, with company Type
Rating Examiners carrying out some 35 landings, all without adverse comment. No records were
available to indicate whether the aircraft had carried out any engine failure after take-off simulations
prior to the accident flight.

On two occasions, 16 April and 22 June 1992, the aircraft technical log indicated that the right engine
had been slow to reach target torque on take off. Adjustments to the propeller govemor had been
carried out in response to these reports, and there were no further recurrences of the problem recorded
in the technical log.

Prior to the accident, the aircraft had visited the USA, departing Prestwick on the 18 September and
returning on the 30 September 1992, with no significant recorded defects. It did not then fly again
until the accident flight.

US Operator Training Flight Incident

Some five weeks after this accident it came to the knowledge of the manufacturer that a Jetstream 32,
belonging to an overseas operator, had experienced handling problems while undertaking a training
flight involving simulation of engine failure after take off. Even though the correct airspeeds were
apparently being adhered to, the aircraft became difficult to control directionally, and the commander
had to take over and regain control by applying power on the "failed” engine. The exercise was
repeated several times to confinm that there was something unusual about the handling of that particular
aircraft. The manufacturer further established that it was the standard practice of this operator’s
instructors to select the power lever to the FI stop despite the manufacturer’s recommendations to sct
10% torque when practising engine failure on take off. Furthermore, it was not the normal practice of
this operator to carry out a flight test following FI fuel flow adjustments.

The manufacturer informed the AAIB of this incident and to investigate further, a pilot and a flight test
engineer from the manufacturer visited the operator to assess the aircraft involved. They discovered
that the right engine, which had been operating at FI power during the exercises, had an unusually low
FI fuel flow setting, resulting in an indicated in flight FI torque of 0% (the manufacturer's
recommended minimum FI torque is 8%), and the handling difficulties were able to be confirmed. In
addition the left engine was also found to exhibit a lower than normal value of FI torque. Once the
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FCU's had been correctly adjusted so that the minimum recommended flight idle torque now coincided
with the FI stop, there were no further problems with the asymmetric power handling of that aircraft.

G-SUPR Engine/FCU Investigation

Both engine FCU's and P2/T2 Sensing Units were taken to the manufacturer in the USA for
examination and functional testing. The left engine FCU was relatively undamaged and, after a locally
manufactured adapter was fitted, it was connected to a functional test facility and put through the
manufacturer’s test schedule. The unit performed satisfactorily for an in-service item, and had a FI
fuel flow of 251 to 268 1b per hour. The right engine FCU had suffered more damage than the left, the
significant damage being to the fuel flow adjustment lever and the rear casing. As with the left engine
FCU, after a locally manufactured adapter was fitted, it was connected to a functional test facility and
put through the manufacturer’s test schedule. The unit performed satisfactorily for an in-service item,
except for the fuel flows - specifically the FI fuel flow which was extremely low, of the order of 210
Ib per hour. The evidence very strongly suggested that this was as a result of the impact damage to the
unit. It was not possible to determine by test the pre-impact FI fuel flow. Inspection of the FI fuel
flow adjuster inside the unit indicated that it had been adjusted by one ‘click’ in the increase sense from
that set at manufacture. Inspection of the manufacturers pre-release test results for this unit showed
that the FI fuel flow was 232 1b per hour, and one ‘click' was 2 1b per hour, which indicated that the
pre-impact FI fuel flow for this unit may have been in the order of 234 1b per hour. A variation of FI
fuel flow of 2 1b per hour produces a change of flight idle torque of approximately 1%.

This model of Jetstream aircraft may be fitted with either the McCauley or the Dowty propeller,
utilising the same engine and FCU. The FI fuel flows, as measured on several production aircraft
flight tests, which are required to achieve the correct FI rates of decent and Torques are of the order of
240 1b per hour for the McCauley propeller, and 220 Ib per hour for the Dowty propeller.

It could not therefore be shown conclusively that the right engine had the correct FI fuel flow setting at
the time of the accident, although the evidence suggested that it might have been set marginally lower
than the optimum setting. However, the amount of flying undertaken after the right engine FCU
change, without adverse comment by a number of company test pilots and training captains, would
suggest that the in flight FI fuel flow setting was not markedly below the normal value.

Flight Test Programme

In order to understand the effects of low FI fuel flow settings on the aircraft performance and
handling, a joint test programme was devised by the aircraft manufacturer and the AAIB. A standard
production Jetstream 32 fitted with a baggage pod and McCauley propellers, to make it as identical as
possible to the accident aircraft, was specially instrumented to record various engine, fuel flow and
handling parameters. A series of flights was undertaken, progressively reducing the values of FI fuel
flow for each engine, and assessing the effects on performance and handling characteristics.
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The results of these tests show that the zero thrust condition for the McCauley propeller on the
Jetstream 32 is around 8 to 11% torque, depending on aircraft configuration. It was also shown that,
at FI torque settings lower than the correct 8% to 11%, the McCauley propeller produces progressively
more negative thrust (drag), at the airspeeds associated with take off, approach and landing, which is
significantly greater than the small drag produced by a failed engine, and that there is an associated
degradation in the handling and performance of the aircraft. It was also apparent that the practice of
setting up the FI fuel flow on the ground, without carrying out an associated flight test on each
occasion, was not a reliable method of achieving a correct FI fuel flow setting.

Performance Data
The manufacturer provided the following data from the net take-off performance charts from the UK

CAA AFM, for the Jetstream 32 (equipped with McCauley propellers), for the conditions prevailing at
the time of the accident:

Take-off distance required : 1,170 metres
(to 35 feet agl, one engine failed)
First segment climb gradient : 2.1 % (234 feet/min at V2)

(Flap 10°, gear down, one engine failed)

Second segment climb gradient 4.5 % (500 feet/min at V2)
(Flap 10°, gear up, one engine failed)

From the initiation of rotation to initial stall warning was approximately 12 seconds, and the aircraft
impacted the ground abeam a point approximately 1,200 metres along the Runway. A normal initial
rate of rotation would be of the order of 3°/second. At a 2.0% climb gradient, over the time taken, the
aircraft would have been expected to climb less than 47 feet, and witnesses clearly indicated that the
aircraft was higher than this, using the wing semi-span of 26 feet as a guide.

Data obtained during the flight test programme described above indicated that when pitched up to an
attitude of 10° nose up, with the gear down, the aircraft typically decelerated at a rate of between 1.0
and 1.5 kt/second. The amount by which the aircraft climbed during this period was dependant vpon
the FI Torque setting. At normal FT setting, the aircraft climbed some 200 feet, while decelerating
from V2 to stall warning speed. With the FI Torque of 6%, the aircraft climbed some 120 feet for the
same loss of airspeed. The margin between V2 and the stall waming speed was 9 kt, and between V2
and Vmca was 11 kt.

Standard Qperating Procedures

The following extract is taken from the Manufacturer’s Operating Manual, Part 1, Section 16, Flight
Guide, relating to Abnormal Handling, Engine Failure After V1:
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If an engine failure occurs after V1, the take-off should be continued, accelerating to V2 for the
climb,

The landing gear must be retracted as soon as the aircraft is safely airborne.

Directional control should be maintained by full use of rudder. Aileron may be used, if
required, 1o maintain up to 5°bank towards the live engine.

Best Performance is gained by accurate speed control and gentle control movements to keep the
correct attitude.

When established in a steady climb, positively identify the failed engine and carry out the
appropriate feathering drill.

At a height of 500 feet above the runway and when obstacle clearance is certain, the aircraft
should be accelerated to the required en-route climb speed and the flaps retracted.

If engine failure occurs above V2 the higher speed can be maintained provided obstacle
clearance can be achieved.

Note: During training, the training captain may simulate engine failure on take-off by
retarding a power lever to 10% torque which simulates the zero thrust condition.

The diagram produced to illustrate this exercise is reproduced at Fgure 1.

The Civil Aviation Authority publishes a Pink (safety related) Information Circular entitled "Guidance
to Training Captains - Simulation of Engine Failure in Aeroplanes”. The circular was re-issued as
AIC103/1992 on the 12th November 1992, after this accident. The following extracts are taken from
the AIC:

Section 3. In-Flight Procedures

3.2 Immediately before failure is simulated, the Training Captain must position his feet so
that he can prevent any application of wrong rudder by the trainee. During and after the
simulation he must be particularly vigilant in monitoring heading, pitch and roll attitude,
rudder position and yaw indication. He must also carefully monitor engine instruments
especially on those types of aeroplane in which a genuine failure of the idling engine
would produce an abnormal hazard. He must ensure that any recommended bank angle
is correctly applied and after ensuring safe initial rudder application he should monitor
the trainee’s rudder input by resting his feet lightly on the rudder pedals. He should
bring to the trainee’s attention any tendency for flight parameters to move significantly
Jrom their target values. ‘ '
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Section 6. Recommended Techniques for Simulating Engine Failure on Take-off
6.2  Turbo-prop Engines

6.2.1 The simulation of engine failure by throttling back can introduce particular handling and
performance problems. The primary problem arises from the fact that a turbo-prop
engine which has been throttled back to flight idle will produce very much more drag
than an engine which has failed and auto-feathered. A further problem is that any
automatic feathering or drag limiting devices fitted are usually made inoperative when
the throntle is closed. Consequently, if an engine which has been throttled back to
simulate failure suffers a real failure, it may go to a very high drag ‘windmilling'
condition, remaining unfeathered unless correct feathering action is taken by the crew.
Furthermore, because the engine is in a low power condition, failure may not be
noticed until after severe handling difficulties have arisen.

6.2.2 There will also be a reduction in performance which may well lead to decay in airspeed
and an inability to maintain adequate clearance over obstacles. Any such loss in
airspeed can of course contribute to the loss of directional control

6.2.3 These potential problems can best be avoided by appropriate methods of simulating
engine failure. Advice from engine or aircraft manufacturers specific to type should be
followed but where this is lacking the following general advice is likely to be
appropriate:

(a) On aircraft equipped with auto-feather, the throttle should be moved smoothly
towards the closed position until a pre-determined torque reading, approximating
zero thrust, is obtained. In this condition the Flight Manual speeds and
performance - which are based on a feathered engine - will be valid and the
handling qualities will match a real failure situation. The torque meter should be
monitored during the remainder of the take-off and initial climb and if the torque
falls the throttle should be opened fully;

(b) on aircraft not equipped with auto-feather the throstle may be moved smoothly to
the closed position because an actual failure of the idling engine does not present
an abnormal hazard. When the trainee has identified the ‘failed’ engine and
completed the "touch only’ feathering drill the throstle should be advanced to a
zero thrust setting.

Note: The engines on Jetstream 31/32 aircraft are fitted with a Negative Torque Sensing system,
intended to drive the propeller blades most of the way towards the feathered position in the event of a
real engine failure,
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Flight Deck Management

One of the most significant differences between the testing of a crew member with a simulated failure
and any actual engine failure on take off event is in the area of two crew co-operation. In the (very
rare) real event of an engine failure during take off and initial climb, both flight deck crew would work
together as a team, to ensure that the correct drills were applied in a timely manner, and indeed current
multi-crew Flight Deck Management training is intended to enhance such behaviour. In the testing
environment, however, where the event is being simulated in an aircraft in flight, the current standard
practices laid down by the CAA require that the Training Captain should generally act only upon the
command of the pilot under test. In effect, he should undertake the duties of the non-handling pilot,
but without exercising any personal initiative. At the same time he must be aware of and anticipate any
possible mishandling, while adjusting the power output of the simulated failed engine to the
recommended setting. The Training Captain must assess the capabilities of the pilot under test, and his
ability to correct any deteriorating situation. It is thus left to the Training Captain to decide at what
point to intervene and take over control in the event that the procedures or handling techniques are not
achieving the desired result. The flight test is therefore conducted under the simultaneous influences of
"single pilot” and "multi-crew” philosophies, which results in a fine dividing line between the
requirements of crew co-operation and the conduct of the test.

Summary of the accident

When the take off began the first officer was aware that it was the intention of the commander to give
him a practise engine failure at an appropriate point. The commander initiated the simulated engine
failure at a time when control of the aircraft had been handed over to the first officer in accordance with
normal procedures. Thereafter the aircraft left the ground and climbed at a gradient slightly steeper
than usual while the landing gear remained in the extended position. About 10 seconds after the
aircraft was rotated the commander reminded the first officer forcefully about the landing gear and the
commander made the UP selection on the instruction of the first officer 2 seconds later. At this
moment the landing gear warning hom sounded almost simuitaneously with one of the stall warning
horns. Within a further 2 seconds the commander took over the controls of the aircraft and restored
power to the retarded engine but the aircraft continued to roll to the right until it struck the ground
inverted. The total time from rotation until impact was approximately 18 seconds.

There was no evidence of aircraft malfunction or of medical factors which might have caused or
contributed to the accident.

Safety Recommendations

93-53 It is recommended that British Aerospace (Jetstream Aircraft Ltd.) incorporate into the
Maintenance Manual, for Jetstream 32 aircraft, a positive requirement for a flight test after any Flight
Idle adjustment or FCU change. The Maintenance Manual and associated publications should
emphasise the fact that there are significant differences between the Flight Idle fuel flow setting for an
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engine fitted with a Dowty propeller and that for a McCauley propeller. The FCU's in both cases have
the same component part numbers, and it should be clearly stated that the correct adjustment techniques
should be utilised. (Issued 17 September 1993)

93-54 It is recommended that British Aerospace (Jetstream Aircraft Ltd.) make every effort to
ensure that all operators of Jetstream 32 aircraft check that they have correctly set the Flight Idle fuel
flows on all their aircraft. Operators, pilots and engineers should be informed by means of
Newsletter, Service Bulletin and Flight Safety Publications, of the possible effects of incorrectly
adjusted Flight Idle fuel flows on aircraft handling and performance, especially when conducting
simulated single engine training or testing. (Issued 17 September 1993)

93-55 It is recommended that British Aerospace (Jetstream Aircraft Ltd.) review their
Manufacturer’s Operating Manual, Aircraft Flight Manual and associated flight training publications, to
ensure that they reflect the importance of maintaining an acceptable level of Flight Idle torque during
asymmetric power flight training exercises. The associated briefing material should also be reviewed,
in order to ensure that all pilots are aware of the possible adverse effects of incorrect Flight Idle power
settings on aircraft handling and performance characteristics, especially those associated with
McCauley propeller equipped Jetstream 32 aircraft. These effects, and their prevention, should be
clearly noted as guidance to Training Captains in the appropriate section of the Manufacturer's
Operating Manuals. The review should also consider, in consultation with the Civil Aviation
Authority, the possible benefits of applying increased safety margins to the aircraft speeds associated
with these exercises. (Issued 17 September 1993)

93-56 In view of the relatively high proportion of accidents and incidents associated with the
training and testing of pilots under conditions of simulated asymmetric power, as compared with those
occurring as a result of any real engine failure on take-off and initial climb, it is recommended that the
Civil Aviation Authority continue to positively encourage the development and use of flight simulators,
rather than aircraft, for initial and recurrent training in asymmetric power exercises, on all Public
Transport Aeroplanes classified as Aeroplanes of Performance Group A in their Certificates of
Airworthiness, (Issued 17 September 1993)
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¥ editorial

» what's new? Type: Antonov 124-100

o m:cldentrebbrts} Operator: Aeroflot / Aviastar ?

Registration: SSSR-82002
C/n: 19530501003
Year built:
Crew: 8 fatalities / 9 on board
Passengers: 0 fatalities / 0 on board
Total: 8 fatalities / 9 on board
Location: Kiev (Ukraine)
Phase; Descent
Nature: Test
Flight: - {Flightnumber )
Remarks:

The Aptonov freighter was in a high-speed descent {part of a special
test flight) when the upward-hinged nose door broke loose, causing
the aircraft to lose control. The aircraft crashed in 3 forest.

Source:
5161+51624+5794
[disctaimer)
Copyright © 1996-2000 Harro Ranter / Fabian Lujan
Aviation Safety Network; updated 3 January 2000

#emmeeesamsemessotrsssssssmemmmerrttassssmmmanns REQUEST 074798, REPORT 20 ----=-e=csecscmmmcenascccnnsnmrevaonennconos +
+ UNOFFICIAL REPORT ANTONOV-AN-124 ACCIDENRT +
+ EVENTS|PHASES AIRFRAME FATLURE-MANOQEUVRING +
+ COLLISION HITH TERRAIN- EHERGENCYIUNCDHTROLLED DESCENT -
$rverrrrasassacenmamannany L T L L P R R R L L g riemamssessscsesrasmsmneme - +

L o
fesrmtmvussnrrrrmcccocces OPERATION -==-+ssemsccccscnncccns > 44 Ceocsscoccracnmonnanan ++ FILE DATA -=======ce=ror-c-cccaes >
TYPE s MISCELLANEOUS - TEST/EXPERIMENTAL ++ [CAD FILE 1 92/0456-0

++ FROM STATE : USSR
FINAL REP Lad
Cemesemance~ DATE, TIME AND METEOROLOGICAL DATA ----====<- > 44 Cmememcectsasccosnnnaa AIRCRAFT DATA ~=----------eccccvens >
DATE : 92-10-13 ++ MASS CATEGORY :  ABOVE 272 000 KG
TIME : 00:00 ++ STATE OF REGISTRY : USSR
LIGHT : ++ REGISTRATION T CCCP-82002
GEN WEATHER : *

4+
€mmmemmemecccecneno e LOCATION ===-==----sssrecuvrmacan > 44 Lomceoeoonos DAMAGE, INJURY AND TOTAL ON BOARD ----------- >
LOCATION : NR. KIEV ++ A/C DAMAGE : DESTROYED
STATZ/AREA  : UKRAINE ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED H ++ CREW : B 0 0 0 1 g
DESTINATION : ++ PAX H 0 0 0 0 ) 0

+4+

AIRCLAIMS: THE AIRCRAFT WAS DESTROYED WHEN IT CRASHED KEAR KIEV DURING A TEST FLIGHT.
ANTONOV WAS BEING USED TO EXPLORE 'EXTREME FLIGHT REGIMES®,
DURING A CONTROLLED HIGH SPEED DESCENT 1T 1S BELIEVED THAT THE AIRCRAFT’S NOSE CARGO DOOR BEGAN TO BREAK AWAY,
ATTEMPT WAS MADE TO CARRY
(X1EV MANUFACTLRING PLANT)

REPORTS,

THE REPORTS SUGCEST THAT THE CREW WERE INITIALLY ABLE TO MAINTAIN CONTROL AS IT IS SAID THAT AN
HOWEVER, THE AIRCRAFT CRASHED INM WOODS 30 MILES FROM THE AIRFIELD.

OUT AN EMERGENCY LANDING.

------------- «ee+ NARRATIVE

APPARENTLY BEYOND THE NORMAL FLIGHT ENVE

LOPE.

THE ACCIDENT OCCURRED WHILE THE

ACCORDING TO
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REQUEST 074/98, REPORT 22 ---
+ DATA REPORT DORNIER-328

+ EVENTS|PHASES LOSS OF CONTROL-EN-ROUTE

. PROPELLER SEPARATION-EN-ROUTE

+ PROPELLER/ROTOR/JET BLAST DAMAGE-EN-ROUTE

P L L L L L L L T L LT T T e R L T T T P T LTI T Y Py “-nang

€omeomnm e naes e-eseee OPERATION

FILE DATA
TPE MISCELLANEOUS - TEST/EXPERIMENTAL

1CAD FILE 92/0162-0
FROM STATE GERMANY
FINAL REP
. TIME AND METEOROLOGICAL DATA
92-12-14
11:49
DAYLIGHT
GEN WEATHER e

=« AIRCRAFT DATA -+<+v»-
MASS CATEGORY 5701 - 27 000 KG
STATE OF REGISTRY GERMANY
REGISTRATION 0-CHIC

Comsmsememsccoccecmnenan LOCATION --
LOCATION MEMMINGEN
STATE/AREA GERMANY

DEPARTED OBERPFAFFENKOFEN
DESTINATION OBERPFAFFENHOFEN

C-emsmnva--= DAMAGE, INJURY AND TOTAL ON BOARD

A/C DAMAGE : SUBSTANTIAL

INJURY FATAL SERIOUS MINCR NONE UNKNOWN TOTAL
CREW 0 1) 0 2 0 2
PAX 0 0 0 0 0 0

Pty LLl

NARRATIVE
DURING A TEST FLIGHY THE A/C BECAME UNCONTROLLABLE. DURING RECOVERY, ALL PROPELLER BLADES OF THE LEFT ENGINE SEPARATED FROM
THE PROPELLER WUB. THE FUSELAGE WAS SEVERELY DAMAGED BY SUBSEQUENT PROPELLER STRIKE. THE A/C LANDED SAFELY.
DRN: A MANUFACTURER TEST FLIGHT TO PROVE COMPLIANCE WITH JAR 25.177 WAS CARRIED OUT. WITH THE A/C IN LANDING CONFIGURATION
AT MAX TAKE-OFF POWER, THE TEST WAS ABORTED DUE TO KEAVY BUFFETING AND THE TENDENCY TO PITCH DOWN AT A HIGH SIDESLIP ANGLE.
RELEASING RUDDER AND ATLERON THE PILOT TRIED TO RECOVER FROM NQSE-DOWN PITCH BY PULLING UP WITH RIGH FORCE. THE A/C BANKED
TO THE LEFT WITH INCREASING AIRSPEED AND NOSE-DOWN ATTITUDE. THE PILOT INSTRUCTED THE CO-PILOT IN GERMAN TO REDUCE THE
ENGINE POWER. THIS WAS NOT UNDERSTOOD BY THE U.S. TEST PILOT. SHORTLY AFTERWARDS ALL SIX BLADES OF THE LEFT ENGINE
SEPARATED INSTANTANEOUSLY WHEN THE A/C PASSED AN INVERTED POSITION.
SAFETY RECOMMENDATION: THAT THE ATRWORTHINESS AUTHORITIES REVIEW JAR 25.177 WITH RESPECT YO RISKS WHEN FLIGHT TESTING AN
A/C AT MAXIMUM SIDESLIP ANGLES, THIS IS ASSUMED TO BE NOT REALISTIC IN VIEW OF OPERATION OF MODERN TRANSPORT CAT A/C, WHEN
FULL RUDDER IS USED ONLY IN AN ENGINE FAILURE SITUATION TO AVOID A HIGH SIDESLIP ANGLE AND NOT TO CREATE 1IT.

------- +w=== SEQUENCE OF EVENTS «~--
EVENT 1 LOSS OF CONTROL - EN-ROUTE
1.LONGITUDINAL CONTROL - PARTIAL LOSS
1.PILOT-EXPERIENCE ON A/C TYPE-INCOMPLETE
2.CO-PILOT-PHRASECLOGY-NOT UNDERSTOCD - LANGUAGE BARRIER
PROPELLER SEPARATION - EN-ROUTE
1.PROPELLER BLADE - FRACTURED
PROPELLER/ROTCR/JET BLAST DAMAGE - EN-ROUTE

cemnomanan SAFETY RECOMMENDATIONS

RELATED TO AIRCRAFT/EQUIPMENT AIRWORTHINESS DIRECTIVE
MISCELLANECUS INFORMATION/DISSEMINATION/ETC




++—++—++—+— -+ REQUEST 140/94 PORT # 221
+++—++++-++—— e
+ DATA REPORT DORNIER - 328 ACCIDENT +
+EVENTS | PHASES: LOSS OF CONTROL | EN-ROUTE +
+ PROPELLER SEPARATION | EN-ROUTE +
+ PROPELLER/ROTOR/JET BLAST DAMAGE | EN-ROUTE
+

+H++++++ e
++

< OPERATION >+ < FILE DATA
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ ICAOFILE 1 92/0162-0
++ FROM STATE : GERMANY

++
< WHEN >++ <-eoeeo—~ ATRCRAFT DATA
DATE :92-12-14 ++ MASS CATEGORY ;5701 -27 000 KG
TIME 1 11:49 ++ STATE OF REGISTRY : GERMANY
LIGHT : DAYLIGHT ++ REGISTRATION :D-CHIC
++
< WHERE >+ < DAMAGE, INJURY AND TOTAL ON
BOARD >
LOCATION :NEAR MEMMINGEN ++ A/C DAMAGE : SUBSTANTIAL
STATE/AREA : GERMANY ++ INJURY : FATAL SERIOUS MINOR NONE
UNKNOWN TOTAL
DEPARTED : OBERPFAFFENHOFEN +CREW : 0 0 0 2 0 2
DESTINATION : OBERPFAFFENHOFEN +PAX : 0 0 0 0 O ©

OTHER DAMAGE : NO
DURING A TEST FLIGHT THE A/C BECAME UNCONTROLLABLE. DURING RECOVERY, ALL

PROPELLER BLADES OF THE LEFT ENGINE
SEPARATED FROM THE PROPELLER HUB. THE FUSELAGE WAS SEVERELY DAMAGED BY
SUBSEQUENT PROPELLER STRIKE. THE A/C LANDED
SAFELY.

DRN: A MANUFACTURER TEST FLIGHT TO PROVE COMPLIANCE WITH JAR 25.177 WAS
CARRIED OUT. WITH THE A/C IN LANDING
CONFIGURATION AT MAX TAKE-OFF POWER, THE TEST WAS ABORTED DUE TO HEAVY
BUFFETING AND THE TENDENCY TO PITCH DOWN AT A
HIGH SIDESLIP ANGLE. RELEASING RUDDER AND AILERON THE PILOT TRIED TO RECOVER
FROM NOSE-DOWN PITCH BY PULLING UP WITH
HIGH FORCE. THE A/C BANKED TO THE LEFT WITH INCREASING AIRSPEED AND NOSE-DOWN
ATTITUDE. THE PILOT INSTRUCTED THE
CO-PILOT IN GERMAN TO REDUCE THE ENGINE POWER. THIS WAS NOT UNDERSTOOD BY THE
U.S. TEST PILOT. SHORTLY AFTERWARDS ALL
SIX BLADES OF THE LEFT ENGINE SEPARATED INSTANTANEOUSLY WHEN THE A/C PASSED AN
INVERTED POSITION.

SAFETY RECOMMENDATION: THAT THE AIRWORTHINESS AUTHORITIES REVIEW JAR 25.177
WITH RESPECT TO RISKS WHEN FLIGHT
TESTING AN A/C AT MAXIMUM SIDESLIP ANGLES. THIS IS ASSUMED TO BE NOT REALISTIC IN
VIEW OF OPERATION OF MODERN



TO CREATEIT.

EVENTS AND FACTORS
1. EVENT | PHASE: LOSS OF CONTROL | EN-ROUTE
FACTORS: LONGITUDINAL CONTROL -PARTIAL LOSS
PILOT -EXPERIENCE ON A/C TYPE -INCOMPLETE
CO-PILOT -PHRASEOLOGY -NOT UNDERSTOOD - LANGUAGE BARR
2. EVENT | PHASE: PROPELLER SEPARATION | EN-ROUTE
FACTORS: PROPELLER BLADE -FRACTURED
3. EVENT | PHASE: PROPELLER/ROTOR/JET BLAST DAMAGE | EN-ROUTE

SAFETY RECOMMENDATIONS
RELATED TO AIRCRAFT/EQUIPMENT: AIRWORTHINESS DIRECTIVE
RELATED TO MISCELLANEOQOUS SUBJECTS: INFORMATION/DISSEMINATION/ETC




REPORT
on the Investigation of the Flight Accident
with the Domier DO 328-100
on 14 December 1992 in the Area of Memmingen

Summarization

On December 14, 1992, flight tests were conducted in the area around Memmingen with
the prototype DO 328-100, built by Domier Aircraft Co. These tests were conducted to
investigate, among other things, the aircraft directional stability. At approximately 1149*,
the test point with the aircraft in the landing configuration was broken off by the
responsible pilot, due to bobbing of the aircraft's nose combined with strong shaking
(buffeting). The aircraft immediately entered an uncontrollable condition, and
subsequently suffered the breakup of all six propeller blades of the propeller assembly of
the left engine. The result of this was heavy damage to the left engine as well as resultant
propeller impact and severe damage to the fuselage and to the cabin.

The responsible pilot was successful in bringing the aircraft under control, and in spite of
the severe damage and engine failure brought the aircraft to a safe landing,

The accident is attributable to the fact that at the conclusion of the test point, a return to
normal flight conditions was made difficult because the effectiveness of the elevator,
which was in a nose-up condition, was adversely affected by flow field separation. This
condition was not recognized by the pilot in time to allow a release of the elevator at the
end of the test point.

A factor contributing to destruction of the propeller blades was a failure to reduce engine
output, This resulted from a communications breakdown between flight test personnel.

1.0  Investigation of the Facts
1.1  Course of the Flight

In the program of developmental flight tests conducted by the aircraft
manufacturer Domier Aircraft Co., a test flight was planned on the prototype DO 328-
100, serial number 3001 (Domier internal designation TAC1). In the course of this flight
an investigation into directional stability in various configurations was to be conducted.

Basis for test flight number F1 0101 was the associated flight test plan (Appendix 5.3).

On board the aircraft as responsible pilot (PIC) was the manufacturer’s project pilot. Also
on board as second pilot was a pilot from Domier Aviation (North America).

During the flight the responsible flight test engineer was stationed in the Domier Flight
Test




* Times are local times unless otherwise indicated

telemetry ground station. From there, this individual coordinated the testing with the PIC
and over radio provided the crew with necessary information from the ground data
recorders.

The takeoff of TAC1 occurred at 0921 hrs from Oberpfaffenhofen, the Domier company
factory atrport.

Up to the time of the incident at 1149 hrs, individual test points from the test plan were
conducted without incident,

A critical point in the test plan were the T.O.P. 13 tests for investigation of static
directional stability, in accordance with the airworthiness provisions JAR +25.177.

The tests for T.O.P. 13 were flown in various configurations starting around 1035 hrs.
The results of these tests were quite variable. The opinion of the PIC regarding the flight
characteristics ranged from "no problem” to "unacceptable”.

The starting point of the incident was the test T.O.P. 13.14, which was begun around
1149 hrs at an altitude of 14,000 ft while in the following configuration:

Flap Position: 25 deg

Landing Gear: extended

Engine Power: 2 x MTOP

Speed: 1.13 VSlg (98 KCAS)

Close to the point at which the maximum left rudder deflection was reached, a strong
shaking (buffeting) began of such strength that the PIC could no longer maintain
controlled flight. The PIC released the rudder and aileron and broke off the test.
Immediately the aircraft went into a steep bank to the left along with a severe pitch-over.
Airspeed continued to rise.

At an approximate roll angle of -90 deg the PIC assisted the rolling motion by an aileron
deflection to the left, in order to, in his words, "roll the aircraft through",

The PIC, who was fully occupied with trying to bring the aircraft under control, requested
the second pilot to reduce engine power with the words "Gase raus” (something like
"chop the power"). This request was not followed.

Approximately 5.5 scconds later followed the structural failure, recognizable by noise on
the audio recordings. At this point in time the aircraft was in a condition described by the
following recorded data:

Airspeed: 171 kts Sideslip angle: 19 deg

Pitch angle: -48 deg Normal acceleration: -0.82 g

Roll angle: -185 deg Lateral acceleration -0.82g
Within a fraction of a second all six propeller blades on the left engine failed. At least two




of the blades caused severe damage to the fuselage and to the interior of the cabin.

After the structural failure occurred, data transmission to the telemetry station was
interrupted due to destruction of the transmitter antenna. Data transmission was later
restored by switching to another antenna, Data recording on board the aircraft was,
however, not interrupted except for a short drop-out. This enabled comprehensive data
from throughout the period of the incident to be available post flight.

The PIC succeeded in bringing the aircraft under control, at which time airspeed had
reached 250 kts. This speed was far over the allowable speed as specified in the flight
manual 3001-5 Pkt.1.2.5 of:

180 KCAS gear extended

145 KCAS flaps > 15 deg extended

Also, the power level for the engines at pitch and roll angles exceeding +/- 35 deg, which
are specified in flight manual 3001-5D from 22 Oct 92, were exceeded by these
maneuvers, The altitude loss during the incident was 4,800 ft. The heavily damaged
aircraft was landed safely on one engine at 1221 hrs at the factory airport at
Obermpfaffenhofen.
1.2 Personnel Injury

None

1.3  Damage to Aircraft

All six propeller blades of the left engine were broken off. The left engine including its
mount were heavily damaged.

At least two of the six blades damaged the fuselage section immediately forward of the
wing leading edge, as well as the interior of the cabin. The control cable to the left engine
control was cut through.,

In addition one on-board antenna was damaged which lead to a brief interruption in data
transmission to the telemetry station.

1.4  Auxiliary Damage
None.
1.5  Crew Information
1.5.1 Responsible Pilot
License: ATPL 1

Entitlements:
Flight Test Entitlement TB1, aerobatic flight



Type Permit: DO 228, DO 328

CL 600/601
Instruction Permit: DO 228, DO 328
Instrument Flight Permit: up to 200 ft
Total Flight Experience: 3,830 hours
Flight Experience in the DO 328: 200 hours
As PIC; 200 hours
Flight Medical Fitness: Class 1
without limitations

The Pilot was assigned as Project Pilot (Order No. 363 according to Developmental
Handbook C-1.2) for conduct of the test flight. This was in conformity with conditions
mentioned under Point C-2.1.9 of the company’s Developmental Handbook (EBH).

1.5.2 Second Pilot

License; ATPL
Entitlements:
Flight Test Entitlement: Certificate as Graduate of the U.S.
Naval Test Pilot School
Instrument Flight Entitlement: yes
Total Flight Experience: 4,000 hours
Flight Experience with the DO 328
as 2nd Pilot: 8 hours
Flight Medical Fitness: valid
without limitations

The second pilot did not possess a German license as pilot and also did not have a type
entitlement for the DO 328

1.6  Aircraft Information
The aircraft was the prototype of a passenger transport. Power was provided by two

turbine engines, each equipped with a six-blade variable-pitch propeller installation. The
propeller blades were of composite construction.

Construction: Shoulder wing with pressurized cabin
Model: D0328-100

Year Built: 1991

Series No: 3001

Plant Destignation: TACI

Total Flight Time: 207 hours

Max, T.O, Mass: 13,670 Kg

(include. 2% test equipment)
Weight at time of Incident: 12,300 Kg
Center of Gravity: 38% MAC
Engine: P&W ZBE 119A




Left Engine: S/N 116008 Operating time 139 hrs
Right Engine: S/N 116006 Operating time 134 hrs

Checkout of the atrcraft was accomplished at established intervals. The last maintenance
check (200 hour check) was accomplished at 193 hours. Since that time the aircraft had
an operating time of 13 hours.

The aircraft was undergoing testing for the purpose of extending the type permit
according to airworthiness requirements of JAR 25.

For the conduct of the flights a temporary transport permit was provided by the Federal
Aviation Office. Date of the permit was 21 August 1992, An element of the temporary
permit was both the General Flight Instruction 3001-5 (EL549/92), Version A (6 Aug 92),
as well as the Flight Instruction 3001-50, published 22 Oct 92.

The operating limitations and boundaries established in these documents were observed up
until the occurrence of the incident.

In order to conduct the flight tests, the aircraft was equipped with numerous sensors to
record flight test data. For on-board recording and for data transmission to the ground
telemetry station, the cabin of TACI1 was outfitted with a flight test installation.

For measurement of angle of attack and angle of sideslip, a nose-boom was installed.

For visualization of the flow field, the upper side of the wing was tufted, and on the tail a
video camera was installed.

The cockpit instruments and other flight deck equipment was consistent with that of the
projected production aircraft with minor exceptions. Special flight test cockpit
instrumentation was not provided.

The possibility of an emergency crew escape was provided for by the installation of an
emergency exit in the rear of the cabin. Guide lines were installed between the flight deck
and the emergency exit. Before leaving the flight deck, the pilot could lock the steering
yoke in place in order to stabilize the flight attitude.

1.7  Meteorological Information

Visual flight rules were in effect and the crew view of the ground was unimpeded.

1.8 Navigation Aids

Not applicable

1.9  Radio Traffic

From takeoff to landing, TAC1 was in contact with the Oberpfaffenhofen Tower on



Frequency 119.55 Mhz. Besides this, radio communication was maintained between
TACI and the telemetry station on frequency 135.875 Mhz. This contact was for
coordination of the test flight,

1.10  Airfield Information

Not applicable

1.11 Flight Recorder

The aircraft was equipped with an on-board data system which allowed the recording of
more than 900 parameters. Besides the "on line” data transmission from the aircraft to the
telemetry station, the flight data was recorded on magnetic tape for later analysis,

1.12  Information on the Impact and Wreckage

Not applicable

1,13 Medical and Pathological Information

Not applicable

1.14 Fire

Not applicable

1.15 Survivability

Not applicable

1.16 Further Investigation

1.161 Propeller Strength

Before the incident, in the course of inspections, delamination was discovered on
individual propeller blades. This delamination was in the area of the blade root parallel to
the trailing edge. This discovery led to limitations on the propeller (in accordance with
flight instruction EL-979/92 of 10 Dec 92) to the extent that daily visual post-flight
inspections were conducted. Limitations in angle of attack or sideslip were not made.
After the incident the left engine propeller assembly was subjected to a thorough damage
analysis by Hartzell in the USA, assisted by the Domier Company. the result was
contained in the Hartzell Engineering Report No. 1232 of § Feb 1993.

Findings of Hartzell

During the test flight the destruction of the left propeller assembly occurred during a very



short span of 0.6 seconds. The propeller loads which existed at this point in time were
impossible to quantify, because the measured parameters, especially the sideslip angle,
were outside the values used by Hartzell in the load assumption calculations of propeller
strength.

As a final conclusion, it was accepted by Hartzell, that destruction of the propeller
assembly was finally due to a low cycle high stress event.

Findings of the Flight Accident Investigation Center (FUS)

On the basis of the assertions in the above-mentioned Hartzell report, FUS comes to the
following determination.

The delamination of the carbon-fiber composite layers of the destroyed blades, and the
indications of a heating effect on the carbon fibers and on the foam core, could not be
traced with complete certainty to deformation due to oscillating stress. The heavy damage
in the area of the blade supports was more an indication of an excessive bending moment
on the blade roots. In the end these roots were also unable to hold the carbon composite
layers of the blades.

These bending moments could have been caused by aerodynamic loads and centrifugal
moments on the blades or impact of the blades with each other.

A quantification of the loads which lead to the blades’ destruction was not possible due to
the skewed airflow into the left propeller as a result of the sideslip of the aircraft.

The following measures resulted from the findings:

By the Hartzell Company a modification and strengthening of the propeller blade feet was
carried out.

In order to be able to determine propeller loads in extreme sideslip conditions, the
modified blade assemblies were put through an interim series of appropnate flight tests.

1.16.2 Sound Recordings

A transcription was made of the sound recordings from the beginning of the test T.O.P.
13.14 to the point of the structural failure, A signal analysis of this recording over this
span of time served to arrange the commentary of the flight in exact order.

A judgment conceming the engine and propeller behavior immediately before the point in
time of the structural failure was only partially possible.

The speech transmissions from aircraft and telemetry station are clearly recognizable and
distinguishable from each other in the signal analysis.

In the signal analysis, the structural failure was recognizable some 42 seconds after




beginning of test T.O.P. 13.14. It was recognizable as a distinct amplitude increase which
ended in a strongly pronounced noise. This signal behavior was consistent with the
structural failure and following wind noises, which markedly increased as a result of the
punctured fuselage skin.

1.17 Additional Information
1.17.1 Organization of the Flight Test
The Developmental Company DORNIER AVIATION Ltd.

The Dornier Company is a developmental company recognized by the Federal Aviation
Office (LBA). This company carries out the development of an aircraft up until maturity,
including responsibility for the model tests, under the oversight of the LBA. At the end of
this process, the LBA grants the type certificate, as long as it is an exclusively national
project.

Concerning the DO 328 a European certificate was desired on the basis of JAR 25, This
had, however, no effect on the type and extent of investigation of this accident by the
FUS.

The tasks and responsibilities relative to the conduct of the flight tests was in agreement
with the Company Developmental Handbook (EBH) and was regulated by DORNIER
AVIATION Ltd. as follows:

Within the Department for Developmental Flight Physics and Flight Test, the Division of
Flight Test, along with other affected divisions of the Department, was responsible for the
conduct of the flight tests in accordance with the test plan, as well as for the pilots used
during the test flights. The pilots were appointed by the Flight Operations Department
upon request by Flight Test.

Flight Test Personnel

For the test flight F1 0101 on 14 Dec 92, the crew of TACI consisted of the Domier
Project Pilot as responsible pilot, and a transport pilot of the company DORNIER
AVIATION (NORTH AMERICA) as second pilot.

The responsibility of the Project Pilot, In accordance with the EBH, was the guidance and
control of the test aircraft. The appointment of the second pilot also lay within his field of
responsibility.

In accordance with the Flight Handbook for the DO 328, the minimum crew was two.
This meant that, apart from instructional flights, the second pilot for a flight test was also
required to possess a type permit for the DO 328. This, however, was not the case.

It was one of the tasks of the FUS to clarify whether the appointment of the second pilot,
who was not a member of the development company DORNIER AVIATION Ltd., was



technically consistent with regulations in the EBH or with other aviation rules.

The crucial point of the investigation was directed toward the matter of the degree to
which the second pilot was able to carry out the tasks required of him, or whether actions
relevant to the accident were to some degree caused by him.

The task of the second pilot during the conduct of the individual test points consisted of
monitoring in particular the engine instruments. In addition, between test points he
relieved the PIC by taking over control of the aircraft and setting up test conditions for the
next test point.

On the basis of the sound and data recordings of the test flight, one gains the impression
that the second pilot was able to assume, without problems, control of the aircraft after
handoff from the PIC. Also other tasks, including monitoring of instruments, was
assummed by the second pilot, insofar as this was discemible from the conversations,
Since the second pilot, as a U.S citizen, apparently had a limited knowledge of German,
communications between the two pilots was conducted exclusively in English.

Additional flight test personnel located in the telemetry station consisted of the
responsible flight test engineer , the competent systems engineer, and data engineers. The

duties and responsibilities of the flight test engineer was regulated in accordance with the
EBH C-1.2 Order No. 362.

The coordination of the test flight was assumed by the flight test engineer, who also
passed on significant flight test data to the crew of TACI via radio.

Verification of Directional Stability T.O.P, 13

The crucial point of this flight consisted of testing under T.O.P. 13 of the verification of
directional stability in accordance with air worthiness requirements JAR « 25.177.

Earlier tests in this arca had already been conducted with unsatisfactory results, so that a
modification in the wing-fuselage interface area had ben made.

Tufts were installed on the upper side of the wing, and a video camera was installed in the
tail which allowed observation of the flow in this surface.

The progress of the tests were thoroughly documented data and by audio recordings.
For the tests for static directional stability, the aircraft was first put into the configuration

corresponding to the respective test point. The configuration was defined by flap and
landing gear position, engine power, and trimmed airspeed.

An increasing rudder deflection was input while maintaining stable level flight using proper
elevator and airleron inputs. Sideslip angle built up until either maximum rudder
deflection or maximum allowable rudder pedal force was reached. For fulfillment of air
worthiness requirements, after removal of the pedal force the aircraft had to return to its




intial conditions.

The test could, however, be broken off early if one of the following break-off criteria
occurred:

- inpermissibly high control forces

- flow separation, made apparent by strong buffeting

- uncontrollable flight attitude changes

During the flight test the sideslip angle observed in the telemetry station was relayed to the
pilot for his information. Relative to the sideslip angle, there was no limit corresponding
to points (7) 1.2.8 of the general flight instruction EL 549-92. Therefore sideslip angle
was not a break-off criteria for the test.



Progress of the Flight Test T.O.P. 13.14

On the basis of the on-board data recordings, the progress of the test could be
comprehensively analyzed. The local time as recorded in the data is used as a time
reference for the following events.

Three interconnected phases of the flight were identified:
ase 1; 13.14

The test was announced at 11:48:51 by the PIC with the words "to the left", and
simultaneously initiated by left deflection of the rudder.

The sideslip angle built up with increasing rudder deflection, which was relayed to the
crew by the test engineer. The sideslip angle called out, however, was lower than the
actual measured values due to improper calibration. This was only discovered after the

flight.

Close to the point where, at 11:49:24, the maximum rudder angle deflection was reached,
a strong buffeting began, and the PIC could no longer control the aircraft. This lead to
breaking off the test.

se 2: Break- he Tes

This section was closely tied to Phase 1 and ended with the structural failure at
11:49:33.4. Since this Phase lasting roughly ten seconds was especially significant for the
course of of the incident, evaluation of the data is particularly important to above all
determine steering inputs made by the PIC. (Appendix 5.4)

Note:

As time reference in this Phase only the seconds of the 49th minute will be given. This
corresponds also to the scaling of the time axis in the data presentations in Appendix 5.4,
to which reference will later be made.

The break-off of a test was intended to occur in a way that by the pilot releasing the
control forces, the aircraft would return to stable flight conditions

The following describes the driving back of the deflected controls following break-off of
the test.

The rudder deflection was taken out by the PIC, which was recognizable by a sharp
reduction in pedal force from 35 to 10 daN. (Newtons ?) This resulted in a reduction in
rudder deflection from 23 degrees to at first only 16 degrees and later to 8 degrees, aftera
further reduction in pedal force of some 4 daN.

The neutral rudder position was not reached, but rather the rudder deflection to the left




grew greater as a result of the increased pedal force shortly before the end of Phase 2. As
a result, sideslip angle again began to increase.

The aileron deflection was taken out by the PIC, which was recognizable by a sharp
reduction in the hand forces from 12 daN to about 3 daN. As a result the tahe aileron
deflection decreased from17 to just 8 degrees. The rolling movement of the aircraft
continued with a roll rate to the left of -17 deg/sec. As -90 degrees was reached, aileron
deflection to the left caused an increase in roll rate to -40 deg/sec. This occurred,
according to the PIC, in an attempt to "roll the aircraft through"”. The structural failure of
the propeller blades followed shortly after the aircraft was rolled over on its back,

A relaxation of the elevator at the end of the test was not apparent, which differed from
earlier tests. To be sure, the elevator deflection changed during the Phase from 0 to 9
degrees, in the "pushover” direction, yet the hand force of the PIC exhibited fluctuating
values which averaged about 20 daN in the "pull-up"” direction. Not until 29.7 seconds
was a temporary relaxation of the hand force apparent, which apparently was related to
changes in aileron deflection.

In this Phase, the PIC tried if possible to prevent the aircraft nose from bobbing down by
the application of positive hand force (pull-up).

The break-off of the test at the end of Phase 1 was commented on by the PIC with the
words "and now it's going over the nose ..... with buffeting”.

The buffeting was readily noticable in the data recording by fluctuations in measured
parameters. This was shown in the recording of the second pilot's elevator force which,
starting at 23.5 seconds, exhibited increasingly fluctuating values about an average of 2
daN. This corresponded apparently to the measured value of a released 2nd pilot's control
column. The turbulent flow of the horizontal tail or also flow scparation on the tail itself
caused the measurement of an apparent hand force on the released 2nd pilot's control
column.

The flight path of TACI was marked in this Phase by large changes in the following
parameters:

After the nose bobbing, the pitch angle decreased very rapidly to -60 degrees, during
which the nose-boom measured angle of attack decreased from 7 to -15 degrees. The
sideslip angle decreased from 22 to 7 degrees following the break-off of the test, before it
again increased and at the end of Phase 2 reached a value of nearly 19 degrees.

The airspeed increased, particularly under the influence of the steep flight path under full
engine power, from 103 to 171 kts.

This section was marked by reestablishment of a normal flight attitude, in close connection
to Phase 2.



The PIC was successful in bringing the aircraft under control, at which time the aircraft
rapidly reached an airspeed of 250 kts. The total altitude loss during the incident
amounted to 4,800 ft.

1.17.3 Meaning of Airworthiness Requirement JAR - 25,177

The verification of static directional stability airworthiness requirements is accomplished
through flight test and commonly accepted practices. This requires stability verification up
to the full rudder deflection or up to the maximum allowable sideslip angle. During these
test, sideslip angles can be reached which have no practical meaning for later flight

operations, if the possibility of uncoordinated rudder deflections are not envisioned.

The conduct of these tests has had a not inconsiderable adverse effect on flight safety, as
has been shown in the past occasionally during flight trials of this type. Since rudder
measurement and deflection is an essential factor for minimum control speed, and
therefore for takeofT field length, the aircraft manufacturer strives for a high rudder
effectiveness, which makes the verification of directional stability more difficult.

The question can be asked whether the airworthiness requirements, which have been used
in this form for decades, still has the meaning that it previously did. At the time of the
origin of these requirements, side-slipped flight was a possible conscious maneuver used
to correct the flight path,

While, as always, changes to the flight attitude about the lateral axis with elevator (pitch

angle), and about the longitudinal axis with aileron (roll angle) still have their essential
meaning for flight controls, the rudder has only the task of making changes to flight
attitude about the z-axis and of avoiding sideslip angle. This means, in one case, a
relatively low rudder deflection is required in flight to compensate for side-rolling moment
in curved flight and, eventually, for cross-wind landings, while in the case of a failed
engine, a greater rudder deflection is required to compensate for the associated upsetting
moment. Exactly in this last case, the rudder has the primary task for a civil transport of
working against sideslip angle, and not of producing it.

The question can be asked whether the flight test verification of static directional stability
using full rudder deflections justifies the associated risk for aircraft and crew.

2.0 Evaluation

In the investigation of the accident, particular attention had to be paid to the fact that the
aircraft was under test and that the incident occurred on a test flight dedicated to the
verification of various airworthiness requirements.

However, it could not be a matter for the investigation to make conclusions about the
future fulfillability of the airworthiness regulations or to express recommendations about
them.

Likewise it was not possible, and was not in this case, the task of the accident




investigation, to investigate the detailed causes for the structural destruction of the
propeller blades. On the basis of the extreme flight conditions immediately before the
failure of the blades began, the blades clearly were subjected to extreme forces, the type
and magnitude of which could not be quantified. Inertial forces, the high engine output, as
well as the high aerodynamic forces on the blades, especially considering the unsteady
flow at increasing sideslip angles, all could explain the destruction of the propeller blades
on the left engine, while those on the right engine remained undamaged.

The investigation into the accident by the FUS concentrated therefore on the findings and
analysis related to the uncontrolled flight attitude after breaking off the test point T.O.P.
13.14.

In accordance with the Airworthiness Requirements JAR » 25.177 the directional stability
of the aircraft was tested in various configurations. During this testing, some of the
results had been termed "unacceptable” by the PIC, even before test point T.O.P. 13.14
was reached. In spite of this, the planned order of test points was continued. During
flight testing it is not unusual to continue a series of tests even if interim results are
unacceptable. This enables a comprehensive evaluation of a series of tests to be made.
Moreover, the crew did not perceive any impact to flight safety due to the occasional
uncontrolled "pitch down” behavior of the aircraft.

During T.O.P. 13.14 the test was initiated by a rudder deflection to the left. The test was
broken off shortly before reaching maximum rudder deflection due to bobbing of the
aircraft nose and strong buffeting.

An essential part of the investigation consisted of an analysis of the ten second Phase
following break-off of the test, during which a nomal flight attitude could not be
reestablished, and at the end of which structural failure of the propeller blades on the left
engine occurred.

A relaxation of the elevator at the end of the test was not apparent, which differed from
earlier tests, but at least a high force in the pull-up direction was maintained, without being
able to prevent an increasing pitch down of the aircraft.

In contrast to this, the tests resulting from T.O.P. 13.14 were conducted in such a manner
that the control deflections in all three axes were driven back, and the aircraft was able to
return to its normal flight attitude due to its stability. (Trans. Note: This paragraph, like
some others, is written in a very confusing manner and its meaning [and the previous one
as well] is not entirely clear.)

The data (RT. CTRL. WHEEL FORCE - Elevator), show increasingly oscillatory values
about the nominal value beginning at the break-off of the test. On the basis of this data, it
is apparent that in this case flow separation on the elevator impacted its effectiveness such
that control forces increased to the extent, that in spite of a "Pull-up” on the control
wheel, the elevator deflection increased downward.

The aileron deflection to the left, some three seconds before the structural failure, in order




to support the rolling movement was a conscious input made by the pilot with the intent of
"rolling the aircraft through”. The simultaneous rudder deflection to the left could also
have been a conscious input of the PIC made in order to "coordinate™ the roll. In
consideration of the inverted attitude of the aircraft which occurred, this must have had

the opposite effect, that is, a renewed increase of the sideslip angle.

It cannot be excluded, that the control inputs of the responsible pilot in this phase were
decisively influenced by the accelerations and severe flight attitude changes which
occurred. Qutside of this, it must be taken into consideration that the rapid pace of events
scarcely gave the PIC time for decision-making and for taking proper corrective measures.
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REPORT
on the Investigation of the Flight Accident
with the Domier DO 328-100
on 14 December 1992 in the Area of Memmingen

Summarization

On December 14, 1992, flight tests were conducted in the area around Memmingen with the prototype DO
328-100, built by Domier Aircraft Co. These tests were conducted to investigate, among other things, the
aircraft directional stability. At approximately 1149%, the test point with the aircraft in the landing
configuration was broken off by the responsible pilot, due to bobbing of the aircrafi's nose combined with
strong shaking (buffeting). The aircraft immediately entered an uncontrollable condition, and subsequently
suffered the breakup of all six propeller blades of the propeller assembly of the left engine. The result of this
was heavy damage to the Ieft engine as well as resultant propeller impact and severe damage to the fuselage
and to the cabin,

The responsible pilot was successful in bringing the aircraft under control, and in spite of the severe damage
and engine failure brought the aircraft to a safe landing.

The accident is attributable to the fact that at the conclusion of the test point, a retum to normal flight
conditions was made difficult because the effectiveness of the clevator, which was in a nose-up condition,
was adversely affected by flow field separation. This condition was not recognized by the pilot in time to
allow a release of the elevator at the end of the test point.

A factor contnbuting to destruction of the propeller blades was a falure to reduce engine output. This
resulted from a communications breakdown between flight test personnel.

1.0 Investigation of the Facts

L1 Course of the Flight

In the program of developmental flight tests conducted by the aircraft manufacturer Domier Aircraft
Co., a test flight was planned on the prototype DO 328-100, serial number 3001 (Domier internal
designation TAC1). In the course of this flight an investigation into directional stability in vanious
configurations was to be conducted.

Basis for test flight number F1 0101 was the associated flight test plan (Appendix 5.3).

On board the aircraft as responsible pilot (PIC) was the manufacturer’s project pilot. Also on board as
second pilot was a pilot from Domier Aviation (North America).

During the flight the responsible flight test engineer was stationed in the Domier Flight Test

* Times are local times unless otherwise indicated




telemetry ground station. From there, this individual coordinated the testing with the PIC and over radio
provided the crew with necessary information from the ground data recorders.

The takeoff of TACI occurred at 0921 hrs from Oberpfaffenhofen, the Domier company factory airport.

Up to the time of the incident at 1149 hrs, individual test points from the test plan were conducted without
incident.

A cntical point in the test plan were the T.O.P, 13 tests for investigation of static directional stability, in
accordance with the airworthiness provisions JAR 025.177.

The tests for T.O.P. 13 were flown i various configurations starting around 1035 hrs. The results of these
tests were quite varable. The opinion of the PIC regarding the flight characteristics ranged from "no
problem” to "unacceptable™.

The starting point of the incident was the test T.O.P. 13.14, which was begun around 1149 hrs at an altitude
of 14,000 ft while in the following configuration:

Flap Position: 25 deg

Landing Gear: extended

Engine Power:; 2 x MTOP

Speed: 1.13 VSlg (98 KCAS)

Close to the point at which the maximum left rudder deflection was reached, a strong shaking (buffeting)
began of such strength that the PIC could no longer maintain controlled flight. The PIC released the rudder
and aileron and broke off the test. Immediately the aircraft went into a steep bank to the left along with a
severe pitch-over. Airspeed continued to rise.

At an approximate roll anglc of -90 deg the PIC assisted the rolling motion by an ailcron deflection to the left,
in order to, in his words, "roll the aircraft through®.

The PIC, who was fully occupied with trying to bring the aircraft under control, requested the second pilot to
reduce engine power with the words "Gase raus™ (something like "chop the power”). This request was not
followed.

Approximately 5.5 seconds later followed the structural failure, recognizable by noise on the audio
recordings. At this point in time the aircraft was in a condition described by the following recorded data:

Airspeed: 171 kts  Sideslip angle: 19 deg
Pitch angle: =48 deg Normal acceleration: -0.82 g
Roll angle: -185 deg Lateral acceleration  -0.82 g

Within a fraction of a sccond all six propeller blades on the left engine failed. At least two of the blades
caused severe damage to the fusclage and to the interior of the cabin.

After the structural failure occurred, data transmission fo the telemetry station was interrupted duc to
destruction of the transmitter antenna. Data transmission was later restored by switching to another antenna.
Data recording on board the aircrafi was, however, not interrupted except for a short drop-out. This enabled
comprehensive data from throughout the period of the incident to be available post flight.




The PIC succeeded in bringing the atrcraft under control, at which time atrspeed had reached 250 kts. This
speed was far over the allowable speed as specified in the flight manual 3001-5 Pkt.1.2.5 of:

180 KCAS gear extended

145 KCAS flaps > 15 deg extended
Also, the power level for the engines at pitch and roll angles exceeding +/- 35 deg, which are specified in
flight manual 3001-5D from 22 Oct 92, were exceeded by these maneuvers. The altitude loss during the
incident was 4,800 ft. The hemily damaged aircraft was landed safely on one engine at 1221 hrs at the
factory airport at Oberpfaffenhofen.
1.2  Personnel Injury

None

1.3 Damage to Aircraft

All six propeller blades of the left engine were broken off. The left engine including its mount were heavily
damaged.

At least two of the six blades damaged the fuselage scction immediately forward of the wing leading edge, as
well as the interior of the cabin, The control cable to the left engine control was cut through,

In addition one on-board antenna was damaged which lead to a brief interruption in data transmission to the
telemetry station.

1.4  Auiiliary Damage
None.
1.5 Crew Information

1.5.1 Responsible Pilot

License: ATPL1
Entitlements:
Flight Test Entitlement TB1, acrobatic flight
Type Permit: DO 228, DO 328
CL 600/601
Instruction Permit: DO 228, DO 328
Instrument Flight Permit: up to 200 fi
Total Flight Experience: 3,830 hours
Flight Experience in the DO 328: 200 hours
As PIC: 200 hours
Flight Medical Fitness: Class 1

without limitations



The Pilot was assigned as Project Pilot (Order No. 363 according to Developmental Handbook C-1.2) for
conduct of the test flight. This was in conformity with conditions mentioned under Point C-2.1.9 of the
company’s Developmental Handbook (EBH).

1.5.2 Second Pilot

License: ATPL
"7 Entitlements: T ST T o T
Flight Test Entitlement: Certificate as Graduate of the U.S.
Naval Test Pilot School
Instrument Flight Entitlement: yes
Total Flight Expenience: 4,000 hours
Flight Experience with the DO 328
as 2nd Pilot: 8 hours
Flight Medical Fitness: valid
without limitations

The second pilot did not possess a German license as pilot and also did not have a type entitlement for the
DO 328

1.6 Aijrcraft Information

The aircraft was the prototype of a passenger transport. Power was provided by two turbine engines, each
equipped with a six-bladc variable-pitch propeller installation. The propeller blades were of composite

construction.
Construction: Shoulder wing with pressurized cabin
Model: DO328-100
Year Built: 1991
Series No: 3001
Plant Designation: TACI1
Total Flight Time: 207 hours
Max. T.O. Mass: 13,670 Kg
(include. 2% test equipment)
Weight at time of Incident: 12,300 Kg
Center of Gravity: 38% MAC
Engine: P&W ZBE 119A
Left Engine: S/N 116008 Operating time 139 hrs
Right Engine: S/N 116006 Operating time 134 hrs

Checkout of the aircraft was accomplished at established intervals. The last maintenance check (200 hour
check) was accomplished at 193 hours. Since that time the aircraft had an operating time of 13 hours.

The aircraft was underpoing testing for the purpose of extending the type permit according to airworthiness
requirements of JAR 25.




For the conduct of the flights a temporary transport permit was provided by the Federal Aviation Office.
Date of the permit was 21 August 1992. An element of the temporary permit was both the General Flight
Instruction 3001-5 (EL519/92), Version A (6 Aug 92), as well as the Flight Instruction 3001-50, published
22 Oct 92,

The operating limitations and boundaries established in these documents were observed up until the
occurrence of the incident.

In order to conduct the flight tests, the aircraft was equipped with numerous sensors to record flight test data.
For on-board recording and for data transmission to the ground telemetry station, the cabin of TAC1 was
outfitted with a flight test installation.

For measurement of angle of attack and angle of sideslip, a nose-boom was installed.

For visualization of the flow field, the upper side of the wing was tufted, and on the tail a video camera was
installed.

The cockpit instruments and other flight deck equipment was consistent with that of the projected production
aircraft with minor exceptions. Special flight test cockpit instrumentation was not provided.

The possibility of an emergency crew escape was provided for by the installation of an emergency exit in the
rear of the cabin. Guide lines were installed between the flight deck and the emergency exit. Before leaving
the flight deck, the pilot could lock the steering yoke in place in order to stabilize the flight attitude.

1.7  Meteorological Information

Visual flight rules were in effect and the crew view of the ground was unimpeded.

1.8  Navigation Aids

Not applicable

1.9  Radio TrafTic

From takeoff to landing, TAC1 was in contact with the Oberpfaffenhofen Tower on Frequency 119.55 Mhz
Besides this, radio communication was muaintained between TACI and the telemetry station on frequency
135.875 Nthz. This contact was for coordination of the test flight.

1.10  Airfield Information

Not applicable

1.11  Flight Recorder

The aircraft was equipped with an on-board data system which allowed the recording of more than 900

parameters. Besides the “on line™ data transmission from the aircraft to the telemetry station, the flight data
was recorded on magnetic tape for later analysis.



1.12  Information on the Impact and Wreckage

Not applicable

1.13  Medical and Pathological Information

Not applicable

1.14 Fire

Not applicable

1.15  Survivability

Not applicable

1.16 Further Investigation

1.161 Propeller Strength

Before the incident, in the course of inspections, delamination was discovered on individual propeller blades.
This delamination was in the area of the blade root parallel to the trailing edge. This discovery led to
limitations on the propeller (in accordance with flight instruction EL-979/92 of 10 Dec 92) to the extent that
daily visual post-flight inspections were conducted. Limitations in angle of attack or sideslip were not made.
Afier the incident the left engine propeller assembly was subjected to a thorough damage anatysis by Hartzell
in the USA, assisted by the Dorier Company. the result was contained in the Hartzell Engineering Report
No. 1232 of 8 Feb 1993.

Findings of Hartzell

During the test flight the destruction of the left propeller assembly occurred during a very short span of 0.6
seconds. The propeller loads which extsted at this point in time were impossible to quantify, because the
measured parameters, especially the sideslip angle, were outside the values used by Hartzell in the load

assumption calculations of propeller strength.

As a final conclusion, it was accepted by Hartzell, that destruction of the propeller assembly was finally due
to a low cycle high stress event.

Findings of the Flight Accident Investigation Center (FUS)

On the basis of the assertions in the above-mentioned Hartzell report, FUS comes to the following
determination.

The delamination of the carbon-fiber composite layers of the destroyed blades, and the indications of a
heating effect on the carbon fibers and on the foam core, could not be traced with complete certainty to




deformation due to oscillating stress. The heavy damage in the area of the blade supports was more an
indication of an excessive bending moment on the blade roots. In the end these roots were also unable to
hold the carbon composite layers of the blades.

These bending moments could have been caused by aerodynamic loads and centrifugal moments on the
blades or impact of the blades with each other.

A quantification of the oads which lead to the blades’ destruction was not possible due to the skewed airflow
into the left propeller as a result of the sideslip of the aircraft.

The following measures resulted from the findings:
By the Hartzell Company a modification and strengthening of the propeller blade feet was carried out.

In order to be able to determine propeller loads in extreme sideslip conditions, the modified blade assemblies
were put through an interim series of appropriate flight tests.

1.16.2 Sound Recordings
A transcription was made of the sound recordings from the beginning of the test T.O.P. 13.14 to the point of
the structural fallure. A sienal analysis of this recording over this span of time served to amange the

commentary of the flight in exact order.

A judgment concemning the engine and propeller behmior immediately before the point in time of the
structural failure was only partially possible.

The speech transmissions from aircraft and telemetry station are clearly recognizable and distinguishable from
each other in the signal analysis.

In the signal analysis, the structural failure was recognizable some 42 seconds after beginning of test T.O.P.
13.14. It was recognizable as a distinct amplitude increase which ended in a strongly pronounced noise. This
signal behavior was consistent with the structural failure and following wind noises, which markedly increased
as a result of the punctured fusclage skin.

1.17 Additional Information

1.17.1 Organization of the Flight Test

The Developmental Company DORNIER AVIATION Ltd.

The Domier Company is a developmental company recognized by the Federal Aviation Office (LBA). This
company carries out the development of an aircraft up until maturity, including responsibility for the model
tests, under the oversight of the LBA. At the end of this process, the LBA grants the type certificate, as long
as it is an exclusively national project.

Concemning the DO 328 a European certificate was desired on the basis of JAR 25. This had, however, no
effect on the type and extent of investigation of this accident by the FUS.




The tasks and responsibilities relative to the conduct of the flight tests was in agreement with the Company
Developmental Handbook (EBH) and was regulated by DORNIER AVIATION Ltd. as follows:

Within the Department for Developmental Flight Physics and Flight Test, the Division of Flight Test, along
with other affected divisions of the Department, was responsible for the conduct of the flight tests in
accordance with the test plan, as well as for the pilots used during the test flights. The pilots were appointed
* by the Flight Operations Department upon request by Flight Test.

Flight Test Personnel

For the test flight F1 0101 on 14 Dec 92, the crew of TACI consisted of the Domier Project Pilot as
responsible pilot, and a transport pilot of the company DORNIER AVIATION (NORTH AMERICA) as
second pilot.

The responsibility of the Project Pilot, In accordance with the EBH, was the guidance and control of the test
aircraft. The appointment of the second pilot also lay within his field of responsibility.

In accordance with the Flight Handbook for the DO 328, the minimum crew was two. This meant that, apart
from instructional flights, the second pilot for a flight test was also required to possess a type permit for the
DO 328. This, however, was not the case.

It was one of the tasks of the FUS to clanfy whether the appointment of the second pilot, who was not a
member of the development company DORNIER AVIATION 1td., was technically consistent with
regulations in the EBH or with other aviation rules.

The crucial point of the investigation was directed toward the matter of the degree to which the second pilot
was able to carry out the tasks required of him, or whether actions relevant to the accident were to some
degree caused by him.

The task of the second pilot during the conduct of the individual test points consisted of monitoring in
particular the engine instruments. In addition, between test points he relieved the PIC by taking over control
of the aircraft and setting up test conditions for the next test point.

On the basis of the sound and data recordings of the test flight, one gains the irupression that the second pilot
was able to assume, without problems, control of the aircraft after handoff from the PIC. Also other tasks,
including monitoring of instruments, was assummed by the sccond pilot, insofar as this was discernible from
the conversations. Since the second pilot, as a U.S citizen, apparently had a limited knowledge of German,
communications between the two pilots was conducted exclusively in English.

Additional flight test personnel located in the telemetry station consisted of the responsible flight test engineer
, the competent systems engineer, and data engineers. The dutics and responsibilities of the flight test
engineer was regulated in accordance with the EBH C-1.2 Order No. 362,

The coordination of the test flight was assumed by the flight test engineer, who also passed on significant
flight test data to the crew of TAC1 via radio.




Verification of Directional Stability T.O.P. 13

The crucial point of this flight consisted of testing under T.O.P. 13 of the verification of directional stability
in accordance with air worthiness requirements JAR 0 25.177.

Earlier tests in this area had already been conducted with unsatisfactory results, so that a modification in the
wing-fuselage interface area had ben made.

Tufts were installed on the upper side of the wing, and a video camera was installed in the tail which allowed
observation of the flow in this surface.

The progress of the tests were thoroughly documented data and by audio recordings.

For the tests for static directional stability, the aircraft was first put into the configuration corresponding to the
respective test point. The configuration was defined by flap and landing gear position, engine power, and
trimmed airspeed.

An increasing rudder deflection was tnput while maintaining stable level flight using proper elevator and
airleron inputs. Sideslip angle built up until either maximum rudder deflection or maximum allowable rudder
pedal force was reached. For fulfillment of air worthiness requirements, after removal of the pedal force the
aircraft had to return to its intial conditions.

The test could, however, be broken off early if one of the following break-off ¢riteria occurred:
- inpermissibly high control forces
- flow separation, made apparent by strong buffeting
- uncontrollable flight attitude changes

During the flight test the sideslip angle observed in the telemetry station was relayed to the pilot for his
information. Relative to the sidestip angle, there was no imit corresponding to points (?) 1.2.8 of the general
flight instruction EL 549-92. Therefore sideslip angle was not a break-off criteria for the test.




Progress of the Flight Test T.O.P. 13.14

On the basis of the on-board data recordings, the progress of the test could be
comprehensively analyzed. The local time as recorded in the data is used as a time
reference for the following events.

Three interconnected phases of the flight were identified:

Phase 1;: Test TO.P, 13.14

The test was announced at 11:48:51 by the PIC with the words "to the left”, and
simaltaneously initiated by left deflection of the rudder.

The sideslip angle built up with increasing rudder deflection, which was relayed to the crew
by the test engineer. The sideslip angle called out, however, was lower than the actual
measured values due to improper calibration. This was only discovered after the flight.

Close to the point where, at 11:49:24, the maximum rudder angle deflection was reached, a

strong buffeting began, and the PIC could no longer contro! the aircraft. This lead to
breaking off the test.

Phase 2: Break-off of the Test

This section was closely tied to Phase 1 and ended with the structural failure at 11:49:33.4.
Since this Phase lasting roughly ten seconds was especially significant for the course of of

the incident, evaluation of the data is particularly important to above all determine steering

inputs made by the PIC. (Appendix 5.4)

Note;

As time reference in this Phase only the seconds of the 49th minute will be given. This
corresponds also to the scaling of the time axis in the data presentations in Appendix 5.4, to
which reference will later be made.

The break-off of a test was intended to occur in a way that by the pilot releasing the control
forces, the aircraft would retumn to stable flicht conditions

The following descnbes the driving back of the deflected controls following break-off of
the test.

The rudder deflection was taken out by the PIC, which was recognizable by a shamp
reduction in pedal force from 35 to 10 daN. (Newtons ?) This resulted in a reduction in
rudder deflection from 23 degrees to at first only 16 degrees and later to 8 degrees, after a
further reduction in pedal force of some 4 daN.




The neutral rudder position was not reached, but rather the rudder deflection to the left
grew greater as a result of the increased pedal force shortly before the end of Phase 2, As
a result, sideslip angle again began to increase.

The aileron deflection was taken out by the PIC, which was recognizable by a sharp
reduction in the hand forces from 12 daN to about 3 daN. As a result the tahe aileron
deflection decreased from17 to just 8 degrees. The rolling movement of the aircraft
continued with a roll rate to the left of =17 deg/sec. As -90 degrees was reached, aileron
deflection to the left caused an increase in roll rate to -40 deg/sec. This occurred,
according to the PIC, in an attempt to "roll the aircraft through®. The structural failure of
the propeller blades followed shortly after the aircraft was rolled over on its back.

A relaxation of the elevator at the end of the test was not apparent, which differed from
earlicr tests. To be sure, the elevator deflection changed during the Phase from 0to 9
degrees, in the "pushover” direction, yet the hand force of the PIC exhibited fluctuating
values which averaged about 20 daN in the "pull-up” direction. Not until 29.7 scconds was
a temporary relaxation of the hand force apparent, which apparently was related to changes
in aileron deflection.

In this Phase, the PIC tried if possible to prevent the aircraft nose from bobbing down by
the application of positive hand force (pull-up).

The break-off of the test at the end of Phase 1 was commented on by the PIC with the
words "and now it's going over the nos¢ ..... with buffeting”.

The buffeting was readily noticable in the data recording by fluctuations in mecasured
parameters. This was shown in the recording of the second pilot's elevator force which,
starting at 23.5 scconds, exhibited increasingly fluctuating values about an average of 2
daN. This corresponded apparently to the measured value of a released 2nd pilot's control
column. The turbulent flow of the horizontal tail or also flow scparation on the tail itself
caused the measurement of an apparent hand force on the released 2nd pilot's control
column.

The flight path of TACI was marked in this Phase by large changes in the following
parameters:

After the nose bobbing, the pitch angle decreased very rapidly to -60 degrees, during which
the nose-boom measured angle of attack decreased from 7 to -15 degrees. The sideslip
angle decreased from 22 to 7 degrees following the break-off of the test, before it again
increased and at the end of Phase 2 reached a value of nearly 19 degrees.

The airspeed increased, particularly under the influence of the steep flight path under full
engine power, from 103 to 171 kts.
Phase 3; Reestablishment of normal flicht attitude




This section was marked by reestablishment of a normal flight attitude, in close connection
to Phase 2.

The PIC was successful in bringing the aircraft under control, at which time the aircraft
rapidly reached an airspeed of 250 kts. The total altitude loss during the incident amounted
to 4,800 ft.

1.17.3 Meaning of Airworthiness Requirement JAR [ 25.177

The verification of static directional stability airwvorthiness requirements is accomplished
through flight test and commonly accepted practices. This requires stability verification up
to the full rudder deflection or up to the maximum allowable sideslip angle. During these
test, sidesltp angles can be reached which have no practical meaning for later flight
operations, if the possibility of uncoordinated rudder deflections are not envisioned.

The conduct of these tests has had a not inconsiderable adverse effect on flight safety, as
has been shown in the past occasionally during flight trials of this type. Since rudder
measurement and deflection is an essential factor for minimum control speed, and
therefore for takeoff field tength, the aircrafi manufacturer strives for a high rudder
¢ffectiveness, which makes the verification of directional stability more difficult.

The question can be asked whether the airworthiness requirements, which have been used
in this form for decades, still has the meaning that it previously did. At the time of the
origin of these requirements, side-slipped flight was a possible conscious maneuver used to
correct the flight path.

While, as always, changes to the flight atitude about the lateral axis with elevator (pitch
angle), and about the longitudinal axis with aileron (roll angle) still have their essential
meaning for flight controls, the rudder has only the task of making changes to flight
attitude about the z-axis and of avoiding sideslip angle, This means, in one case, a
relatively low rudder deflection is required in flight to compensate for side-rolling moment
in curved flight and, eventually, for cross-wind landings, while in the case of a failed
engine, a greater rudder deflection is required to compensate for the associated upsetting
moment. Exactly in this last case, the rudder has the primary task for a civil transport of
working against sideslip angle, and not of producing it.

The question can be asked whether the flight test verification of static directional stability
using full rudder deflections justifies the associated risk for aircraft and crew.

2.0 Evaluation
In the investigation of the accident, particular attention had to be paid to the fact that the

aircraft was under test and that the incident occurred on a test flight dedicated to the
verification of various airworthiness requirements.




However, it could not be a matter for the investigation to make conclusions about the
future fulfillability of the airworthiness regulations or to express recommendations about
them.

Likewise it was not possible, and was not in this case, the task of the accident investigation,
to investigate the detailed causes for the structural destruction of the propelier blades.-On - -
the basis of the extreme flight conditions immediately before the failure of the blades
began, the blades clearly were subjected to extreme forces, the type and magnitude of
which could not be quantified. Inertial forces, the high engine output, as well as the high
acrodynamic forces on the blades, especially considering the unsteady flow at increasing
sideslip angles, all could explain the destruction of the propeller blades on the left engine,
while those on the right engine remained undamaged.

The investigation into the accident by the FUS concentrated therefore on the findings and
analysis related to the uncontrolled flight attitude after breaking off the test point T.O.P.
13.14.

In accordance with the Airworthiness Requirements JAR O 25.177 the directional stability
of the aircraft was tested in various configurations. During this testing, some of the results
had been termed "unacceptable” by the PIC, even before test point T.O.P. 13.14 was
reached. In spite of this, the planned order of test points was continued. During flight
testing it is not unusual to continue a serics of tests even if interim results are unacceptable.
This enables a comprehensive evaluation of a series of tests to be made. Moreover, the
crew did not percetve any impact to flight safety due to the occasional uncontrolled "pitch
down" behavior of the aircraft.

During T.O.P. 13.14 the test was initiated by a rudder deflection to the left. The test was
broken off shortly before reaching maximum rudder deflection due to bobbing of the
aircraft nose and strong buffeting.

An essential part of the investigation consisted of an analysis of the ten second Phase
following break-off of the test, during which a normal flight attitude could not be
recstablished, and at the end of which structural failure of the propeller blades on the left
engine occurred.

A relaxation of the elevator at the end of the test was not apparent, which differed from
carlier tests, but at least a high force in the pull-up direction was maintained, without being
able to prevent an increasing pitch down of the aircraft.

In contrast to this, the tests resulting from T.O.P. 13.14 were conducted in such a manner
that the control deflections in all three axes were driven back, and the atrcraft was able to
return to its normal flight attitude due to its stability. (Trans. Note: This paragraph, like
some others, is wrilten in a very confusing manner and its meaning [and the previous one
as well] is not entirely clear.)




The data (RT. CTRL. WHEEL FORCE - Elevator), show increasingly oscillatory values
about the nominal value beginning at the break-off of the test. On the basis of this data, it
is apparent that in this case flow separation on the ¢levator impacted its effectiveness such
that control forces increased to the extent, that in spite of a "Pull-up” on the control wheel,
the elevator deflection increased downward.

The aileron deflection to the left, some three seconds before the structural failure, in order
to support the rolling movement was a conscious input made by the pilot with the intent of
"rolling the aircraft through”. The simultaneous rudder deflection to the left could also
have been a conscious input of the PIC made in order to "coordinate” the roll. In
consideration of the inverted attitude of the aircraft which occurred, this must have had the
opposite effect, that is, a renewed increase of the sideslip angle.

It cannot be excluded, that the control inputs of the responsible pilot in this phase were
decisively influenced by the accelerations and severe flight attitude changes which
occurred. Outside of this, it must be taken into consideration that the rapid pace of events
scarcely gave the PIC time for decision-making and for taking proper corrective measures.

trans-2b.wps
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NTSB Identification: ATL93MA03S For details, refer to NTSB microfiche number 32843A

Accident occurred FEB-03-93 at MARIETTA, GA
Aircraft: LOCKHEED L382E-44K-20, registration: N130X
Injuries: 7 Fatal.

THE ACFT WAS DESIGNED & USED AS THE COMPANY'S ENGINEERING TEST BED. AN
EVALUATION OF THE FLY-BY-\WIRE RUDDER ACTUATOR & GROUND MINIMUM
CONTROL SPEED (VMCG) WAS BEING CONDUCTED. DURING THE FINAL HI-SPEED
GROUND TEST RUN, THE ACFT ABRUPTLY VEERED LEFT & BECAME AIRBORNE. IT
ENTERED A LEFT TURN, CLIAMBED TO ABOUT 250 FT, DEPARTED CONTROLIED FLT &
DNPACTED THE GRND. INVESTIGATION REVEALED A DESIGN FEATURE IN THE RUDDER
ACTUATOR THAT REMOVES HYD PRESSURE WITHIN THE ACTUATOR IF THE RUDDER
POSITION COAMANDED BY THE PILOT EXCEEDED THE ACTUAL RUDDER ACTUATOR
POSITION FOR A SPECIFIED TIME, AND THE RUDDER AERODYNAMICALLY TRAILS. THE
ACTUATOR PREVIOUSLY DISENGAGED IN FLT. THE COMPANY DID NOT CONDUCT A
SYSTEM SAFETY REVIEW OF THE RUDDER BYPASS FEATURE & I'TS CONSEQUENCES TO
ALL FLT REGIMES, NOR OF THE VMCG TEST. THE FLT TEST PLAN SPECIFIED THAT
ENGINE POWER BE RETARDED IF THE RUDDER BECAME INEFFECTIVE. NEITHER PLT
HAD RECEIVED TRAINING AS AN EXPERINENTAL TEST PLT. THE COMPANY ALLOWED
EXPERIMENTAL FLLT TESTS AT A CONFINED, METROPOLITAN ARPT.

Probable Cause

DISENGAGEMENT OF THE RUDDER FLY-BY-WIRE FLIGHT CONTROL SYSTEMN
RESULTING IN A TOTAL LOSS OF RUDDER CONTROL CAPABILITY WHILE CONDUCTING
GROUND MINIMUNM CONTROL SPEED TESTS. THE DISENGAGENMENT WAS A RESULT OF
THE INADEQUATE DESIGN OF THE RUDDER'S INTEGRATED ACTUATOR PACKAGE BY
ITS MANUFACTURER; THE OPERATOR'S INSUFFICIENT SYSTEM SAFETY REVIEW FAILED
TO CONSIDER THE CONSEQUENCES OF THE INADEQUATE DESIGN TO ALL OPERATING
REGIMES. A FACTOR WHICH CONTRIBUTED TO THE ACCIDENT WAS THE FLIGHT
CREW'S LACK OF ENGINEERING FLIGHT TEST TRAINING.
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+ DATA REPORT LOCKHEED-3828/100 HERCULES ACCIDENT +
+ EVENTS |PHASES FLIGHT CONTROL SYSTEM FAILURE-TAKE-QFF RUN +
+ SPIM-INITIAL CLIMB +
+ COLLISION WITH LEVEL TERRAIN/WATER-EMERGENCY/UNCONTROLLED DESCENT +
#rrr T rr e e r e R e s e A s s s r A s T T T e R T T P T T T T T B Y e L L P e e e L P P e I L L L Lt +

++
Come e OPERATION +eesesersccccaaannnnncs > #4 Cosoommsmsoeciciesencens FILE DATA =s=--ceceomcmcnnns cesesn
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ 1CAO FILE 3 93/0414-0

++ FROM STATE : UNITED STATES
FINAL REP +*
<eeoaen sssss DATE, TIME AND METEOROLOGICAL DATA ====secee- > 44 Qecocmomeooconionnons « AIRCRAFT DATA =eeoeoremcscmccoscans >
DATE : 93-02-03 ++ MASS CATEGORY : 27 001 - 272 000 KG
TIME : 13:27 ++ STATE OF REGISTRY = UNITED STATES
LIGHT : DAYLIGHT ++ REGISTRATION : N130X
GEN WEATHER : WVMC +

L d
SR EE LR R SRR LOCATION -----=--=---ommoocecans > 44 €oooceoooooo DAMAGE, INJURY AKD TOTAL ON BOARD =------- ses>
LOCATION : MARIETTA,GA ++ AJC DAMAGE : DESTROYED
STATE/AREA  : UNITED STATES ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : MARIETTA,GA ++ CREW B 0 0 0 0 7
DESTINATION = MARIETTA,GA ++ PAX : 0 0 0 0 i} 0

++

---------------- ~ NARRATIVE ==---==eeecoenan

THE A/C WAS DESIGNED AND USED AS THE COMPANY’S ENGINEERING TEST BED. AN EVALUATION OF THE FLY-BY-WIRE RUDDER ACTUATOR AND
GROUND MINIMUM CONTROL SPEED (VMCG) WAS BEING CONDUCTED, DURING THE FINAL WIGH SPEED GROUND TEST RUN, THE A/C ABRUPTLY
VEERED LEFT AND BECAME AIRBORNE. IT ENTERED A LEFT TURN, CTLIMBED TO ABOUT 250 FT, LOST CONTROL AND IMPACTED TERRAIN.
INVESTIGATION REVEALED A DESIGN FEATURE IN THE RUDDER ACTUATOR THAT REMOVES HYDRAULIC PRESSURE WITHIN THE ACTUATOR IF THE
RUDDER POSITION COMMANDED BY THE PILOT EXCEEDED THE ACTUAL RUDDER ACTUATOR POSITION FOR A SPECIFIED TIME, AND THE RUDDER
AEROOYNAMICALLY TRAILS. THE ACTUATOR PREVIOUSLY DISENGAGED IN FLIGHT. THE COMPANY DID NOT CONDUCT A SYSTEM SAFETY REVIEW OF
THE RUDDER BYPASS FEATURE AND ITS CONSEQUENCES TO ALL FLIGHMT REGIMES, NOR OF THE VMCG TEST. THE FLIGHT TEST PLAN SPECIFIED
THAT ENGINE POWER BE RETARDED IF THE RUDDER BECAME INEFFECTIVE. NEITHER PILOT HAD RECEIVED TRAINING AS AN EXPERIMENTAL TEST
PILOT. THE COMPANY ALLOWED EXPERIMENTAL FLIGHT TESTS AT A CONFINED, METROPOLITAN A/P’S.

------------ SEQUENCE OF EVENTS ===~=vssese-
FLIGHT CONTROL SYSTEM FAILURE - TAKE-OFF RUN
1.RUDDER SYSTEM - INADEQUATE/NOT ENGAGED
1.MANUFACTURER-DESIGN-INADEQUATE
2.MANUFACTURER-QUALITY CONTROL-INSUFFICIENT
2.DIRECTIONAL CONTROL - IMPOSSIBLE !
3.FLIGHT CREW PROCEDURES - NOT FOLLOWED
1.0PERATOR - MANAGEMENT-TRAINING-INADEQUATE
SPIN - INITIAL CLIMB
1.LIFT-OFF - PERFORMED
2.AIRCRAFT CONTROL - I[MPOSSIBLE
3.SPIN - INADVERTENT
COLLISION WITH LEVEL TERRAIN/WATER - EMERGENCY/UNCONTROLLED DESCENT

EVENT 1

EVENT 2

EVENT 3
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+ EVENTS | PHASES: FLIGHT CONTROL SYSTEM FAILURE | TAKE-OFF RUN

COLLISION WITH LEVEL TERRAIN/WATER | EMERGENCY/UNCONTROLLED

+ UNOFFICIAL REPORT
ACCIDENT +
+

+
DESCENT +
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44
< OPERATION >+ < FILE DATA
TYPE  :MISCELLANEOUS - TEST/EXPERIMENTAL ~ ++ICAOFILE  :93/0414-0
++ FROM STATE
-+
< WHEN >++<—— AIRCRAFT DATA
DATE  :93-02-03 ++ MASS CATEGORY  : 27 001 - 272 000 KG
TIME  :13:30 ++ STATE OF REGISTRY :
LIGHT  :DAYLIGHT ++REGISTRATION  :N130X
++
< WHERE >+ < DAMAGE, INJURY AND TOTAL ON
BOARD ———>
LOCATION :MARIETTA, GA ++ AICDAMAGE  : DESTROYED
STATE/AREA : UNITED STATES ++ INJURY : FATAL SERIOUS MINOR NONE
UNKNOWN TOTAL
'DEPARTED : MARIETTA, GA ++CREW : 0 00 0 7
DESTINATION : MARIETTA, GA ++ PAX 0 00 0 0

OTHER DAMAGE :

EVENTS AND FACTORS

1. EVENT | PHASE: FLIGHT CONTROL SYSTEM FAILURE | TAKE-OFF RUN
2. EVENT | PHASE: COLLISION WITH LEVEL TERRAIN/WATER | EMERGENCY/UNCONTROLLED
DESCENT
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- CATHAY PACIFIC AIRWAYS has bested Chi-

I

na Southern Airlines for a 75% stake in

. Air Hong Kong, a struggling cargo car-

rier that reportedly has seen a dramatic
financial turnaround in the past year. Air
Hong Kong operates three Boeing 747-

__100/200s from Polaris Aircraft Leasing

on European routes to Brussels and Man-
chester and Asian routes to Singapore,
Ho Chi Minh City, Nagoya and Kuala

Lumpur, /3'7'1_7 3/\7/4055-

A NATIONAL TRANSPORTATION safety board
report identified a faulty actuator design

. . osthe probable cause of the Feb. 3, 1993,
. crash of Lockheed’s High Technology Test

AVIATION WEEK & SPACE TECHNOLOGY/March 28, 1994 17

Bed (HTTB) aircraft. The NTSB scid the

“disengagement of the rudder fy-by-wire
Right control system® resulted in a total loss
of rudder control during high-speed taxi
tests. “The disengogement was a result of
the inadequate design of the rudder’s in-

tegrated actuator package” by manufac-

turer Lucas Aerospace. The report also
faulted Lockheed for failing to conduct a

“safety review of the rudder bypass fea-
ture and its consequences fo all flight
regimes” ofter the actuator disengaged
during a previous nght All seven crew-
members were killed in the crash of the
highly modified L-100-20 transport [AW&ST
Feb. 8, 1993, p. 17).




National Transportation Safety Board
Washington, DC 20594

Brief of Accident

Adopted 03/18/1994

Printed on : 7/7/2011 5:35:03 PM

ATL93MAO055
File No. 736 02/03/1993 MARIETTA, GA Aircraft Reg No. N130X Time (Local): 13:27 EST
Make/Model: Lockheed / L382E-44K-20 Fatal Serious Minor/None
Engine Make/Model: Allison / 501-M71K Crew 74 0 0
Aircraft Damage: Destroyed Pass 0 0 0
Number of Engines: 4
Operating Certificate(s): None

Type of Flight Operation:
Reg. Flight Conducted Under:

Part 91: General Aviation

Last Depart. Point:

Same as Accident/Incident Location

Condition of Light:

Day

Destination: Local Flight Weather Info Src. Weather Observation Facility
Airport Proximity: On Airport/Airstrip Basic Weather: Visual Conditions
Airport Name: DOBBINS AFB Lowest Ceiling: None
Runway Identification: 11 Visibility: 7.00 SM
Runway Length/Width (Ft): 10000 / 300 Wind Dir/Speed: 130 /003 Kts
Runway Surface: Concrete Temperature (°C): 10
Runway Surface Condition: Dry Precip/Obscuration:
Pilot-in-Command Age: 42 Flight Time (Hours)
Certificate(s)/Rating(s) Total All Aircraft: 7658
Airline Transport; Flight Instructor; Flight Engineer; Multi-engine Land; Single-engine Land Last 90 Days: 74

Total Make/Model: 1260
Instrument Ratings Total Instrument Time: 1124

Airplane

THE ACFT WAS DESIGNED & USED AS THE COMPANY'S ENGINEERING TEST BED. AN EVALUATION OF THE FLY-BY-WIRE RUDDER ACTUATOR & GROUND MINIMUM
CONTROL SPEED (VMCG) WAS BEING CONDUCTED. DURING THE FINAL HI-SPEED GROUND TEST RUN, THE ACFT ABRUPTLY VEERED LEFT & BECAME AIRBORNE. IT
ENTERED A LEFT TURN, CLIMBED TO ABOUT 250 FT, DEPARTED CONTROLLED FLT & IMPACTED THE GRND. INVESTIGATION REVEALED A DESIGN FEATURE IN THE
RUDDER ACTUATOR THAT REMOVES HYD PRESSURE WITHIN THE ACTUATOR IF THE RUDDER POSITION COMMANDED BY THE PILOT EXCEEDED THE ACTUAL RUDDER
ACTUATOR POSITION FOR A SPECIFIED TIME, AND THE RUDDER AERODYNAMICALLY TRAILS. THE ACTUATOR PREVIOUSLY DISENGAGED IN FLT. THE COMPANY DID
NOT CONDUCT A SYSTEM SAFETY REVIEW OF THE RUDDER BYPASS FEATURE & ITS CONSEQUENCES TO ALL FLT REGIMES, NOR OF THE VMCG TEST. THE FLT TEST
PLAN SPECIFIED THAT ENGINE POWER BE RETARDED IF THE RUDDER BECAME INEFFECTIVE. NEITHER PLT HAD RECEIVED TRAINING AS AN EXPERIMENTAL TEST
PLT. THE COMPANY ALLOWED EXPERIMENTAL FLT TESTS AT A CONFINED, METROPOLITAN ARPT.



Brief of Accident (Continued)

ATL93MAO055
File No. 736 02/03/1993 MARIETTA, GA Aircraft Reg No. N130X Time (Local): 13:27 EST

Occurrence #1: LOSS OF CONTROL - ON GROUND/WATER
Phase of Operation: OTHER

Findings
1. (C) FLT CONTROL SYST,RUDDER CONTROL - INADEQUATE
2. (F) ACFT/EQUIP,INADEQUATE DESIGN - MANUFACTURER
3. (C) INADEQUATE SUBSTANTIATION PROCESS,INSUFF REVIEW - COMPANY/OPERATOR MGMT
4. (C) FLT CONTROL SYST,RUDDER - DISENGAGED
5. (C) DIRECTIONAL CONTROL - NOT POSSIBLE - PILOT IN COMMAND
6. PROCEDURES/DIRECTIVES - NOT FOLLOWED - PILOT IN COMMAND
7. (F) INADEQUATE TRAINING - COMPANY/OPERATOR MANAGEMENT

Occurrence #2: LOSS OF CONTROL - IN FLIGHT
Phase of Operation: TAKEOFF - INITIAL CLIMB

Findings
8. LIFT-OFF - PERFORMED - PILOT IN COMMAND
9. (C) AIRCRAFT CONTROL - NOT POSSIBLE - PILOT IN COMMAND
10. STALL/SPIN - INADVERTENT - PILOT IN COMMAND

Occurrence #3: IN FLIGHT COLLISION WITH TERRAIN/WATER
Phase of Operation: TAKEOFF - INITIAL CLIMB

Findings Legend: (C) = Cause, (F) = Factor

The National Transportation Safety Board determines the probable cause(s) of this accident as follows.

DISENGAGEMENT OF THE RUDDER FLY-BY-WIRE FLIGHT CONTROL SYSTEM RESULTING IN A TOTAL LOSS OF RUDDER CONTROL CAPABILITY WHILE CONDUCTING
GROUND MINIMUM CONTROL SPEED TESTS. THE DISENGAGEMENT WAS A RESULT OF THE INADEQUATE DESIGN OF THE RUDDER'S INTEGRATED ACTUATOR PACKAGE
BY ITS MANUFACTURER; THE OPERATOR'S INSUFFICIENT SYSTEM SAFETY REVIEW FAILED TO CONSIDER THE CONSEQUENCES OF THE INADEQUATE DESIGN TO ALL
OPERATING REGIMES. A FACTOR WHICH CONTRIBUTED TO THE ACCIDENT WAS THE FLIGHT CREW'S LACK OF ENGINEERING FLIGHT TEST TRAINING.
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REQUEST 074/98, REPORT 24 -~
+ UNO AL REPORT MCOONNELL-DOUGLAS-CC-9-10
+ EVENTS|PR COLLISION WITH LEVEL TERRAIN/WATER-EN-ROUTE

FILE DATA --
1CAD FILE 9370268-0
FROM STATE

MISCELLANEOUS~:, TEST/EXPERIMENTAL

FINAL REP

Crwwsranmsan DATE, TIME AND METEOROLOCGICAL D Cemmmesons = AIRCRAFT DATA
93-04-02 MASS CATEGORY 27 001 - 272 000 KG
00:00 STATE OF REGISTRY VENEZUELA

DAYLIGHT REGLSPRATION Yv-03C

b3 40 4 3 35 O g4

1

LOCATION ==-csrsrarerrrasnn-pole-y
KEAR MARGARITA ISLAND
STATE/AREA VENEZUELA
DEPARTED
DESTINATION

DAMAGE, INJURY AND TOTAL ON BOARD +--
:  DESTROYED
FATAL SRIOUS MINOR NONE UNKNOWN TOTAL
3 ' 0 0 0 3
7 0 B 0 0 7

b 3R O 5 35 g

NARRATIVE ==wesscsseanaacn

DURING A TEST GHT FOLLOWING ROUTINE MAINTENANCE, THE AIRCRAFT APPEARS TO HAVE GOT INTO DIFFICULTIES AND CRASHED INTO

THE SEA OEF-FMARGARITA ISLAND. THE ACCIDENT WAPPEMED IN DAYLIGHT AND IN GOOD WEATHER. THE DC-9 HAD DEPARTED CARACAS-SQME

37MIN~CARLIER AND ALL SEEMS TO HAVE BEEN WELL UNTIL SOME 9MIN. AFTER THE START OF TEST MANOEUVRES WHEN A BRIEF MAYDAY
PICKED UP BY ATC.

RECUEST 074/98, REPCRT 25
+ PRELIMINARY REPORT DEUTSCHE AEROSPACE (DASA)-
+ EVENTS |PHASES SEPARATION IN FLIGHT - GEAR DOOR-CRUISE
WHEELS-UP LANDING-INTENTIONAL-LEVEL OFF/TCUCHDOWN

“avsveas OPERATION S LI OIS FILE DATA
: MISCELLANEQUS - TEST/EXPERIMENTAL 1CA0 FILE 93/0134-0
FROM STATE GERMANY

DATE, TIME AND METEOROLOGICAL DATA ===-e=saae >
: 93-04-29
: 17:10

s DAYLIGHT

AIRCRAFT DATA
MASS CATEGORY 2250 - 5700 KG
STATE OF REGISTRY GERMANY
REGISTRATION D-FANA

GEN WEATHER e

frosranssassaveswrseansen
LOCATION

STATE/AREA GERMANY
DEPARTED MARCHING
DESTINATION MANCHING

DAMAGE, INJURY AND TOTAL ON BOARD
A/C DAMAGE :  SUBSTANTIAL
INJURY FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
CREW 0 0 0 1 0 1
PAX 0 0 0 0 0 0

b3 g 4P OB 35 B 35 45 45 5 35 3 4 9

NARRATIVE
DURING A TEST FLIGHT UNDER HIGH SPEED CONDITIONS (375 XT) THE GEAR DOORS WWERE OPENED MANUALLY AND SEPARATED. THE RIGHT
GEAR WAS LOCKED BECALISE OF A HYDRAULIC FAILURE, THE A/C WAS LANDED ON THE LEFT MAIN GEAR AND NOSE GEAR.




Bundesstells £8r Flugunfalluntersuchung
Aermann-Blenk-Strafa 16
0-38108 Braunschwelig

Patensarz

unfall eines deutechen Lfz. im Inland
ohna Verletzte

tufrfahrzeugart : Flugzeug
Lufttahrzeughersteller : DASA

Muster/Typ . FROE
Eintragungsetaat : Deutechkland

patum der Stdrung : 28£04/199)1 @
Uhrzeit der Storung : 17.10 Uhr
Stdrungsort L oce fron : Manching
Regierungebezirk/Staat : Cherbayern (BY)

1.0 Tatsachenermittlung
1.1 Flugverlauf

petriebeart - Allgemeine Lutrfahrt : verechiedene Betrieksarten
: = Versuchs-, Forschungs-, Erprobungsflug
arc des Halters - Allgm. Lufttshrut : Hersteller
FS-Flugplan/Freigake : ohre Flugplan
Letzter Akxflugort : Manching
Zielort : Manching
1. petriebephase : Flugphase
: = Reiseflug
1. Art der Stérung : Augsfall der Fahrwerksanlage, ATA 32
2. Betriebsrhase : Landephaee
: = AbfangenjAufsetzen
2. art der Starung : Landung mit nichr/rtellw. ausgefakrenem Fahrw.
Art der Notlage : vermutete oder bemerkte Schiden am Lfz.
: Fahrwerkfehlfunktion
Notlandung / Voreorgliche Landung : Notlandung auf einem Flugplatz
Seschwindigreit bei Stérunggbeginn : 37¢ kt
Flughdhe bei Einrritt der Stdrung : 20000 Fuf S.NN

1.2 Fersonenschiden

keine Verletzren

1.3 Schaden am Luftfahrzeug

Luftfahrzeug ; gchwer beschadigt

1.4 Sachechaden Dritter

keiner




31X117-0/9)3

1.5 Angaben zur Beratzung

Luftfahrzeugtthrer am Steuer : verantwortlicher LufttahrzeugtChrer

verantwortlicher Luftfahrzeugfthrer

Lebensalrer : 48 Jahre

Erlaubnie : Verkehrslufttakrzeuqflhrer
Lufrfahrerschein - erscmal.Ausstllg: Luftfahrr-Bundesam:

= Jahr der Ausatellung : 86

Giltigkeir der Erlaubnis : am Unfalltagae glltig

Berechtigungen - Kategorie u.Klasse: einmotorige Land-Flugzeuge - bis 5700 kg
Musterberechtigung : erforderliche Berechtigung vorhanden
Sonstige Berechtigungen : Teetflug-Eerechtigunyg

Galtigkelt der maRgebl. Berechtig. : Berechrtigung gflrig

Gesamt flugerfahrung : 4074 Stunden

Flugerfahrung auf dem Muster : 12 Stunden

Landungen auf dem Muster

- Jepamt : 5 bis 10

- in den letzten 30 Tagen : % bis 10

FliegerArzrtl. Tauglichkeiteklasee : tauglich ohne Auflagen und Beschrankungen

1.6 Angaben zum Luftfahrzeug

tuftfahrzeughereteller : DABA

Muster/Typ : FROG

Luftfahrzeug-wWerknummer : RFO1

Luftfahrzeugart : Flugzeug

Flugmasea : Ober 2 000 kg -~ % 700 kg
Fluggewicht : innerhalb der zuldssigen Grenzen
Schwerpunkxtlage : innerhalb der zuldssigen Grenzen
fahrwerksart : einziekbares Bugradfahrwerk
Triepwerksart : Zwelkrels-Turbinen-Strahltriebwerk
Gesamt -Betriebszeit das Lfz. %6 Stunden

Nachprifungs- und Nartungarontrolle

Art der letzten Wartungskontrolle : sonstige

1.7 Meteorcloglsche Informationen

Lichrverhidlrnisse : Tageslicht

Windrichrung : 050 Grad

wWindgeschwindigkeit + 13 kt

Sicht am Boden : mehr als 10 km

&rtliche Sichtbehinderung : kelne

Bewdlkung : heiter - 1/8 bis 4/8 Cbher 1 000 Lt
Haupwalkenuntergrenze : kelne

Niederschlag 1 keiner

Flugwetterbedingungen : Sichtwetterbedingungen

1.8 Navigationshilfen
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1.9 Funkverkehr

Sprechtunkvarbindg.m.Bodenfunketel. :
Bodenfunkstelle t

1.10 angaben zum Flugplacz . . -
Hame des Flugplatizes

Flugplatzart
Luftaufaichr/Flugleitung

vorhanden und 2ufriedenstellend
Flatzkontreolle

: Manching
: Militdrflugplatz/zivile Mitbenutzung
: Luftautsicht/Flugleitung - in EBetrieb

Héhe des Flugplatzeas : 1207 Fug
Bahnart - Start- und Landebahn : Beton
Verflgbare Bahknlange : 4000 Meter
8/L-pahn - Richtung : O7R

pahnzuetand

1.11 Flugschreiber

1.12
Galidndeart - Cberflichenzustand
Lage das Wracks

+« Abstand von der Bahnschwelle
= Richtung von der Bahnmittellinie :

1.13 Medizinische und pathologlsche

1.14 8rand

Entetehung/Fortsetzung des Brandes :

1.1% tUberlebenemdglichkeiten

2.0 Auswartung

von den méglichen Ursachen sind
ermitteltc

: normaler Baknzustand

Angaben Ober Wrack und Aufprall
: Beton, Ftlasteyr, Asphalt usw.

: 600 Mater

0 Grad

Angaben

Brand nicht entstanden

Flugwerk durch
- pefund am Luftfahrzeug
ponstiges Luftfahrtperscnal durch

: = Befund am Luttfahrzeug

J.¢ Schlufifolgerungen
1. Betriebsphase

1. Art der stérung
2. Betrlebephase

: Flugphase

- Reiseflug

; Ausfall der Fahrwerksanlage, ATA 32
: Landephase

: = Abfangen/aAufsetzen

2. Art der Stdrung
Notlandung / vVoraorgliche Landung
Ursachen

- dar 1. Stdrungeart

: Landung mit nichc/reilw. ausgefahrenem Fahrw.
: Notlandung auf einem Flugplatz

: Flugwerk
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Ursachen
- der 1. Brdrungsart : Rumpf
: = Fahrwerkklazappen
: - im Flug vom Luftfahrzeug abgeldst
- dar 2. Stdrungsart : Flugwerk
: Fahrwerk
: = Ein- und Austahrmechanismus - Normalbetrieb
+ Leck/uUndichtigkeit
Flugwerk
Fahrwerk
: - Hauptfahrwerksbelna, Streben, Befestigungen
: - blockiert
- beider Storungsarten : sonstiges Personal
: Entwicklungs-/Fertigqungspersonal
: = ¥onstruktlonemidngel

Bemerkungen:
Im Schnelltlug wurden die Hauptfahrwerkklappan
aufgezogen und abgerissen. Cie Fahrwerklappen sol-
len k@inftig verriegelt werden.

4.0 Empfehlungen

kelne

Verteller : Bundesminister fir verkehr

: Luftfahrt-Bundesamt
Abt. Technik und Gruppe Recht
Bayerieches Staateministerium fdr Wirtschate
und Verkehr
International Civil Aviation Organization

: Deutecher Aero-Club

: Seneral Fluasicherheit in der Bundeswehr
Leiter der Voruntersuchung

graunschweig, den 08/06/133)

gez. |BQttner)
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REQUEST 074798, REPORT 28 tersscanactd

+ UNOFFICIAL REPCRT FOXKER-100 INCIDENT
+ EVENTS|PHASES GEAR COLLAPSED/RETRACTED-LANDING ROLL
OVERRUN-LANDING ROLL

Cemecssrasnsnoen OPERATION =--=c--ce=n e
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL

FILE DATA
ICAD FILE 93/0442-0
FROM STATE
FINAL REP
DATE, TIME AND METEOROLOGICAL DATA
s 93-06-10

ATRCRAFT DATA
MASS CATEGCRY 27 001 - 272 000 KG
STATE OF REGISTRY
REGISTRATION

LOCATION ==-=-=scssscammcnnnmn= >
GRONINGEN
NETHERLANDS KINGDOM OF THE

DAMAGE, INJURY AND TOTAL ON BOARD
A/C DAMAGE : MINOR
INJURY FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
CREW 0 1] 0 7 0 7
PAX 0 0 Q 0 0 0

LOCATION
STATE/AREA
DEPARTED
DESTINATION

as 0B e we

IS RSB S5 ISP 5 R P

NARRATIVE -~~~
AIRCLAIMS: DURING A PLANNED TOUCH AND GD ON RUNWAY 23, WITH THE LANDING PORTION OF THE MANDEUVRE BEING CARRIED OUT WITH
ZERO FLAPS, THE AIRCRAFT TOUCHED DOWN ‘FIRMLY’ AND BOUNCED BEFORE TOUCHING DOWN AGAIN ON 1TS MAIN UNDERCARRIAGE. ALMOST
IMMEDIATELY AFTER THE SECOND TOUCH DOWN THE CREW FELT A MARKED VIBRATION AND THEREFORE ELECTED TO ABORT THE TAKE-OFF.
REVERSE THRUST WAS SELECTED BUT IT IS REPORTED THAT OMLY THE NO. T ENGINE’S THRUST REVERSER DEPLOYED. THE AIRCRAFT
SUBSEQUENTLY VEERED TO THE LEFT AND RAN OFF THE SIDE OF THE RUNWAY ABOUT 850M INTO THE LANDING ROLL. AFTER LEAVING THE
RUNWAY THE LEFT AND RIGHT MAIN UNDERCARRIAGE COLLAPSED. THE ACCIDENT HAPPENED DURING A DEVELOPMENT TEST FLIGHT WITH
THE AIRCRAFT FITTED WITH A NEW MENASCO UNDERCARRIAGE.

T ERRELECTTELTY ETTT IR S EBLLEETTEETEL RIS - REQUEST 074/98, REPORT 29
+ UNOFFICIAL REPORT ILYUSHIN-1L-62 ACCIDENT
+ EVENTS!PHASES UNSPECIFIED FAILURE-FIRST ENGINE-TAKE-OFF RUN
+ SPIN-INITIAL CLIMB
MUSH/STALL-INITIAL CLIMB
COLLISION WITH LEVEL TERRAIN/WATER-EMERGENCY/UNCONTROLLED DESCENT

trAsEsEsEsTEEEes e ... tasmmsssssemseca e P L L L L L L T -

wweans OPERATION ----
MISCELLANEOUS - TEST/EXPERIMENTAL

FILE DATA
1CAO FILE 93/0287-0
FROM STATE

+ DATE, TIME AND METEOROLOGICAL DATA
: 93-07-05

AIRCRAFT DATA
MASS CATEGORY 27 001 - 272 000 KG
STATE OF REGISTRY
REGISTRATION

LOCATION
LOCATION :  RAMENSKOYE
STATE/AREA USSR
DEPARTED RAMENSKOYE
DESTINATION

DAMAGE, INJURY AND TOTAL ON BOARD
A/C DAMAGE ¢ DESTROYED
INJURY : FATAL SERIOUS MINOR NCNE UNKNOWN TOTAL
CREW 3 5 4 1] 0 Q 9
PAX : v 0 0 0 1] 1]

S S S S S S S S S SR EEEEE

+

+
+
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+
*







" schedule of 1992

L% \-\

1% e

CRASHES = |
DURI_NQ.ELIGHT TEST o

Apmfofypo Ilyushm II-IM h:rboprop
regional transport aircraft crashed
after tokeoff from the Russian Flight Re-~
search Institute July 5, killing three of the

evghf crewmembers on boord and In]ur- '._

ing the others e
ng den‘u expedod fo slgmﬁccni-

ty delay certification of Iha 60sect h'unb

port, which al
ready had slipped

from its original

{AWAST Apr. 9,
1990, p. 32). :
Industry officials
said the )
crashed s afF

ed
shnrt[y u&ertl?ﬁmg ofF"
from Zhu oysk

composnepmpeﬂer TbaW?lI?husu
2,500shp. takeoff rating for its upprco*
tion on the Il-'lhl (AW&ST Mor 30
1992, p. 52). 3t T
The aircraft’s elevator and ruddar are .
“‘mechanically driven by rods (AW&ST
Apr 16, 1990, p. 70). .4
> The llyushln dwgn buraou developod '
“the IL114 for re-
gional operations ~
in the former Sovi-
"ot Union and for '
' Production *

1144 is planned to
* fonov An21 trans-

ter litting off
the flight institute’s

airfield ot Zhukovsky near Moscow o

Officials soid tha aircraft hod been un-
dergoing certificotion Right tests and was
not covered by insurance. An investigo-
honrode?emmerhecauuoftheocd-
dent is underway. EIN L s

Thyushin’s First L4 mode rts maiden
Right in March, 1990, in a test, develop-~
ment and certification program that was
1o logy about 1,000 hr,

The twin-engine aircraft Is pcwarod
Klimov design bureau TV7-117 engines,
each driving a sixblade Russlon Stupino

Certification of | ltl.n ||-|'|4 éfyoz
ground) is 1o be delayed
crash of a The aircraft is being

:’Comnmwauhh of Ind

: ports” in semco
-+ "5 throughout ~ the -
Siates. ~ -_'

Ityushin teamed with the Russian gov-
ernmentrun Avi organization to '

‘market the aircraft in former Sovietbloc -

countries, as well a3 Iu Gﬁ:p India,

Egyptand Torkey. -2 S5myi,0e 25 51
- Uzbekistan

ordored 10 II-
‘1143, ond the oirline been p

. Ing operational tests with two of them. A

fhnn ooﬁ:rud I:EW was received from
e Arkhongelsk civil aviation dopor!-
ment in nongorn Russia. .’;my on.r““

The primary production 3
1141 utTashl:ant whers 10 aircroft are
in various stoges of manufacture and oy
sembly. Moscow’s MAPO Dementiev Alr-
craft Production Assn olso Is building the
oln:m& c EWTLA R T .
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Aircraft accidert description 0%.07.1993 Tlyushin 114
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Accident description

v ,‘1
Date: 05.07.1993
Type: livusivn 114
Operator: Ilyushin
Registration: RA-54001
C/n: 01-05?
Year built:
Crew: 5 fatalities / 9 on board
Passengers: 0 fatalities / 0 on board
Total: 5 fatalities / 9 on board
Location: Ramenskoye (Russia)
Phase: Initial Climb
Nature: Test
Flight: - (Flightnumber }
Remarks:

The no.2 engine didn't develep enough power on takeoff and a
problem occurred with the electrical system. The [I-114 rolled and
pitched steeply nose-up following takecff, stalled and crashed.

Source:
S170 + ST794

{dizuiarre}

Copyright © 19956-2000 Harro Ranter / Fabian Lujan

Aviation Safety Network; updated 3 January 2000

0772372000 6:46 PM




Gradual development. Page 1 of 1

Flight International

The following is a free summary of a premium quality
document from Northern Light's Special Collection. If you (v Purchase Docy lnet!t_;)

wish to purchase the entire document, please press the Money Back Guarantee
"Purchase Document™ butten.

Title: Gradual developme;t.
(development of Ilyushin 11-114)

Summary: The Hyushin I1-114, a twin turboprop capable of carrying 64
passengers 1,000 km with fuel consumption of 20 g/km is due for
certification in Apr 1997 after many delays due to funding and
technical problems.

Rge:g‘nﬂ? Source: Flight International
Date: April 23 1997
Price; $2.95
Document Size: Short (up to 2 pages)
Document ID: PC19970926560003345
Subject(s): Aimplanes—Design and construction
Citation Information: (v151 n4571) Start Page; p61(2) ISSN: 0015-3710
Author(s): Dufty, Paul
Document Type: Article

(: Putchase Docyment- }

No risk policy Ifyou buy an article and you are not

satisfied with it, let us know and we will refund your money - Monev Back Guarant
no questions asked. Please press the "Money Back Guarantee™

link for additional information about this policy.

‘hat is th ia llection? The Special Collection is a unique combination of
premium data representing over 4,500 journals, books, magazines, databases and newswires not
easily found on the World Wide Web. Not only is most of the data completely unavailable on the
Internet, the collection and breadth of information offered in one place is unique to Northern

Light.
Portions of above Copyright © 1997-1998, Northern Light Technology LLC. All rights reserved.

(i New Searcn <} (Return te R“"“’}f’

http://secure.northemlight.com/cgi-bin/pdserv?cbrecid=PC19970926560003345&cb=9&dx=0 10/22/98




07/05/23
e REQUEST 140/94, REPORT # 224
R
+ UNOFFICIAL REPORT ILYUSHIN - IL-62 ,57 ACCIDENT +

+ EVENTS | PHASES: UNSPECIFIED FAILURE -FIRST ENGINE | TAKE-OFF RUN
+

+ SPIN | INITIAL CLIMB +

+ MUSH/STALL | INITIAL CLIMB +

+ COLLISION WITH LEVEL TERRAIN/WATER | EMERGENCY/UNCONTROLLED
DESCENT +

++++++++-+ -+ e e e e
+++—++—++-++++ -+

H
< OPERATION >+ < FILE DATA
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ ICAOFILE : 93/0287-0
+ FROM STATE
H
< WHEN >++ <o AIRCRAFT DATA
DATE : 93-07-05 ++MASS CATEGORY  :27001 - 272 000 KG
TIME Do ++ STATE OF REGISTRY :
LIGHT : ++ REGISTRATION
.+_‘.
< WHERE >+ < DAMAGE, INJURY AND TOTAL ON
BOARD >
LOCATION :RAMENSKOYE ++ A/C DAMAGE : DESTROYED
STATE/AREA : USSR ++ INJURY : FATAL SERIOUS MINOR NONE
UNKNOWN TOTAL
DEPARTED : RAMENSKOYE +CREW : 5 4 0 0 0 9
DESTINATION : +HPAX : 0 0 0 0 0 O
OTHER DAMAGE :
trmaee :- ----------------------------------------- RE_ . 3 c--ce-mtssasmamsessmareaccertrsancscaanccnan. * .
+ UNOFFICIAL REPORT 2 ILYUSHIN-1L-62 ) ACCIDENT +
+ EVENTS |PHASES UNSPECIFIED FAILURE-FI E-TAKE-OFF RUN .
. SPIN-INITIAL CLIMB +
+ MUSH/STALL- INITIAL CLIMB +
+ COLLISION WITH LEVEL TERRAIN/WATER-EMERGENCY/UNCONTROLLED DESCENT +
Coemmrmomenc e eeen OPERATION ---vesssmcmcessconancan O FILE DATA soesseecssocmcmeecncean >
TYPE : MISCELLANEQUS - TEST/EXPERIMENTAL ++ ICAD FILE : 93/0287-0
++ FROM STATE :
FINAL REP -
K=ce=cceeces AND CAL DATA --====++=- » 44 goccmcmcmcmssosncamnen CR ATA ~========cccecocccom- >
DATE D ETEOROLOIEAL DATH ++ MASS CATEGORY @ ertI:gl ‘-‘37% 000 KG
TIME : 000D ++ STATE OF REGISTRY :
LIGHT : ++ REGISTRATION
GEN WEATHER = +
S e EE LTI LT LOCATION ==----esssnnmmanmmmaancs R DAMAGE, INJURY AND TOTAL ON BOARD =-----=---- >
LOCATION t RAMENSKOYE ++ A/C DAMAGE :+ DESTROYED
STATE/AREA  : USSR ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : RAMENSKOYE + CREW 3 5 4 o 0 0O 9
DESTINATION & s PAX  : 0o 0 o o0 o 0

-




OTAL /797
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CHI9IMA276 http/fwww.nish gov/NTSB/bricf2 asp?ev_id=20001211X12882& nsbno=CHI93MA276& akey=1

,. CHI93MA276 | / / A 5/ 7

HISTORY OF FLIGHT

On July 26, 1993, at 1352 central daylight time, a Canadair CL-600-2B19 airplane, Canadian registry
C-FCRJ, departed controlled flight while maneuvering, and descended to ground collision near Byers,
Kansas. The two test pilots and flight test engineer aboard were fatally injured. The airplane was
destroyed by impact and postcrash fire. Visual meteorological conditions existed. The airplane was
operated by the manufacturer on a performance improvement test, designated as flight 388. The flight
originated at 1331 from Wichita, Kansas and operated VFR under 14 CFR 91; a ﬂlght p!an had not been
filed with the FAA.

The test flight was part of the Regional Jet Performance Improvement Flight Test Program (Canadair
report number RAG-601R-106). The program was to repeat all portions of certification testing which
pertained to configuration changes or expanded capabilities. At its conclusion, Canadair would apply to
Transport Canada (TC) and present the test data for amendment to the airplane’s type certificate. On the
accident flight, tests encompassed a new flap setting, a leading edge fainng to smooth the sweep
transition at wing station (WS) 148, and a lower reference operating speed (1.13 Vs) allowed by TC and
the FAA. ,

Before flight, an engineering brief convened among flight crew, engineers, technicians and
aerodynamicists. The captain chaired the briefing; the chief test pilot attended to observe. Topics
included airplane configuration, load, maintenance status, and instrumentation. The flight test engineer
briefed an outline he had written, called the flight plan. The flight plan bundled tests from
RAG-601R-106 and was conditioned on preceding accomplishment of other tests. The flight plan listed
tests to be conducted, their sequence, conditions, and data to be obtained.

Flight 388 was the first on which any of the operator’s pilots attempted a steady heading sideslip (SHSS)
maneuver at 1.13 Vs with flaps 8 degrees and WS148 fairing. The SHSS is a trial of lateral and .
directional stability in a configuration. It is performed at constant speed with aft center-of-gravity (CG),
by deflecting rudder while opposing with aileron to hold heading. In the maneuver, increasing rudder
deflection should generate proportionate sideslip (beta), and control force should not drop off. The
maneuver concludes with releasing control deflections. The low wing's rising at aileron release indicates
positive static lateral stability; nose movement toward center at rudder release indicates positive static
directional stability.

The stall protection system (SPS) shaker and pusher activation points for flaps zero, 20, 30 and 45
degrees were based on natural stalls without sideslip in an airplane without the WS148 fairing,
Activation points for flaps-8 were based on engineering estimates of lift improvement from the WS148
fatring, and were at higher angles-of-attack than would be interpolated from points for other flap
settings. Sideslip influence on angle-of-attack sensors for the SPS had not been established at the new
flap setting and was to be refined with data from the flight.

Aerodynamicists told the crew data would be sufficient if the SHSS terminated at onset of the stall
waming or 15 degrees beta.
Wot Cot cect
The latter ts a minimum cnterion for ceniﬁcatio;:.‘The pilots’ practice in SHSS had been to proceed to
full rudder deflection if performance during the maneuver appeared predictable. The aerodynamicists
explained that while reviewing data from flight 386 they observed shaker initiation during SHSS. They

03/17/2001 6:37 PM
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stated they had never encountered pusher activation during SHSS and did not want one. It was agreed
among crew and aerodynamicists to cut off the maneuver at stall warning shaker.

Before taxi, the captain electrically powered and armed the anti-spin parachute system and cycled the

hooks wlnch clasp the parachute shackle to the airframe. He cycled them from unlocked to locked and

unlocked again. Before takeoff he briefed the copilot about aborting takeofT, "if I ask for it, you'll lock,

deploy the chute.” - , S

The flight took olT and the crew completed a longitudinal trim test while flying west to the test area. In
the setup for the first SHSS, the test engineer read from the ﬂxght plan the conditions: 146 knots
(calculated 113 vs), ﬂaps-S gear up, “to the shaker.” The captain and copilot acknowledged.
Commencing about 12,500 feet MSL with idle power, the captain gradually increased right rudder, and
the copilot read beta. The captain remarked "buffet starts” after the copilot read 12 beta. The chief test
pilot later explained this was random airframe buffet from sideslip, and stated the alrplane exhibits little
or no aerodynamm buffet before stall.

Shaker onset occurred at 17 beta. The captain remarLed shaker and continued without pause. The
copllot began reading alpha (angle-of-attack) with beta. At 11 alpha and 19 beta, the captain remarked,
"a little bit of pitch instability," then reported, "on the stop" (full rudder) The copllot read 21 beta.

As the captain reported releasing aileron, a tone similar to the stall identi ﬁcanon hom sounded. The
airplane rolled rapidly right toward inverted. Recorded data show the roll began near time 1351:25.

The copilot told the captain, "just keep going.” The roll continued toward upright. Altitude was about
11,500 feet MSL. Angle-of-attack after the roll was at least 35 units (recording limit), and remained
there from 135 1'32 to :52.

The copilot asked, "want me to release the chute?” The captam s response was unclear on the cockplt
voice recorder, "stop (at)" The copilot asked, "at eight?" The captain commanded, "chute out.” Five
seconds later, the captam asked if the chute were out the copilot answered, "yeah.”

Angle-of-anack decreased below stall angle at 1351:56, with the airplane rolling beyond 60 degrees
right wing down, and pitched 60 degrees nose down. Altitude was about 6800 feet MSL, alrspeed about
190 knots.

A witness described the airplane heading slowly north before rolling 1 1/2 or 2 1/2 times, during which
the nose came down. The airplane changed heading through west, and roll abated near a south heading,
The airplane was slightly left wing down, and vapor trailed the wingtips as the nose appeared to rise.
The airplane descended from view, and a fireball erupted.

Another witness recounted a parachute issuing from the tail and continuing away from the airplane.

The Pratt County Sheriff department first received telephone notification of the accident from a witness
at 1356 CDT.

OTHER DAMAGE

Several acres of grain stubble and standing corn were fucl-soaked and scorched.
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PERSONNEL INFORMATION

The first pilot, as captain, occupied the left pilot seat. He joined Canadair in 1978 as an engineer. He
joined the flight test section around 1980 as flight test engineer. At intervals of about 5 years, he
advanced to copilot, then to captain. He flew various jet and propeller airplanes in the manufacturer's
inventory, lately the CL-600 Challenger and the accident model. The current program was the first for
which he had been assigned lead test pilot. He held a Canadian air transport pilot certificate, and FAA
commercial pilot certificate with instrument rating. No record was found of flight background in . -
aerobatics or formation, nor formal training in swept wing or jet aircraft. His jet aircraft experience was
obtained in the course of ﬂlght test involvement. He had 875 total hours in model, about 200 hours as,
pllot-m-command. . . .

The copilot joined Canadair in 1991 as a test pilot after 9 years in the Royal Canadian Air Force. He had
flown Grumman S-2 and Lockheed T-33 airplanes, and had been an instructor and check pilot in the
military He held a degree in mechanical engineering. He held a Canadian air transport certificate. Since
joining Canadair, he had flown the Challenger and the accident model. He had 756 total hours in model,
about 65 hours as pilot-in-command. -

The third crewman, a British emigre to Canada, joined Canadair in 1979 as an aeronautical engineer. He
was the senior flight test engineer for this model's certification program. He held no airman credential,
nor was any required. As a flight test engineer, he had been aboard airplanes about 2600 flight hours,
600 in the accident model. His flight task was to monitor tests' setup and conduct, note observations and
assure data were adequate to the test purpose. His task involved extensive preparation and coordinating
with engineering and support personnel, and included writing a plan for the test flight.

Both pilots were Canadian citizens. Both applied to TC in 1992 for type rating in model, with
recommendation from the chief test pilot, who is not an instructor or examiner. The ratings were issued
without examination or flight check, there being no examiner designated by TC at the time. Neither .
pilot attended a training course in model which the manufacturer began offering customers' pilots after
type certification. Neither attended a test pilot course. The pilots had flown together 165 hours, usually -

with the first pilot commanding and occupying the left seat. They flew together twice Friday, July 23,
with another flight test engineer.

The 3 crewmen moved to Wichita in 1991 to conduct flight tests in model from a facility owned by

Learjet, a subsidiary of Bombardier as is Canadair. All were off duty over the weekend before the
Monday flight. _

AIRCRAFT TNFORMATION

The airplane was comp!ctcd in 1991 and was the first of its model. Ils U.S. model desngnator is
CL-600-2B19. An equivalent airplane in commercial service is a 50-passenger transport airplane ca]lcd
Regional Jet. The airplane was powered by 2 General Electric CF34-3A1 turbofan engines, each with
8730 pounds takeofT thrust.

Transport Canada issued annual flight permits for experimental use. The airplane was moved in 1991 to
Wichita for contmumg tests and development. FAA issued Spec:al Flight Authonizations annually for
flights in U.S. airspace.
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Transport Canada issued type approval for the model July 31, 1992, The FAA issued type certlf' catlon
January 21, 1993.

The manufacturer used the airplane and two like it for flight tests. The usual crew compliment was two
pilots in the cockpit and a flight test engineer at an instrumented console in the cabin.

The accident airplane was extensively instrumented. Flight control displacement and force were.. .. ... - -
measured at the left column and pedals, necessitating most tests be flown by the left seat pilot. Controls
at both pilot stations were functional.

Among custom instrumentation were indicators for alpha and beta sensed at a noseboom. The sensors’ ™
" remote mounting permitted readings less subject to airflow disturbance over the fuselage. The standard

instrument suite's angle-of-attack sensors on either side of the fuselage drive the stall protection

computer Test sensors and instruments prowdt.d no input to the SPS.

Airplane records were cxammed at the test facility. The mamtenancc program, called preventwe
maintenance schedule, was unique to the airplane's test use, involving extensive preparation for each
flight. Before the accident flight, the airplane operated 770.5 flight hours since new. Recent
maintenance inspections had been performed as follows: 12 and 24-month inspections at 750 flight
hours, a 400-hour check at 700 flight hours, and a 100-hour check at 689 flight hours. The quality
control manager likened the airplane’s daily inspection to a 100-hour inspection for a commercial
airliner. A daily i mspectmn involved 80 man-hours by a detail of 4 mechanics and 3 avionics
techmc:ans :

Airframe and system modifications effecting configuration, maintenance or operating procedure were
documented in serialized bulletins called RSIs (restrictions andfor special mstrucuons)

The airplane’s flight permit, amended March 12, 1993 authonzed 53,000 pounds maximum takecff
weight. The load on the accident flight consisted of 12,500 pounds of fuel, 5,500 pounds of lead bricks
fixed in trays under the cabin floor, and 1,200 pounds of water-glycol solution. The flight test engineer
adjusted CG in flight by redistributing solution between tanks at the cabin front and rear. The airplane
weighed 52,032 pounds at takeofF, with CG at 23.1 per cent MAC (mean aerodynamic chord). Weight at
control departure was 51,030 pounds, with CG at 35.6 percent MAC.

An anti-spin parachute was mounted under the vertical tail to induce nosedown pitch should the airplanc
enter a spin or deep stall. It also served as a drag chute for takeoff abort or landing. Switches and
indicator lamps were located either side of alpha and beta indicators on the glareshield. The chute
system was tested once after installation by deploying it during high speed taxi; there was no flight test.
There had been no occasion requiring its use since installation. Maintenance personnel checked the
system weekly and when directed by the ﬂlght test section before a hazardous flight. A \\eekly check
was performed on the accident date.

RSI F-0085R, Anti-Spin Chute Operation, states the POWER switch remains ON continuously for
flight. The ARM switch is OFF for normal flight, but is selected ON during a pre-stall check. The
HYDLOCK switch is selected to UNLOCK for normal flight, and to LOCK in a prestall check. Chute
deployment from the normal flight switch positions required 3 switch movements: HYDLOCK switch
down to LOCK, ARM switch up to ON, then 1ift guards and move the ganged DEPLOY switches up to -
FIRE. System design permitted chute deployment when electrical power was available, regardless of
hook position about the shackle. The appended Systems Group Chairman's Report discusses the chute
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and controls.

The chief test pilot stated the chute system design and their practice were based on concern for
uncommanded chute deployment at fow altitude or high true airspeed. He emphasized acaptain’s - - -
discretion to configure and use the system as deemed fit. He stated when he was pilot-incommand only .
he exercised system controls, calling it a critical aspect which he did not delegate.

METEOROLOGICAL INFORMATION

Surface weather observations at 3 facilities surrounding ihe accident sfte gave like reports of winds from
the southeast 10 to 15 knots and clear skies. ~ . :

COMMUNICATIONS

The flight called Wichita ground control for taxi for VFR departure to the west. Thc ﬂight noﬁﬁed
Wichita tower when clear of the airport traffic area. '

The flight test location was in uncontrolled airspace about 70 miles west of Wichita. The airspace wag
not designated for special use. Communication with air traffic control was not required and was not '
established.

Telemetry was not in use, and communication was not established with the base radio at the test facility,

FLIGHT RECORDERS

A Loral airborne data acquisition system (ADAS) recorder lay among cabin wreckage. The recorder was
destroyed, but substantial magnetic tape remained at the spindle for the shattered takeup reel. The unijy
recorded GMT-indexed output of various instruments and sensors; an audio channel recorded the Crew's
intercom; radio reception was not recorded. Unless remarked otherwise, data presented herein was
derived from this recorder. Data indicated no system discrepancies, no uncommanded flight control
displacement, and engine operation as commanded. In proximity to the stall, landing gear were up,
auxiliary power unit on, flaps 8 degrecs, and water ballast did not shift. Data ended at a tear in the tape.
the remainder was not recovered. The last altitude recorded was about 5700 feet MSL. ’

A Loral solid-state flight data recorder (FDR), model F1000, scattered as 3 pieces. Its Crash Survi{;;ﬁ,]e
Memory Unit lay 715 feet from impact; lack of identifying marks on the unit delayed its recovery by one
day. Data recovered from the storage unit indicated the recorder operated, however, more than 20
recording parameters were inactive. Inactive parameters included altitude, airspeed, angle-of-attack,
vertical speed and Greenwich mean time. FDR data were correlated with the ADAS recording ang _
extended 8 seconds beyond available ADAS data. Approaching the end of FDR data, engines operated a
high rpm, pitch changed from more than 62 degrees nose low to 38 degrees nose low, and acceleration
increased to more than 4.5 G. Component examination and data are discussed in the appended Flight
Data Recorder Factual Report.

A Fairchild cockpit voice recorder (CVR), model A100A, was recovered with slight impact damage,
The 30-minute recording spanned checks before takeoff and the descent following control departyre.
Sound of a ground impact was not audible on the CVR. The recorder circuit incorporated an
acceleration-sensing switch.
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A partial transcript of the recording is in the appended Group Chairman's Report of Investigation,
Cockpit Voice Recorder.

The FDR and CVR were typical of 1nstallatlons on alrplanes in revenue service. Nenher was required
for flight under FAR 91.

WRECKAGEANDIMPACTINFORMATI()N R

The zurplane struck the g:round in a flat, cultivated field. Site elevation was 1960 feet MSL Wreckage
cast about 750 feet, headmg 200 degrees from impact. The cockpit and tail with engines cast 650 to 700~
feet. The most distant pieces were engine subasscmblies and auxiliary power [ unit.

Imprints of the left wing and rear fuselage were discernable at the north end of the wreckage field;
portions of wing flap hinge faring and of fiberglass tail cone lay in the respective ground scars. Para]le]
on either side of the fuselage imprint were linear engine imprints, with puffed dust settled over the first
10 feet. The fuselage imprint aligned 183/003 degrees. All flight control surfaces and airplane
extremities were accounted for at the crash site. There was no appearance of breakup, bird stnke or
collisionin flight. -

The cockpit was extensively damaged by impact and fire. The fuselage broke into sections.

Flap actuating jackscrews in the wreckage were extended to a length consistent with 8 degrees flap
extension. Control surfaces on the severed tail moved freely. Control continuity could not be
established. Stabilizer tnm was about 1 degree nosedown. Ground spoilers were stowed; flight spoilers
were damaged beyond i 1mpact position detenmnatlorL

The anu-spm parachute lock/un!ock hooks and actuator were damaged by alrframe breakup and fire.
Hydraulic lines were severed and the actuator held no fluid. The actuator rod extended 1.5 inches,
placing the hooks near the locked position. The parachute control box was battered and burned; ARM
and POWER switches were found ON, and DEPLOY switches in FIRE. The HYDLOCK switch was
damaged beyond determination. Hydraulic pumps which power the hooks had apparent crash damage.

Fan blades on both engines bent opposite their rotation direction. Thrust reversers were closed.
Compressor guide vane actuators from both engines were removed and disassembled: one from the left
engine borea piston imprint consistent with compressor speed of 82 per cent rpm. Separation of
subassemblies was symmetrical between engines and occurred across flange fasteners. |

The parachute fell 3 miles, 025 degrees from the site. The risers extended full length from a
lunchbox-size metal shackle to the canopy. The parachute lay with shackle southeast and canopy
northwest. The risers were intact and retained distinctive packing folds. The canopy was intact without
fabric tear. The chute and risers appeared pristine and unstressed A canister hd which separates at chute
deployment fell 2.3 miles, 040 degrees from the site.

Components are further described in reports of the powerplants and systems groups. Wreckage
distribution is descnbed in the structures group report. The reports are appended.

MEDICAL AND PATHOLOGICAL INFORMATION

The first pilot held an FAA first class medical certificate issued May 20, 1993 with limitation for
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eyeglasses. The certificate application declared no medications were being taken.

The FAA airman medical record showed no remarkable medical history. The report of autopsy
remarked minimal atherosclerosis and death due to multiple impact injuries with vertical and right
frontal aspect. Toxicological tesnng showed 7.5 ug/ml acetaminophen and 6.8 ug/ml salicylate in the
blood; both are nonprescription pain relievers.

The second pilot held a Canadian category 1 medical certificate issued July 9, 1992 with notation for -
eyeglasses; the certificate remained valid through July 1993. The certificate application stated no
medications were being taken, and remarked no previous medical condition. The report of autopsy .
remarked no preexisting disease and death due to multiple blunt force injuries with right and frontal
aspect. Toxicological testing showed 29 mg/dl ethanol and 24 mg/dl acetaldehyde in the blood, and 14 .
mg/dl ethanol in lung fluid. Sec-butanol, 5 mg/dl, and 1 mg/dl of 1-butanol were detected in the blood.
The report stated the majority of blood ethanol was likely postmortem formation.

The test engineer was 48 years of age. No record was found of his holding an airman medical certificate,
nor was one required. He had no vision in his right eye. The report of autopsy remarked death dueto

multiple impact injuries, largely frontal aspect. No preex15t1ng dlseasc was remarked. No toxicological
test was requested. : :

FIRE

The aircraft held about 11,000 pounds of fuel at accident. Tanks ruptured during the crash. Fuel ignited,
and fire flashed over the debns field from 100 feet south of impact to 700 feet south of impact. Portions
of the wreckage were consumed. Fire burned along crop furrows well outside the area wetted by fuel.
No witness reported fire on the airplane in flight, nor did the crew remark fire or smoke. The witness
who recounted vapor trailing the wingtips construed it as fuel dumping.

TESTS AND RESEARCH

Data from ADAS recordings for flights 386 and 388 were examined at length. Results of the study are
cited throughout this report. The Group Chairman's Airplane Performance Study is appended.

A test was conducted using a like airplane with identical parachute system. Hydraulic lines to its hook
actuator were disconnected and fluid drained to simulate a system breach: the hooks moved easily by

~ hand. The accident airplane’s actuator was hydraulically powered, selected to the unlocked position and
hook contact with a position-sensing microswitch affirmed. Details are in the systems group report.

The control box for the anti-spin chute was examined by the engineering branch of Transportation
Safety Board of Canada to determine status of 8 indicator lamps; the report is appended. Four lamps
were damaged beyond determination, including both for the HYDLOCK switch. Filaments of 3,
variously damaged, appeared distended consistent with illumination at impact: one for the ARM switch
and 2 for the POWER switch. Another for the POWER switch, labeled DEP(loy), was intact and its
filament was not distended. Lamps for the ARM switch light only in the ON position. The POWER
switch operates similarly: the 4 lamps light only in the ON position.

ADDITIONAL DATA/INFORMATION

In interviews with the operator’s personnel, the terms "hazardous" and "critical” recurred to describe
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flights or maneuvers which invoked additional preparation or procedure for support personnel or flight
crew: telemetry, anti-spin parachute check and arming, ad hoc checklist, personal parachutes. Planned
stalls were unanimously characterized as hazardous or critical. Others variously mentioned were initial
flights in model, flutter tests, and unspecified maneuvers which might precipitate stall departure. The

SHSS with 1.13 Vs was characterized as delicate for the slow airspeed, but not hazardous. No document .

was obtained which named discrete tests or maneuvers as hazardous,

FAR 21.35(d) states each applicant for an aircraft type certificate must show for each test flight that

adequate provision is made for the crew for emergency egress and the use of parachutes The preccdmg )

was not listed among other FARs cited for operator compliance in the most recent Special Flight
Authorization from FAA, dated April 1, 1993. Personal parachutes were not carried on the a.lrplanc the
test section's practice was to don parachutcs and helmets for flights deemed hazardous.

There is no U.S. or Canadian certificate or endorsement for a test airman. The chief test pilot described

training for a company test pilot as an apprenticeship. A typical pilot had both engineering background
and airman credentials when hired, entered the production ﬂight test section as copilot, and might later
be designated captain. The chief pilot selected a pilot for engineering flight test from production test

airmen he assessed had dptitude, attention to detail and disposition for demanding work. Pilots learned
maneuvers and procedure by obsemng from a jumpseat or second pilot seat. Acquaintance with an
airplane could be obtained from an engineer, technician or pilot familiar with the model; the accident
copilot's introduction consisted of bneﬁngs by system engineers. The pilots obtained no external
training, and did not use the company's simulator. There were no recurrent checks or training, and no
company pilot was yet demgnatcd check airman for the model. The pilots observed TC lxcensure ‘
requirements and intervals for airmen not involved in revenue flight opcratlon&

The pilots did not use the ceruﬁcated axrplanes ﬂlght manual, and ,none exlsted for“thc experimeﬁtal

airplane. The chief pilot explained changing configurations and varying test sequences could make fixed .

procedures impracticable and required deliberate action by pilots. For selected flights, a checklist might
be drafted and posted in the cockpit. Single-engine trials were cited as example: the engine relight
procedure would be posted for ready reference. No checklist was created for flight 388.

Aircraft wreckage was released to Canadalr J uly 30, 1993, The CVR was returned November 18 1993
Canadair consented to NTSB's request to retain the FDR for study

Parties to the mchUgatlon pamc:pated in a review of fi ndmgs before adjoummcnt of the field portion
of the mveshgat:on ' , ,
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Accident occurred JUL-26-93 at BYERS, KS
Aircraft: CANADAIR CL-600-2B19, registration: CFCRJ
Injuries: 3 Fatal.

THE CREW WAS PERFORMING A LATERAL & DIRECTIONAL STABILITY TEST. CHANGES
FROM EARLIER TESTS COMBINED NEW LEADING EDGE FAIRING, NEW FLAP SETTING,
LOWER REFERENCE AIRSPEED, AND TRIAL SETTINGS FOR THE STALL PROTECTION
SYSTEM (SHAKER & PUSHER). ENGINEERS HAD BRIEFED THE CREW DATA WOULD BE
SUFFICIENT IF THE STEADY HEADING SIDESLIP (SHSS) MANEUVER ENDED AT A 15 DEG
SIDESLIP, OR AT ONSET OF STALL WARNING:; CREW AGREED TO END AT STALL
WARNING. DURING THE TEST THE CAPT CONTINUED PAST STALL WARNING TO 21 DEG
SIDESLIP AT FULL RUDDER. THE AIRPLANE ROLLED RAPIDLY THROUGH 360 DEG &
ENTERED A DEEP STALL. THE COPILOT ATTEMPTED TO DEPLOY THE ANTI-SPIN
CHUTE. HOWEVER, ALL THE CHUTE SYSTEM COCKPIT SWITCHES WERE NOT
PROPERLY PRESET; INSTEAD OF ASSISTING RECOVERY, THE CHUTE PARTED FROM
THE AIRPLANE. FULL CONTROL WAS NOT REGAINED BEFORE IMPACT. THE CHUTE
SYSTEM DESIGN ALLOWED DEPLOYNENT OF THE CHUTE EVEN WHEN THE HYD LOCK
SWITCH WAS IN THE UNLOCKED POSITION & THE HOOKS CLASPING THE CHUTE
SHACKLE TO THE AIRFRAME WERE OPEN. SYSTEM TESTED OK BEFORE FLIGHT.
Probable Cause

THE CAPTAIN'S FAILURE TO ADHERE TO THE AGREED UPON FLIGHT TEST PLAN FOR
ENDING THE TEST MANEUVER AT THE ONSET OF PRESTALL STICK SHAKER, AND THE
FLIGHTCREW'S FAILURE TO ASSURE THAT ALL REQUIRED SWITCHES WERE PROPERLY
POSITIONED FOR ANTI-SPIN CHUTE DEPLOYMNENT. A FACTOR WHICH CONTRIBUTED
TO THE ACCIDENT WAS THE INADEQUATE DESIGN OF THE ANTI-SPIN CHUTE SYSTEM
WHICH ALLOWED DEPLOYMENT OF THE CHUTE WITH THE HYDRAULIC LOCK SWITCH
IN THE UNLOCKED POSITION. (WHEN IN THE UNLOCKED POSITION, THE HOOKS
CLASPING THE CHUTE SHACKLE TO THE AIRFRAME ARE OPEN.)

Full narmative available

Index for Jul 1993 | Index of Months 00000000000O00000O0C
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A REQUEST 140/94, REPORT # 225

+ PRELIMINARY REPORT CANADAIR - CL-601 / ACCIDENT
+

+ EVENTS | PHASES: LOSS OF CONTROL | MANOEUVRING
+

+ COLLISION WITH LEVEL TERRAIN/WATER | EMERGENCY/UNCONTROLLED
DESCENT +

B o S B B B R B O e
H
< OPERATION >+ < FILE DATA
TYPE : MISCELLANEQUS - TEST/EXPERIMENTAL ++ ICAO FILE : 93/0126-0
++ FROM STATE : UNITED STATES

+4
< WHEN >+ €eeeeemeeeeeee AIRCRAFT DATA e
DATE : 93-07-26 ++ MASS CATEGORY ;5701 - 27 000 KG
TIME 1 13:55 ++ STATE OF REGISTRY : CANADA
LIGHT : DAYLIGHT + REGISTRATION  :C-FCRJ
4t
< WHERE >+ < DAMAGE, INJURY AND TOTAL ON
BOARD --——-->
LOCATION :BYERS,KS + A/C DAMAGE : DESTROYED
STATE/AREA : UNITED STATES ++INJURY : FATAL SERIOUS MINOR NONE
UNKNOWN TOTAL
DEPARTED : WICHITA, KS +HCREW : 3 0 00 ¢ 3
DESTINATION : WICHITA, KS +PAX : 0 0 0 0O 0 O
OTHER DAMAGE :

DURING A TEST FLIGHT WHILE MANOEUVRING, THE PILOT LOST CONTROL AND THE A/C
COLLIDED WITH TERRAIN. WEATHER:
VMC.

EVENTS AND FACTORS
1. EVENT | PHASE: LOSS OF CONTROL | MANOEUVRING
2. EVENT | PHASE: COLLISION WITH LEVEL TERRAIN/WATER | EMERGENCY/UNCONTROLLED
DESCENT




Aircrafl accident description 26.07.1993 Canadair RI100 Regional Jet
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Accident description

Date: 26.07.1993

Time: 13.52 CDT

Type: Canadair RI1C0 Ragicna! J=t

Operator: Bombardier

Registration: C-FCRJ

C/n: 7001

Year built: 1991

Total airframe hrs: 771 hours

Cycles; 800 cycles

Crew: 3 fatalities / 3 on board

Passengers; 0 fatatities / 0 on board

Total: 3 fatalities / 3 on board

Location: Byers, KS (USA)

Phase: Cruise

Nature: Test

Flight: Wich_ita-Mid ConEinent_ APT, KS - Wichita-Mid
Continent AFT, KS (Flightnumber )

Remarks:

The Canadair plane was on a test flight out of Wichita, KS to
evaluate flying qualities in a new 8deq. takeoff flap setting and to
demonstrate compliance with US 14 CFR 25.177 rules. The aircraft
tost control during a low speed steady-heading sideshp test
maneuver at FL120. The crew were to end a Steady Heading
Sideslip {SHSS) maneuver at a 15deg sideslip, but continued to
21deq. at full rudder. The plane rolled rapidly through 360deg and
entered a deep stall. As it descended through 8000ft the captain
requested the copilot to deploy the anti-spin parachute, which he
complied with. The copilot however, didn't clese the jaws (which
connect/disconnect the parachute from the airplane) before chute
deployment. The chute thus fell free of the plane. Control was not

regained and the aircraft crashed and skidded for about 200 yards
through several cornfields. PRCBABLE CAUSE: "The captain's failure
to adhere to the agreed upon flight test plan for ending the test
maneuver at the onset of prestall stick shaker, and the flightcrew's
failure to assure that all required switches were properly positioned
for anti-spin chute deployment. A factor which contributed to the
accident was the inadequate design of the anti-spin chute system
which allowed deployment cf the chute with the hydraulic lock
switch in the unlocked position. (When in the unlocked position, the
hooks clasping the chute shackle to the airframre are epen.)”

Source:
5170; Air International September 1993, p.127; NTSB Safety

Recommendatior A-94-101;'AW&ST 02.08.1993 (39-40)

Copyright < 1996-2000 Harro Ranter / Fabian Lujan

Aviation Safety Network; vpdated 3 January 2000 [dsctain=]

i ————— —
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D LR e EE L P TR PR P e ERRET R LR R RS P REQUEST 074/98, REPORT 7 =------ooommcoocmcmccccomococnas semmmmaaaaes +

+ DATA REPORT NORTH AMERICAN-COMMANDER 680/SUPERAERO ACCIDENT +
+ EVENTS|PHASES MUSH/STALL-CIRCUIT PATTERN/BASE LEG +
+ COLLISION WITH LEVEL TERRAIN/MATER-EMERGENCY/UNCONTROLLED DESCENT +
[P - I g o g . -—

+*+
Cressenacnsntosnannanaan OPERATION =eveesesnocnacccocoaacs > 44 Comommmeoenns sessvesnrasn FILE DATA =--ccomccecmcmmemes vean>
TYPE : MISCELLANEQUS - TEST/EXPERIMENTAL ++ 1CAD FILE 1 90/0455-0

++ FROM STATE : UNITED STATES
FINAL REP -
<--onen wse-~ DATE, TIME AND METEOROLOGICAL DATA =====----- > 44 Cemocoeences R AIRCRAFT DATA =====s=ssmmsorerooncs >
DATE : 90-11-03 ++ MASS CATEGORY : 2250 - 5700 KG
TIKE ¢ 10:25 ++ STATE OF REGISTRY : UNITED STATES
LIGHT : DAYLIGHT ++ REGISTRATION : NS41F
GEN WEATHER : VMC -+

+* 4+
Creeeeannnoomeooeans LOCATION ===-==-=ss=somcsemnmmens > 44 gommoooeen- DAMAGE, INJURY AND TOTAL ON BOARD ===-=-=--- vened
LOCATION : FORT LAUDERDALE,FL ++ A/C DAMAGE : DESTROYED
STATEJAREA  : UNITED STATES ++ INJURY : FATAL SERIOUS MINOR KONE UNKNOWN TOTAL
DEPARTED : FT LAUDERDALE,FL ++ CREW  : 2 o o o0 o 2
DESTINATION : FORT LAUDERDALE,FL ++ PAX s 0o 0 6 o 0 0

-+

----------------- NARRATIVE ====<=====ccenne

THE A/C WAS ON A LEFT DOWNWIND FOR LANDING AT 300 FT/AGL WHEN THE MOSE PITCHED UP 15 DEG. AS THE A/C STARTED A LEFT TURN,
THE LEFT WING DROPPED AND THE NOSE PITCHED DOWN 90 DEG IN A SPIRAL. THE A/C COLLIDED WITH THE WATER.

ORN: THE A/C HAD NOT FLOWN SINCE JUNE, 1989. THE CREW HAD MADE TWO HIGH-SPEED TAXI RUNS BEFORE TAKE-OFF. IMMEDIATELY AFTER
TAXE-OFF THE CREW CALLED TO LAND. THE A/C WAS OBSERVED ON DOWNWIKD 200-8300 FT AGL, 15-25 DEG NOSE HIGH. THE A/C THEN
STALLED. THE COMPRESSOR SURGE VALVES FOR TKE LEFT AND RIGHT ENGINES WERE FOUND IN THE OPEN POSITION.

-----eeecee- SEQUENCE OF EVENTS =-r-c-aceoce
EVENT 1  MUSH/STALL - CIRCUIT PATTERN/BASE LEG
1.AIRSPEED - NOT MAINTAINED
EVENT 2 COLLISION WITH LEVEL TERRAIN/WATER - EMERGENCY/UNCONTROLLED DESCENT

D ettt D RRRREEEES B OLLEEETTEE REQUEST 074798, REPORT B ==---eessosccconnocmomsscmmmmnmanns semanmanan +
+ UNOFFICIAL REPORT DORNIER-228 100/200 ACCIDENT +
+ EVENTS |PHASES UNDERSHOOT -APPROACH +
#--rresmmmammcmccesscssacccccecacesnmann. B e eeemeacseecscscemmmcnaccaaaa- cemermmmemcaas -t

+4+
S EEEEEEE seemmmomomene OPERATION =====s=-cm-omns sesssrend #b Coomeosmsomacnnncoonoaes FILE DATA =+---eemamccmcsccanaca- >
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ 1CAO FILE : 9170632-0

++ FROM STATE :
FINAL REP -
y DATE, TIME AND METEOROLOGICAL DATA ====-=-=-- > 4+ Ceeeomecocoannn. wssens AIRCRAFT DATA ====c=cccoecuscacone >
DATE : 91-01-15 ++ MASS CATEGORY : 5701 - 27 000 KG
TIKE : 00:00 ++ STATE OF REGISTRY : GERMANY
LIGHT : ++ REGISTRATION : D-CICE
GEN WEATHER : -

¢
D e TP EEEE LOCATION ---=r=s-==--omemsocenens > #4 C==eseevc-=-o DAMAGE, INJURY AND TOTAL ON BOARD ~=====-v-~ -
LOCATION : ++ A/C DAMAGE : DESTROVED
STATE/AREA @ ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : ++ CREW = 0o 0 o 2 0 2
DESTINATION : ++ PAX  : 0 0 0o 0 0 0

oy

----------------- NARRATIVE =--==e=ssncmcons

AIRCLAIMS: FOLLOWING A VISUAL APPROACH TO AN 1CE-STRIP THE ALIRCRAFT UNDERSHOT TOUCHING DOWN A FEW METRES SHORT OF THE
RUNWAY. AFTER TOUCH DOWN THE 228 VEERED CFF TO ONE SIDE INTO DEEP SNOW SUSTAINING SUBSTANTIAL DAMAGE. THERE WERE NO
REPORTED INJURIES. AT THE TIME OF THE ACCIDENT, THE WEATHER WAS FAIR WITH VISIBILITY &,500N., HOWEVER, THERE WAS
APPARENTLY A STRONG CROSSWIND.




e ves REQUEST 074/98, REPORT 30 ==--=-meseemes cngmmneans S P
+ DATA REPORT CANADAIR-CL-600 eymm L 7o 1( ACCIDENT +
+ EVENTS |PHASES MUSH/STALL-MANGELVRIKG +
+ COLLISION WITH LEVEL TERRAIN/WATER-EMERGENCY/UNCONTROLLED DESCENT +
fecmccemssemcronsnsasesmsmssesssansannE T tammeana e armammaa g, cresremmnd

4
Qemecesccmmcscocansonnan OPERATION ----cesessmcmnsmnnencnn > 44 €occosemeessmmmmmanenaan FILE DATA --sse--mescrsmncncancen >
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ 1CAO FILE : 93/0126-0

++ FROM STATE : UNITED STATES
FINAL REP -
P DATE, TIME AND METEOROLOGICAL DATA -=-===-=-=- > 44 Cosmomrmoscmccicmcnnas AIRCRAFT DATA ===scecscscccarenan- >
DATE : 93-07-26 ++ MASS CATEGORY : S701 - 27 000 XG
TIME s 13:52 ++ STATE OF REGISTRY : CANADA
LIGHT : DAYLIGHT ++ REGISTRATION : C-FCRJ
GEN WEATHER : WMC -+

-
PSR — ceesncn LOCATION =c=emsmmmmnnes crcececmocd 4 Commmcommeen DAMAGE, INJURY AND TOTAL ON BOARD ~e---====-= >
LOCATION : BYERS,KS ++ A/C DAMAGE : DESTROYED
STATE/AREA  : UNITED STATES ++ [NJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : WICHITA,KS ++ CREW : 2 0 0 0 0 2
DESTINATION = WICHITA XS ++ PAX : 0 0 c 0 0 0

L 2 )

S —— NARRATIVE =---senmscmcnens

DURING A TEST FLIGHT WHILE MANOEUVRING, THE PILOT LOST CONTROL AND THE A/C COLLIDED WITH TERRAIN.

DRN: THE CREW WAS PERFORMING A LATERAL AND DIRECTIONAL STABILITY TEST. DURING THE TEST THE PILOT CONTINUED PAST STALL
WARNING TO 21 DEG SIDESLIP AT FULL RUDDER. THE A/C ROLLED RAPIDLY THROUGH 360 DEG AND ENTERED A DEEP STALL. THE CO-PILOT
ATTEMPTED TQ DEPLOY THE ANT!-SPIN CHUTE, HOWEVER, ALL THE CHUTE SYSTEM COCKPIT SWITCHES WERE NOT PROPERLY PRESET. INSTEAD
OF ASSISTING RECOVERY, THE CHUTE SEPARATED, FULL CONTROL WAS NOT REGAINED BEFORE IMPACT. THE CHUTE SYSTEM DESIGN ALLOWED
DEPLOYMENT OF THE CHUTE EVEN WHEN THE HYDRAULIC LOCK SWITCH WAS IN THE UNLOCKED POSITION AND THE HOOKS CLASPING THE CHUTE
SHACXLE TO THE AIRFRAME WERE CPEN. THE SYSTEM TESTED CORRECTLY BEFORE FLIGHT.

------------ SEQUENCE OF EVENTS ----------=s

EVENT 1  MUSH/STALL - MANOEUVRING

1.SPIN - INADVERTENT

2.FLIGHT CREW PROCEDURES - NOT FOLLOWED
EVENT 2 COLLISION WITH LEVEL TERRAIN/WATER - EMERGENCY/UNCONTROLLED DESCENT

1.TAIL CHUTE/DRAG CHUTE - INADEQUATE/SEPARATED

2. -

1.MANUFACTURER-DES]GN- INADEQUATE

NTsB Reput ID CHITIHAZIE
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Summarization

On 27 July 1993 at 1645 hrs* the Flight Accident Investigation Center (FUS) was notified
by the aircraft manufacturer about the accident with the second prototype of the Ranger
2000. Immediately an official was sent to the accident site to take charge of the
investigation. Two co-workers from Braunsweig met him there in the evening and
together they began the investigation.

The atrcraft took off for a test flight on 27 July 1993 at 1633 hrs from the Military Air
Base at Manching, during which flight characteristics were to have been investigated. The
last test point in this test series was the investigation of flying qualities with speedbrakes
extended during gentle roll maneuvering. To accomplish this, the pilot stabilized the
aircraft at an altitude of 5,700 ft MSL at a speed of 330 kt IAS. At 1606 hrs he began a
gentle right roll and several seconds later extended the speedbrakes. After aroll angle of
60 deg. had built up, he began to roll to the left. At this point in time a sideslip angle
(nose right) began to build up, and the rudder blew out towards the right. A short time
later a negative angle of attack and negative normal load factor developed, apparently as a
result of the high sideslip angle, which reached a maximum of -32 deg. When the pilot
attempted to correct the sideslip situation with the application of force on the left rudder
pedal, the required force was already so great that he was not able to drive the rudder
back. The aircraft was no longer controllable for him and went into a steep dive. The
pilot had already reduced the throttle to idle, but the speedbrakes had not yet been
retracted.

At an altitude of approximately 500 ft AGL the pilot activated the ejection seat.

The seat firing proceeded correctly, however, due to the high speed of 315 kt and the
extreme flow field and flight attitude, the ejection was unsuccessful. The pilot was
severely injured and died several days later. The aircraft was destroyed on impact.

The accident is apparently attributable to the following factors:

- the directional stability of the aircraft with extended speedbrakes was reduced
and due to the additional factor of z deflected rudder was practicably unstable.

- the pilot recognized the existence of a critical situation too late and delayed
taking appropriate corrective measures.
1.0  Factual Investigation
1.1  Course of the Flight

On the moming of 27 July 1993 the subject aircraft and two pilots took off from

* All times are in Central European Standard Time



the Military Air Base at Manching for a test flight during which it was intended to
investigate engine characteristics, inflight starting of the engine, and handling
characteristics. The pilot involved in the later accident was for this flight in the rear seat.
This flight had to be interrupted early due to a generator malfunction. After a checkout of
the aircraft it was prepared for an aftemnoon flight, which was to be flown by a single pilot.
After a conversation between the flight test engineer and the pilot, it was established that
on this flight, an investigation of handling qualities would be conducted, as would a study
of entry airspeeds for flight demonstration maneuvers. It was also planned to fly a
simulated flameout landing. Flight cards were prepared by the flight test engineer without
delay.

The subsequent pre-flight briefing was conducted using this flight test card. The briefing
lasted from 1430 to around 1455 hrs, and besides the pilot and flight test engineer several
systems engineers took part. According to statements of the participating engineers, the
briefing specifically referred to the fact that for the planned tests with extended
speedbrakes, only moderate rolling maneuvers were to be conducted, and that with
extended speed brakes crossed control surfaces were not allowable. This reference
resulted from previous flights, during which, with sideslip conditions, partially
unacceptable flying qualities were experienced with speedbrakes extended. The engineers
and test pilots saw in these perceptions no indications that with extended speedbrakes and
moderate roll maneuvering the aircraft could go out of control.

The takeoff for the test flight was at 1533 hrs, and the pilot first flew a simulated
flameout landing, which was conducted without problem. Subsequently the pilot flew into
the restricted area ED-R 63, which is intended for test flights, and began the investigation
of flight characteristics. At the end of this test block were tests with extended
speedbrakes. First, the pilot extended the speedbrakes twice in straight and level flight
without maneuvering and retracted them respectively eight and two seconds later. The
aircraft reacted with a light bobbing in the nose up direction and a light roll to the right.
The next tests were to be moderate roll maneuvers with speedbrakes extended. For this
the pilot stabilized the aircraft at an altitude of 5,700 ft MSL at a speed of 330 kts IAS,
and began at 16:06:23 a gentle roll to the right and extended the speedbrakes. After
reaching a roll angle of 60 deg., he input left aileron and began rolling to the left.
Coincident with the change in bank angle a sideslip angle built up (nose to the right), and
the rudder deflected to the right. The pilot at first did not oppose the rudder deflection.
Only when the sideslip angle reached -10 deg and the rudder deflection reached -11 deg
did the pilot attempt to correct the situation by application of 550 N on the left rudder
pedal, However, this force was insufficient to move the rudder pedal. He was only able
to prevent a further deflection. A short time later the sideslip angle increased to -32 deg,
and subsequently stabilized at approximately -20 deg. The rudder deflected further right
to its physical limit of -17 deg, although the pilot rapidly increased the force on the rudder
pedal to 1,200 N. This rudder deflection and sideslip angle remained until impact.
Coincident to the build-up in sideslip angle, angle of attack changed from positive to
negative, and normal acceleration reached a value of -2 g. Nose-up elevator was only able
to slow down this process, positive values of load factor were not reached until impact.
As aresult of the negative load factor the aircraft went into a dive. The pilot had brought
the throttle back to idle, which essentially did not affect the dive. The speedbrakes were




not retracted. At an altitude of approximately 500 ft AGL the pilot activated the ejection
seat, Impact of the aircraft followed at 16:06:50 hrs, 27 seconds after the last test point
had been begun.

1.2 Personal Injuries

During the ¢jection attempt the pilot was severely injured. He died on 2 August 1993,

1.3  Damage to Aircraft

The atrcraft was destroyed upon impact with the ground.

1.4  Property Damage

Moderate damage to the field occurred.

1.5  Crew Information

The 46-year-old pilot was in possession of a valid American pilot's license for transport
pilots with the entitlements: single and multi-engine land aircraft, professional pilot, sail-
plane tow, L-300, B-707. It was issued on 28 March 1992, His first class flight certificate

was obtained from the FAA on 3 May 1993 and was unlimited.

In 1976 he had graduated from the "experimental test pilot course” at Edwards AFB and
participated in several test projects of the USAF.

In order to fly the Ranger 2000, an application was made to the (German) Federal
Transportation Ministry for recognition of the American Pilot's License. This recognition
was granted on 17 June 1993 and was valid until 31 October 1993.

Until April the pilot had a total flight time of 7,160 hours. The flight time in the last three
months totaled 64 hours.

The pilot began flying the Ranger 2000 on 18 June 1993, Until the accident he had 9
hours in 8 flights as responsible pilot and 10 hours in 9 flights as second pilot. The
accident flight was his 5th flight in the second prototype and 2nd as responsible pilot..

1.6  Aircraft Information

The two-seat aircraft was a jet trainer, built in response to an American request (sce
Appendix 1). Since later use as a German military aircraft was not intended, a military
certification process was not conducted, but rather a civilian program was begun,

The aircraft is a single-engine, mid-wing aircraft of composite construction with a
retractable landing gear. It is equipped with a two-spool turbine engine, JT 15D-5C built
by Pratt & Whitney, Maximum takeoff mass is 3,855 kg.



The aircraft is equipped with speedbrakes, with are arranged on both sides of the fuselage
above the trailing edge of the wing. When they are extended they rotate 60 deg around
their axis. The extend/retract control knob is located on the throttle on the left side of the
cockpit.

Both seats of the aircraft are equipped with and ejection seat SITIS-3RW manufactured by
the company Universal Propulsion Company (UP-CO). A pyrotechnic device is installed
in the canopy, which blows away the canopy glass when the seat is fired.

For the conduct of flights for qualification testing, investigation flights, and test flights the
Federal Aviation Office issued a temporary permit on 6 May 1993 which was valid until 6
November 1993. Elements of the permit were the "Preliminary Pilot's Operating
Handbood and Airplane Flight Manual” and the Flight Instruction 92-1/2. The limitations
and conditions specified in these documents were adhered to throughout the accident

flight.

The first flight of the aircraft was on 18 June 1993, From this point in time to the time of
the accident flight a total of 12 hours in 11 flights were accomplished with the aircraft.
Maintenance of the aircraft was accomplished in accordance with a predetermined plan.

Before the flight the aircraft was fully fueled with 1,640 pounds of JP-8 fuel. This was the
wish of the pilot. With this load the aircraft takeoff mass was in the upper allowable arca.
The center of gravity was within the allowable extremes.




(Translation from the German “FUS” report by US SFTE member - pii9s4)
Summarization

On 27 July 1993 at 1645 hrs* the Flight Accident Investigation Center (FUS) was notified
by the aircraft manufacturer about the accident with the second prototype of the Ranger
2000. Immediately an official was sent to the accident site to take charge of the
investigation. Two co-workers from Braunsweig met him there in the evening and together
they began the investigation.

The aircraft took off for a test flight on 27 July 1993 at 1633 hrs from the Military Air
Base at Manching, during which flight characteristics were to have been investigated. The
last test point in this test series was the investigation of flying qualities with speedbrakes
extended during gentle roll maneuvering. To accomplish this, the pilot stabilized the
aircraft at an altitude of 5,700 ft MSL at a speed of 330 kt IAS. At 1606 hrs he began a
gentle right roll and several seconds later extended the speedbrakes. After a roll angle of
60 deg. had built up, he began to roll to the left. At this point in time a sideslip angle (nose
right) began to build up, and the rudder blew out towards the right. A short time later a
negative angle of attack and negative normal load factor developed, apparently as a result
of the high sideslip angle, which reached a maximum of -32 deg. When the pilot attempted
to correct the sideslip situation with the application of force on the left rudder pedal, the
required force was already so great that he was not able to drive the rudder back. The
aircraft was no longer controllable for him and went into a steep dive. The pilot had
already reduced the throttle to idle, but the speedbrakes had not yet been retracted.

At an altitude of approximately 500 ft AGL the pilot activated the ejection seat.

The seat firing proceeded correctly, however, due to the high speed of 315 kt and the
extreme flow field and flight attitude, the ejection was unsuccessful. The pilot was severely
injured and died several days later. The aircraft was destroyed on impact.

The accident 1s apparently attributable to the following factors:

- the directional stability of the aircraft with extended speedbrakes was reduced and
due to the additional factor of a deflected rudder was practicably unstable,

- the pilot recognized the existence of a critical situation too late and delayed taking
appropriate comective measures.

* All times are in Central European Standard Time




1.0 Factual Investigation
1.1  Course of the Flight

" On the moming of 27 July 1993 the subject aircraft and two pilots took off from
the Military Air Base at Manching for a test flight during which it was intended to
investigate engine characteristics, inflight starting of the engine, and handling
characteristics. The pilot involved in the later accident was for this {light in the rear seat.
Thus flight had to be interrupted early duc to a generator malfunction. After a checkout of
the aircraft it was prepared for an afiernoon flight, which was to be flown by a single pilot.
After a conversation between the flight test engincer and the pilot, it was established that on
this flight, an investigation of handling qualities would be conducted, as would a study of
entry airspeeds for flight demonstration maneuvers. It was also planned to fly a simulated
flameout landing. Flight cards were prepared by the flight test engineer without delay.

The subsequent pre-flight briefing was conducted using this flight test card. The briefing
fasted from 1430 to around 1455 hrs, and besides the pilot and flight test engineer scveral
systems engincers took part. According to statements of the participating engineers, the
bricfing specifically referred 1o the fact that for the planned tests with extended
speedbrakes, only moderate rolling mancuvers were to be conducted, and that with
extended speed brakes crossed control surfaces were not allowable. This reference resulted
from previous flights, during which, with sideslip conditions, partially unacceptable flying
qualities were experienced with speedbrakes extended. The engineers and test pilots saw in
these perceptions no indications that with extended speedbrakes and moderate roll
maneuvering the aircraft could go out of control.

The takeoff for the test flight was at 1533 hrs, and the pilot first flew a simulated flameout
landing, which was conducted without problem. Subsequently the pilot flew into the
restricted area ED-R 63, which is intended for test flights, and began the investigation of
flight characteristics. At the end of this test block were tests with extended speedbrakes.
First, the pilot extended the speedbrakes twice in straight and level flight without
mancuvering and retracted them respectively eight and two seconds later. The aircraft
reacted with a light bobbing in the nose up direction and a light roll to the right. The next
tests were to be moderate roll mancuvers with speedbrakes extended. For this the pilot
stabilized the aircraft at an altitude of 5,700 ft MSL at a speed of 330 his IAS, and began
at 16:06:23 a gentle roll to the right and extended the speedbrakes. After reaching a roll
angle of 60 deg., he input left ailleron and began rolling to the Ieft. Coincident with the
change in bank angle a sideslip angle built up (nose to the right), and the rudder deflected
to the right. The pilot at first did not oppose the rudder deflection. Only when the sideslip
angle reached -10 deg and the rudder deflection reached -11 deg did the pilot attempt to
correct the situation by apphcation of 550 N on the left rudder pedal. However, this force
was insufficient to move the rudder pedal. He was only able to prevent a further
deflection. A short time later the sideslip angle increased to -32 deg, and subsequently
stabilized at approximately =20 deg. The rudder deflected further right to its physical limit
of -17 deg, although the pilot rapidly increased the force on the rudder pedal to 1,200 N,




This rudder deflection and sideslip angle remained until impact. Coincident to the build-up
in sideslip angle, angle of attack changed from positive to negative, and normal acceleration
reached a value of -2 g. Nose-up ¢levator was only able to slow down this process,
positive values of load factor were not reached until impact. As a result of the negative
load factor the aircraft went into a dive. The pilot had brought the throtile back to idle,
which essentially did not affect the dive. The specdbrakes were not retracted. At an
altitude of approximately 500 ft AGL the pilot activated the ¢jection seat. Impact of the
aircraft followed at 16:06:50 hrs, 27 seconds after the last test point had been begun.

1.2  Personal Injuries

During the ejection attempt the pilot was severely injured. He died on 2 August 1993.
1.3  Damage to Aircraft

The aircraft was destroyed upon impact with the ground.

1.4  Property Damage

Moderate damage to the ficld occurred.

1.5  Crew Information

The 46-year-old pilot was in possession of a valid American pilot’s license for transport
pilots with the entitlements: single and multi-engine land aircraft, professional pilot, sail-
plane tow, L-300, B-707. It was issued on 28 March 1992. 1is first class flight certificate
was obtained from the FAA on 3 May 1993 and was unlimited.

In 1976 he had graduated from the "experimental test pilot course” at Edwards AFB and
participated in several test projccts of the USAF.

In order to fly the Ranger 2000, an application was made to the (German) Federal
Transportation Ministry for recognition of the American Pilot's License. This recognition
was granted on 17 June 1993 and was valid until 31 October 1993.

Until April the pilot had a total flight time of 7,160 hours. The flight time in the last three
months totaled 64 hours.

The pilot began flying the Ranger 2000 on 18 June 1993. Until the accident he had 9
hours in 8 flights as responsible pilot and 10 hours in 9 flights as second pilot. The
accident flight was his 5th flight in the second prototype and 2nd as responsible pilot..




1.6  Aircraft Information

The two-seat aircraft was a jet trainer, built in response to an American request (see
Appendix 1). Since later use as a German military aircraft was not intended, a malitary
certification process was not conducted, but rather a civilian program was begun.

The aircrafl is a single-engine, mid-wing aircraft of composite construction with a
rctractable landing gear. It is equipped with a two-spool turbine engine, JT 15D-5C buult
by Pratt & Whitney. Maximum takeoff mass is 3,855 kg.

The aircraft is equipped with speedbrakes, with are arranged on both sides of the fuselage
abowve the trailing edge of the wing. When they are extended they rotate 60 deg around
their axis. The extend/retract control knob is located on the throttle on the left side of the
cockpit.

Both scats of the aircraft are equipped with and cjection seat SHIS-3RW manufactured by
the company Universal Propulsion Company (UP-CO). A pyrotechnic device is installed
in the canopy, which blows away the canopy glass when the seat is fired.

For the conduct of flights for qualification testing, investigation flights, and test flights the
Federal Aviation Office issued a temporary permit on 6 May 1993 which was valid until 6
November 1993. Elements of the permit were the "Preliminary Pilot’s Operating
Handbook and Airplane Flight Manual® and the Flight Instruction 92-1/2. The limitations
and conditions specified in these documents were adhered to throughout the accident flight.

The first flight of the aircraft was on 18 June 1993, From this point in time to the time of
the accident flight a total of 12 hours in 11 flights were accomplished with the aircraft.
Maintenance of the aircrafl was accomplished in accordance with a predetermined plan.

Before the flight the aircraft was fully fucled with 1,640 pounds of JP-8 fuel. This was the
wish of the pilot. With this load the aircraft takeoff mass was in the upper allowable arca.
The center of gravity was within the allowable extremes.




T e L L LR PP AR PP REQUEST 074798, REPORT 31 --resserrssonrmancoocomacnnoos smeevscssencaaas +

+ DATA REPORT DEUTSCHE AEROSPACE (DASA)- ACCIDENT +
+ EVENTS|PHASES LOSS OF DIRECTIONAL CONTROL-MANOELVRING *
+ LOSS OF PITCH CONTROL/PORPOISE-MANDEUVRING +
L 4Gttt tsramamsmsemssasesssssssasmsssessaesmmsscssescesaamsmeanmEE T e e
-
Crmmtmmtmnnnn vesevevenns OPERATION ======csccccorccccanna. » 4 Lecmscmcccccmcvescnsnans FILE DATA ~veemmveoma~ R aiaiat 2
TYPE t MISCELLANEOUS - TEST/EXPERIMENTAL ++ [CAO FILE : 93/0114-0
++ FROM STATE : CERMANY
FINAL REP ++
C=mmcmmaonan DATE, TIME AND METEOROLOGICAL DATA =+s+=ssr=csd> 44 L=-osmcsmmeccccceconeas AIRCRAFT DATA ---=<=v-eccccnccceaa- -»
DATE : 93-07-27 ++ MASS CATEGORY :+ 5701 - 27 000 XG
TIME :r 16:07 ++ STATE OF REGISTRY : GERMANY
LIGHT 1 DAYLIGHT ++ REGISTRATION t D-FANB
GEN WEATHER : VMC ++
+
Cemmeremcesaccccccnannan LOCATION »===weecscecccccsccvceas > 44 Lommcsvocene DAMAGE, INJURY AND TOTAL ON BOARD -essee-=e-- >
LOCATION : EICHSTAETT ++ A/C DAMAGE : DESTROYED
STATE/AREA :  GERMANY ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED s MANCHING ++ CREM @ 1 0 b 0 0 1
DESTINATION ¢ MANCHING ++ PAX : 0 0 0 a 0 0
++

------------- seve NARRATIVE =----eeeceeecan-

THE A/C, WHICH IS A MILITARY TRAINER, WAS OM A TEST FLIGHT FOR CERTIFICATION. DURING ROLL MANOEUVRES IN LEVEL FLIGHT, 1T
LOST DIRECTIONAL AND PITCH CONTROL AND ENTERED A STEEP DIVE. THE PILOT EJECTED AT ABOUT 1,500 FT AGL.

DRN: THE PILOT EJECTED WITH THE EJECTION SEAT BUT THE ALTITUDE WAS TOO LOW TO LAND SAFELY.

------------ SEOUENCE OF EVENTS -==-=-=ve---
EVENT 1 LOSS OF DIRECTIONAL CONTROL - MANOEUVRING
1.SPEEDBRAKES/SPOILERS - KNOWN DEFICIENCY
1.MANUFACTURER - DESIGN STAFF-INSTRUMENTS/CONTROLS DESI1GN-POOR
2.DIRECTIONAL CONTROL - POOR EXECUTION
1.P1LOT-ACTION-WRONG
EVENT 2 LOSS OF PITCH CONTROL/PCRPGISE - MANOEUVRING



A REQUEST 140/94, REPORT # 226
A

+ DATA REPORT DEUTSCHE AEROSPACE (DASA) - OTHER (FR 06)
ACCIDENT +

+ EVENTS | PHASES: LOSS OF DIRECTIONAL CONTROL | MANOEUVRING
+

+ LOSS OF PITCH CONTROL/PORPOISE | MANOEUVRING
+

i o L o o o B e I o B o L I I o B o e B B o o o 5 S o
A
+H
<—ereeer——r OPERATION >+ < FILE DATA
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ICAOFILE :93/0114-0
+ FROM STATE : GERMANY

+4
< WHEN > ++ <eeoeee—— AJRCRAFT DATA
DATE : 93-07-27 ++MASS CATEGORY  : 2251 - 5700 KG
TIME : 16:07 ++ STATE OF REGISTRY : GERMANY
LIGHT : DAYLIGHT ++ REGISTRATION :D-FANB
+—
< WHERE >+ < DAMAGE, INJURY AND TOTAL ON
BOARD >
LOCATION :NEAREICHSTAETT ++ A/C DAMAGE : DESTROYED
STATE/AREA : GERMANY ++ INJURY : FATAL SERIOUS MINOR NONE
UNKNOWN TOTAL
DEPARTED : MANCHING + CREW : 1 0 00 O 1
DESTINATION : MANCHING +PAX : 0 0 0 0 O O

OTHER DAMAGE : YES
THE A/C, WHICH IS A MILITARY TRAINER, WAS ON A TEST FLIGHT FOR CERTIFICATION.
DURING ROLL MANOEUVRES IN LEVEL
FLIGHT, IT LOST DIRECTIONAL AND PITCH CONTROL AND ENTERED A STEEP DIVE. THE PILOT
EJECTED AT ABOUT 1,500 FT AGL.
DRN: THE PILOT EJECTED WITH THE EJECTION SEAT BUT THE ALTITUDE WAS TOO LOW TO
LAND SAFELY.

EVENTS AND FACTORS
1. EVENT | PHASE: LOSS OF DIRECTIONAL CONTROL | MANOEUVRING
FACTORS: SPEEDBRAKES/SPOILERS -KNOWN DEFICIENCY
MANUFACTURER - DESIGN STAFF -INSTRUMENTS/CONTROLS DESIGN -POOR
DIRECTIONAL CONTROL -POOR EXECUTION
PILOT -ACTION -WRONG
2. EVENT | PHASE: LOSS OF PITCH CONTROL/PORPOISE | MANOEUVRING

SAFETY RECOMMENDATIONS
RELATED TO PERSONNEL: NONE MADE
RELATED TO ATIRCRAFT/EQUIPMENT: NONE MADE
RELATED TO MISCELLANEOUS SUBJECTS: NONE MADE




JAS-39 Preliminary Accident Report

On August 18, 1993, the Swedish Government Accident
Investigation Board presented the preliminary report on the
August 8th accident involving the JAS-39 Gripen. The accident
occurred during a flight demonstration at the Stockholm Water
Festival,

According 10 the government investigation, "The accident
was caused by the flight control system’s high amplification of
stick commands in combination with large, rapid stick move-
ments by the pilot. This fed 1o the stability margin being
exceeded and the aircraft entering a stall.”

The report went on to say, "A contributing factor was the
late display of the flight atiitude warning system (STYRSAK)
which gave the pilot too little time to react.”

In a response to the report, the JAS Industry Group (G
JAS) concurred with the board’s view on the cause of the
accident. IG JAS said, "Our development process identified the
particular problem, but the judged margins have proved
inadequate. An eror of judgment, therefore has been made,
There was no system or design fault, the system operated in
accordance with the type specification during the flight.”

The IG JAS response continued, “The aircraft entered an
uncontrollable position owing to an unfortunate combination of
man-machine behavior, Corrective action to introduce the
necessary margins will be implemented in a relatively short
time and is the responsibility of 1G JAS.”

The development process is well-controlled and comprises
a large number of quality assurance procedures. The develop-
ment utilized both theoretical calculations, simulations and tests
in simulators and test rigs where both software and hardware
are evaluated. Flight testing follows a thorough and carefully
controlled process with successive enlargement of the flight
envelope. The process has been designed  following the
unfortunate accident of the first JAS-39 prototype in January,

1989. The extensive results are considered to fully meet
applicable requirements for safety.

The objective of the development process includes optimiz-
ing aircraft performance and flying characteristics. To this aim,
margins are established for the limits of the aircraft’s opera-
tion. This forms part of the routine work and test deviation
reports generated during design review group consisting of
systems designers and pilots from both the manufacturer and
officials making an assessment. 1G JAS states that the develop-
ment process and the methods used operated correctly and
identified the particular problem prior 1o the accident on
August 8th. Based on available knowledge, margins were sel
up concerning the demonstration flight and were judged small
but sufficient. It has been shown, however, that in extreme
combination of pilot input and control systems characteristics,
the margin is inadequate.

Since the January, 1989 accident involving the first JAS-39
prototype, more than 1,200 Mights have been successfully
completed during the flight test program. IG JAS has acquired
far greater knowledge and confidence in the Gripen's charac-
teristics. There is nothing to indicate the development of the
Gripen involves a higher risk level than carlicr development
projects.

During any aircrafi development, it is impossible to avoid
accidents with total certainty. High performance aircraft
systems are designed to minimize the risk of malfunctions and
10 meet the requirements of the flight test program. When an
aircraft encounters an uncontroflable flight situation, both the
pilot and the aircraft are provided with a recovery mode. In
this case, the pilol’s recovery, or rescuc, mode worked as
designed. The minimum altitude of the aircrafl did not allow
the pilot to initiate the aircraft recovery mode.




JASIYSE
GRIPEN

JAS 39 GRIPEN EFCS

HOW TO DEAL WITH RATE
LIMITING

by

Jan Angner (M), Test Pilot, Saab Military Aircraft
Clas Jensen (M), Test Pilot, Saab Military Aircraft
Mikael Seidl (M), Test Pilot, Swedish Air Force
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1 INTRODUCTION

The JAS 39 GRIPEN Might test program has been cunning since 1988, Many desiga items
hiave been of great concem to us during this pericd but nothing as much as the compicxity and the
performance of the EFCS. There |s no doubt that we early In the program underestimated the
challenge of designing and bullding an EFCS for & highly mancuverable and statically unstable
aircralt such as the JAS 39 GRIPEN.

Al Saab Military Alrcraft we were confident that we knew how 1o deslign, build and test
fight control sysicms. That was probably true (o tradidonal configurations and control sysicms s
proven In the VIGGEN program, But the design and testing of the EFCS for the JAS Gripea
proved 1o be more difficult than expected and required us (o Invent new processes fof sofiware
validation and flight test methods.

Today, 8 years after the first flight, and after some 2200 1est Nights including more than
10 vpgrades of the EFCS software and 2 accidents, we feel that we have reached an EFCS siatus
that will satisly customers regarding both safety and performance. We have achieved almost all of
our performance and safety copumitments and are now delivering aircraft to the Swedish Alr Force
at a rate of 18 per year, )

This paper deals with the JAS 39 Gripen accldent that occurred during an airshow over
Stockholn in 1993, Including the reason for the sccident, the short erm solution in onder to
resume Night test and the long term (hopefully penmanent) soluton to ensure safety and
pezformance for future production aircraflt The paper also covers the credibility process that the
design and test ieam has 10 face when an accident occurs as & result of inadequate design,

b ] BACKGROUND

The JAS 39 Gripen is 8 lightwelght muld role combat alrcraflt powered by a single GE
F404-400 engine rated at 80KN with max. sherbumner. Basic empty weight is about 7 metrie tons
and max. lake-off weight 13 meuic ons. The aircrall has a shortcoupled delta canard configuration
wlth all-moving canards. Iy has ne gative inherent stabdilty in pitch for improved performance and 2
full time three channel digital electrical Oight control system (EFCS),with two separate digital
back-up modes. To Improve tum pesformance and deczease buffeting the alrcrall has automaticadly
sctuated leading edge faps. The wim function Is sulomatcally balanced between canards and
elevons for optimum performance.
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The Swedish Alr Forcs has 30 far ordered & total of 140 JAS 39 Gripen’s which are
scheduled 10 replace all verslons of the SAAB Viggen and Draken alrcrafl and remain In service
well Inta the next century, As of today we have delivered a total of 20 production aireraf to the
Swedish Alr Force which are routinely used in operational trials.

The future for the peopram looks promising. This year we hope for an order from the

Swedish Alr Force for on additional 60-80 aircraft, and we are also marketing the sircraft outside

Sweden together with BAz,

However, though we feel confident with how the program Is running today we have had our
share of problems. The main problem area throughout the flight test program has been the
contplcxuyu;dzheperrommotmem.mumdoubtlhﬂuﬂylnthepmgram we
underestimated the challenge of designing and builiding an EFCS for a highly maneuverable and
statically unstable alrcraft such as the JAS 39 Gripen. We bave worked a lot with this particular
peoblem during the last couple of years and belicve our knowledge la this arca could be of interest
10 thoss knvolved in flight testing modem flight control sysiems.

3 TIHE ST OCKHOLM.ACCIDENT

In June 1993 the Swedlsh Alr Force ook dellvery of its first JAS 39 production aircraft,
TbelhcnnwuopcrnlodbymaSwlhhAkFotuTutleuCﬂ-{V)lndwnused(orlnlual
releass to service trials. Tn August of that yeas the aircrall was scheduled 1o toke pat in an airshow
over Stockholm, Al this Ume, this sole production alrcrafl, had flows a lotal ol 40 bours only. Due
munlhnltcdmnlurllyoflhelhttmunqauwrmnmduumxbowmncummmmmep
tums and tazy eighis only,

The alrshow began according to plan but about badf way through the display program, as

:henlmn wis :::ling MﬂltmL%Ipuu last control of the aircrafl and cjected, This was

very spectacular event since It took p n view of more than 100 000 le watching the
ainhow, Fortunately no one was injired, PP !

The accident resulied in a complete siop of all flight test activites with the JAS 39 Gripen.
Thls, !ngl.'.ul_:r with the way the accident occumred, put tremendous pressure on everyone fovolved,
The credibility of the whale project was questioned by the media and the parliament, and unless
we were able o quickly find out what went wrong, 2 it and resume Nying the future of the
project would be endangered.

4 WHAT WENT WRONG

Immediately after the accident a thorough investigation was conmenced by e official
Accldent Investigailon Board, and en Internal lnvestigation by Saab, We all took part In Lhe Saab
Investigation and it very 3000 became obvious what had happened that day over Stockholm.

In fact the day after the accldent we repeated the maneuvers pecformed over Siockholm In
:Jlll’ slm!uiallcru“I used for quAtS 39 EFCS development work. The result from this first test was
uccessiul In the sense we were able (0 repeat what sctually bappened, but also surprising in
muuwuuhmwmuywhmmuﬂ(mlna)m;wvermmwp’:mtcd. '

Data from the alrcrafl crash recoeder logether with our simulator flndings enabled us to
reconstruct the Aight profile in detall,

“The pilot was flying a steep turn at 20 deg AcA/300 kin/& and was planning to roll out of
the turn in front of the spectators whilst maintaining level flight. As the pilot ralled out of
the turn by use of full lateral stick command the aircroft responded ix an umwmm{ way. A
slight undesired nose up response was experienced togeiher with an overshoot in bank
angle. The pilot tried 1o counter these motions with prompt comrol stick inpuis and when
doing so entered a divergent P10 which quickly resulied in losy of stability which caused
the aircrat to depant™,

The Investigation showed that the undeslred noss up movement was caused by an
asymmetric roll command llmlier. As the pllot quickly tried 1o reestablish his desired flight path by
use of control sick commands he began to command more surface rate than the control system
could provide. The control surfaces were driven at teir rate Limit and the phase lag in the coatrol-
loop became oo large and consequently the aircralt lost ks stability.,

The reason for the accident wos that the alrcrafy entered a divergent PIO which resulted in
Soss of control. ‘The reason for the PIO was excessive control activity driving the control system to
its rate limit and beyond. The Urigger for the PIO was an unexpecied nose up pitch moton caused
by ma asymmetric roll command limiter,

Was the fact that the sircraft could be ratg limited known al thls Ume to the manylacturer
and the operatod? The answer Is yes, and we were working on & solutlon 1o just this problem. We
had seen In the simulator that prolonged aggressive maneuvering could result in sate limiling
leadlng to departure. But it was accepled that the alrcrafl at that time was not to be treated as if it
was “care-free”. What we didn’t understand however, was that under certain conditions loss of
control coutd occur very easily,

UNDERSTANDING RATE LIMITING

Before we could start to work on a solution for our rate limiling problem we first bad to
make sure that we fully understiood the problemn. As mentioned carlicr we were aware of the
problem but obviously we dida’t undersiand everything. Below follows a brief descripion of the
reasons for and the effects of tase limiting in & light contsol system.

A tervo actuator or control servo ls & device whose purpose is to produce an cutput signal
propostional 10 the Input signal. When a servo Is commanded to move [aster than It can, Lhe servo
actuator Is sald W be moving at lis rate limll. Although control surface rate limiling has been &
potental problem for aircrafl control since the advent of powered acluators, it was not until the
Intsoduction of highly augmented, unstable aircraft, such as the JAS 39 Gripen, that it became &
hazardous problem.

To meel the specified requitements, an aerodynamically pitch unstable, arficially
stabilized conftguration was chosen for the JAS 39 Gripen. In an antificially stabilized alrcraft, the
pltch siabilizatlon must have access to all the control surface rais It requlres, otherwise alrcralt
stability will be degraded of lost. Very short and Lemporary rate limitations are no major problems.
However, If the percentage of tme ln rate limit increases this will severely elfect handling
qgllll:zc:& and eventually result in loss of coatrol whea the alrerall no longer can be anificlally
&

The control surface servos must respond continuousty to the sum of the commands from the
pilot and from the stabillzaton system, When the sum of the commands exceeds the servo
performance the system will be rate lmited. When a serva reaches Its rate Limit iis pesformance
degrades. To avoid this degradation, the contral system normally incorporaies software rale
limilers upstream of every servo, the value of which being slightly less than that of the servo.
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If the pilot’s authority is bigh enough, be can cause rate Limitation by sudden laurge
commands. If 50, he will gel an unexpecied {delayed and crossfed) sesponse from the aircrafl,
which may cause him Lo counteract with an sbeupt control input In the other direction. This may
eventually resull la a PIO which will force the sysiem deeper Inio rate limication and therehy
closer to Instability. Therefore any PIQ tendencies must be eliminated,

Figurs 1 illustraics the effect of raie limiting, As can be scen the input rate exceeds the outpul fae, )
Tbe output moves s fast as it can unul it reaches the commanded amplilude, then reverses

direction and moves a1 fast as passible In the new directon. Note that the peaks In the output (Ty)
occurs later then those of the input (T,), This lustrates bow rate limiling will cause time delays or
phase lag. It's essentially (his ime delay that siars and mainiaing the P1O. Eventually tie tine
delays will become s0 large that the anificial stabillty of a pitch unstable aircraft will be lost

an 80

Flgurs 1, Effects of rate limiting.

The following factors may contribute (0 8 ratg timbing problem:

Electrical flight control system which has no mecbanical connection
between stick and control surfaces.

Plich unsiable plaiform requiring a high amount of continuous feedback.

Coutrol surface servos of limited rate (do not exclude degraded modes such as reduced
bydrautic supply!).

Same control surfaces for piich and roll,

High mancuvers performance (command authoxity).
Small unconventional control stick with high bandwidih.

HOWTO FIX IT

Once we had found out what went wrong and analyzed the problem, the next sicp was to fix
it and resume flight test

Since the servo rates available could not be Increased without basically rebullding the entire
alrplane, the fix had to be done within the EFCS sofltware.,

Since k was considered kmporiant to resume Right iest as sooa as possible and we knew an
operatlonally acceptable EFCS soltwars change would take dme to implement, we decided Lo
wark simultaneousty on two solutions:

. A short tenn solution. Soltware changes that would allow us 0 quickly resume [light 1est,

* A long term solution. Software changes that would be operationally acceplable.

THE SHORT TERM SOLUTION, SAFETY IS IMPERATIVE

One thing wo knew; whatever we came up with, had to be extremely SAFE. Regardless
what the pilot did 10 the stick, the alrcra MUST remain within the envelope.

We immediately recognized that the short term software solutlon meant that performance
had to be sacrificed. .

The EFCS designers worked with the short temm solution In paralicl with the long term
solution, We, as l2st pilots, Initlally concentrated oa the short term solution. Having the mulmum
servo rale we had, we needed 1o maximize the percentage of rule that the pitch feedback utilized.

<., 'This, of course, meant that the pliot would have kess "servo rate™ at bis dispossl. We also knew,

from the accident, that ths mix of piich/roll command signals was ot optimal. We also had a
number of functions withln the sysicm, Incorporated to minimize pilot woek load, that had atso
contributed to the accident.

The designers changed various software parameiers and we as test pilots few the simulawor
to decids whether or not the result was acceptable, At this stage we only looked for handling
quatlties (11Q) good enough to get the alrcralt airborne safely, pesform simple (from an EFCS
polnt of view) flight tests, and safely land the aircraft, We wanted ABSOLUTE safety. At the same
time we wanted to avold changes 1o the structure of (b soltware program. We didn't want to feck
any uncertainty regarding the lategrity of the soltware,

With these criteria I mind the following changes were Incorporated:

1. Several amall changes to "automatic functions™ such as automatic trim in roll. These
functions *consumed™ control susface raie,

2. Change of urim seiting on the elevoas to mlnimlizs the risk for control surface position
limiting.

Maximum n, and AcA limits were decreased from 9.0 10 7.0g and from 26 10 20 deg
respectively.

Pitch and roll roll stick gradients were changed Lo reduce initial respoase,

Maximum roll deflection was decreased from 9 to 7 degrees In order to reduce Lhe
maximum atalnable rolf command.




& Changes In the design of the MLL (Maneuver Load Limiter) essentlally making it more
conservalive, AoA and n, responses were decreased far siep inputs,

7. Changes in the schedullng of maximum commandable contro] surface rale 23 a function of
hydraulic peessure, Essentially the astainable sarface rate was (ailored to the hydraulic
pressure in order not Lo "drain™ the sysiem,

Consklerably longer lime constants were inroduced In both the plich and the roll forward
command path, This resulted In & somewhat more aluggish airplane response with
somewhat kess predictability,

9,  Roll authority was decreased at low speeds, giving priorty 10 the pltch feedback loop,
10. The proportional part of the plich forward command path was significantly reduced at low
speeds.

1. The asymmetric roll lmiier was removed,

These changes o the software ali almed to reduce the effect of a harsh piltot input This
normally ls something every'pllot dislikes, however, our siiuation was not normal. As test pllots at
this iime we had to acoept decreased perfomance, but of course not to the extent that the pilot
wionild feed "locked out” of the control Joop.

Hundreds of howurs were speat ln the simulator Lo tallor something that could be accepted
from a HQ point of view and at the same time fulfill the most important goat: The airplane was nof
to depart whatever the pilot did to the cootrol silck. Once we had somethlng we believed we could
£ly, we had to make sure It didn't depart, This was probably our deepest concern. How do we come
up with a test mcthod that we can trust? Early In the process we leamned that Tull stlck Inputs,
approximaicly 130 deg out-ol-phass with the alrplane response, scemed Lo be the worst we could
do to saturale the system. Consequently we developed a method (o test our system doing just this.

We spent hours In the simulator pumnplng the stick 180 deg out-of-phase with the alrplane. Doing .

30 Induced a “clonk™ sound, thus clonk testing was lavenied)

Simultaneously the EFCS engincers were trying 10 come up with a computer model 1o test
the sysiem. During whe first months of our work we, the humans, were ahead of the computers. [t
scemed there was always yet anolher way to get the alrplans to depart. We could spend days with a
sct of conirol laws we really believed in, just 1o find out It didu't work if we chanped our Input just
& little bit. The system was sensitive 1o the mix of piich and soll inputs. A couple of pure piich
inputs were not a problem. Full pitch and roll inputs In combination were OK. But, If we blended
the plich input with, say, 0% roll the alrplane might depast.

We s00n found thal the slrplane was most sensitive to large control stick Inputs at speeds
around 400 k. Thus, the design work was Initially concentrated to this speed range. However,
since the system was sensiiive 1o variations in control stick Inputs, the computer models kad a hard
time 10 keep up with our work in the simulator. For example, if the computer peedicted that the
control laws could manage, say, 8 full Inputs, we already knew from the slmulalor that the system
oaly could handle 4. This was an ongoing evolution. Finally a computer model was designed
which predicied departures correcily .
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Figurs 2, Number of “clonks™ 1o departure as a function of IAS (km/h),

As indicated in Mgure 2 the aircrafl was as most sensitlve Lo large controd inputs at
400 knvh nog 600 kin/h. The reasons for thls Is liustrated In Ngure 3 where forward path gain is
plotied versus [AS. As can be seen maximum pilot command galn is available at these speeds.

Figurs 3. Forward path galo a3 a function of Indicated Alr Speed (kivh).

‘The maximum number of clonks before departure was & much discussed lopic at this time.
We all knew we had made an Incorrect assunpiion carller, s0 who was prepared ta say that 4, 3 or
10 fulf stick inpuls were enough for safe Night? However, we Mnally came 1o 8 decision in which
all Saab and FMY Iest pilots took part. We decided the system had to Wlerats at least
4 full stick inputs at the worst assumed condition.

The eritical envelope was divided Into two segments. Ooe segment wat, at low altitude,
where we could not rule out PIO rriggers such as sudden encounters with binds. In this segment no
Nlylng would be allowed except for 1akeo!T and landing. Within the rest of the critical envelope It
was decided that no maneuvers that could trigger a PIO, such as focmation Right, were to be
performed, Outskle these two segments the alrplane could be flown “as usual™
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Figure 4. The flight eavelops wiih tha shoet lerm fix.

We knew early on that two basic parameters affect the risk of departure due to clonk, One
was (he plich gain, or actually the maxlmum n, allowed by the system. The other parameter was
alrcrafl mass. We found that we coukl not meet our "4 clonk criteria™ everywhere in the envelope
with a maxlmum allowed n, of 7.0 g. Therefore we manually reduced the n,-blas o 5.0 § when
inside the critical part of the envelope. This was & peactical use of the Flight Test Functions (FTF)
panel incorporated in the EFCS for Might test use.

We learned that If the alrplane weighed more than 8.5 metric tons, it was not possible to

depart even if the n,-blas was set 10 7.0 g. Therelare the loaded weight had to be above 8.5 metrkc -

lons.

Whh the new st of control laws, the restricions mentloned above, and months of computer
slmulatlon, we fclt ready o resume fylng, On December 29, 1993, 4 172 months afier the
Stockbolm sccldent we flew. The concerns about slugglshness and unpredictability due (o the
changes in the conuol laws proved to be groundless, Actually, apart from losing some
performance due to the lowered maxlmum n/AoA and a tendency 1o float during landing flare, the
alrplane flew extremely well In fact It flew better than before within some areas of the eavelope,
such as fine tracking during alming,

It is well worth remembering that with a maximum n,-bias of 5.0 g in the EFCS, ibe
airplane could not be departed at any speed. Keeplng out of the “critical part™ of the envelope was
Just another safety net. With this in mind it was dechided to develop an operational flight program
for the Inldal batch of production alrcrafl 10 be detivered 1o the Alr Force,

Production aircraft do not incocporate any FTF s, therefore anoiher method had ta be found

o easure that a max. 5.0 £'s could be commanded by the pllot. Ao Ingenlous solution to this

roblem was lavented by the designers. In essence it was done by sending a false message 1o the

EFCS making il helieve that the aircrall weight was above 10.000 kg at all tlmes, thus reducing the
maximum allowed n,-bias to 5.0 5.

FMY accepted production aiscraft with this configuration In March 1995. Since then the
FMV and the Swedlsh Alr Force have takea delivery of 20 alrcruft, FMV bas [lown a series of
technicalAactical tests 1o further lavestigate operational suitability and the SAF has started Initlal
training,
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What was meant 10 be a temporary fix (o a serious problem ln order & Xly resume
flight test at Saab, In reality became a versatile, safe software edidon. ‘The perionnance was
reduced, bul still features good fylng qualities and serves well withia both FMV and the Alr
Porce. This siory started In xu;uu 1993 and wilt end thls summaer whas he Alr Force stans 1o use

EFCS editlon PI L which incorporaies the long term solution,

s THE LONG TERM SOLUTION, SAFETY & PERFORMANCE

Rate limiting is an undesired quallty la the Flight Control Sysiem of an unstable alrcrall,

? The safe approach I8 10 design the sysiem 50 It will never occur. This can be done by selecting fast

servos capable of high rates, typlcally 60%s 1o 100%/s and/or by climinatlng adverse elffects by
inielligent EFCS sofiware design.

Rate limiting Is a nonlinearity that should be avolded as far as possible, But even systems
that have access 1o high servo rate performance aro likely to reveal rats limiting in cestain pormal
mode slwallons as well as In failure cases, For instance, an aircralt with Just one bydraotic system
in operation has to be flown at the same level of instability as the fully functional system.

It has been known for & long tine that delays occur between Input and outpul as a result of
rate Ilmiting. The phase lag should be eliminated. Various fllies designs have been presented In
the literature clalming to have this peovislon. The "only” problemn has been to mechanize a solution
that wiil work correctly In all situations. The two figures below illustrate this:

Figure 5, This filter produces rate (by Flgure 6. Another way of producing the

dilferentiation), timits the rate and lnteprates derivative (raie). Now with a feedback that

back again. Note that this method preserves the  keeps the Integratlon going until output =

rate, but causes koss of trim seuing. Input; no loss of uim setting, bul an
awkward loss of phase, This can be seen as
the standard method,

The design of the Soab rate limitng filies, RLIMFB (llier, was staried after the accident
The objecive was Lo design & simple fllter that could be Incorpocaied lo several places within
the digital control Joop. It was ¢learly understood that the Gripen EFCS should be Inherently
designed such that servo rats limiiing would seldom occir, In rare cases with hard
maneyvering the RLIMFB filter should act as a safety "fence” agalnst bad HQ that might lead
to loss of control. It was stated carly that one could not expect the samé good HQ with the
RLIMFB filter active as without rate liinldng, e.g. the presence of RLIMFB filters should not
be expected to compensate for the need of "enough servo rate” in pormal flight sitvations.
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The RLIMFB fllter 1s a fally simple control sysiem block with no switching logic,
Filters designed using switching logic can have fairly good characteristics but tend to be
complicated. The RLIMFB fllter is designed as illustrated Infigure 7, The diagram shows that
lhaouquslgndcbnngusl;nuduhd.jmulghdydchyed.mdlherannomlwimpmwnt
when the Input signal gocs o zero,

[ R L L L LR R LY R TN TN T Y S ey

Figurs 7 llustrates the RLIMFB fllter, With 0o fate limitin at the feedback loo
hnoucuve.lnnnzcnmlmmaumhowemmedlﬂmbawu: mdompmllgnalll;
lnbuucxadrmUnluptnsigmmreulbackmdmmalnpmmlhululumiuumnse.
whea Input reverses, the output follows with Just a slight delay. Tha filicr bas solt behavoir and
minor trim offset and cther Pproperties can be adjusted by fllier parameters,

Exiensive analytic design work as well as slmulator trials have been ormed In order
1o optitnize _the filter parameters. You seldom gets something for fres - pu:fprlcc although
nﬂ:::.l.‘;.lll dmor'upumdruruepmpmdmhgpnmlnthebopumulaumwe

Figurs 8. "Drool™ for step Input in the Saab RLIMFB et design
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A fixed base simulator Is not the best devics to find dellcate HQ degradations, even if
you know what 10 look for, To Increase the knowledge of the (itter behavior during real flylng
an In-Flight Simulation was perfocmed in a Calspan Learjel. This Night 1est sesslon was
perfocmed with simulated very low avalisble maximum rate (20°/s) to focce the pilot 15 control
the alrcrafl during the lest tasks with a high percentage of the tlme in rate Hmit,

Two tasks were performed: an up and away HUD tracking task, and a close to ground

falrly extreme offset landing maneuver, Two filter designs Ia addition to two variants of the

RLIMFB fliter were sested, as well as 8 1o Olier variant with limited and [ull rate capability,

Both tests sulfered from "scale effect® due (o the sekecied low maximum servo rale: &n
alrplane with extreme Jow max rale has baskcally bad HQ that hides qualities, good oc bad, of a
fllter, Best results were obialned, as expected, with the “full rate® system and the worst HQ
with the rate limlied system without filter. The RLIMFB filter results [rom the two tasks did
not Indicaie the RLIMFB filter to be far superior W the other filier designs tested, But, more
importantly, no specific bad HQ were revealed, just & "general degradation” compared 10 &
sysiem with no rate limltation.

Flnally, flight test results In & Gelpen test slreraf with ERCS of “full performance” have
shown thal the RLIMFB fllters are rarely actlvaied even during hard maneuvering, During
“clonk™ mancuvering, when servo max. mie are reachied on some surfaces, the airerafl has
perfonmed well, No type of advanced mancuvering has shown any signs of bad behavior.

The "drool” effect found In the simulator has proven not to affect the HQ during real
flylng. This Is likely due to the fact that squase type inputs are soltened by lag lead filiers in the
forward loop and that severnl RLIMFB (liers are interacting In the sysiem, As seen in ligure $
RLIMFB (ilters are present at several places In the focward and feedback loops.

Feed back
Puch | [——=L_RuM | (!)---- Canard
tick Lent
—“" = Trailing

4—-—«.'»-"-"" ==
- T L

m "‘ Rudder

Figure 9. RLIMFB fllter locatlon In the Gripen EFCS.
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Edge

The RLIMFB filter works welf without affecting HQ regardiess of EFCS mode. HQ
degradations (hat have knpact on Might safety are prevenied, The filter design Is patented and
is available to others under license,
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LESSONS LEARNED

The analysis work performed afler the Stockholm accident, including understanding the
problems o depth and the design and test proceas of the new fllier bave glven us a tot of
experience and knowledge In the probably sull not fully explored field of EFCS for unstable

Some of the lessons leamed are Lisied below:

. Test and production alrcrafl difTer, The Hight over Stockholin was performed with a
production aircraft which Ls some 10-15% lighter than test alrcraft. This meant more
performance and control power, due 1o the way the EFCS was designed, and resulted in
2 more P10 prone alrcralt compared (o the beavier iest alrorafl

Minlstick. A small stick has many advantages bot can be moved quickly between max.
positons if the pilot fecls bhe needs to.

The natural position feed back is keas in & minl stick than with & conventional stick, The
EFCS desiga has to compenzate for this,

Search for the worsi case. In the digital world slmulators In most cases reveal the trus
alrplane behavior. The risk of departure with the EFCS incorpacated in the Stockholm
alrplans was misjudged. The worst case was pretent but not discoversd, There Is no
timple and unambigices method to find worst excitation of 8 muld input, mulll ocutput,
noniinlar system such as a modern, arilficlally stabillzed alrcraft. Professional
Judgement and cammon sense are needed now moce than ever!

Avallable P10 criteria has been of little help, The Gripen bas been tested with alt
knowa types of PIO criteria. None indicated the risk of divergent PIO similar to the
Stwockholm acclklent.

Do not deslgn with "overperformance™, The high performance present in the EI'CS
of the Stockholm alrerafy, especinlly in roll al Yow speed was considered “nice 1o have”
by all pilots, But "overperformance™ Is also an uanecessary exposure 1o problem areas.
Do not design with more respoass than s needed In each situation,

Servo rate limlit sltuation can occur [n all alrcraft of this type. You need to consider
this fact during the design process. There are likely 10 be situations when more servo
rate s demanded than available, these have 10 be bandled in a way that will not
compwomise HQ or salety,

New technology « do not think you know everything. Be critical, always ask the
"wha} IF* questlons. Look for the worst case, investigale minor anomalies, play the
devil’s advocate, be suspicious... New test methods also have o be developed,

Maturity. Maturity of a new design is not reached Just because an extensive fight test
program has been successfully passed. The production aircraft EFCS design In our case
was nol matere enough for operationa] use. Always ensure that Might tests are also
performed in production alrcraft

Surface deflections a3 well as the presence of surface moment limitstions need 1o be
dealt with In a similar way 10 rate limliing, Try to avoid these limltations also.

Ant] servo rate limiting [iers are good to have but should not be activated during
noenal maneavering.

10 CONCLUSION

The design and testing of the Gripen EFCS has truly been a chatlenge for both the
designers and l.eft pilots. As ll'oﬂcu the cap:. when new technology Is Introduced things do not
always work out Lhe way you expect. In cur case little belp was available from others when
problems due to rate lmiting occurred almply because we discovered the problem first In an
operationa) system, 1i can be costly 1o be In the front line..,

Our way of solving the sltuatlon aficr the sccldent by simultaneously working oo a short
term solution in order 19 create tme for finding & permancat solution proved to be successful.

Today the Gripen operates with fult performance. Flight tests have proven that the
sircraft can no longer be departed due 10 rate limlting. Flight tests have also uncovered no
pegative HQ effects with the filier design during all types of mancuvering. This opinica is
shared by all participadng test pilots, Including test pliots from outside Sazb MA.
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Date: 30.66.1294

Time: 17.41

Type: Artus A 323321
Operator: Airbus Industrie
Registration: F-WWKH

Cin: 042

Year built 1933

Total airframe hrs: 260 hours

Crew. 3 fatalities / 2 on board
Passengers: 4 fatatities / 4 on board
Total: 7 fatalities / 7 on board
Location: Toulouse-Blagnac (France)
Phase: Take-off

Nature: Test

Flight :g;;ouse-slagnac - Toulouse-Blagnac (Fiightnumber
Remarks:

The testflight was part of the preparation required for the certtfication of the
Pratt & Whitney equipped Airbus A.330 autopilot to Cat. !l standards
(apprecach and go-around under very bad visibility conditions). The first part of
the testilight was completed successfully when the aircraft landad on
Runway 15L. A 180deg turn was made for a Runway 32R takeoff. The
second takeoff was to be performed under conditions similar to those of the
first takeoff. For this test however, the autopilot would incorporate the
medification under study (Spatiaal with Bukble in 2972 state). The aircraft
weighed 147 700kg and a centre of gravity of 42%. The takeoff was
performad by the co-pilot with TOGA (takeoff Go Around) power, instead of
Flex 49 (a lower power setting). Rotation was positive and pitch input was
stopped when the attitude changed from 12deg to 18deg nose-up. Within &
seconds after takeoff several attempts were to engags the autoilct were
unsuccessful. After it was engaged, activation was delayed by 2 sec because
the 1st officer was exerting a slight nose down input on the sidestick. The
aircraft, still trimmed at 2.2deg nose-up pitched up to reach 29deg and the
speed had decreased to 14Skts. The captain meanwhile reduced thrust on
the no.1 engine to id'e and cut off the hydrautic system in accordance with
the flight test order. Immaediately after it activated, the autopilct switched to
aftitude acquisition mode (altitude had been set at 2000ft on the previous
flight phase). This caused the pitch attitude to increase to 32deg in an
attempt to reach 2000ft. The speed dacreased further to 10Ckts (minimum
conrol speed=118ts!). Roll control was lost and the captain reduced no.2
engine thrust to idle to recover symmetry on the roll axis. Bank and pitch
attitudes had reached 112dzaq left and -43deg resp. before the pilotmanaged
to regain control. it was however too late to avoid ground impact at a pitch
attitude of around -15d=g. PROBABLE CAUSES: “At the present stage of its
work, the commission estimates that the accident can be explained by a
combination of several factors none of which, taken separately, would have
led to an accident. The inittal causes are primarily refated to the type of the

http:*-aviation-safety net'database’1994.940630-0.lam

aé/pa/f;

0772372000 6:50 PM



Aircraft accident description 30.06.1993 Airbus A 330-321 htp:“aviation-safety net'databace/1 994 9406300 ltm

test and its execution by the crew during the last takeoff: 1) choice cf
maximum power (TOGA) instead of Flex 49; 2) very aft CG for the last takeoff;
3} trim set in the takeoff range, but in too high a nose-up position; 4) selected
altitude of 2000ft; 5) imprecise and late definition of the test to be conducted
and the tasks to be performed by the captain and first officer, respectely; 6)
positive and very rapid rotation executed by the First Cfficer; 7) the Captain
was busy with the test operations to be performed immediately after take off
(engagement of the autopilot, reduce thrust on the engine and cut off the biue
hycraulic system) which temporarily placed him outisde the contre! loop; 8) in
addition the absence of pitch attitude protection in the autopilot altitude
acquisitton modle played a significant role. The following is also contributed to
the accident 1) The inability of the crew to identify the mode in which the
autopilct was placed, 2) the confidence of the view in the expected reactions
of the aircraft; 3) the late reaction from the flight test engineer when faced
with a potentially hazardous change in parameters (speed in particular); 4)
the ime taken by the Captain to react to an abnormal situation.”

Source: (also check out sources used for every accident)

5183 + S5184; FI1 10-16 8.94(6); AWSEST 11.07.94(26-27) + 3.4 95(72-73) +
10 4. 95(E0) + 17 04 95(44-45) + 15 05,95(58-59) + 22.05.95(54.56) +

29 05.95(69-70). TT + Ceefax; ASW 23 01.95(4)

P mactialion repen

Copynght 2 1666-2000 Harro Ranter / Fabian Lujan
Aviation Safety Networlk, updated 7 May 2000
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#emeeaeeeeeneeemeeccceeceencccaaeeecaeaaaas += REQUEST O75/98, REPORT & =---ccccomrerocomocecannnnnan cessececstcccanay

+ UNOFFICIAL REPORT AIRBUS INDUSTRIES-A330 ACCIDENT +
+ EVENTS!PHASES SIMILATED FAILURE-FIRST ENGINE-TNITIAL CLINB +
+ COLLISION WITH LEVEL TERRAIN/WATER-EMERGENCY/UNCONTROLLED DESCENT +
+ FIRE-POST- IMPACT +
#eecssssrsamacanne sssvrrammeencs sssmnmccenscene sesmcmccscmmersssosoonmnnn escesnmmn L e T P P T PR cosseancd
4
S DT R TREER T evre== OPERATION =---=cces=coancceaccne- > 44 Cemoooon- ceemmmnaans DATA ===---- RIS
TYPE : NON-SCHEDULED/DOMESTIC/TRAINING/CHECK ++ [CAD FILE :
++ FROM STATE :
FINAL REP +
L BT DATE, TIME AND METEOROLOGICAL DATA ---=-=--=- > 44 Comomoonne e e AIRCRAFT DATA -------- e
DATE : 94-06-30 ++ MASS CATEGORY : 27 001 - 272 000 KG
TIME : 17:50 ++ STATE OF REGISTRY = FRANCE
LIGHT : ++ REGISTRATION : F-SAKH
GEN WEATHER 3 **
+¥
Commmeccessecooncoaaaas LOCATION ==esenmmnnns cermmmmmaae- > 4 Co---veecsss DAMAGE, INJURY AND TOTAL ON BOARD ~+---===ue- >
LOCATION :  TOULOUSE/BLAGNAC ++ A/C DAMAGE : DESTROYED
STATE/AREA @ FRANCE ++ INJURY : FATAL SERICUS MINOR NONE UNKNOWN TOTAL
DEPARTED :  TOULOUSE/BLAGNAC ++ CREW 3 7 0 o 0 0 7
DESTINATION : TOULOUSE/BLACNAC “PAX i 0o 0 o 0 0 0
+*+

----------------- NARRATIVE ---<ssr====ecc-~
AIRCLAIMS: THE AIRCRAFT WAS DESTROYED WHEN IT CRASMED ODURING A TEST FLIGHT. THE FLIGHT HAD BEEN UNDERTAKEN TO TEST A NEW
AUTOPILOT STANDARD INTENDED FOR CERTIFICATION FOR ALL-WEATHER CAT. 11! OPERATIONS WITH A330S POWERED BY PRATT & WHITNEY
ENGINES. THE TEST CALLED FOR THE AIRCRAFT TO BE FLOWN AT MINIMUM SPEED WITH MAXIMUM ANGLE OF CLIMB AND WITH MAXIMM AFT
COFG, IMMEDIATELY AFTER TAKE-OFF, ONCE THE MAXIMUM FLIGHT ATTITUDE OF BETWEEN 25 AND 30DEG. WAS REACHED, THE TEST SEQUENCE
INKVOLVED SWITCHING ON THE AIRCRAFT!S AUTOPILOT, SIMULATING AN ENGINE FATLURE (IN THIS INSTARCE A FAILURE OF TRE LEFT
ENGIKE) AND CUTTING OFF THE ENGINE’S ASSOCIATED HYDRAULIC CIRCUIT, FOR THIS PARTICULAR TAKE-OFF THE AIRCRAFT’S
CONFIGURATION WAS: GROSS WEIGHT, 147.2 TONNES, COFG 42X, PITCH TRIM, 2.2 NOSE-UP AND FCU TARGET ALTITUDE 2,000FT. DURING
THE SUBJECT FLIGHT, POWER WAS INITIALLY INCREASED SLOWLY DUE TO THE COFG BEING OUTSIDE THE AFT LIMIT FOR TAKE-OFF BUT THEN
TOGA {TAKE-OFF/GO-AROUND) THRUST WAS SELECTED. THE AIRCRAFT WAS THEN, REPORTEDLY, ROTATED fSTEEPLY’ AND ‘RAPIDLY? BY THE
CO-PILOT WHO WAS FLYING. AFTER GETTING AIRBORNE, THE 'EXTREME* AFT COFG, COUPLED WITH THE NOSE-UP TRIM, LED THE AIRCRAFT TO
ADOPT A 'SEVERE’ ANGLE OF ATTACK WITH IT EVENTUALLY PITCHING 29DEG NOSE-UP. THE MAXIMUM SPEED ACHIEVED WAS 155XT. BUT THIS
THEN BEGAN TD DECAY AS THE AIRCRAFT’S PITCH ATTITUDE INCREASED. THE CAPTAIN TOOK OVER CONTROL AS THE SPEED FELL THROUGH
100KT, DISCONNECTED THE AUTOPILOT AND PUSHED THE SIDE-STICK FULLY FORWARD, THE SPEED INITIALLY CONTINUED TO DECREASE BY
ABOUT 4KT/SEC UNTIL AT QOKT (28XT BELOW VMCA) LATERAL CONTROL WAS LOST AND THE AIRCRAFT BANKED 'QUICKLY’ TO THE LEFT
REACHING A BANK ANGLE OF 112DEG. THE MINIMUM SPEED REACHED WAS 77XT. MEANWHILE, POWER ON THE NO.2 ENGINE WAS REDUCED TO
IDLE AND LATERAL CONTROL WAS RECOVERED. THE AIRCRAFT WAS BROUGHT BACK TO WINGS LEVEL WITH ITS SPEED INCREASING, HOWEVER,
ITS STEEP NOSE-DOWN ATTITUDE AND HIGH RATE OF DESCENT (12,000FT/MIN)Y MENT THAT FULL RECOVERY COULD NOT BE COMPLETED BEFORE
IMPACT WITH THE GROUND. THE ENTIRE FLIGHT, FROM BRAKE RELEASE TO IMPACT, LASTED &40SEC, THE ACCIDENT HAPPENED IN WHAT HAS
BEEN DESCRIBED AS 'NEAR PERFECT WEATRER’.

[JEntry 2 of 4 in Applied Sci&Technol Abst 10/83-5/98

TITLE
Autopilot a factor in A330 accident
PERSONAL AUTHOR
Sparaco,-Pierre
SOURCE
Aviation-Weck-and-Space-Technology.v. 141 July 1194 p. 26-7.
ABSTRACT
French aviation authorities are investigating the crash of an Airbus A330 on June 30. The aircraft

was performing an engine-out go-around under autopilot control as part of the Category 3
certification test. The aircraft pitched up following an unexpected autopilot mode activation during
the test flight at Toulouse-Blagnac airport, France.
DESCRIPTORS
: ic-pilots: Aviation-Accidents; Jet- s-Testine .

[(JEntry 3 of 4 in Applied Sci&Technol Abst 10/83-5/98
TITLE
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COMMISSION D'ENQUETE
SUR L'ACCIDENT SURVENU LE 30 JUIN 1994
A TOULOUSE-BLAGNAC (31)
A L'AIRBUS A330 N°42 D'AIRBUS INDUSTRIE
IMMATRICULE FWWKH

RAPPORT PRELIMINAIRE

28 JUILLET 1994

2

AVERTISSEMENT

Le présent document a €té établi par la commission d'enquéte sur la base des renseignements disponibles.
11 présente des éléments factuels recueillis sur les circonstances de l'accident, une premiére analyse
provisoire de cet accident ¢t les premiéres recommandations que la commission estime devoir formuler
avec pour objectif fondamental la prévention de futurs accidents.

11 est rappelé que cette enquéte ne vise nullement 3 1a détermination de fautes ou de responsabilités.

SOMMAIRE

Synopsis
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Composition de la commission d'enquéte et résume des travaux
I - Renscignements dg base:

1.1 - déroulement du vol

1.2 - conséquences sur les personnes

1.3 - dommages a l'aéronef

1.4 - autres dommages

1.5 - renseignements sur le personnel

1.6 - renseignements sur Faéronef

1.7 - conditions météorologiques

1.8 - aides a 1a navigation

1.9 - télécommunications

1.10 - renscignements sur l'aérodrome
1.11 - enregistreurs de bord - télémesures
1.12 - épave :

1.13 - renseignements médicaux et pathologiques
1.14 - incendie

1.15 - essais et recherches.

II - Analyse préliminaire:
2.1 - considérations générales
2.2 - pr¢paration du vol
2.3 = déroulement du vol.

III - Conclusions proviseires:
3 .1 - faits établis par I'enquéte
3.2 - causes probables.

IV - Premicres recommandations

Annexes.
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Date de l'accident: Aéronef:

jeudi 30juin 1994 AIRBUS A330-322

a 17h41 locales (15h41 TU.) numéro de séric : 42
Immatnculation : FWWKH

Lieu de I'accident: Propriétaire:

En bordure ouest de I'aérodrome GIE Atrbus Industric

de Toulouse-Blagnac (Hte Garonne)

Nature du vol: Occupants:

vol d'essais - Equipage (3):
Commandant de bord : Nicholas WARNER
Pilote : Michel CAIS
Ingénicur navigant d'essais : Jean Pierre PETIT
- Observateurs : 4

RESUME DE L'ACCIDENT:

Dans le cadre d'un vol d'essai, aprés un décollage 3 un centrage trés amiére, en vol de montée a forte
assiette, I'équipage effectue une simulation de panne du moteur gauche aprés avoir engagé le pilote
automatique. La vitesse diminue rapidement et malgré la reprise en mains par le commandant de bord,
P'avion embarque vers la gauche. La reprise du contréle du vol intenvient trop tard pour éviter I'impact avec
fe sol.

Conséquences:

 PERSONNES

: DEGATS
Tués | Blessés | Indemnes

| AUX TIERS
i
!
1

Sans objet

Equipage 3 0 -
i 3

|-

COMPOSITION DE LA COMMISSION D'ENQUETE ET RESUME DES TRAVAUX:

'Observateurs

Composition de la commission:

La commission d'enquéte instituée par message n°8522 DEF/DGA/DCAE du ler juillet 1994 est
composce de:

- M. Frangois Gonin, ingénicur général de 'armnement, président,

- M. Jacques Rosay, pilote d'essais du Centre d'essais en vol,

- M. Dominique Deschamps, ingénicur en chef de I'armement du Centre d'essais en vol,

- M. Hend Marotte, médecin-chef du Centre d'essais ¢n vol,

- M. Yves Lemercier, ingénieur au bureau Enquétes-accidents de ITnspection Générale de I'Aviation Civile
et de 1a Mcétcorologie (IGACEM),

- M. Bernard Marcou, ingénieur au Senvice de 1a formation aéronautique et du contréle technique de la

'
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Direction Générale de I'Aviation civile,
- M. Paut Arslanian, chef du bureau Enquétes-accients, observateur (IGACEM).

Conformément aux principes de l'annexe 13 et dans e cadre des accords généraux entre le Burcau
Enquétes-accidents et le National Transportation Safety Board (NTSB - USA), un représentant du NTSB,
assisté d'un représentant de la FAA et de conseillers de Pratt et Whitney, a eu accés aux résultats
d'exploitation des enregistreurs de bord.

Résumé des travaux:

Le président de la commission d'enquéte instituée le ler juillet, accompagné de plusieurs membres de la
commission, s'est rendu sur les beux le méme jour en fin de matinée. A cette occasion, il a pris contact
avee les autorités judiciaires concernées qui ont défini les modahités de transfert et d'exploitation des
enregistreurs de vol qui avaient pu étre récupérés sur I'épave de 'avion.

11 a également visité I'épave et donné son accord pour transférer ses €léments dans un hangar aprés avoir
défini des précautions particuliéres a prendre concernant les moteurs ¢t certains éléments.,

La premiére réunion pléni¢re de la commission d'enquéte a eu licu le 5 juillet 3 Toulouse. Elle a permis de
recenser les données disponibles relatives a l'accident et de définir un programme de travail pour les jours
suivants.

La deuxiéme réunion pléniére a eu licu le 8 juilet 3 Toulouse. Au cours de cette journée, la commission a
procédé a I'écoute de 1a bande de télémesure enregistrée pendant le vol de l'accident* ainsi qu'a des essais
au simulateur de développement de I'Airbus A330 en conditions d'utilisation normales et en conditions
similaires 3 celles du vol du 30 juin. A cette occasion, elle a €laboré les premiéres recommandations qu'elle
estimait devoir formuler concernant le mode d'acquisition d'altitude du pilote automatique.

Les travaux dc la commission ont €t poursuivis par chacun de ses membres, conformément au
programme de travail défini le 5 juillet.

La troisiéme réunion plénicre de la commission a eu licu kes 26 ¢t 27 juillet a Paris. Elle a été consacrée a

1a mise au point du présent rapport préliminaire.

* s'agissant d'un avion en essais. I'Airbus A330 n°42 était €équipé d'une installation d'essais spécifiques en
sus des enregistreurs de vol.

BACK TO TOP

I - RENSEIGNEMENTS DE BASE:
1.1 - Déroulement du vol:
Ce vol d'essais entrait dans le cadre dc la préparation de la certification du pilotc automatique aux

standards de catégorie IIl (approche et remise de gaz par tres mauvaises conditions de visibilité), pour cette
version de I'Airbus A330 équipée de motcurs Pratt et Whitncy.

0772772000 3:33 PM
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copilote effectue 1a rotation puis le commandant de bord enclenche le pilote automatique, réduit un moteur
et coupe le circuit hydraulique comrespondant). La chronologie des événements a ensuite été la suivante:

- le copilote a demandé confirmation de la puissance i afficher an décollage (TOGA ou Flex49),

- le copilote 3 affiché la puissance maximale (TOGA) sur les deux moteurs conformément i la
procédure indiquée par le commandant de bord, alors que, comme pour le premier décollage,
l'ordre d'essais prévoyait une puissance Flex 49,

- le coptlote a conservé une action a pousser sur le manche jusqu'a la rotation,

- 1a rotation a été réalisée franchement et 'action i la profondeur a été amrétée, l'assiette évoluant de
123 18°

- plusicurs tentatives d'engagement du pilote automatique avant les 5 secondes succédant au
décollage ont €1é infructucuses. Le pilote automatique n'a €té actif que deux secondes apres
I'engagement car le copilote exergait un léger ordre a piquer sur le manche a ce moment
(déplacement supéricur A 0,5°). Pendant cette période, I'avion, toujours trimé a 2,2°, s'est cabré
jusqu'i atteindre une assiette de 29°. La vitesse de I'avion, aprés avoir atteint 155 Kt, n'était que de
145 Kt au moment ou le pilote automatique a €té connecté (Vobjectif > 150K),

- I'assiette longitudinale de 'avion a diminué ensuite Iégérement vers 25°,

- le commandant de bord a réduit le moteur gauche dés I'engagement du pilote automatique puis a
coupt le circuit hydraulique bleu. Immédiatement aprés étre passé actif, le pilote automatique est
passé en mode Acquisition d'altitude ou ALT* compte tenu du fort taux de monntée de I'avion (une
altitude sélectée de 2000 ft avait été affichée au cours de la premiére phase de vol, lors de 1a
descente A partir du niveau 100 pour la premiére approche),

- dés lors, la loi de pilotage du mode ALT* a fait cabrer I'avion pour rejoindre I'altitude sélectée.
L'assictte est montée vers 32° et la vitesse de I'avion a chuté rapidement,

- lorsque le commandant de bord a repris I'avion en mains, la vitesse avion n'était que de 100Kt en
forte diminution (vitesse minimale de controle air: 118Kt),

- la fonction Alpha prot des commandes de vol qui restitue une stabilité longitudinale statique
positive s'est activée normalement, juste apres la reprise en mains de I'avion par le pilote, qui n'a pas
pu &viter une perie de controle en roulis,

- une remise des gaz automatique (protection alpha floor) s'est ensuite activée, elle a été
immeédiatement stoppée par le commandant de bord qui a réduit e moteur droit au ralenti dés la
perie de controle en roulis pour resymétriser rapidement I'avion,

- les assiettes latérale et longitudinale ont atteint respectivement 112° gauche et - 43°. Dans ces
conditions des informations invalides ont alors été envoyées aux calculateurs de commandes de vol
par les centrales a inertie entrainant un passage des commandes de vol en loi directe,
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Le programme général des vols correspondants était fixé par I¢ document Airbus Industrie n®460/94 issue
n°l du 27 juin 1994.

L'ordre d'essais du vol n°129 fait I'objet d'un document daté du 30 juin 1994.

Tout le vol jusqu'a linstant précédant l'accident s'est déroulé conformément a lordre d'essai, hormis la
puissance affichée au premier décollage : TOGA (Take Off Go Around : puissance maximale) au lieu de
Flex 49 (puissance inféricurc & la puissance maximale égale a celle qui scrait dispomible avec unc
température extéricure de 49°c):

- décollage en configuration 2 de becs et volets, engagement du pilote automatique (en version de
base) 3 157 Kt en mode de tenue de vitesse (SRS : Speed Reference System) 6,5 sccondcs aprés le
décollage puis réduction d'un moteur et coupure du circuit hydraulique correspondant.

- montée au niveau 100, moteurs en fonctionnement normal. Réalisation de virages au pilote
automatique en mode de tenue d'altitude, en configuration pleins becs et volets 3 Vmin + 5 et d
Vmax - 10Kt pour étudier les problémes de coordination des commandes en virage.

- approche automatique suivie d'une remise de gaz avec panne simulée d'un moteur (pilote
automatique en version basique).

- manoewnvte identique A 1a précédente aprés introduction d'une modification du pilote automatique
(Spatiaal avee Bulle état 3972, cf paragraphe 1.6).

- approche automatique en monomoteur simulé, atterrissage automatique et utilisation d'une seule
Teverse.

Durant toute cette partie du vol le travail en équipage €tait le suivant:
- le premier décollage a été effectué par Ie commandant de bord en place gauche,

- 1a suite du vol a été effectuée en pilotage automatique. Les actions ont été réalisées et commentées
par le commandant de bord. Le copilote vérifiait Ies actions du commandant de bord et obscrvait Ic
fonctionnement de I'avion sans intervenir sur les ¢ssais,

- le copilote a réalisé tous les échanges radio avec I contrdle aérien.

A lissue de cette partie du vol, et toujours conformément a l'ordre d'essai, un décollage devait €tre réalisé
dans dcs conditions semblables au premier, hormis I'état du pilote automatique qui comportait la
modification étudiée (Spatiaal avec bulle état 3972). L'avion qui s'était posé en piste 15G a effectus sur la
piste un demi tour avec l'accord du contrdle d'aérodrome pour s aligner en piste 33D. Durant cette phasc,
l'avion a été préparé pour le décollage et e trim a €té positionné de 4° a cabrer a 2,2° a cabrer sans
dialogue équipage. La masse et le centrage étaient alors respectivement 147 700 Kg et 42%. L'ingénicur
d'essais a ensuite expliqué la nature de I'essai a réaliser et sa chronologic. Une fois aligné sur la piste 33D,
avion prét au décollage, le commandant de bord a proposé au copilote de réaliser ce décollage puis a
explicité la répartition des taches (le
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- le pilote est parvenu a reprendre le contréle de son appareil mais trop tardivement pour éviter
I'impact avec le sol. L'avion s'est écrasé avec une assiette longitudinale d'emviron - 15°

1.2 - Conséquences sur les personnes:

! Equipage ] observateurs I Tieres }

Tués l 3 i 1 0 ]

; Blessés l - - - !
§ Indemnes | - l - - i

1.3 - Dommages a I'aéronef:

L'avion a été totalement détruit par les impacts successifs €t I'incendie trés violent qui a suivi.
1.4 - Autres dommages:

Sans objet.

1.5 - Renseignements sur le personnel:

L'équipage technique comprenait trois personnes : un commandant de bord, un copilote, un ingénteur
navigant d'essais.

Quatre autres observateurs étaient a bord : deux pilotes de ligne italiens, deux cadres technicocommerciaux
d'Airbus Industnie,

1.5.1 - Commandant de bord:

WARNER Nicholas, né le 7 janvier 1943 4 Colchester (Royaume-Uni), chef pilote d'essais 3 Airbus
Industrie.

Brevet de pilote d'essais obtenu en 1971, délnré par I'ETPS (école de formation des équipages
d'essais britannique).

Licence de pilote d'essais n°119965 délinrée le 10 novembre 1978 par la Civil Aviation Authority
(Royaume-Uni).

Demiére visite médicale passée le 28 avril 1994, certificat d'aptitude déliveé le 28 avril 1994 par Ia
Civil Aviation Authority (Royaume-Uni).

Expérience:
Heures de vol totales : 7713, dont 345 sur A330

Heures de vol effectuées dans les 6 derniers mois : 258 dont 123h30 sur A330.
Heures de vol effectuces dans les 30 derniers jours; 34h25 dont 21h15 sur A330.

BACKTO TOP
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1.5.2 - Copilote:

CAIS Michel, né le 4 novembre 1940 a Panis (18¢me).

Licence de pilote de ligne délivrée e 20 octobre 1980 par la Direction générale de Faviation civile.
Demicre visite médicale passée le 02 mai 1994 devant le Centre d'expertise médicale du personnel
navigant (CEMPN) du Service de santé des armées de Toulon : apte.

Qualification instructeur pilote de ligne délivrée en mars 1989.

Qualification de type sur plusicurs types d'avions, dont celle pour I'Airbus A330 délnrée le 16
novembre 1993.

Expértence:
Heures de vol totales ; 9558, sur A330 : 137.
Heures de vol effectuées dans les 6 derniers mois : 151, dont 130 sur A330.

1.5.3 - Ingénicur navigant d'essais:

PETIT, Jean-Picrre, né Ie 23 aoiit 1943 3 Boulogne sur Mer.

Licence d'ingénieur navigant d'essais délivrée le 29 juillet 1969 par le Centre d'essais en vol.

Licence de pilote de ligne déliviée Ic 5 septembre 1989 par la Direction générale de I'aviation civile.
Demicre visite médicale passée le 17 septembre 1993 devant le Centre principal d'expertise médicale
du personnel navigant (CPENIPN) du Senvice de santé des armées a Paris apte.

Expérience:
Heures de vol totales dans la spécialité: 6255.
Heures de vol dans les 6 derniers mois dans la spécialité : 234 dont 103 heures sur A330.

1.5.4 - Observateurs:
NASSETTI, Alberto, pilote de ligne de la compagnie Alitalia.
RACCHETTI, Picr Paulo, pilote de ligne de la compagnie Alitalia,

TOURNOUYX, Philippe, cadre Airbus Industrie.
HULSE, Keith, cadre Airbus Industrie.

11
1.6. Renscignements sur I'aéronef:

Propriétaire et exploitant; Airbus Industric.

Plancur: Constructeur: Airbus Industrie.

Type: A330-322

Numéro de série: 42

Premier vol effectué e 14 octobre 1993

Total dheures de vol le 30 juin 1994: 360 heures 30

Laissez passer exceptionnel délivré le 29 mars 1994, par la Direction générale de l'aviation civile, valable
du ler avril au ler octobre 1994.
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Moteurs : Constructeur: Pratt et Whitney.

Type PWV 1168

Heures de fonctionnement (et nombre de démarrages):
- moteur gauche: 366h42 (173)

- moteur droit : 363h17 (183).

Définition:

S'agissant d'un avion en essais chez son constructeur, I'Airbus A330 n°42 n'était pas en tous points
conforme i 1a définition de série certifiée en cours de Iivraison aux utilisateurs. Les principales spécificités
de définition qui méritent d'étre relevées dans le cadre de 'enquéte sont les suivantes:

- l'utilisation d'un systéme dénommeé Spatiaal qui permet de contrdler T'état effectif de certains paramétres
intemes aux calculateurs de I'avion (en particulier ceux du pilote automatique et des commandes de vol) et
de les modifier 3 la diligence de lingénieur navigant d'essais a partir de données inscrites dans une
mémotire amovible (dénommée "Bulle”) programmée avant le vol par le burcay d'études. L'un des objets
du vol était de comparer le comportement du pilote automatique en fonction de deux états de la "bulle
203" : "OFF" (standard de base pour le pilote automatique) et "3972" (¢tat dans lequel] llordre en vitesse
de tangage du pilote automatique est deux fois plus fort). Dans cette définition, les calculateurs de I'avion
sont fonctionnellement conformes aux calculateurs des avions de série mais matériellement différents pour
pouvoir accepter des ajustements internes par sélection de données préprogrammeées dans ces calculateurs.

- linstallation en cabine passagers d'un pupitre a la disposition de l'ingénieur navigant d'essais qui lui
permet d'une part de conduire Pessai (visualisations, télécommunications), d'autre part de mettre en oeuvre
l'installation d'essais.

- enfin, avion était équipé d'une installation d'essais en vol enregistrant et transmettant au sol par
télémesure 3 cadence €levée les paramétres et la phonie du téléphone de bord (voie G - cf paragraphe
1L.11).

Mentions portées sur les comptes rendus mécaniques

Il n'a pas été relevé sur les observations formulées par les équipages lors des vols précédents de remarques
ayant une relation possible avec l'accident.

Masses et centragces :

Au démarrage, I'nvion avait une masse de 152 700 kg et un centrage de 40,2%.

Avant le demier décollage, la masse de lavion était de 147 700 kg et le centrage d¢ 42%,

12
1.7 - Conditions météorologiques:

La situation météorologique du jeudi 30 juin 1991 donnait un régime de beau temps ensoleillé sur
Toulouse, associé a des vents faibles 3 basse altitude. Les observations effectuées sur le terrain 3 17h30
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locales (15h30 TU) montraient un vent de secteur nord-est d'environ 4Kt, conditions "CAVOK" (visibilité
supéricure a 10 km, pas de nébulosité en dessous de 1500 m, pas de précipitation), température 34°, point
de rosée 20°, pression au sol 997 hPa. D'autre part, les relevés météorologiques effectués entre 13h00 et
14h00 locales confirment que ces paramétres €taient stables.

A la misc en route, l'équipage a écouté I'ATIS de Toulouse. Le message €tait information cnrcgistréc a
14h25 T.U: ILS 15G, niveau de transition 50, vent 170%10 Kt, CAVOK, température 33° point de rosée
20°, QNH 1016, QFE 998 hPa.

Juste avant le dernier décollage (en piste 33D), la tour de controle a annoncé un vent du 040° pour une
forcede 3 a8 Kt

1.8 - Aides a la navigation, moyens de radio-navigation:

L'analyse des documents de suivi de l'avion ainsi que l'exploitation dcs différents paramétres ct
conversations enregistrés (par télémesure, sur les enregistreurs de vol ou par le controle aérien) montrent
que les moyens de radio-navigation de 'avion €taient en parfait état de fonctionnement.

1.9 - Telécommunicalions:

Les transcriptions des radio-communications entre I'avion, la tour de controle et/ou lapproche de
Toulouse-Blagnac ont été cffectuées.

Pendant I vol, toutes les émissions de I'avion ont été effectuées par le copilote.

Les radio-communications avec l'organisme de contréle de la circulation essais-réception ont également été
transcrites. On note qu'avant e décollage, I'équipage signale une modification du profil de vol envisagé par
T'ordre d'essais, prévoyant, aprés I'exécution de I'ensemble des manoeuvres consignées dans l'ordre d'essais
une phase complémentaire d'évolutions au niveau 100 a titre de démonstration au profit des pilotes italiens
présents a bord.

1.10 - Renseignements sur I'aérodrome:

Les NOTAM en vigueur le jour de l'accident et Ia disponibilité réelle des moyens font apparaitre une
indisponibilité de ITLS 15D ainsi que Ie remplacement du VOR. Ces données étaient connues de
I'équipage. Les approches automatiques ont €1é réalisées en piste 15G a cause de lindisponibilité du glide
15D. Les autres restrictions sur I'aérodrome ne concemaient que la circulation au sol et les postes de
stationnement; cllcs n'avaient aucune influence sur le déroulement du vol.

1.11 - Enrcgistreurs de bord - télémesure:

Conformément a la réglementation en vigueur, A330 n°42 était équipé d'un enregistreur de conversations
et d'alarmes sonores émises dans I poste de pilotage (CVR : Cockpit Voice Recorder) et d'un enregistreur
de paramétres (SSFDR : Solid State Flight Data Recorder). Les deux enregistreurs ont été retrouvés sur
I'épave de l'avion et transférés par Vofficier de police judiciaire désigné, a Brétigny, le ler juillet enfin
d'apres-midi.
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L'avion était également équipé d'une installation d'essais qui transmettait par télémesure au sol les
paramétres de vol 3 une cadence beaucoup plus €levée que celle des paramétres enregistrés sur le SSFDR,
ainsi que la phonie enregistrée sur le téléphone de bord ("voie G” de la télémesure). Les données
transmises par télémesure ont été enregjstrées au sol pendant le vol et étaient visualisées en salle d'écoute.

1.11.1 - Exploitation des enregistreurs:
SSFDR:

L'enregistreur de paramétres a ¢té amené par l'officier de police judiciaire (OPJ) désigné au Centre
d'essais en vol (CEV) sur 1a base de Brétigny le 1er juillet en fin d'aprés-midi. Les travaux
d'ouverture de 'enregistreur ont commencé le méme jour dans le laboratoire du CEV en présence
de I'OPJ. L'ouverture de I'enregistreur et I'extraction du boitier mémoire ont ¢té assurées sans
difficulté particuliére.

L'acquisition des 48 derniéres minutes de vol a été effectuée sur la station Reseda du CEV
permettant une visualisation ainsi quune premiére mise en grandeur physique des paramétres de vol
en utilisant l'outillage et le logiciel de la société SFIM fabricant de l'enregistreur.

Des sauvegardes de travail ont été faites sur disquettes (copie totale de 1a mémoire de l'enregistreur).
L'enregistreur et son boitier mémoire ont ¢té¢ remis a 'OPJ le soir méme.

Les travaux ont ensuite porté sur 1a vénfication des étalonnages, le tracé de courbes et 1a corrélation
avec les autres informations disponibles et sont encore poursuivis en ce sens.

La lecture et la restitution des paramétres de vol enregistrés sont jugées satisfaisantes (aucune perte
de synchronisation constatée) sauf pour les deux derniéres secondes du vol.

CVR:

L'enregistreur CVR a été amené par 'OPJ i Pans dans les laboratoires du bureau
Enquétes-accidents le 2 juillet matin. Les travaux d'ouverture de P'enregistreur ont commencé
immédiatement en présence de 'OPJ. L'ouverture de I'enregistreur et I'extraction de 1a bande
magnétique ont €té assurées sans difficulté particuliére.

Quatre copies ont ¢té réalisées. La lecture et I'écoute de I'enregistrement qui restitue les 30 derniéres
minutes de vol se sont effectuées dans de bonnes conditions. Une premiére transcription des cing
derniéres minutes de vol a été effectuée le 2 juillet. L'enregistreur et 1a bande magnétique originale
ont ¢té remis 3 'OPJ le méme jour. Les travaux de transcription se sont ensuite poursuivis 3 partir
du 4 juillet.

Télémesure:
Les données transmises par télémesure ont été exploitées pendant et aprés le vol du 30 juin.

Les premiers résultats de cette exploitation (tracés de courbes, visualisation et écoute des données
transmises, premiére transcription de 1a phonie voie G de Ia fin du vol) ont été fournis i 1a
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commission d'enquéte I 4 juillet. Des résultats complémentaires, ainsi qu'une copie de la phonie
voic G concernant la totalité du vol ont été fournis par la suite a la commission.

Les données transmises par télémesure sont exploitables pendant La quasi totalité du vol, sauf
pendant les toutes demiéres secondes (2 & 3 secondes).

BACKTO TOP
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1.11.2 - Fonctionnement des enregistreurs (SSFDR, CVR télémesures):

Le fonctionnement des enregistreurs est en premiére analyse parfaitement correct pendant tout le
vol, sauf pour les 2 3 3 demiéres secondes (SSFDR et télémesures).

En premiére analyse également la corrélation entre les paramétres enregistrés par le SSDFR et par
télémesures est trés bonne. Il faut noter par ailleurs que la télémesure fournit des données
complémentaires utiles A celles restituées a partir du SSDFR et du CVR, en particulier:

- la restitution compléte des conversations de 'équipage pendant tout le vol (alors que Ie CVR ne
restitue que les 30 derniéres minutes du vol),

- 1a restitution des modes d'activation du pilote autormatique et/ou des commandes de vol : alors que
le SSFDR enregistre ce qui est présenté au pilote pour ce qui concerne les modes d'activation du
pilote automatique, les données télémesurées concernent I'état réel de ces modes.

1.11.3 - Restitution des conversations et des alarmes sonores (CVR et voie G de la
télémesure):

Le CVR (type Loral Fairchild A 100 A - SN 57719)

Les conversations ont €t¢ entidrement restituées. La signification ne présente aucune ambiguité
malgré le jargon spécifique aux essais.

Divers bruits, manoeuvres du levier de train, variations de régime des moteurs, ont €té reconnus.
Les alarmes sonores et les signaux annonciateurs ont été identifics.

La datation chronologique fournie par I'horloge interne du CVR est excellente. Elle 2 permis de
caler différents éléments de conversation, de radio-communication et autres actions cffectuées en
cabine de pilotage.

La transcoption du CVR est foumic en annexe.

La voie G de la télémesure:

Cet enregistrement est véritablement une sorte de CVR qui couvrirait tout Je vol.

Aprés une écoute complite, la premicre partic de cet enregistrement peut étre schématiquement
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présentée en cing partics:
- 1a préparation et la mise en route de 'avion,

- le premier décollage et 1a panne simulée du moteur gauche au cours desquels Ie commandant de
bord commente la réponse du pilote automatique i cette panne simulée,

- 1a manoewvre (virages coordonnés) faite en altitude, au pilote automatique, ainsi que les
commentaires du commandant de bord,

- les approches de catégorie IT avec remise de gaz suivies de panne simulée, ainsi que les
commentaires a chaud du commandant dg bord,

15

- I'atterrissage complet effectué en mode automatique et en mono-moteur simulé, avec activation
d'une seule reverse, ainsi que les commentaires en temps réel du commandant de bord.

L'enregistrement de cette derniére partie recounre l'enregistrement du CVR; il a €té entiérement
transcrit.

La seconde partie, celle couvrant 'accident, de 3 minutes 30 de durée, peut étre scindée en cinq
séquences:

- le rappel des intentions de Yéquipage d'essai et le bnefing particulier du copilote par Ie
commandant de bord,

- le décollage, jusqu'a I'engagement du pilote automatique,

- l'engagement du pilote automatique, la stmulation de panne moteur puis la montée en pilotage
automatique jusqu'd ce que le commandant de bord réalise que I'essai ne s¢ déroule pas
normalement,

- 1a reprise en mains par le commandant de bord, la perte de contréle et les actions de rattrapage,

- les deux secondes avant I'impact.

Dans les deux demiéres séquences, les signaux sonores, alarme et messages GPWS, sont nombreux
et se recomnrent parfois.

Exploitation:

- de I'écoute de la premiére partic de ces enregistrements, on retire I'impression d'une ambiance
harmonieuse de travail méthodique du commandant de bord et de I'ingénicur d'essai, le copilote
sutvant les essats sans intervenir.

Aucune anomalie de fonctionnement de I'avion, des moteurs et des systémes n'est signalée par

I'équipage ou par I'équipe d'écoute au sol.
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- de I'écoute de la deuxiéme partie, se dégage l'impression d'un équipage d'essais conscient de 1a
manocunte spécifique quiil va entreprendre en toute confiance.

On peut percevoir que le commandant de bord sort temporairement de 1a boucle de pilotage lorsqu'il
exécute les actions propres a 'essai (engagement du pilote automatique, manette de gaz du moteur
gauche sur ralenti, pompe hydraulique coupée). L'ingénicur d'essais signale 'engagement de 'avion
dans une phase critique de fagon relativement tardive (aprés que le commandant de bord ait repris
les commandes).

1.11.4 - Restitution des paramétres enregistrés (SSFDR et télémesure):

La commission a essenticllement étudic la derniére phase du vol depuis le deuxiéme décollage.
Toutefois, elle a également considére I'évolution des paramétres lors du premier décollage et des
deux remises de gaz effectuces au cours des premiéres phases du vol, ainsi que les affichages
d'altitude présélectée réalisés par I'équipage.

Premier décollage : Il a été réalisé par le commandant de bord dans les conditions prévues par
l'ordre d'essais, sauf pour ce qui concerne la puissance maximale affichée sur Ies moteurs (TOGA)
au licu du réglage Flex 49.

16

Les conditions étaient similaires a celles du deuxicéme décollage, avec toutefois les différences
suivantes: '

- avion plus lourd (+ 5 tonnes environ),

- centrage avant décollage : 40,2% (42% au deuxiéme décollage),

- altitude présélectée par I'équipage 7000 picds (6969 sur le SSFDR) au licu de 2000 (1982 sur I¢
SSFDR) pour le deuxiéme décollage,

- "Bulle 203" sur OFF (Etat 3972 au deuxicme décollage),

- réglage du trim proche de 0°(0,4° a cabrer au licu de 2,2° a cabrer au deuxiéme décollage).

La mise d¢ gaz est trés progressive apreés le lacher des freins, 1a rotation est franche mais bien
controlée, Ie pilote automatique est engage 6,5 sccondes aprés le décollage, la vitesse étant de 157
Kt et I'assiette longitudinale de 14,5°. Le pilote automatique est immédiatement activé en mode de
tenue de vitesse (SRS). Le facteur de charge maximum atteint est 1,27 g.

Le moteur gauche est réduit 2 secondes aprés I'engagement du pilote automatique puis le circuit
hydraulique bleu est coupé. Pendant la réduction effective de la poussée du moteur gauche, Ie pilote
automatique maintient sensiblement constantes Ia vitesse et l'assiette fongitudinale, puis il raméne
progressivement F'assiette a 8° pour permettre le maintien de la vitesse 3 environ 160 Kt aprés une
excursion 3 150 Kt.

La vitesse verticale moyenne de montée pendant les 40 secondes qui suivent la stmulation de panne
du moteur gauche est de 1750 pieds par minute.

En latéral, les paramétres sont bien maintenus par I¢ pilote automatique.

0772712000 3:33 PM




Rapport Preliminaire - A330 Toulouse HtpAwww rvs ur-bielefeld de‘public...8'ComAndRep/ A330-Toulouse Rapport hirni

Affichage des altitudes présélectées par I'équipage (temps avion relevés sur le SSFDR, heures
TU):

- 7000 pieds (6969 sur le SSFDR) avant le premier décollage,

- 10 000 pieds (9974 sur le SSFDR) pendant la montée vers 10 000 pieds (14h57'10),

- 8 000 pieds (7992 sur le SSFDR) avant le début de descente a partir de 10 000 pieds (15h06'59),
- 5 000 pieds (4987 sur le SSFDR) aprés un palier 3 8 000 pieds (15h10'53),

= 3 000 pieds (2941 sur le SSFDR) en cours de descente (15h1 1'52),

- 2 000 pieds (1982 sur le SSFDR) aprés un palier a 3 000 pieds (15h14'48).

Cette demiére valeur n'est pas modifiée par I'équipage pendant tout le reste du vol.

Remise de gaz en pilotage automatique avec simulation de panne moteur:

Premiére remise de gaz : 1a premiére remise de gaz est effectuée aprés une approche au pilote
automatique en configuration "full” (pleins becs et volets) 3 130 Kt. Le centrage est de 40,2%, la
"Bulle 203" en état "OFF".

BACK TO TOP
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Trés prés du sol, 1a pleine poussée sur I¢ moteur droit est affichée et Ie moteur gauche est réduit
simultanément (15h19°37 TU, temps avion), la vitesse est de 128 Kt, le mode de tenue de vitesse
(SRS) est activé au méme moment. La configuration de becs et volets est modifiée (passage 3 1a
configuration 3) 5 secondes apres les mouvements des manettes des gaz,

Le pilote automatique maintient 130 Kt avec des excursions maximales de + 5 Kt l'assiette
longitudinale maximale obtenue est de 12,7° puis se stabilise a environ 11°. Le facteur de charge
maximum atteint est 1,18 g.

La vitesse verticale moyenne en fin d'essai est de l'ordre de 1500 pieds par minute. Le mode
d'acquisition d'altitude du pilote automatique est activé lorsque l'avion passe 1 750 pieds en montée
(15h20°42).

Deuxiéme remise de gaz : méme configuration initiale que la premicre, sauf centrage (40,5%5) et
"Bulle 203" état "3972".

La pleine poussée sur le moteur droit est affichée 2 15h28'45 TU, la vitesse est de 128Kt La
configuration d¢ becs et volets (configuration "full” vers configuration 3) est modifiée 4 secondes
apres, puis le moteur gauche est réduit (15h28'51), la vitesse étant de 142 Kt.

Des I'affichage de 1a pleine poussée sur Ie moteur droit, le pilote automatique est activé en mode de
tenue de vitesse (SRS). Apres I'excursion signalée 3 142 K, le pilote automatique fait rejoindre 130
+ 2 Kt a l'avion en pilotant l'assiette longitudinale dont la valeur maximale atteinte est de 15,5°
(15h28'53). Le facteur de charge maximum atteint est de 1,19 g.

La vitesse verticale moyenne en fin de montée est voisine de 1 000 pieds par minute. Le mode
d'acquisition d"altitude du pilote automatique est activé lorsque I'avion passe 1 800 pieds en montée.
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Derniére phase du vol: avant le deuxieme décollage, 1a masse est de 147 700 Kg et le centrage de
42%, l¢ trim de profondeur est positionné 3 2,2° a cabrer, les becs et volets sont en configuration 2,
1a "Bulle 203" est dans I'état "3972".

L'affichage de la poussée maximale pour Ie décollage est effectude trés progressivement. La position
plein avant des manettes de gaz est obtenue a partir du temps avion 1 5h40'28, 1a vitesse étant de 47

Kt

Pendant 1a course au décollage, I¢ copilote qui a les commandes ‘exerce une action 3 pousser sur le
manche (environ 6° i piquer) jusqu'au moment o1 il initie la rotation; 1a vitessc est alors de 132 Kt.
Le manche atteint la position 10° i cabrer et la rotation est franche trois secondes aprés, la vitesse
est de 144 Kt en augmentation, Iassiette longjtudinale est de 6° en augmentation (temps avion
15h40'46 : To).

A To + 2 secondss, le manche est ramené au neutre, 1a vitesse est de 147 Kt, Lassiette longitudinale
est de 14° en augmentation. Le facteur de charge maximum atteint est de 1,4 g.

A To + 4 sccondes, 1a vitesse passe par une valeur maximale de 155 Kt, l'assiette longitudinale est
de T'ordre de 20° en augmentation. La commande de rentrée du train a été actionnée (la séquence de
rentrée du train s'achéve entre To + 16 et To + 20 secondes).

Sensiblement i To + 6 secondes, l¢ pilote automatique est engage, 1a vitesse cst de 150Kt et
I'assictte longjtudinale est de 24, 6° en augmentation.

18

Au moment ou le pilote automatique est engagé le copilote exergait depuis environ une scconde une
faible action & piquer sur le manche (il maintient cette action environ 0,5 seconde apres
I'engagement du pilote automatique).

L'assictte longjtudinale étant supéricurc & 25° aprés Pengagement du pilote automatique, les
informations concernant les modes d'activation du pilote automatique et du directeur de vol ne sont
plus présentées au pilote et ne sont plus transcrites sur le SSFDR. En effet, ce demier enregistre les
données présentées a I'équipage sur les visualisations primaires de pilotage (PFD). Ces informations
sont toutefois transmises par la télémesure et sont donc disponibles dans I cas présent.

Aprés engagement du pilote automatique, et avant son activation effective, I'assicttc longitudinale
passe par un premier maximum de 29° 3 To + 8 secondes (la vitesse est alors de 145 Ki).

Imméd‘iatement aprés I'engagement du pilote automatique, le moteur gauche est réduit, son
paramctre de conduite (EPR) decroit a partir de To + 7,5 secondes. Puis I circuit hydraulique bleu
est coupé entre To + 10 secondes et To + 12 secondes (donnée SSFDR enrcgistrée toutes les deux
secondes).

Le pilote automatique est activé a To + 8 secondes (2 secondes aprés son engagement) et passe

presque immédiatement (3 environ To + 8,4 secondes) en mode d'acquisition d'altitude. Au moment
du passage dans ce mode, Ies paramétres de vol sont les suivants:
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- assiette longitudinale 28° en diminution,

- vitesse 145 Kt,

- altitude pression 950 pieds (500 pieds par rapport au sol),
-vitesse de montée: environ 6 000 pieds par minute,

- incidence 6°,

- inclinaison proche de 0 (0,7° a drotte),

- vitesses de lacet et de roulis nulles.

Aprés activation du pilote automatique en mode d'acquisition d'altitude, la vitesse décroit de fagon
sensiblement linéaire : 129 Kt 3 To + 12 secondes, 113 Kt & To + 16 secondes (taux moyen de
diminution proche de 4 Kt par seconde). Dans le méme temps, l'assiette longitudinale décroit
jusqu'a 25° atteints & To + 12 secondes puis réaugmente de fagon sensiblement linéaire : 28,5° 3 To
+ 15 secondes, 31,6° 4 To + 19 secondes. A ce demier instant, 1a vitesse est de 100 Kt.

En latéral et aprés activation du pilote automatique, 13 gouverne de direction est amenée
progressivement en butée i droite par le pilote automatique entre To + 10 secondes et To + 16,5
secondes, les ailerons a partir de To + 10 secondes et les spoilers n® 4, 5 et 6 i partir de To + 14
secondes contrent I'inclinaison 4 gauche qui apparait a partir de To + 10,5 secondes et oscille autour
de 7° entre To + 12 secondes et To + 19 secondes.

A To + 19 secondes, le commandant de bord déconnecte le pilote automatique. Les paramétres de
vol sont :

19

-vitesse 100 Kt en diminution,
- assiette longitudinale 31,6° en augmentation,
- incidence proche de 14° (Iégérement inféricure) en augmentation,
- inclinaison 7,7° a gauche,
- vitesse de roulis faible a gauche,
- vitesse de lacet 2,5%s vers la gauche,
- altitude pression 1 668 pieds (1 278 pieds par rapport au sol).
L'incidence de 14° est immédiatement atteinte activant le mode alpha prot des commandes de vol.

Le commandant de bord améne l1a commande profondeur en butée 3 piquer atteinte 2 To + 20
secondes, progressivement 1a commande de gauchissement en butée a droite atteinte 3 To + 25,5
secondes, maintient la direction en butée 3 droite et réduit le moteur droit entre To + 23 secondes ¢t
To + 25 secondes (position manette des gaz).

La remise de paz automatique du moteur gauche (protection alpha floor) initiée a To + 24 secondes
est de ce fait désactivée.

L'évolution des parameétres est trés rapide (décrochage de l'aile gauche):
- 3 To + 25,5 secondes, 1a vitesse passe par un minimurm (77 Kt), l'assictte longitudinale est

de 15° en décroissance rapide, l'inclinaison est de I'ordre de 43° gauche, en augmentation
rapide.

x4

+
=~
3
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Lincidence passe par un maximum a To + 26 secondes (Iégérement supérieure a 26°).

- a To + 27,5 secondes, la vitesse est de 85 Kit, I'assiette longitudinale proche de 00,
l'inchnaison de 85° gauche et la vitesse de lacet atteint son maximum (14°/seconde 3 gauche).

- d To + 29,5 secondes, la vitesse est de 106 Kit, l'assictte longitudinale de - 28° & piquer et
l'inclinaison de 110° a gauche.

-a To + 30,5 secondes, le commandant de bord améne la commande de profondeur qu'il
avait gardée sensiblement au plein piqué au plein cabré, pratiquement simultanément les
commandes de vol passent en loi directe.

L'assietic longitudinale passc par un minimum de 43° a piquer 3 To + 32 secondes, 1a vitesse est de
125 K4, l'inclinaison est encore de 43° a gauche mais en diminution rapide. La vitesse verticale est
de 7 500 pieds par minute vers Ie bas, 'altitude pression est de 1 088 picds (638 picds par rapport
au sol).

Les derniéres informations valides sont enregistrées a To + 36 secondes, la vitesse est de 156 K,
I'nclinaison est de 18,3° a gauche, l'assiette est toujours négative (- 16°).

BACK TO TOP

1.12 - Epave:

L'épave est dispersée au sol sur un terrain situé en bordure ouest de l'aéroport de Toulouse-Blagnac.
L'altitude du licu de laccident est de 499 pieds, ses coordonnées géographiques sont 43°38,10 Nord,
01°21,50 Est.

Le premier impact avec le sol a été effectué par la voilure gauche. Des piéces et des débris de I'avion
jonchent Ie sol sur une longucur de 180 métres environ. L'épave est divisée en quatre partics principales
au-dela du point d'impact:

- dénive verticale, APU et fuselage arri¢re 3 proximité du point de I'impact avec Ie sol,

- aile gauche et jambe de train gauche au centre de I'épave,

- moteur gauche, fuselage avant comportant le poste de pilotage,

- aile droite et moteur droit.

1.13 - Renseignements médicaux et pathologiques:
1.13.1 - L'examen des dossiers médicaux des trois membres d'équipage ne fait apparaitre aucun
¢lément pathologique. Ils passaient leurs visites médicales périodiques daptitude dans les conditions

réglementaires. ils étaient reconnus aptes.

Les résultats anatomo-pathologiques n'ont pas encore été communiqués a la commission.
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1.13.2 - Emploi du temps des membres de I'équipage le 30 juin reconstitué suivant divers
témoignages (heures locales):

- Nicholas Warncer:
08h15 Arrivée et rencontre avec des pilotes de la compagnie Northwest Airlines puis
embarquement a bord de I'A321 n°364,
0%h12 Départ comme commandant de bord 3 bord de 'A321 n°364 pour un vol de
démonstration aux pilotes de Northwest Airlines (vol n®288),
10h30 Retour au parking de 'A321 n®364,

10h45 4 12h00 Simulateur A340 au "Training Center” pour un vol d'approbation,
12h15 a 14h00 Déjeuner avee les pilotes de Northwest Airlines,

14h00 4 16h00 Réunion avec des joumnalistes de 1a chaine de télévision japonaise NHK
16h45 Départ du vol 129 de 1'A330 n°42.

- Michel Cais:

Aurait passé 1a journde d son bureau sifué au "Training Center” avant d'étre appelé vers 15 heures
pour étre copilote sur fe vol 129 de 'A330 n°42,

21
Arrivée vers 16 heures aux bureaux de la direction des essats en vol d'Airbus Industrie,
16h45 Départ du vol 129.
- Jean-Pierre Pelit:
Départ pour un vol d'essais d'atterrissages automatiques sur 'avion n°475 (vol n°
08h42 12)
0%h26 Retour au parking de 'A320 n°475,

10h00 i 12h00 Réunion de certification,
12h00 a 14h00 Déjeuncr probable a l'exténieur d'Airbus Industrie,
14h00 a 16h30 Réunion de certification en salle n®6 4 Airbus Industrie,

08h00 Arrivée,
16h45 Départ du vol 129 de 1'A330 n°42.

1.14 - Incendie:

L'avion g'est écrasé A 17h41 locales, Les pompiers de I'A¢rospatiale et de I'aéroport sont arrivés sur les
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licux de I'accident en moins de 4 minutes, ceux de Colomiers et de Toulouse sont ammivés peu de temps
aprés. L'avion a pris feu lors de limpact avec le sol, dégageant une épaisse fumée et des flammes d'environ
20 métres de hauteur. L'incendic a pu étre circonscrit en moins d¢ 7 minutes.

Aux environs de 18h24, les hélicoptéres du SAMU, de 1a Gendarmerie et de I Armée de Fair sont arrivés
sur les ficux.

Cing des corps des victimes ont €té découverts dans les débnis de I'appareil a 18h25 par les pompiers et les
différents senvices de sccours; les deux autres n'ont €t retrouviés que vers 20h00. Les corps ont été
transférés a linstitut médico-légal de I'hdpital Rangueil de Toulouse.,

1.15 - Essais et recherches:

Les essais et recherches conduits par la commission d'enquéte ont eu pour objet principal de vénfier si le
déroulement du vol avait pu étre affecté par une défalllance de I'avion, de ses moteurs ou de ses
équipements. Les travaux ont porté sur I'exploitation des enregistrements et ont ete également conduits sur
le simulateur de vol de FA330 par les membres de la commussion.

1.15.1 - Objet des simulations efTectuées:

Confirmer certaines logiques de dégagement du pilote automatique et de sortie du mode de remise
de gaz automatique (alpha floor) en relation avec Faccident.

Confirmer le scénario enregistré de 'accident. Apprécier la situation du pilote devant les
informations de pilotage présentées au cours du scenanio.

22

Evaluer approximativement le point a partir duquel I'évolution effectuée au cours de 'accident n'est
plus récupérable, sclon Ies techniques de récupération envisageables.

Foumnir des €iéments contribuant a étudier si le scénario de accident peut ou ne peut pas
correspondre A un cas susceptible d'étre rencontré en utilisation opérationnelle.

1.15.2 - Programme des simulations:
A - confirmation des logiques de fonctionnement des sécurités

Tous les points sont cffectucs dans la configuration de Favion lors de F'accident (volets, carburant,
masse, centrage).

1 - Déconnexions du pilote automatique sur F'activation de 1a fonction alpha prot des commandes de
vol.

2 - Déconnexions alpha floor sur réduction de la deuxiéme manette des gaz..

B - Simulations du scénario de 1'accident
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Tous les points sont effectués dans la configuration de I'avion lors de I'accident (moteurs, volets,
carburant, masse, centrage).

1 - Dans des conditions identiques.
2 - Avec différents points de reprise en pilotage manuel (tous les 10 Kt par exemple).
3 - Idem 2 avec remise de gaz sur le moteur gauche.

4 - Idem 2 avec action simultanée sur les moteurs (réduction partielle a droite et augmentation &
gauche).

C - Vérification du fonctionnement au cours de procédures normales.

Dans les conditions de I'accident, puis dans des conditions également jugées critiques, reproduire Ie
scénario en respectant les assiettes opérationnelles, aux dispersions de pilotage prés.

1.15.3 - Conclusions des simulations:

1 - Vénfication des logiques associées aux protections alpha prot et alpha floor. Les caractéristiques
particulicres de ces logiques sont confirmées par la simulation.

2 - Autorité du pilote automatique en mode d'acquisition d'altitude (Alt*) le pilote automatique ne
comporte pas de limite d'autorité en assictte dans ce mode. Par conséquent, aux vitesses
relativement fatbles, lorsqu'un changement important de poussée intervient aprés I'entrée dans ce
mode, le pilote automatique peut commander des assiettes aberrantes puisqu'il cherche a décrire une
trajectoire de capture de l'altitude qui est devenue impossible. Le dégagement du pilote automatique
intervient aprés alpha prot. La loi normale des commandes de vol provoque alors une réduction
d'assictte. Cependant au cours de cefte phase trés dynamique, la vitesse continue 3 décroitre
fortement. L'alarme "stall” et le décrochage lui-méme peuvent étre rencontrés alors que

c'est en principe impossible lorsque I'avion est piloté manuellement par la loi normale des
commandes de vol. Bien entendu, lorsque ce phénoméne est provoqué en conditions de poussée
dissymétrique, un fort effet latéral intenvient de surcroit lorsque la vitesse passe franchement au
dessous de VMCAL

3 - Scénario de l'accident: on arrive, non systématiquement, i le reproduire jusqu'aux abords de la
vitesse correspondant A ['incidence maximale (alpha max). Bien souvent le pilote automatique se
désengage peu de temps aprés qu'il a été connecté. Cependant la simulation des phenomenes
latéraux 3 ces trés faibles vitesses n'est pas correcte. On ne peut done pas répondre précisément aux
questions concernant Fefficacité des techniques de récupération envisageables et le potnt extréme de
récupération possible. Il semble cependant que les reprises en mains intervenant avant le passage par
VMCA, bien que la dynamique conduise a décélérer encore un peu mais sous faible incidence,
permetient de garder le controle de I'avion.

4 - 11 est noté par ailleurs que la position de trim affichée avant le décollage a une influence certaine
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sur les conditions d'évolution dc¢ l'assiette longitudinale aprés la rotation.

5 - Utilisation opérationnelle: certaines simulations de décollage effectuées pourraient représenter
des cas se produisant en utilisation opérationnelle, c'est-a-dire avec une prise d'assiette initiale
voisine de celle commandée par le directeur de vol. Les résultats obtenus n'ont pas conduit a une
situation critique . Les ne permettent cependant pas de conclure que dans d'autres conditions des
situations dangercuses, voire une perte de controle, ne pourraicnt étre obscrvées pour Ies raisons
swvantes: : ,

- on rencontre systématiquement des regressions de vitesse importantes, dont une jusqu'a la vitesse
correspondant a l'activation de la sécurité alpha prot,

- toutes les conditions possibles n'ont pas été étudiées, en particulier 'exercice n'a été effectud
qu'avec une scule altitude présélectée (2 000 pieds) pour un terrain a 500 pieds et rien n'indique que
la différence d'altitude de 1500 picds est I cas ¢ plus critique,

1.15.4 - Des travaux complémentaires sont prévus par la commission dans Ies prochains mois. Ils
concerneront notamment:

- la corrélation des données disponibles,

- ldentification plus précise du systiéme Spatiaal,

- des essais et recherches complémentaires sur le mode d'acquisition d'altitude du pilote
automatique, comportant également la recherche des résultats d'essais de méme nature effectucs

antérieurement,

- des études sur le comportement des commandes de vol (mouvements des commandes et actions
des gouvernes aprés la reprise en mains de 'avion par le commandant de bord),

- des travaux sur kes aspects de conduite et d'exécution des essais en vol.
BACK TO TOP

I1 - ANALYSE PRELIMINAIRE:

2.1 - Considérations générales:

24
Au stade actuel des travaux de 1a commission, il ne peut étre envisagé de présenter une analyse compléte
de Faccident. Des travaux complémentaires de comrélation des données disponibles (incluant Fanalyse de
vols de méme nature effcctucs précédemment) d'une part, diinvestigations sur Ie fonctionnement de Favion

et de ses systémes d'autre part, restent en effet a effectuer (cf 1.15.4.).

Toutefois, Ies travaux conduits ont permis de préciser lenchainement des faits ayant conduit a une
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situation dangereuse, de reconstituer un scénario plausible de I'accident et donc de présenter une analyse
préliminatre (objet de ce chapitre).

En premiére analyse, il apparait quil n'y a pas eu de panne de I'svion, de ses moteurs ou de ses
équipements de nature 3 avoir contribuer a I'accident. Cette conclusion est certaine pour ce qui conceme le
fonctionnement des moteurs.

La commission a déterminé que les conditions météorologiques n'ont joué aucun réle dans I'accident, non
plus que linfrastructure de l'aérodrome, les aides a la navigation ou les télécommunications.

Elle a donc été conduite jusqu'd présent 3 centrer son analyse sur les conditions dans lesquelles le vol a été
préparé ¢t réalisé par I'équipage de conduite en tenant compte de la définition technique de certains
systémes de I'avion,

2.2 - Préparation du vol:
2.2.1 - Contexte général technique:

La commission a examiné le contexte général technique dans lequel se situait Pexécution du vol de
I'accident. Sur un plan général, elle constdére qu'il est normal et nécessaire que soient effectuces en
essais en vol des manoewntes aux limites du domaine qui sera normalement utilisé en ligne et méme
au-dela de ces limites pour countir de possibles dispersions en utilisation en ligne. Elle considére
également que 1a recherche de I'optimisation de I'avion et de ses systémes fait partie du travail
normal a effectuer au cours des essais en vol de développement.

Dans ce cadre général, clle considére que le document Airbus Industrie 46094 Issue I du 27 juin
1994 qui fixait le programme général des vols a entreprendre pour préparer la certification du pilote
automatique aux standards de catégore III pour cette version de I'Airbus A330 équipée de moteurs
Pratt et Whitney est approprié.

Elle observe toutefois que ce programme prévoyait 1a réalisation des décollages a 1a masse de 160
tonnes ¢t au centrage de 38% avec simulation de panne d'un moteur apres activation du pilote
automatique. Pour mémoire, d cette masse, le centrage limite amiére autonisé au décollage en
utilisation nommale en ligne est de 36,5% ¢t les centrages limites armiére autonisés en utilisation
normale en ligne en approche et en vol de croisiére sont respectivement de 41 et 42%.,

Elle a noté par ailleurs que lors de ces essats, le document cité demande de controler les diminutions
de vitesse et d'assiette longitudinale ainsi que la stabilité en tangage.

2.2.2 - Contexte général du type de vol:
Les activités d'essais en vol sont régies au sein d'Airbus Industrie par le document Operations

Manual Flight Activities, chapitre 02.10.00, ¢dition 3 d'avril 1994, Ce document précise Ies types de
vols envisageables (vols d'essais, vols de réception, vols standards, vols

25

d'entrainement) et définit en fonction du type de vol les compositions d'¢quipage autorisées ainsi que
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les conditions dans lesquelles la présence d'observateurs ou de passagers a bord peut étre autorisée.

Le vol ayant conduit a I'accident €tait sans contestation possible un vol d'essais. Le document cité
recense trois catégories de vols d'essais, ceux de:

- classe 1 : vols d'essais comportant un fisque particulier, incluant les vols d'ouverture et d'extension
de domaine de vol ainsi que les premiers vols avec configuration de systémes nouveaux dans Ic cas
oi: les caractéristiques de vol sont affectées de maniére significative. -

- classe 2: vols d'essais comportant un risque normal, a lintéricur du domaine de vol déja ouvert et
au cours desquels Ie domaine de vol normal peut étre dépassé de fagon intentionnelle ou non.

- classe 3 : vols d'essais de routine effectués a l'intéricur du domaine de vol normal.

La commission constate que le cadre général dans lequel les compositions d'équipage €taient
définies et la présence d'observateurs ou de passagers a bord était autorisée était donc défini.

Dans cc contexte, Airbus Industrie considérait que le vol ayant conduit 3 I'accident était un vol de
classc 3.

A ce titre, I'équipage de conduite du vol était constitué

= d'un pilote d'essais, commandant de bord,

- d'un copilote, détenteur d'une licence de pilote de ligne,
- d'un ingénicur navigant d'essais

¢t L présence de passagers a bord pouvait €tre autorisée. L'analyse de ce point par la commission est
présentée au paragraphe 2.2.4 ci-aprés.

2.2.3 - Préparation du vol de I'accident (aspects techniques):

L'ordre d'essais du vol, établi le 30juin 1994 en fixe les modalités d’exécution;
- composition de I'équipage,

- observateurs a bord,

- masse et centrage de I'avion 3 la mise en route,

- description de I'ensemble des manocuvres a réaliser au titre dcs essais.

26

Il ne semble pas quil y ait eu de réunion formelle de préparation du vol par I'équipage. il est certain
toutefois que le commandant de bord et I'ingénicur navigant d'essais avaient une parfaite
connaissance des essais d effectuer avant le vol. 1 parait clair également que la répantition des taches
a effectuer entre le commandant de bord et le copilote n'avait pas été discutée avant Ie vol.

La rédaction de l'ordre d'essais appelle quelques observations:

a) Il est noté que pendant Ies phases de vol succédant a la simulation d'une panne de moteur aprés
décollage, il est demandé 3 I'équipage de vérifier:
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- I'attitude longitudinale lors du premier décollage,
- 1a vitesse et l'attitude longitudinale lors du second.

b) la commission observe par ailleurs qu'une phase de vol complémentaire, non consignée dans
l'ordre d'essais, est prévue par I'équipage pendant son installation 3 bord : 2 l'issue des essais prévus
par l'ordre d'essais, phase de démonstration au profit des pilotes italiens au niveau 100.

¢) l'ordre d'essais prévoit enfin un centrage 3 1a mise en route de 40,224, soit un centrage pour les
décollages prévus nettement plus arriére que celui fixé par le programme général des essais.

Sur ce point, il ressort des investigations conduites par la commission, que les décollages étaient
effectués volontairement dans des conditions de centrage trés amiére, proches de la limite de
centrage amiére autonsée en utilisation normale en vol. Selon Airbus Industrie, l'objectif était en
effet de réaliser un essai permettant de counvrir le cas d'une remise de gaz aprés une approche de
catégorie 3 interrompue volontairement par I'équipage en pilotage manuel, suivie aprés la prise de
montée d'une réactivation du pilote automatique puis d'une panne de moteur. La commission a
vérifié que ce type d'essai a centrage trés arriére au décollage avait déja été réalisé plusieurs fois tant
au simulateur qu'en vol, en particulier lors des essais en vol de méme nature effectués
précédemment sur I'A330 équipé de moteurs General Electric.

La réalisation d'essais dans les conditions de masses et centrages effectives lors des deux décollages
effectués, bien que trés en dehors des limites de centrage arriére pour une utilisation en ligne, parait
acceptable a la commission dans la mesure ou 'équipage est averti et conscient des caractéristiques

de I'avion dans ces conditions.

2.2.4 - Préparation du vol (type de vol):

L'ordre d'essats définit la composition de I'équipage et prévoit la présence des quatre observateurs &
bord, conformément aux stipulations en vigueur pour un vol d'essais de classe 3.

La commission estime qu'il était tout-a-fait Iégitime a prion de ne pas considérer le vol comme un
vol de classe 1 : les essais prévus devaient se dérouler A 'intéricur du domaine déja ouvert et Ics
modifications étudiées ("Bulle 203" OFF ou 3972) n'étaicnt pas de nature i affecter de fagon
significative les caracténistiques de vol.

Les arguments pour le considérer a priori comme un vol de classe 2 ou de classe 3 sont les suivants:
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- pour un classement en classe 2 : le fait que le centrage au décollage dans les deux cas prévus par
l'ordre d'essais dépassait trés largement ke centrage limite amiére autorisé en utilisation normale en
ligne (impliquant dépassement intentionnel du domaine de vol normal, a l'intérieur du domaine déja
ouvert dans 1a mesure ol par "domaine de vol normal” il faudrait entendre "domaine d'utilisation
normale en ligne™),

- pour un classement en classe 3 : le fait que le centrage au décollage dans les deux cas prévus était
a l'intérieur du domaine déja ouvert sans difficulté particuliére et ol on interpréterait "domaine de
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vol normal” pour les essais avec cette signification.

Sur I fond, Ia commission considire que, si le document définissant les types de vols et les
catégories de vols d'essais a le mérite d'exister, il est insuffisamment précis pour ce qui conceme la
notion de "domaine de vol normal” apparaissant dans la définition des vols de classe 2 et 3 (cf
Recommandations). Elle estime que ¢ vol concerné €tait a la limite entre Ies classes 2 et 3 compte
tenu des centrages trés arricre pratiqués au décollage. Elle observe qu'en tout état de cause, en cas
d'incertitude, il est préférable a priori de surclasser la catégorie d'un vol d'essais.

BACK TO TOP
2.3 - Déroulement du vol:

Les points les plus significatifs concernant Fanalyse du déroulement du vol relevés par la commission au
stade actuel de ses travaux sont précisés ci-apres pour les différentes phases.

2.3.1 - Installation a bord:

- le dialogue entre les membres d'équipage avant 1a mise en route des moteurs est serein. I révele un
emploi du temps chargé pour les deux pilotes et I'ingéntcur d'essais avant le vol le méme jour et une
occupation de chacun a des taches de natures tres diverses. Le vol concemé prenant place en fin
d'aprés-midi du 30juin, il a pu en résulter une certaine fatigue de I'équipage.

- I'adjonction aux essais prévus dans Vordre d'essais d'une phase de vol complémentaire destinée a
effectucr une démonstration au profit des pilotes italiens observateurs de ce vol, parait avoir été
décidée au tout dernier moment. Ce fait n'a aucune relation avec l'accident, ne concerne que des
manoewntes de routine pour I'équipage mais dénote une certaine improvisation.

2.3.2 - Premiére phase de vol (jusqu'au premier atterrissage):

- le premicr décollage effectué par le commandant de bord dans les conditions prévucs n'a posé
aucune difficulté. Ce constat est de nature a avoir donné confiance a I'équipage vis-a-vis du
comportement de I'avion et a I'avoir conforté dans l'idée que le vol avait un caractére de routine
(pour mémoire, dés ce décollage le centrage est trés en amiére par rapport aux limites admises pour
un décollage en ligne a cefte massc).

- les affichages d'altitudes pré-sélectées par I'équipage en montée vers le niveau 100 (7000 puis
10000 pieds), puis en descente du uveau 100 (8000, 5000, 3000 puis 2000 pieds) n'appellent pas
d'observation particuliére. Le maintien de Faffichage de 2000 pieds pour la suite du vol n'a pas été
commente aucun échange vocal entre les membres d'équipage n'en fait état. La commission n¢ peut
déterminer s'il était volontaire et conscient ou non. il s¢ peut qu'il l'ait été (échanges de signes entre
le commandant de bord et le copilote). On peut noter que lingénicur navigant d'essais, qui n'est pas
dans le poste de pilotage, n'en fait pas état,

28

- les remises de gaz effectuées en pilotage automatique avec simulation de panne de moteur n'ont,
clles non plus, posé aucun probléme pardiculier. Les conditions différent de celles des décollages
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(initia] et prochain): c'est le pilote automatique qui effectue la prise d'assictte et la configuration de
becs et volets affichée aprés remise de gaz est 1a configuration 3 (configuration 2 pour les
décollages). fl convient de noter trois points:

- les assiettes maximales observées lors de ces remises de paz sont voisines de celle obtenue lors du
premier décollage (12,7° et 15,5° respectivement, pour 14,5° au premier décollage),

- Faltitude de 2000 pieds est restée présélectée dans fes deux cas et ce fait n'a pas créé de difficulté
particulicre,

- enfin les deux remises de gaz ont été effectuées chacune avec un état différent de la "Bulle 203" et
I'équipage n'a noté aucune différence sigrificative entre ces deux états (s'll y a une différence, elle
est "subtile” dit le commandant de bord).

La réalisation des essais de remise de gaz a donc certainement conforté la confiance de I'équipage
dans le comportement de l'avion et I'avait convaincu quiil n'y avait pas de différence sensible entre
les deux états de réglages du pilote automatique essayés.

2.3.3 - Préparation du deuxiéme décollage:

- le sentiment de confiance acquis au cours de la premiére parie du vol et le fait que le commandant
de bord n'ait pas identifié¢ de différence entre les deux états de la "Bulle 203" peuvent expliquer qu'il
ait décidé tardivement (apres le rappel par I'ingénieur navigant d'essais des conditions de l'essai), de
confier la réalisation du deuxiéme décollage au copilote qui n'avait jusqu'alors pas touché aux
commandes.

- 1a position du trim de profondeur qui était a - 4° (4° 4 cabrer) a l'issue de latterrissage précédent a
¢té modifice pour €tre amende a - 2,2° avant le décollage. Cette action n'a pas été commentée par
I'équipage. On peut noter qu'elle est effectuée avant que I commandant de bord ne décide de
confier la réalisation du décollage au copilote.

Il convient également de soulioner que:

= le trim ainsi affiché est dans la plage normale pour le décollage, mais ne correspond pas au réglage
préconisé pour les centrages limites arriéres (0°),

- pour le centrage trés amicre pratiqué lors du deuxiéme décollage, linfluence de la position du trim
sur 12 rapidité et l'ampleur de 1a prise d'assiette longitudinale est sensible car elle conduit & une
rotation spontanée et prématurée que le pilote peut néanmoins contrer (étude conduite au simulateur
par différents pilotes dans la configuration du deuxiéme décollage avec position du trim de
profondeur 4 0° et 3 - 2,29,

- la décision a été prise d'effectuer le décollage avec affichage de la puissance maximale (TOGA) au
lieu de la puissance Flex 49, contrairement 3 ce qui €tait prévu a l'ordre d'essais. Ce choix a
contribué i obtenir une rotation franche, une vitesse verticale initiale élevée et un effet de
dissymétrie accentué apres la simulation de la panne de moteur,

29
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- Péquipage était conscient que e décollage était effectué 3 un centrage trés amicre e, a ce titre, le
commandant de bord rappelle au copilote 1a nécessité de ne mettre les gaz que progressivement au
départ, consigne destinée a tempérer l'effet du couple cabreur dii aux moteurs et bien appliquée par
le copilote.

2.3.4 - Derniére phase du vol:

- durant 1a course au décollage, le copilote maintient le manche 3 piquer jusqu'a Ia rotation ce qui
n'est pas conforme a la procédure. Cette action lui a masqué Feffet du réglage incorrect du trim,

- lors du deuxiéme décollage, Ia rotation a été trés franche et la prise d'assictte trés rapide. On
observe toutefois une timide action a pousser sur e manche au moment ou I¢ commandant de bord
engage le pilote automatique. Cette action contribue a retarder Factivation effective du pilote
autormatique qui a lieu deux secondes apres I'engagement.

- juste avant que le pilote automatique ne soit engagé, la vitesse passe par un maximum de 155 Kt et
commence a décroitre lentement, les deux moteurs étant encore a la puissance maximale.

- & partir du moment ou le pilote automatique a ¢té engagé dans les conditions de vitesse prévucs
(supérieure a 150 Kt) et que I'essai a débuté, Ic copilote a pu considérer quil était dégagé de son role
de pilotage.

- au moment o Ie commandant de bord engage le pilote automatique, Fassiette longitudinale
approche 250. Au-deld de cette valeur de I'assiette, les informations présentées sur les visualisations
primaires du poste de pilotage (PFD) sont simplifiées; seuls subsistent lattitude (assictte
longitudinale et inchinaison), 1a vitesse, la tendance d'évolution de la vitesse, le cap, laltitude, la
vitesse verticale et Ie mode de poussée des moteurs (THR). Les modes d'activation du pilote
automatique et les informations du directeur de vol en particulier ne sont plus présentés, Or, au
moment ol le pilote automatique est activé, les conditions d'entrée dans le mode d'acquisition
d‘altitude sont réunies (altitude pré-sélectée 2000 picds, vitesse verticale importante) et '€quipage n'a
pas la possibilité de contrdler e mode dans lequel le pilote automatique est active.

- pendant la phase succédant au décollage, le commandant de bord concentre son atiention sur
'engagement du pilote automatique, puis sur la réduction du moteur, enfin sur la coupure du circuit
hydraulique correspondant (circuit bleu). Cette derniére manocinte nécessile une action sur le
panneau supéricur en arniére du pilote. Il leffectue et 1a confirme ("pump fault”). La vitesse en
diminution est de F'ordre d¢ 135 Kt lorsqu'il a terminé ces actions. C'est vraisemblablement a ce
moment seulement qu'il tourne son attention sur I'évolution de l'avion (jusque-la il n'état pas dans la
boucle dec pilotage).

- en mode d'acquisition d'altitude et dans ces conditions, le pilote automatique commande une
variation progressive du facteur de charge pour rejoindre l'altitude pré-sélectée sans qu'il existe de
limitation en assictte.

- il s'écoule 5 sccondes entre Ie moment ou le commandant de bord a confirmé la coupure du circuit
hydraulique et Ie moment ou il réalise qu'il se passe quelque chose d'anormal ("what has gone?”). La
vitesse de 'avion est alors voisine de VLS (Velocity Lower Selectable : 120 Kt) et I'assicite de
l'ordre de 28°.
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- il s'écoule encore 3 secondes avant que le commandant de bord décide de reprendre les
commandes. Lorsqu'il déconnecte le pilote automatique, 1a vitesse est de 100 Kt et I'assiette de 32°
mais l'incidence est encore égérement inférieure a 140 et la protection en incidence (alpha prot) qui

30

aurait désengagé le pilote automatique ne s'active que juste aprés sa déconnexion par le
commandant de bord. A cet instant, Falarme "Low speed™ est activée mais 1a perte de contréle est
trés certainement inévitable en poussée dissymétnique.

- 1a commission ne trouve pas de raison technique pouvant expliquer ce demier délai de 3 secondes.
L'imprécision de 1a répantition des tiches au sein de 1'équipage a pu contribuer a ce retard de
reaction du commandant de bord..

- 3 partir du moment ot le commandant de bord reprend les commandes, il agit trés rapidement
manche en butée A piquer, maintien de la direction en butée droite, gauchissement progressivement
amené en butée 3 droite pour contrer Ie roulis 3 gauche encore modéré constaté, puis réduction du
moteur droit pour resymétriser I'avion alors que linclinaison atteint 17 3 18° 3 gauche,

- cefte derniére manoewnTe a pour effet de stopper la remise de gaz automatique (alpha floor) sur le
moteur gauche qui s'était activé lorsque l'incidence atteignait 21°.

- malgré I'ensemble de ces actions, l'aile gauche décroche et Fassiette longitudinale décroit
raptdement, l'incidence maximale atteinte est 1égérement supéricure 3 26°.

- pendant l'abattée de 'avion, 1a vitesse qui avait atteint un minimum de 77 Kt, réaugmente et les
commandes de vol passent en loi directe.

- la vitesse passant par 112 K, l'assictte longitudinale par - 35° ¢t l'inclinaison atteignant la valeur
maximale de 112° gauche, le commandant de bord qui avait maintenu le manche a plein piqué
I'améne au plein cabrer pour tenter une ressource.

- bien que I'avion soit pratiquement contrdlé, 'équipage ne peut éviter impact avec le sol.

I n'y a pas eu d'action aux commandes du copilote aprés I'activation du pilote automatique, a
I'exception d'un mouvement réflexe a cabrer dans les toutes derniéres secondes avant l'impact avec
le sol.

11 est noté par ailleurs que lingénieur navigant d'essais attire I'attention des pilotes sur I'évolution de
la vitesse mats trés tardivement (3 puis 5 secondes environ aprés que le commandant de bord ait
déconnecté le pilote automatique) et que I'alarme de Pavertisseur de proximité du sol (GPWS) a
fonctionné pendant les demiéres secondes du vol.

I n'est pas possible i Ia commission de conclure sur la possibilité d'éviter le décrochage par d'autres
manoeuntes que celles effectuées par le commandant de bord a partir du moment ou il a repris les
commandes. Les manoeunres réflexes (position des commandes) ou réfléchies (réduction du moteur
drotit) étaient en premicre analyse bien appropriées mais initiées trop tardivement, en particulier la
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réduction du moteur droit.

I est par contre possible de conclure que si une reprise en pilotage manuel avait été effectuée3a 4
secondes plus 16t et conduite rapidement, I'accident aurait pu €tre évité (reprise en mains a vitesse
supéricure 3 VMCA soit 118 Kt).

BACKTO TOP

III - CONCLUSIONS PROVISOIRES:

Pour les raisons exposéces au paragraphe 2.1 ci-dessus, la commission ne peut présenter, au stade actuel de
ses travaux, de conclusions définitives sur Ies circonstances de Faccident. Elle peut par contre présenter
certaines conclusions provisoires.
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3.1 - Faits établis par I'enquete:
L'avien Airbus A330 n°42 était en état de vol.

Le vol concerné €tait un vol d'essais ayant pour objet de préparer la certification de l'avion aux standards
de catégorie III pour cette version de 'A330 équipée de moteurs Pratt et Whitney.

La masse et le centrage étaient bien connus de I'équipage avion léger, centrage trés arriére, au-dela des
limites normalement autorisées pour un décollage en ligne a cette masse, mais déja pratiquées en essais en
vol.

La commission n'a pas mis en évidence de panne de I'avion, de scs moteurs ¢t de ses équipements.
L'équipage désigné pour I vol et la présence d'observatcurs a bord étaient conformes au document Airbus
Industrie stipulant la composition des équipages et autorisant la présence de passagers a bord en fonction
du type de vol a réaliser dans [a mesurc oil ce vol d'essais €tait considéré comme un vol de classe 3. En
particulier, le commandant de bord, chef pilote d'essais d'Airbus Industrie et l'ingénicur navigant d'essais
élaient particuliérement qualifi¢s pour ce vol.

I n'a pas été mis en évidence, en ce qui conceme I'équipage, d'antécédent médical ayant pu jouer un role
dans l'accident. Ses membres avaient eu toutefois un emploi du temps dense 1e 30 juin avant le vol.

Les conditions météorologiques, linfrastructure au sol, les aides a la navigation et les moyens de
télécommunications n'ont joué aucun réle dans l'accident.

Les paramétres de vol et I'enregistrement des conversations de I'équipage ont pu étre restitués avec un trés
bon degré de certitude compte tenu du nombre et de la qualité des moyens d'enregistrement.

3.2 - Causes probables:

Au stade actuel de ses travaux, la commission estime que l'accident peut étre expliqué par la concomitance
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de plusieurs causes dont aucune, prise séparément, ne devait conduire a un accident:

- les causes initiales sont a priori liées au type d'essai et a ses modalités d'exécution par I'équipage
lors du demnier décollage:

- choix de 1a puissance maximale TOGA au hieu de Flex 19,

- centrage trés arriére au dernier décollage,

- trim affiché dans la plage de décollage mais trop a cabrer,

- présence de l'altitude sélectée de 2000 pieds,

- définition imprécise et tardive des tiches respectives du pilote ¢t du copilote pour le demier
décollage et le point d'essat a effectuer,

- rotation franche et trés rapide effectuée par le copilote,

32

- commandant de bord occupé par les manoeuvres d'essais a effectuer iImmédiatement apres
Ie décollage (engagement du pilote automatique, réduction du moteur et coupure du circuit
hydraulique bleu) le mettant temporairement hors de la boucle de pilotage.

- de plus, I'absence de protection en assiette dans le mode d'acquisition d'alitude du pilote
automatique a joué un role déterminant.

- ont également contribué A l'accident:

- I'impossibilité pour I'équipage d'identifier le mode dans lequel ke pilote automatique s'est
placé.

- 1a confiance de I'équipage dans les réactions prévisionnelles de I'avion.

- le retard de la réaction de l'ingénieur navigant d'essais devant une évolution préoccupante
des parametres (vitesse en particulier).

- le délai mis par le commandant de bord a réagir devant une situation anormale.

BACK TO TOP
IV - PREMIERES RECOMMANDATIONS:
Compte tenu de l'analyse préliminaire effectuée et des conclusions provisoires précédentes, 1a commission,
sans préjuger d'autres recommandations qu'elle pourra étre amenée A formuler ultérieurement, est conduite
a émettre les premiéres recommandations suivantes:
4.1 - Concernant le mode d'acquisition d'altitude du pilote automatique de I'Airbus A330:
- sensibiliser les utilisateurs des compagnies a¢riennes utilisant I'Airbus A330 sur la nécessité de
surveiller fes évolutions de [a vitesse chaque fois que ce mode est actif et en particulier en vol de

montée, en cas de panne de moteur (les consignes proposées i ce titre par le télex d'information des
opérateurs de référence Al 999065/94 du 5 juillet1994 sont a appliquer),
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- conduire I¢s travaux permettant de vérifier si lemploi de ce mode en utilisation en ligne comporte
ou non un risque particulier,

- en tout état de cause, étudier en paralléle des solutions permettant d'améliorer les protections dans
ce mode pour les rendre homogénes avec les protections implantées dans les autres modes..

4.2 - Concernant le mode d'acquisition d’altitude du pilote automatique sur tous types d'avions:

--étendre les réflexions et les études conduites pour I'Airbus A330 au titre de la recommandation
précédente i tout autre type d'appareil disposant de modes de pilotage automatique similaires.

33

4.3 - Concernant la composition des équipages et la présence de passagers observateurs lors de vols
d'essais

- préciser les notions permettant de déterminer les catégories de vols d'essais, les compositions
d'équipages et Ia présence de passagers ou d'observateurs en liaison entre I¢ constructeur et son
autorité de tutelle pour les essais en vol,

- étendre 1a réflexion aux autres sociétés constructeurs d'avions et de moteurs disposant de directions
d'essais en vol.

4.4 - Concernant la préparation des vols d'essais:
Effectucr systématiquement une réunion de préparation des vols d'essais méme en cas d'essais réputcs de

routine. En particulier, au cours de cette réunion, traiter de la répartition des taches au sein de I'équipage
d'essais en conformité avec les dispositions approuvées par l'autorité de tutelle.

ANNEXE 1 - TRANSCRIPTION DU C.V.R.
HTML: 56KB

ANNEXE 2

EVOLUTION DES PARAMETRES ENREGISTRES SUR SSFDR
POUR LA DERNIERE PHASE DU VOL:

HTML + GIF: 44KB
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ANNEXE 1 - TRANSCRIPTION DU C.V.R.

Avertissement

Ce qui suit représente 1a transcription des éléments qui ont pu étre compris, au jour de I'édition du présent
rapport, par lexploitation de l'enregistreur phonique (CVR). Cette transcription comprend les
conversations entre les personnes en poste de pilotage, avec les personnels au sol et des bruits divers
correspondant par exemple aux alarmes.

Les parties de I'enregistrement non comprises ou restant douteuses sont indiquées par le symbole (*), avec
mention le cas échéant du nombre de mots correspondants. Les échanges sans rapport avec 'événement
sont signalés comme tels et ne sont pas transcrits.

L'attention du lecteur est attirée sur le fait que la transcription d'un enregistrement CVR ne constitue qu'un
reflet particl de Ia trace sonore des événements et de Fatmosphére passées d'un poste de pilotage. Cette
trace est elle-méme déformée par la disparition de toute communication non verbale, En conséquence
I'interprétation d'un tel document requiert 1a plus extréme prudence.

* GLOSSAIRE *

UTC : Temps codé indiquant le temps UTC avion
CVR : Temps relatif de lecture du CVR
Voie ] : Transcription des paroles enregisirées sur 1a voie une correspondant au microphone de
" I'ingénieur d'essai
. Transcription des paroles enregistrées sur 1a voie deux correspondant au microphone du
Voie 2 :
Commandant de Bord

Transcription des alannes et échanges entre personnes 3 bord du poste de pilotage par

Voie 3 3 fintermédiaire du microphone d'ambiance (CAM)

Voie 1 Traqscﬁpﬁon des paroles enregistrées sur 1a voie quatre correspondant au microphone du
* Copilote

ATC : Transcription des communications radio émanant du contréle

(*) : Mots douteux ou non compris

(@) : Bruits divers, alarmes
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T T
CVR UIC  YVoie2 Voic 4 Voie 1
00.05 Kilo hotel quatre vingt
| 00.08 cinq mille picds mille scize
‘ 00.13
‘ 00.16 OK
| 00.19 idde(?) open-descent cing
mille/mille seize one zero one
six (bis)
| 00.21 mille scize... five thousand
| two thirty knots on clevator
‘ 00.37 The flight director is now giving
me pitch information just maintain
speed on clevator
00.47 both .. come to iddle(?)
T:CVR T:UTC Yoie 2 YVoie 4
01.01 oh c'est chargé, il y a du monde
‘ 01.08
01.13 trois mille pieds mille seize et
cap nord
01.16 cap nord
cap nord
01.18 all right ...to turn pretty soon
01.28 flight control page shows the.....
01.29
01.32 Kilo hotel zero vingt par la

2018 0772772000 3.48 PM
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T:CVR T:UTC

02.25

T:CVR T:UTC

03.03

03.067
03.13

03.17

03.20

03.24
03.30

03.38
03.56

03.59

T:CVR T:UTC

zero vingt par la droite trois mille
activate the approach

config full

decision height

Voie 2

cap cent OK va

T lift the speed brake off a little

bit

after this is an other auto pilot

exercise. Auto Pilot one in
Yoie2

did he confirm quinze right it's

quinze droite

moving very close to the center-
line

ILS quinze gauche insert

there is localizer coming in ...
coming out the trois mille feet
approach is on..... north

we will go right

hitpe/fww rvs ami-bielefeld. de‘public.. /ComAndRep/A330-Toulouse/ Annexe-1 teml

droite trois milie-zero vingt

Kilo hotel cap cent pour ILS

quinze gauche rappelle établi

no they said fifteen left

Bon kilo hotel vous confirmez
la droite ou la gauche

kilo hotel on intercepte ITLS
quinze gauche la

Voie 4
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04.03
04.09 OK on descend deux mille
. rappelle établi sur loc et glide
04.12 take conf one please
04.16
04.19 Gear, on est a deux cent cing nocuds
en réduction

04.21 I¢ train
04.25 no no spoilers armed or not
04.30 if we can't do a go around,

normally we will, but

....toghin....by
04.38 so we have three green, the

second auto pilot in
04.41 cat three dual
04.42 cat three dual
04.43 Auto Pilot one plus two
04.46 OK ....very close
04.49 we are flaps one
04.51 OK I come back to air speed she

wants cent quatre vingt knots
04.59 lock star Sir
T:CVR T:UTC Voie 2 Voie 4
05.02 wc'll get to reduce our speed to

normal speed - conf two please
05.06 conf two
05.21 another this is an India alpha
05.23
05.26 speed managed .. conf three

au revoir
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05.30 tour whisky whisky kilo hotel
en finale quinze gauche
ya it would be a go around
05.35
05.38 ce sera une RDG et circuit blew ... circuit t
05.45 on voit déja qu'avec conf three ¢a
fait une petite....
05.52 ILS normal
classical ILS
05.56 right
05.59 OK soitis
around at ¢
T:CVR T:UTC Voie 2 Voie 4
06.00 with an eng
around tha
throtile, vo
OK you ke
you retard
06.10 11l do ... the thrust
you do the flaps

s0 as soon as we say GO, you

bring the flaps up to one, positive

rate
06.17 ..Gearup..... OK OK
06.21 I retard number one throttle - I'll put flaps full to maintain...
we switch off the blue - flaps full
you moving in the glide, we'll go
to flaps full
06.25 OK actually we make a go
flaps three right around I retract flap three
06.43 glide is star full flaps
06.52 full flaps
06.54 cat three go gear down
06.59 below one thousand five

hundred feet we have the
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Ppres ....quatre nocuds

09.35 ¢t maintenant c'est pas mal, pour
moi c'est deux noeuds au dessus
de le target
au dessus
09.43 maintenant ¢'est above, maintenant  owi, above
09.46 OK
09.50 c'est bon Kilo hotel en virage a droite OK c'est b
.. FRANCAZAL
09.55 OK on commence celui 1, on
peut virer a droite, jimagine
droite
T:CVR T:UTC Voie 2 Voie 4
10.06 for your in
Go around
cight feet a
feet minim
10.13 voila trés bien
voild
10.19 OK on a passé S
10.22 can you recenter the rudder trim
plecase
10.29 et tu as réd
?
10.31 oui non le moteur 1 moteur 1 !}
10.33 oui, oui
10.40 on a pass€ S, je peux te mettre
flaps ONE si tu veux
10.43 oui flaps ONE
10.45 cent vingt-ct-un dix
10.53 approche whisky hotel whisky

hotel rebonjour en circuit bleu
10.59
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T:CVR T:UTC
07.11
07.12

07.23

07.27

07.31

07.38

07.43
T:CVR T:UTC

08.08

08.31

08.41
08.51

08.59

T:CYR T:UTC

09.03
09.13
09.21
09.27

09.29

60f18

Voie 2
check list is done

OK some of things are blue
..because we haven't done them

for instance if I do that...
that will go to green

vou never know we might touch
Ah Ah

we might

il a tendance 1égére 1égére a
osciller

de temps en temps 1l renvoie une
petit peu coup de Beta

deux cent pieds

flare Go

engine failure

couf three
Gear up
Voie 2

blue hydraulic pump off

if a touché VLS puis remonte

on a perdu oui ..cing noeuds a peu

hitp/Awww.rvs. uni-bielefeld.de public.. /ComAndRep/A330-Toulouse/Amnexe- 1 hml

landing memo appearing
Voie 4

ce sera donc une remise de gaz
suivie d'un circuit bleu

I hope not
Voie 4
....a osciller.... ouais
oh have the
positive rate
Gear up
Voie 4
Kilo hotel en remise le gaz
ouais donc
nocuds qu¢
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T:CVR T:UTC
11.04

T:CVR T:UTC

12.05

oui Kilo hotel

Voie 4

320, on rappelle prét a virer

je te remets le bleu

oui, s'l te plait
tu veux les flaps UN
oui je vais accelérer un tout petit

pey, je laisse fes flaps

pour mot, evh.....c'était bon
oui oui c'était bon
on active la

OK oui bonne idée, bonne idée
oui

next one is

spatial thre
OK quand tu veux

three nine ¢
d'accord he's what...
so what 1s done there, he's
introduced through what we call
spatial a different control law for
the auto-pilot - for the Go around

Vaie 2

so the next time we do that
manoeuvre, we are going to do
exactly the same manocuver, but
we'll have a slightly different law
mainly in the pitch axis I think for
the speed control euh... For the Go

yayaya
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12.19 Iand inhibit is when you see land
have below 1 think it's eight
hundred feet euh... euh any non
necessary warning on the ECAM
is intubited

12.29 to stop disconcentring the crew
for the landing phase ... a minor
ECAM message is inhibited for
the landing

12.42 Ah OK trés bien on va légérement
plus loin

12.49

12.52 ce qu'on va faire .. je vais faire
ga... ¢t quand on commencera, fu
vas faire ¢a

12.56

T:CVR T:UTC Yoie2

13.19

13:23 c'est THAIL Thai c'est spcc Thai

13.30 on peut virer si

13.35

13.50

13.55

T:CVR T:UTC Voie 2
14.02
14.09

hitp:fiwww. rvs.uni-biclefeld de/public.. /ComAndRep/A330-Toulouse! Armexe.- 1 htm)

four miles from touch down

d'accord .. OK merci

Voie 4
Ah ¢a c'est spécial... J'ai jamais
vu les tendances sur I'horizon de

secours

whisky whisky kilo hotel pour
virer en finale quinze gauche?

Kilo hotel on est passé a virer
en finale

Voie d

au revoir

la tour whisky whisky kilo,

rebonjour on toumnc cn €tape de
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T:CVR T:UTC

15.14

15.28

15.38

15:53

T:CVR T:UTC

16.06
16.13

non !

Pourquoi c'est VOR Delta ILS...
quand on armive sur ITLS

c'est un...._sécurité

bon .... voila 1a cheminée donc je
vais engager le pilote automatique.
arm the approach phase, deuxiéme
pilote automatique et on continue
comme ¢a

Yoie2
lock star raw data localiser

on va faire exactement la méme,
Michel

conf two please

glide siope star conf trois et le
frain

conf full

cat three Dual remise de gaz vingt
pieds

de temps en temps, je vois un

base quinze gauche
Roger et elles sont conjugucées
avec celles 13, ce sont les

mémes. Apparemment ¢a ne
correspond pas.

ah d'accord OK... d'accord ¢a
servirait si on €tait en double
panne FMGS..de ¢ca....

oui, d’accord

flaps two
glide star

Voie 4

Kilo hotel quatre nautiques en
finale quinze gauche

Oli, ¢e sera encore une remise
de gaz

hitp/Aww rvs.uni-bielefeld depublic.. /ComAndRep/A 330- Toulouse/ Anpexe-1 tml
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petit coup dans le Beta 1i qu
T:CVR T:UTC Voie 2 Voie 4
17.21 moi, je vois la bille qui bouge
de coté de cote
Land green
ya some how it's scems to be
oscillatory in bank
like yesterd
heading the
ya
17.49 ya
17.50 OK deux cent picds - cent picds
T:CVR T:UTC Voie 2 Voie 4
18.02 flare
18.06 Go conf flaps, positive rate quarante-q
Gear up
18.11 hydraulic failure
18.44 ya hydraulic failure
VLS now we an
18.49 on speed, ya on spced
18.56 did you see
pour moi, ¢'est, j¢ ne vois pas la the two Ge
différence non. Siily aune
différence cst subtile
T:CVR T:UTC Yoie 2 Voie 4
19.08 yaya three hundred we lost the
three hund
so end of t
19.10 L....I dont really see the other
advantage over there, to be
honnest(?)
19.16 end of the test OK - Bring in up As farast}
the engine concemned,
something’
..OK?
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19.26 No, 1 did not - no, no
19.36 bringing his one back.. that one
up
19.40 conf ONE please flaps one one hundred twenty
one fen
19.50 put that in the middle
stay about there

T:CVR T:UTC Voie 2
20.03 OK..... on fait un full stop
maintenant

20:21 Cette remise de gaz c'était quiet
easy d'abord ou quot, c'était faible,
on avzit eu un point faible 13 ou
quoi
20.36 pourquoi on fait des révisions
maintenant?
20.40 Ah. d'accord oui
20.43 ¢a veut dire que les deux solutions oui. tout a
paraissent raisonnables
20.58 OK so we do a full stop Michel OUL on fait une approche
stmple(?) engine ?
T:CVR T:UTC Voie 2 Voie 4

21.03 single engine approach - Full stop

21.05 then w1l take off and do four activate the
other lands...

21.13 oui, s1l te plait

T:CVR T:UTC Yoie 2
22.01 Approach. conf. three - autoland
so wl take the conf three option
on this one Ohya
conf three
OK bon
Approach speed one hundred
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22.17

22.27

22.36

T:CVR T:UTC

23.06
23.09
23.14
23.17
23.29

23.32

23.36
23.39

23.50

23.58

T:CVR T:UTC

24.01

24.08

24.16

OK, and I think we can turn in
whenever he wants

I'll stick the

Approach armed

quelque chose comme ga
second auto pilot going in

And you'd like to have an engine
failed, right Sir

number ONE engine is failed
ouais s'il te plait - ouais

putting it up, to
lock star
glide slope star
Voie 2
config two please and the gear
down

ouais

Excuse-me

hitp/Awww svs.uni-biclefeld de/public. . /ComAndRep/A330-Toulouse/Annexe-1.himl

thirty one

Kilo hotel on tourne en étape de
base

A tout a Theure
La tour Kilo hote]l on tourne en
étape de base

Kilo hotel

Yoie 4
Auto pilot IN ;OK
Auto Pilot ONE
cat three single

cat three Dual

hydraulic ya
ouais

ouais

Voie 4
conf two
spoilers armed Normaly »
decision he

at decsion ]
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Pourquoi?

yaya

we are cat three single euh ...one
engine throttle back and config
three please

And landing check, please

T:CYR T:UTC
25.08
25.30
25.31

OK checked

25.47
25.54

OK checked

T:CVR T:UTC
26.00

Voie 2

OK it's, touch down about one

and a half meters right

26.04
26.08

derotation is nice

on the center-line, now a
tendancy to go to the right again
26.13
26.15

number two - reverse only

140f18

Landing gear down, Flaps three
Spoilers armed

Kilo hotel en finale quinze
gauche un atterrissage complet

d'accord
Land green

reverse green

spoilers

hitp:/swww rvs umi-biclefeld. de‘public.. /ComAndRep/A330-Toulouse/Annexe-1 ttml

fifty norma
we are cat
yayaOK
adjusted ?

So, autom:

reverse ont
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26.17
26.18
26.20
26.27
26.30
26.31
2633
26.35
26.38

26.44

26.49
26.52

15.36.57

15.36.07

15.37.13

15.37.29

T:CVR T:UTC

27.00
26.56
27.03
27.11
27.13
27.15

27.21
27.28
27.29

15.37.39

15.37.49

15.38.09

one hundred knots

starting to brake

Nicely on the center line

reverse idle

Ya, I dont(?) see much to complain
about there
and what we'd really like to do

now

is to do a demi-tour here and take
off

Voie 2

OK

on va décoller et rester en circuit
[a chosc important st la piste
pour décollage

Ya, what we would do Michel,
you'l take off, turn out to the left
over the forest des bluccon then
go down wind and turn right to
come in for an ILS on fifteen

hitp://weww rvs.uni-biclefeld de‘public.. /ComAndRep/ A330-Toulouse/Amnexe-1 il

one hundred knots

cighty knots

sixty knots

excellent

¥a

ouais

Kilo hotel demande autorisation
- faire demi-tour et décollage
in trente-trois Droite

Voie 4
OK merci

jactive le s

ouais

we are very light anyway

ya
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27.38 OK -OK

27.40 So we haw
failure at ta
you have t
knots abou
the auto-pi
engine and
two is actin

2743 153823 OK

27.49 ya

27.55 OK

T:CVR T:UTC Voie 2 Voie 4

28.03 15.38.43 so the wheels are all good - we OK

have config two OK euh Elect IDG, one minor
fault

¥a, well we know about that but

we can just clear that ya'l....

and.. we have the same speeds as

last time
OKvava

flight director is ON

15.39.03 spoilers cat three dual spoilers

on va décoller et ensuite virage
a gauche, quatre-vingt-dix
deux cent soixante dix, et
ensuite i nouveau approche ILS
quinze gauche

you take...., you have the airplane I fly now ya
f’

what you do now is... rotate, let

the speed go above V2... and put
the Auto Pilot one in...
OK as soon as Auto Pilot one is

in, throttle one engine back, and 1
will take the hydraulics off...OK
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T:CVR T:UTC
29.05

29.08

29.16
29.21 154001

29.22

29.27 15.40.07

29.30

2937 15.40.17

29.45

29.49
29.59
T:CVR T:UTC
30.03
30.07

30.08
30.10
30.11

30.14
30.17 15.40.57

http:/Awww rvs.uni-bielefeld de/public.. /ComAndRep/A310-Toulouse/Annexe-1 Wml

Voie 2 YVoie 4
OK Kilo hotel paré & décoller quand
vous voudrez

we keep runway heading and
ready for ...
OK runway heading
tu est prét derricre ?
donc on est tout paré, on y va ouais
Michel
ga... carefull with the power toujours TOGA hein ?
iitially
...cause of the Cdg tith we get the
...wait till we see the air speed

until we go to full power OK

voil3, tu peux aller maintenant
TOGA SRS
TOGA SRS

cent knots
Voie 2 Voie 4

rotate

(...) on¢ hundred fifty - gear up
auto-pilot IN

and again....

engine failure

pump fault

0772772000 3.48 PM
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OK
30.22 and L.. I don't know what's gone ?
30.25 15.41.05 tha....that's not correct - I have
control
30.26
30.27 15.41.07 Ihave control
30.29 15.41.09
30.31  15.41.11 take care the
/l:’t'(/
30.33 take care
30.3¢4
3035 15.41.15
30.36
30.39 14.41.19
30.42
FIN DE LENREGISTREMENT
T:CVR T:UTC Voie 2 Voie 4
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by the earlier and very well documented problems. It is simply not
advisable to have a single character buried in a 1000+ line “include®
file radically change the beshavior of:

{

double my_angle,resultl,result2;

/* we can't make my_angle const, because it needs to be
* "tweaked" con a per-run basis, so neither prototypes
* nor MMU's can save us...

*/
my_angle = get_current_opsrating_assumptions():

resultl = scme_library functicn({l,my_angle);
result? = some_library function(2,my_angle);

In C, one can be confident that no matter what else mat be
wrong with some_libkrary_function(), it will HNOT_ damage my_angle.
In C++, the addition of a single *&' character destroys the basis
of that confidence. I can forgive Backus for “changeable constants",
but Stroustrup should have known better :-)

The average sallor will not spit into the wind a second time. The
average computer scientist does not, apparently, learn from experience.

Mike Albaugh, Atari Games Corp (Arcade Games, scon Time Warner Interactive)
675 Sycamore Dr. Milpitas, CA 95035 {408)434-1709 albaughBagames.com

Some comments on the A330 accident

Peter Ladkin <Peter.Ladkin@loria fr>
Sat, 27 Aug 1994 19:02:00 +0200

There are a few points worth emphasising which follow from the Air et Cosmos
issue 1462 summary of the A330 accident preliminary report, aleng with ths
1480/1 AeC summary of the preliminary-preliminary findings from the telemetry
data.

The A330 preliminary accident report singles cut lack of pitch
protection with the autopilot in ALT* mode as a determining factor.

According to the report by Casamayou in Air et Cosmos 1480 {11-16 July), the
copilot rotated to 28deg to hold 150kts of speed (the airplane actually went
to 29deg), and the autopilot was engaged by Warner, who also retarded the left
engine and cut the left hydraulic pump to simulate an engine failure: “As
planned, the pitch of the aircraft started to diminish and passed from 2%deg
to 25deg, the [pitch] limit authorised by the [flight] envelcpe protecticn
system FMGES (flight management guidance and envelcps system).’

It is presumed that the pilcts ware expecting that the autopilot was to remain
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in SRS mods { Speed Reference System') under which there is autcmatic pitch
protection. However, because the altitude wasz set too low (2000ft} in the
flight director (FCU), the autcpilot reverted almost immediately to ALT* mede,
under which there is no pitch protection, However, it was non-cbvious for the
pilots to know they were in ALT* modes since it wasn't displayed on the FFD
undar those flight conditicons - mode info disappears from the PFD at 2&degq,
*+tha same point to which pitch is protected by the FMGES**.

The preliminary report ncted the lack of FFD display of mode as a ceontributing
factor, but not a cause. Bernard Zisgler, technical directer of Airbus,
singled out in interviews the action of achieving 25deq of pitch as cne of his
main contributing factcrs [RISKS-16.35, also the specific figure of 25deq, a
‘particularly high pitch angle' is found in Flight Internaticnal, 17-23 Aug
1924, pdl. (The cther two factcrs mentioned in the Speigel interview were the
2000ft altitude setting and that the pilots waited too long to recover.)

However, if you want to test pitch protecticn it follows you have to put ths
airplane into more than 2%5deg of pitch, which is what the pilots did. But
this is a flight ceonditicn such that you can't tsll on the PFD what AP mode
you're in, and hence whether pitch is actually protected! This info might be
available, but it is nct displayed cn the PFD.

Centributory factors that were also noted by the report: the full-aft center
of gravity, and the TOGA thrust on the engines. Heowsver, the airplane may bes
legally leaded to full-aft €G, and if a go-arcund is nesded on an autcmatic
landing, that's what TOGA thrust is for. TOSA conditions are statistically the
most likely conditicns under which there i= an engine failure.

411 of the above is a matter of record, or of common knowledgs. I'd like to
add a few comments and questicns of my cwn.

Firstly, the report implies that auteopilct mode confusien playsd a rele in the
late reaction of the pilots to the flight condition. They were expecting SRS
mcde and got ALT* (for whatever reascn) - they were expecting pitch protecticon
whzn there was none - they were walting for scmething that wouldn't happen,
and they couldn’t tell from the FFD. Fete Meller, in his article 'CAD:
Computer Aided Disaster' and Rcohkert Dorsett have noted that meode- or
control-law-confusicn seems to have played a role in many of the A320
accidents as well.

Secendly, this airplane was loaded to within legal limits and was using thrust
appropriate to a go-arcund situaticn. Thers ars US airports at which
commarcial f£lights take place at which the missed-approach procedurs requires
cne to climb-and-maintain altitudes in the region of 2000ft. So, cone might
consider the possibility that these three of the identified ‘causes' of the
accident were plausible, although maybe unusual, cperating ceonditicons. The
airplane was pitched up by the copilet to 28 deg, in corder (I would surmise)
to activate the autcomatic pitch pretection mechanism, under conditions of
zngine failure., Under these ceonditions, undser autepilot control, the airplane
flew itself into an flight condition from which an experienced test pilcot was
unable to recover in time. I wonder why more attentien is not paid to this
feature of the accident?

The trim setting was singled ocut as a cause, but the report also =says that the
accelerated rotation caused by this was controlled by the ccpilot, so I den't

see how it figures as a cause, unless it was seen as cne-task-too-many.

For comparison and discussicn in RISKS, 1'd like to menticn a possible peoint
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of view different from that provided by Airbus [Ziegler interviews, Der
Speigel 15.8.9%4, RISKS-16.35, and Flight International, 17-23 Auf 1594, pil.
Namely: if the airplane had not crashed, seven more people would be alive -
but we also wouldn't have known that an A330 with full aft CofG is unable to
fly itself cut of an engine-out-during-go-around situaticn if the
altitude-select on the AP is set at or near 2000ft and the pitch is slightly
above its 25deg limit of protection.

Is this computer-related? I'm sure the A330 software will be changed.
If only because the Commission of Inguiry recommended it.

Feter Ladkin

ESORICS 94 Program

Yves Deswarte <deswarte{@laas. fr >
Tue, 6 Sep 1994 14:17:01 +0100

THE INSTITUTE OF MATHEMATICS AND ITS APFLICATIONS

Catherine Richards House, 16 Helson Street, Southend-on-Sea, Esse#, SS1 1EF.
Tel: (0702) 354029 Fax (0702) 254111

EMAIL: IMACRHEV-E.ANGLIA.AC.UK

FROVISICHAL PROGRAM ESORICS-94
(Eurcpean Sympoisum on Research in Computer Security)

THE OLD SHIP HOTEL, BRIGHTON, UKO
7TH - %TH NOVEMBER, 1534

ESORICS5-%94 is organised by the IMA in co-operation with AFCET (creator),
BCS Computer Security Specialist Group, CERT-ONERA, AICA and GI

ESCRICS-94
Frovisicnal PFrogram

Monday, 7th November, 1924
5.15 - 5.30 a.m. Introduction - Roger Heedham and Gerard Eizenberg
9.30 - 10.30 a.m. Sessicn 1 - Measures (Chair: Dieter Gollmann)

Valuation of Trust in Open Networks
T. Beth, M. Borcherding, B. Klein

Ferformance Requirements in Data Communication Systems
V. Zorkadis

11.00 - 12.30 p.m. Session 2 - High Assurance Software
{Chair: John Mclean)
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dreetteeeevetirieeuteeessenaacasanasanomm———naa REQUEST 074/98, REPORT 10 =-=s==-semmeceeesescccceccoceccocecoceaaa- -+

+ DATA REPORT PIPER-PA-31 ACCIDENT +
+ EVENTS|PHASES PANEL SEPARATION IN FLIGHT-CLIMB TO CRUISE +
+ AIRCRAFT STRUCK BY OBJECT-CLIMB TO CRUISE +
L L L L L L e P R L PR T D T ) e e L L LT TP T >

++
Qoo OPERATION -=-==---- seessscssceaaad $b Cosmccomcmnomeccaconooos FILE DATA =-=-==-=macaaacaaaaaas >
TYPE + MISCELLANEOUS - TEST/EXPERIMENTAL ++ 1CAO FILE : 91/0240-0

++ FROM STATE : SWEDEN
FINAL REP .
Cmmmeeeneee DATE, TIME AND METEOROLOGICAL DATA =-----=-=- > 44 Cooommemeseceesineanan AIRCRAFT DATA =-e=cc-mmcecccnnocaer >
DATE : 91-04-12 ++ MASS CATEGORY : 2250 - 5700 KG
TIME : 14:30 ++ STATE OF REGISTRY : SWEDEN
LIGHT : DAYLIGHT ++ REGISTRATION t SE-FLI
GEN WEATHER : VMC +

+4
e EEE LR LOCATION =--=-==-c=--soccoocconns R R DAMAGE, INJURY AND TOTAL ON BOARD -=--==-=-=--- >
LOCAT ION :  STOCKHOLM/SKAVSTA +4+ A/C DAMAGE : SUBSTANTIAL
STATE/AREA  : SWEDEN ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED :  STOCKKOLM/SKAVSTA ++ CREW = o 0 0 1 0 1
DESTINATION : STOCKHOLM/SKAVSTA ++ PAX  : o 0 0o 0 o 0

+*+

smermmsmmanaaanas NARRATIVE ----------=oev =

DURING A TEST FLIGHT AFTER MAINTENANCE, THE LEFT ENGINE COMLING SEPARATED AND STRUCK THE TAILPLANE LEAGING EDGE, WHICH WAS
DEFORMED ALONG ITS ENTIRE LENGTH. THE AFT FUSELAGE WAS BENT TO THE RIGHT AT THE TAILPLANE. ALL THIS OBSTRUCTED MOVEMENT OF
THE ELEVATOR. NONE OF THE 3 RIGHT SIDE COMLING SAFETY LATCHES HAD BEEN LOCKED.

DRN: BY USE OF BRUTE FORCE, THE PILOT WAS ABLE TO FREE THE ELEVATOR FOR RESTRICTED USE AND A SAFE LANDING.

RECOMMENDATION: THAT QUICK- LOCKING MECHANISMS OF THIS TYPE SHOULD BE COLOUR- CODED TO FACILITATE VERIFICATION OF LOCKED
STATE.

seratencnsns SEQUENCE OF EVENTS +»ss==ccoce-
EVENT 1  PANEL SEPARATION IN FLIGHT - CLIMB TO CRUISE
1.COMLING - NOT FASTENED/NOT LOCKED /SEPARATED
1.HANUFACTURER -WORKPLACE DESIGN-DIFFICULT
2.TECHNICIAN-MONITORING- INADEQUATE
2.A/C MAINTENANCE PROCEDURE - INAREQUATE/INEFFECTIVE
1.A/C MAINTENANCE ENGINEER-SUPERVISION-INADEQUATE
2.MAINTENANCE/REPAIR - OPERATIONS-QUALITY CONTROL-SUBSTANDARD
3.FL CREW PRE-FLIGHT CHECK PROCEDURE - INEFFECTIVE
1.PILOT-MONITORING-INADEQUATE
EVENT 2  AIRCRAFT STRUCK BY OBJECT - CLIMB TO CRUISE
1.COMLING - SEPARATED
2.ELEVATOR - FOREIGN OBJECT DAMAGE
3.FORCED LANDING - PERFORMED

---------- SAFETY RECOMMENDATIONS ===-----=-~
1
RELATED TO AIRCRAFT/EQUIPMENT : INSPECTION
MODIFICATION OF AIRCRAFT
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4cccsscsscccscnsssssscsnnncaas s sn s - -+ REQUEST 074798, REPORT 35 --c-cccccccccccccccccrocecncnccaccacncns EERE LT
+ UNOFFICIAL REPORT BOEING-707 INCIDERT +
+ EVENTS|PHMASES WHEELS-UP LANDING-LANDING ROLL +
""....“" --------------------------------------- LR Rl L b bl Ll L L L Lt AASFAASFLSAALASATTSSSOASSTTEEAEEEESEEESSSSEFEDaaon +

++
Commme= s=ssssnnnrcnnncns OPERATION =e-=-=v=-eecceccons sesed 44 -sstssscmccscsacannnann FILE DATA =~~=c-cecccccccmacnnnas >
TYPE : MISCELLANEQUS - TEST/EXPERIMENTAL ++ 1CAQ FILE . 9470545-0

++ FROM STATE :
FINAL REP ++
Cremeeneeanc HATE, TIME AND METEOROLOGICAL DATA ------ ssse> 44 (rerercccccccsscnsccce AIRCRAFT DATA ----=-~----m=ee- crreead>
DATE 1 94-07-04 ++ MASS CATEGORY : 27 001 - 272 000 KG
TIME : 00:00 ++ STATE OF REGISTRY :
LIGHT H ++ REGISTRATION :
GEN WEATHER ++

++
Covmanmnrens vsvessvevevs LOCATION ~o=esesmmcccmccceccnon~ > +4 Cresononance DAMAGE, INJURY AND TOTAL ON BOARD ++=--=====-- »
LOCATION : TEL AVIV ++ A/C DAMAGE ¢ MINCR
STATE/AREA T ISRAEL ++ INJURY : FATAL SERICUS MINOR NONE UNKNOWN TOTAL
DEPARTED : ++ CREW @ 0 0 0 12 0 12
DESTINATION = ++ PAX : 0 0 0 0 D 0

-+

----------------- NARRATIVE =-=~=wrocnccccas

AIRCLAIMS:ACCORDING TO PRESS REPORTS, DURING A TEST FLIGHT YA MALFUNCTION DISABLED THE AIRCRAFT’S RIGHT MAIN
UNDERCARRIAGE? . ATTEMPTS WERE MADE TO FREE THE UNDERCARRIAGE BUT WITHOUT SUCCESS AND THE PILOT THEREFORE ELECTED TO
CARRYOUT AN EMERGENCY LANDING AT BEN GURION INTERNATIONAL AIRPORT. THE AIRCRAFT TOUCHED DOWN AT T15KT AND THE PILOT SHUT
DOWN THE NO.& EXGINE AT THE START OF THE LANDING ROLL. AS THE AIRCRAFT’S SPEED REACHED 40KT., THE RIGHT WING BEGAN TO
SETTLE AND THE NO.3 ENGINE STRUCK THE GROUND. THE AIRCRAFT CAME TO REST ON THE RUNWAY. THE AIRCRAFT WAS ENGAGED IN
DEVELOPMENT TEST FLYING AS PART OF THE SIGINT (SANTIAGO SIGNALS INTELLIGENCE AIRCRAFT) PROGRAMME
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On September 1, 1994, approximately 1210 mountain daylight time (mdt), a2 Sikorsky S-64F helicopter,
N165AC, registered to and operated by Erickson Air Crane Company, and being flown by Gary M.
Wiltrout and Jimmy R. Tipler, two commercially certificated pilots, was destroyed when the aircraft
settled into Hanging Flower Lake, while in a hover, seven nautical miles southwest of Libby, Montana.
The pilot-in~command was not injured, however, the co-pilot and the crewman received minor injuries.
Visual meteorological conditions prevailed and no flight plan had been filed. The flight, which was a
maintenance check flight, was to have been operated in accordance with 14CFR91, and originated from
the Libby Airport, Libby, Montana, at 1200 hours.

In a written statement, the pilot reported that a retardant tank had been installed on the helicopter the
previous day. Also at the conclusion of the flight on the previous day, the pilot stated that the number
two engine had failed. A fuel control unit was changed which required a power check adjustment before
the next flight. After the power adjustment was completed, the pilot did a control check on the retardant
tank and found that the snorkel pump was not operating, however, the emergency dump system was
operational. The isolation valve was found to be the problem and it was corrected.

The flight then departed for the required test flight to Hanging Flower Lake where the tank system could
be tested. The pilot stated that the flight to the lake was uneventful and the engines were performing
normally. When the flight arrived at the lake, the pilot hovered the helicopter down until the snorkel was
submerged in the water. The pump was tumed on and the pilot asked the crewman if water was being
taken on. The co-pilot stated that the quantity indicator was emratic and he was unsure if they were
taking on water, however, the crewman stated that he thought that they were as he saw water leaking
from around the top of the snorkel hose. After approximately 15 seconds, the pilot pulled the helicopter
up into a 20 foot hover with very little power required. The pilot felt that they probably did not take on
very much water. The pilot stated that he then hovered back to the water and again submerged the
snorkel for another 15 seconds. The pilot was unsure if they were taking on water and decided to pull up
and check the system by dumping the water. The pilot stated that as he was departing the area, it did not
feel like the helicopter was responding to the collective setting and the rate of climb was slow. The pilot
attempted a momentary drop of the water by using the collective dump button, however, there was no
indication that any water dumped. At this time the pilot asked the co-pilot how the power was and the
co- pilot responded that they were losing rotor RPM and that they were also going to lose the generators.
The pilot realized that they would not clear nearby trees and started to slide the helicopter to the right
over the lake. The pilot tried to jettison the tank but stated that the tank would not jettison as the
helicopter descended and touched down lightly on the surface.

The helicopter then hovered back to five feet above the water, then began to settle back into the water.
As the helicopter made contact with the surface, it rolled to the left and sank.

Afer the helicopter was retrieved from the lake and secured, the engines were examined. During the
teardown inspection, there was no evidence found to indicate a mechanical failure or malfunction. (see
attached Investigation of the Crash of N165AC). '

The emergency load release system was inspected and found that the quantity indication system was
inoperative, therefore the fire tank doors would not open to release water. The emergency tank drop
system was inspected and tested and found to be operational. The emergency drop hydraulic valve tested
normal both electrically and hydraulically, however, it was suspected that the dump valve was
unreliable.

03/17/2001 6:30 PM
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Further study into the environmental conditions at the time of the accident (i.e. 6,000 feet and 10
degrees C), the estimated loading of the helicopter with remaining fuel, and the estimated amount of
water added during the snorkel pump test, it was determined that helicopter was operating above
maximum gross weight. It was also noted that the performance data available for this make and model
helicopter is limited, and that estimates were used. Company personnel were using performance data

from another make and model helicopter similar to the accident hellcoptcr This hehcopter was found to
be power limited for this operatxorL . .o :

Use your browsers ‘back’ function to return to synopsis
Return to Query Page
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NTSB Identification: SEA94LLA228. The docket is stored in the (oflline) NTSB Imaging System.

Accident occurred SEP-01-94 at LIBBY, MT
Aircraft: SIKORSKY S-64F, registration: NIGSAC
Injuries: 2 Minor, 1 Uninjured.

THE HELICOPTER WAS ON A MAINTENANCE TEST FLIGHT TO TEST A RETARDANT
TANK SYSTEM THAT WAS USED TO CARRY AND DISPENSE WATER. AFTER ARRIVING
AT ALAKE, THE FLIGHT CREW HOVERED THE HELICOPTER WHILE LOWERING THE
SNORKEL TO ONLOAD WATER. HOWEVER, THE QUANTITY INDICATOR WAS
MALFUNCTIONING, AND THE CREW MEMBERS WERE UNSURE IF WATER WAS BEING
ONLOADED. THE PILOT OPTED TO FLY OUT OF THE HOVER AND DUMP THE WATER
FROM THE RETARDANT TANK. AS THE FLIGHT BEGAN TO DEPART THE AREA, THE
PILOT NOTED THAT THE HELICOPTER WAS LACKING RESPONSE TO TIHE COLLECTIVE
AND THE RATE OF CLIMB WAS SLOW. WHEN THE WATER WOULD NOT DUMP FROM
THE TANK, THE FLIGHT CREW TRIED TO JETTISON THE TANK. NEITHER SYSTEM
WOULD WORK. THE ROTOR RPM BEGAN TO DECREASE AND THE HELICOPTER
SETTLED INTO THE WATER AND SANK. DURING AN INVESTIGATION, NO MECHANICAL
FAILURE OR MALFUNCTION OF EITHER ENGINE WAS FOUND. WHEN CHECKED, THE
RETARDANT (\WATER) QUANTITY INDICATOR SYSTEM WAS INOPERATIVE AND WOULD
ONLY SENSE THAT THERE WAS NO WATER IN THE TANK. TO RELEASE WATER, TIIE
SYSTEM NEEDED TO SENSE THAT THERE WAS ENOUGH WATER FOR THE SELECTED
SETTING; THEREFORE, THE TANK DOORS WOULD NOT OPEN TO DUNP WATER WITH
TIHIS MALFUNCTION. NO EVIDENCE WAS FOUND TO DETERMINE WITY TIIE
ENIERGENCY TANK DROP SYSTEM DID NOT FUNCTION. USING ESTIMATES,
PERFORMANCE DATA INDICATED THE HELICOPTER WAS ABOVE THE MAXDUM
GROSS WEIGHT AND WAS POWER LINMITED FOR THE ENVIRONNENTAL CONDITIONS.
ELEVATION OF THE LAKE WAS ABOUT 6500 FEET; AIR TEAIPERATURE WAS ABOUT 63
DEGREES.

Probable Cause

THE FLIGHT CREW ALLOWED THE HELICOPTER'S WEIGHT AND BALANCE TO BE
EXCEEDED, AND THE EXTERNAL LOAD (TANK) JETTISON SYSTEM FAILED TO
OPERATE. A FACTOR RELATED TO THE ACCIDENT WAS: THE FALSE INDICATION ON
THE RETARDANT QUANTITY INDICATOR.

Full namrative available

Index for Sep 1994 | Index of Months DOCOO00000B000N0

0772272000 8:42 PM



Ao REQUEST 074798, REPORT 37 --v--v--== creersesstamarann cevemmmmanaaas 3
+

IMINARY REPORT LEARJET-35 TRANSCONTINENTAL INEIBENT +
+ EVENTS{RHASES LOSS OF SEPARATION-POSSIBLE RISK OF COLLISION-CRUISE +
$rrssennane L L L e L L Y ettt B R R Y L T Y s e L L s -*
++
€meen D s = OPERATION -+=-s=rs==ncseraracsoocd 44 €oooooooomommoocososomes FILE DATA--ncmecccacnnn- —emmees>
TYPE : MISCELLANBQUS - TEST/EXPERIMENTAL ++ [CAD FILE : 9472219
++ FROM STATE : CAMADA
FINAL REP Y ++
R DATE, TIME AND METEOROLOGT®AL DATA =-==-=---- > 4+ Commmmmmeeaes T eeen AIRCRAFT DATA =--ecmesccccecccoacas >
DATE : 94-07-20 ++ MASS CATEGOR : 5701 - 27 000 KG
TIME : 10:35 ++ STATE-CF REGISTRY :
LIGHT : DAYLIGHT ++ RECISTRATION :
GEN WEATHER : VNC q
4
Covrtomoemaacaeaaas LOCATION =+~eemommmmoooopefTocne > 44 €maTeagoeens DAMAGE, INJURY AND TOTAL ON BOARD --==e==-==-s >
LOCATION : TORONTO ++ A/C DAMA : NONE
STATE/AREA 1 CANADA ++ INJURY : L SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED t TORONTO ++ CREW 3 0 0 0 3 0 3
DESTINATION : HAMILTON “ PAX i 0 b 0 0 0 0
L2

--------- cessnmnn NARRATIVE ~-oeeesccmaccaan

A CONVAIR 580-FAD COMPLETED A SERIES OF PRACTICE APPS AT HAMILTON WHEN IT WAS CLEARED 70 6,000 FT, DIRECTSRQUTING TO
TORONTQL~AT THE SAME TIME, THIS A/C DEPARTED TORONTO FOR HAMILTON AND WAS CLEARED TO 5,000 FT. THE CONVAIR WALATER
CLEARED TO MAINTAIN 5,000 FT BECAUSE THE HAMILTON CONTROLLER ANTICIPATED THIS A/C TO BE AT 6,000 FT. THE A/C PASSEBEACH
GTHER WITH ABOUT 2 MI HORIZONTAL SEPARATION WHERE 5 MI HORIZONTAL OR 1,000 FT VERTICAL SEPARATION 1S REQUIRED.

-

#ommmeem e B SGLETRTSTTTRPR R REQUEST 074798, REPORT 38 «-e=s--veee- S ECCT T EEE SRR LT P LTE +
+ DATA REPORT SIKORSKY-S64 SKYCRANE ACCIDENT +
+ EVENTS|PHASES OTHER-HOVERING/LIFTING +
* COLLISION WITH LEVEL TERRAIN/WATER-HOVERING/LIFTING +
+ A/C SANK IN WATER-POST-IMPACT +
+ ------ FPAEASSFESFPA AL ARLETDEEESSES S S - ‘eSS SsEAAASASSASESaESRESaSSanEEDw" *EABSrSrARAEEEEEsssSS s R R ASASTAR AT RTERTE TS Sosmsasess +

++
Coommmeemmeraann. cvevnas OPERATION ------------ S > 44 Coeooommcooons cesssrcccn FILE DATA ===---c==coo- cemmmaenns >
TYPE : MISCELLANEQUS - TEST/EXPERIMENTAL ++ ICAO FILE T 94/0404-0

++ FROM STATE t UNITED STATES
FINAL REP -
e DATE, TIME AND METECROLOGICAL DATA ==------=- > 4+ Coorececmomonccesaaaas AIRCRAFT DATA ==-sscccccmemnnmomnas >
DATE 3 94-09-01 ++ MASS CATEGORY : 5701 - 27 000 KG
TIME : 12:10 ++ STATE OF REGISTRY : UNITED STATES
LIGHT : DAYLIGHT ++ REGISTRATION : N165AC
GEN WEATRER : VMC ++

+4
ELECL LR LOCATION ~--------ccmm-voceensnns > 44 Qeomemennoon DAMAGE, INJURY AND TOTAL ON BOARD ----+===-=-- >
LOCATION : LIBBY,MT ++ A/C DAMAGE : DESTROYED
STATEJAREA  : UNITED STATES ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : LIBBY,MT ++ CREW : 0 0 1 1 0 2
DESTINATION : LIBBY,MT ++ PAX @ 0 0 0 0 0 0

4+

e GLLLTTIEIES NARRATIVE =--=s==ssoccccns

THE HELICOPTER WAS ON FLIGHT TO TEST A TANK SYSTEM. WHILE LOADING WATER FROM A LAKE THE QUANTITY INDICATOR MALFUNCTIONED.
THE PILOT DECIDED TG TRANSITION TO FORWARD FLIGHT AND DUMP THE WATER. THE HELTCOPTER WOULD NOT CLIMB AND THE CREW COULD NOT
DUMP OR JETTISON THE TANK. THE HELICOPTER SETTLED INTO THE LAKE AND SANK. NO MECHANICAL FAILURE OF EITHER ENGINE WAS FOUND.
THE WATER QUANTITY INDICATOR SYSTEM WAS INOPERATIVE AND WOULD ONLY READ THAT THERE WAS NO WATER IN THE TANK. WOMEVER, THE
SYSTEM WOULD NOT RELEASE UNLESS IT SENSED THAT THERE WAS WATER IN THE TANK. NO EVIDENCE WAS FOUND TO DETERMINE WHY THE
EMERGENCY TANK JETTISON SYSTEM DID NOT FUNCTION. PERFORMANCE DATA INDICATED THE HELICOPTER WAS ABOVE THE MAXIMUM WEIGHT AND
WAS LIMITED BY THE POWER AVAILABLE IN THE ENVIRONMENTAL CONDITIONS. ELEVATION OF THE LAKE WAS ABOUT 6,500 FT. AIR
TEMPERATURE WAS ABOUT 17 DEG C.

o messcessenss SEQUENCE OF EVENTS ---veesser--
EVENT 1 OTHER - BOVERING/LIFTING
EVENT 2 COLLISION WITH LEVEL TERRAIN/WATER - HOVERING/LIFTING
1.EMERGENCY JETTISON SYSTEM - FAILED
2.CARGO DUMPING - IMPOSSIBLE
3.A/C PERFORMANCE - EXCEEDED
EVENT 3 A/C SANK IN WATER - POST-IMPACT

Ay~
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- REQUEST 140/94, REPORT # 230
R A o O B B B o S EREREES
+ UNOFFICIAL REPORT TUPOLEYV - TU-134 ACCIDENT

+ EVENTS | PHASES: COLLISION WITH AIRCRAFT -BOTH AIRBORNE | MANOEUVRING
+

+H++—+++-++-+++-+—++++++———— e e e e

+++-++-++ e

H
< OPERATION >4+ < FILE DATA
TYPE : MISCELLANEOQUS - TEST/EXPERIMENTAL + ICAO FILE : 94/0274-0
++ FROM STATE
_1..+
< WHEN > ++ <eeemeecsecece AIRCRAFT DATA cmmmeeees
DATE : 94-09-09 ++ MASS CATEGORY :27001-272000KG
TIME Do ++ STATE OF REGISTRY :
LIGHT : ++ REGISTRATION : RA65760
++ S
< WHERE > ++ < DAMAGE, INJURY AND TOTAL ON
BOARD >
LOCATION :YEGORYEVSKY + A/C DAMAGE : DESTROYED
STATE/AREA : RUSSIAN FEDERATION ++ INJURY : FATAL SERIOUS MINOR NO
UNKNOWN TOTAL
DEPARTED : +CREW : 8 0 0 0 0 8
DESTINATION : +PAX : O 0 0 O 0 0
OTHER DAMAGE :
#ecneerecnnnaaans S REQUEST 074798, REPORT 40 =vv-----essssecmmaeecomceseecanaaeceooonono-n +
+ UNQFFICIAL REPORT TUPOLEV~-TU-134 ACCIDENT +
+ EVENTS |PHASES COLLISION WITH AIRCRAFT-BOTH AIRBORNE-MANOEUVRING +
Com-seemcmemcneemna—a- DPERATION -==--r=ss=smeemzecenn=s > t4 <eeeeeamaoasanccnannanae FILE DATA ==-m-=-cmmmeasccaccanas >
TYPE 3 MISCELLANEOUS - TEST/EXPERIMENTAL ++ ICAD FILE T 94/0274-0
++ FROM STATE :
FINAL REP -
Coereeeraaan DATE, TIME AND METEOROLOGICAL DATA --------=- > 44 Ceoememmmmonecenaooas AIRCRAFT DATA ---==s=ssvemmmmemmmns >
DATE 1 94-09-09 ++ MASS CATEGORY : 27 001 - 272 000 XG
TIME : 00:00 ++ STATE OF REGISTRY : RUSSIAN FEDERATION
LIGHT : ++ REGISTRATION :  RASSTSD
GEN WEATHER : ++
L L LT E L L P R LOCATION =-----esrsmsersaccncccns EE R SLEE LR DAMAGE, INJURY AND TOTAL ON BOARD =-====-===~- >
LOCATION :  YEGORYEVSKY ++ A/C DAMAGE :  DESTROYED
STATE/AREA 1 RUSSIAN FEDERATION ++ INJURY : FATAL SERIOUS MINOR MONE UNKNOWN TOTAL
DEPARTED : ++ CREW 3 8 0 v} 0 1] 8
DESTIKATION H ++ PAX H 0 0 0 0 0 0
----------------- NARRATIVE ~===-==evevesorn-

AIRCLAIMS: THE AIRCRAFT WAS DESTROYED WHEN IT WENT OUT OF CONTROL AND CRASHED FOLLOWING A COLLISION WITH A TU22. THE Tu22
LANDED SAFELY. THE TU134 WAS APPARENTLY ACTING AS A PHOTOGRAPHIC CHASE AIRCRAFT TQ THE TUZ2 AT THE TIME OF THE ACCIDENT.
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On September 27, 1994, at 2043 hours mountain standard time, a McDonnell Douglas MD520N
(NOTAR), N520NT, collided with a McDonnell Douglas AH-64D (Longbow), R00324, while on final -
approach to the McDonnell Douglas Heliport, Mesa, Arizona. Both helicopters were operated by
McDonnell Douglas Helicopter Systems, in conjunction with a flight test/evaluation by foreign military
officials under 14 CFR Part 91. The Longbow was owned by the U.S. Army and leased to McDonnell
Douglas Helicopter Systems:

The NOTAR was destroyed and the certificated airline transport pilot was fatally injured. A foreign
military observer in the NOTAR was seriously injured. The Longbow sustained substantial damage. The
Longbow crew, a certificated commercial pilot and a foreign military pilot were not injured. The flight
departed the Williams Gateway Airport, Chandler, Arizona about 2035 hours. Night visual
meteorological conditions prevailed at the time, and both helicopters were operating on a company VFR -
flight plan filed at the McDonnell Douglas Heliport.

The Longbow was conducting a night evaluation of the pilot's night vision sysfem (PNVS). Use of the
PNVS restricts the pilot's peripheral vision and the nature of the evaluation directed the attention of the
Longbow pilots inside the cockpit.

The NOTAR was assigned the task of "chase aircraft”, whose duties in part were surveillance of and
monitoring the Longbow, and provide traffic advisories concerning other aircraft in the area.

Voice communications between the two helicopters was made via VHF radio frequencies.

All three pilots had flown the route from the Gateway Airport to the McDonnell Douglas Helicopter
facility in the past, or before the accident flight. The return flight of the AH-64 departed Williams AFB
to the north to a point northeast of the McDonnell Douglas facility and cast of Granite Reef Dam, a VFR
reporting point for Falcon Field, Mesa, Arizona.

The route of the NOTAR is not exactly known. There were no radar services requested by the pilots, and
the test aircraft was not squawking a discreet transponder code. Radar data provided by the Federal
Aviation Administration depicted unidentified aircraft departing the Gateway Airport at the approximate
time of the AH-64 and NOTAR. The data revealed aircraft tracking north along a route described by the
AH-64 pilots. The data did not distinguish the flight path of two aircraft. The track of the aircraft was
lost in ground clutter and radar returns from vehicles traveling on east-west roads near Falcon Field. The
radar data also revealed aircraft in the Falcon Field trafﬁc pattern throughout the period of the return
flight.

During the flight from Williams Gateway Airport, the NOTAR pilot asked the Longbow pilots to slow
their airspeed. The Longbow slowed from 130 knots to 105 knots. The AH-64 pilots contacted the
NOTAR pilot(Chase) as they approached the Granite Reef Dam VFR reporting point. The AH-64 pilots
informed the NOTAR they were going to change VHF radio frequency from the mission control
frequency to the Falcon Field air traffic control tower (ATCT) frequency. The NOTAR pilot
acknowledged the AH-64 pilots transmission. There were no other recorded communications from the
NOTAR pilot. There was no evidence found indicating the NOTAR pilot had lost visual contact with
the Longbow helicopter.

At 2040 hours, the AH-64 crew contacted the Falcon Field ATCT via the VHF radio and reported over

10f6 03/17/2001 6:17 PM
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‘ -
Granite Reef Dam with a chase aircraft. The ATCT local controller cleared the flight for a north arival.

The AH-64 crew then changed VHF radio frequencies from Falcon ATCT to McDonnell Douglas ..
Company's "Apache Ramp Control" frequency. The ground control radio operator (GIRO) monitoring
the frequency cleared the AH-64 to land runway 22, and informed the AH-64 crew of the current wind
conditions and altimeter setting. ‘. . . .

The GIRO observed the AH-64 ﬁnal approach and observed flashing lights approachjng the AH-64 from - -
its left side at an approximate angle of 90 degrees. The GIRO indicated that the events he witnessed
happened rapidly and there was insufficient time to warn the pilots. The GIRO told the Safety Board by

the time he recognized the flashing lights as another aircraft it was too late. The GIRO indicated the
collision occurred about 30 feet above the ground. After the collision the NOTAR appeared to flip and

the AH-64 tanded on Pad #3. The GIRO further indicated that there were no communications with the |
chase aircraft (NOTAR) after he cleared the AH-64 to land. :

The AH-64 crew reported they did not see the NOTAR during the final approach phase of the flight. The
rear seat pilot was recorded stating, "I just caught sight of something coming on the left hand side as it
hit." The AH-64 crew indicated they were performing the final tasks of the test flight/evaluation using
the PNVS at the time of the collision, and that their anti-collision lights were on.

CREW INFORMATION
McDonnell Douglas MD520N
First Pilot (NOTAR) |

The NOTAR pilot was formerly employed by McDonnell Douglas Helicopter Systems, and had
accepted an early retirement. At the time of the accident, the NOTAR pilot was employed by a
personnel company under contract with McDonnell Douglas Helicopter Systems, to provide pilots. The
NOTAR pilot was seated in the left front seat of the helicopter at the time of the collision.

The NOTAR pilot held an Airline Transport Pilot certificate with single and multiengine airplane
ratings and a helicopter rating. The most recent second-class medical certificate was issued to the pilot
on December 1, 1993, and contained the limitation that correcting lenses be worn while exermsmg the -
pnv:legcs of his airman certificate. ‘

No personal ﬂight records were located for the pilot and the acronautical experience listed on this report
was obtained from the accident report submitted by McDonnell Douglas Helicopter Systems.

According to the operator's accident report, the pilot's total acronautical experience consists of about
17,795 hours, of which about 1,550 hours were accrued in the MD500 series helicopters, of which the
MD520N is a derivative. In the preceding 24 hours before the accident, the pilot flew 4.3 hours, of
which 2.8 hours ‘were in the accident helicopter,

Flight Test Engmcer .
A British Army Flight Test Engmeer was smtcd in the right front seat of the NOTAR for the purposc of

observing the flight evaluations. He had no crew responsibility for the operation of the NOTAR. After
the accident, the Flight Test Engineer indicated he saw the AH-64 in the right window the instant before
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the collision, but was not sure whether it was a dream or actual memory.
McDonnell Douglas AHMD (Longbow) |

First Pllot (AH-64)

The first pilot was employed by McDonnell Douglas Helicopter Systems, as an engineering test pilot.
The first pilot held a commercial pilot certificate with a multiengine airplane rating and a helicopter
rating. The first pilot also held a flight instructors certificate for helicopters. The most recent
second-class medical certificate was issued to the pilot on January 20, 1994, and contained no
llmllatlons

The first pilot's total aeronautical experience consists of about 8,239 hours of which about 3,066 hours
were accrued in the AH-64. The first pilot had flown about 1.5 hours in the 24 hours precedmg the
accident, all in the accident AH-64. The first pilot was seated in the front seat of the AH-64 and was
performing instructor pilot duties at the time of the collision. The first pilot indicated he did not see the .
NOTAR in the moment before the collision.

Second Pilot (AH-64)

The second pilot held a foreign military aeronautical designation for helicopters issued by the United
Kingdom. The second pilot's total aeronautical experience was about 3,700 hours, of which about 3,590
hours were in helicopters. The second pilot indicated he had flown attack helicopter’s in the British
Army and had logged several thousand hours in the Westland Lynx. The second pilot had flown the -
AH-64 previously on two occasions accruing about 14 hours, of which about 5 hours were at night. The
second pilot had flown in the accident helicopter about 2.5 hours in the 24-hour period preceding the
accident. The second pilot was seated in the rear seat of the AH-64 and was evaluating the capabilities
of the helicopter for purposes of acquisition by the British Amy.

AIRCRAFT INFORMATION
McDonnell Douglas MD520N (NOTAR)

The McDonnell Douglas MD520N is owned and operated by McDonnell Douglas Helicopter Systems.
The helicopter was originally certified as an experimental helicopter. The experimental airworthiness
certificate found on the helicopter had expired. - ‘

The helicopter was not equipped with any night vision devices for use by the crew, The NOTAR pilot
was required to survey the AH-64 through the cockpit windows. -

According to McDonnell Douglas Helicopter Systems, the visibility from the pilot's position is good. -
Representatives from the company’s Product Flight Safety Department provided the Safety Board a
Transportation Safety Board (TSB) of Canada report concerning a midair collision involving a
McDonnell Douglas MD369E. According to McDonnell Douglas Hehcopter Systemns, the visibility from
the MD369E is similar to that of the NOTAR.

The TSB Canada report states "The pilot of the MD369E was sining in the left front seat of the

helicopter. From this position, although the field of view to the front of the helicopter is good, there are
some obstructions to the left. In the horizontal plane, the pilot view aft of the nine o'clock position is

03/177200} 6:17 PM
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masked by the aft left door frame assembly; the forward frame assembly; which angles downwards
roughly 45 degrees, obstructs about 10 degrees of view at the pilot's ten-thirty position. In the vertical
plane, the 6-inch portion of the door frame on the topside of the left door masks about 40 degrees of the
pilot's field of vision. From the nine o'clock position to the ten-thirty positions, this upper door frame
masks the pilot's view from about the horizon to approximately 40 degrees above the horizon." -

The construction of the NOTAR cockpit windows is symmetrical from right to left. The Canadian TSB
report is based on the collision geometry of that particular accident, and does not take into account
obstructions on the pilot's right side, suchasa person occupymg the nght seat and the right upper door
frame, which would also obstruct the pilot's vision. : :

The helicopter was equipped with two VHF radios with digital displays. The radios incorporated a
preselect feature which allows the pilot to store a frequency in an active and standby digital numeric
display. Displayed frequencies are held in non-volatile memory circuits when the radios are not
powered. thn power is restored, the same frequenc1es will be displayed that were selected before
shutdown."

Afier the accident, both radios were removed and power was applied to read the displayed frequencies.
The frequency readings were the same for both VHF communication radios. The Falcon ATCT
frequency, 124.6 MHZ, was selected in the active display window of both radios, and McDonnell
Douglas Helicopter Systems ramp operanons frequency, 123.35 MHZ, was selected in the standby
display window. -

'I‘he McDonneli Douglas AH-64D (Longbow)

The Longbow is oumed by the U.S. Army, and at the trme of the accident, it was Ieased to McDonnell
Douglas Helicopter Systems, for purposes of "handling characteristic/demonstration flights” for the
United Kingdom. The AH-64 is a twin-engine military attack helicopter primarily designed as a
day-night weapons platform. The helicopter is not certified in any airworthiness categories by the
Federal Aviation Administration. The helicopter seats a crew of two in tandem with the pilot's position
in the rear seat and the copilot-gunner's seat in the front.

The Pilot's Night Vision System (PNVS) is used by the pilot for externally aided night vision, or during
adverse weather. The PNVS consists of a stabilized Forward Looking Infra Red (FLIR) contained ina
rotating tuwret mounted in the nose of the helicopter. The turret rotates 90 degrees right and left, and 20
degrees up and 45 degrees down. The PNVS is slaved to the crew's flight helmets, which present a FLIR
image on helmet-mounted displays. The field of view on the display is 30 degrees vertical and 40
degrees horizontal. The all-around aided night vision is restricted during forward flight by the limits of |
the helmet displays field of view combined with the rotation limits of the turret.

The helicopter's exterior lighting equipment consists of two high intensity red and white anti-collision
strobe lights located on each engine nacelle; three navigation lights located on each engine nacelle and
the top of the vertical stabilizer; and the retractable landing light/search light.

The helicopter was equipped with UHF, VHF, and FM voice communication radios. The VHF radio was
the only radio installed in the Longbow that was compatible with voice communications with the
NOTAR helicopter. The Longbow VHF radio is capable of storing preselected radio frequencies, but
only one’ frequency can be used at a time. The Longbow pllots did not report any problems with the
helicopter VHF voice communications. -
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COMMUNICATIONS

THE AH-64 was equipped with a video recorder that recorded all communications transmissions both
internal and external. Review of the radio communications revealed that the AH-64 successively and
successfully communicated with the chase helicopter, Apache Ramp Control, and Falcon ATCT. No
unusual communications were noted between any of the participating entities and the AH-64 during a
review of the tape. A transcript of the communications between the aircraft and the above mentioned is
attached to this report.

Additionally, the communications with the Falcon Field ATCT were recorded. Review of the transcripts
did not reveal any information not consistent with other statements. In addition, at 2043:24 hours a
transmission of unknown source was recorded on the tower tapes. The unknown source stated, "ch
(expletive)." A copy of the ATCT tapes is also attached to this report.

AERODROME AND GROUND FACILITIES

The McDonnell Douglas Helicopter Systems, facility is equipped with four concrete helipads aligned on
a 220- to 040-degree magnetic onentation. The pads are VFR only, and are perimeter lighted for night
operations.

The helipads are monitored by Apache Ramp Control. The ground control radio operator is located in a
elevated tower cab attached to one of the hangars. The tower cab is equipped with radio
communications equipment and telephones. The ground control radio operator is able to survey the
helipads and approach paths from 1hc tower locauon ;

There were no reports of equlpment outages at the facnlity that would have precluded the pilots from
identifying the facility and landing on the helipads.

WRECKAGE AND IMPACT INFORMATION

Both aircraft came to rest within the conF ines of the McDonnell Douglas Systems, facnhty 'Ihe AH-64
landed and shutdown on helipad 3 without incident after the collision. The anti-collision lights were
tested after the collision and were found operational.

Examination of the wreckage revealed four of the NOTAR's five main rotor blades contacted the
Longbow's left wing and wing stores. The 2.75-inch empty rocket launcher, mounted on the outboard
hard point, was struck from behind and was sliced horizontally about half its length. The Hellfire missile
launcher was also struck from behind in the same place as the rocket launcher. The upper surface of the
Longbow's left wing had evidence of three rotor strikes from the NOTAR main rotor system. Shrapnel
from the collision damaged the AH-64 main rotor blades and fuselage. A small portion of the left mng
had entered the rear cockpit through the left canopy and was found lying on the floor.

After the impact the NOTAR descended uncontrolled and came to rest on its left side about 50 feet
northeast of the helipad threshold. The main rotor hub was separated from the fuselage at the mast.
Three of the five main rotor blades were found separated from the main rotor hub.

ADDITIONAL INFORMATION
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St. Louis Hosts STOL
Maneuver Technology Program

by Waly Corwia, Publicity Chalrman, St, Losls Chapter

j -15 Eagle to take-off and land on a mnway
instead of the usual 8000 feet. That's 1500 feet

L y only 50 feet wide with poor braking action in & 26-
10 kngt croas wind at night.

tly McDonnell Aircraft was awarded a development
Ftomhkwthmobjecﬁmmdpmidoduignop-
for future fighter aircraft. Mr. Bill Brinks, ‘STOL
Lanegver Tochnology Program Manager, was guest spesker
% a joint technical/dinner meeting of Chapter 8 and the In.
titate of Environmental Sciences in St. Louis.

According to Mr. Brinks, thes existing P-15 engines will be
itted with independently articulated v i
ozzles. Operation of the norzles will be integrated into the
ontrol system so they will operats in conjunction with ths
ontrol surfaces for increased maneuverability.

A set of F-18 elevons will be installed on the foselage, for
rard of the wings, as canards for the greater control. Qther
hanges includes modifying landing gear strats for
sugh'/soft capability and installing an advanced cockpit
esign. The aireraft, however, will maintain it's basic strue-
aryl design since thers must be no degradation of previous
iisaion capability.

Mr, Brinks, a former McDonnell Aircraft test pilot with
ver 4000 hours in high performance fighter aircraft,
rovided members and guest with an infarmative and in-

«ta R) Mr, Steve Podry, Preaident of 5t. Louis Chapter of
« SFTE;"Mr. Bill Brinks, Guest Speaker; Mr, Cart Hilgarth,
*esident of the St. Louis Chapter of the IES.

Phets by Johs Whicker

“Kelly” Johnson Award

Nominations Due

Letters requesting nominations for the “Kelly” Jo
ward have been sent to all SFTE members. Indivi
embers and chapters shonld‘give_ this serious co

fice by April 15, 1985. The award will be given at the
wl Symposium banquet, Wednsday evening, July 31, 1985.

[y

SEATTLE CHAPTER REMINDER

The Seattlse Chapter of the Society of Flight Test
Engineers will host the 1985 SFTE Symposium in the birth-
place of the SFTE, Seattle, Washington, gateway to the
beautifi]l Pacific Northwest. The theme of this 16th Annual
Symposium . will be “Flight Testing - Evolution and
Revolution™ with papers on the immovative techniques
evuolving in the application of new technology in solving the
challenging problems in today’s flight test

Persons involved in flight testing and related fields are in- .
vited to submit abstracts for papers to the Seattls Chapter
by March 15, 1985, for review by Technical Papers Commit-
tee. Selection for presentation and notification will be made
by April 15, 1985, For those selected, final manuscripts for
publication are due June 15, 1885.

Mail abstracts to:

SFTE Seattle Chapter
" Technical Pepers Committee
P.O.Box 80561 \
. Seattle, WA 08108

‘abstracts should be 200 to 500 words in length and may
include problem, chjectives, approach, and results statemen-
ta. Illustrations and data may be inctuded as appropriate. A
summary ‘of the important conclusions and a statement of
the relevance to the Symposium theme may be included. Be
sure Lo include & Title for the paper, an author's name,
organization, mailing addreas and phona rmmer, All sessions
and publicationa will be unclassified. Approval for release
should be obtained by the submitter prior to submitting the
abstract, if posaihle,

The Symposium will be held July 29, 1985 - August2,
1985, in the Stouffer Madison Hotel in downtown Seattle,
Washington, USA. ~

Roger Jones {206) 655-4021
Technical Papers Committes Chairman

Three-Month Investi&ation Finds
F-20 Crash Was Pilot-Induced

A three-menth investigation into the crash last year of a
Northrop F-20 Tigershark in Suwon, Republic of Kores, has
found that the aircraft and all its systems functioned
properly, and the inverted stall which lad to the accident was
pilot-induced. Ay

The sccident, in which Northrop chief test pilot Darrell
Cornell lost his lifs, oceurred Oct. 10, 1994,

At the end of a demonstration flight and in preparation for
landing, the pilot began & climbing roll and stopped the roll
whils invertad at low speed with the landing geer and flaps
extended. The nircraft was at an aititude of 1,200 to 1,800
fmtnbovuthapmnd.hmfﬁdmtwmmmmsun.

Although the F-20, was designed and built by Northrop

at its own expense, the U.S. Airforce participated with
Northrop aa advisors in the accident investigation. The next
F-20 Tigershark is now being built, with no technical or
design changes to the aircraft required or contemplated as a
result of the investigation.
Two other F-20s have continued the test flight and demon-
stration program at Edwards AFB, Calif, Over 100 flights
have been carried out since the accident, and total F-20
flights now exceed 1,075.
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REQUEST 140/94, REPORT # 232

+ UNOFFICIAL REPORT TUPOLEYV - TU-204 INCIDENT

+ EVENTS | PHASES: UNSPECIFIED FAILURE -FIRST ENGINE | EN-ROUTE
+

R
++
OPERATION comemsmreeeeee >+ < FILE DATA
: MISCELLANEQUS - TEST/EXPERIMENTAL ++ ICAO FILE 1 94/0380-0
++ FROM STATE
++
WHEN > ++ <eeoeeee— AIRCRAFT DATA
DATE :94-11-02 ++ MASS CATEGORY :27001-272000KG
TIME - ++ STATE OF REGISTRY :
LIGHT : ++ REGISTRATION
H
< WHERE >+ < DAMAGE, INJURY AND TOTAL ON
BOARD >
LOCATION :EN-ROUTE ++ A/C DAMAGE : NONE
STATE/AREA :RUSSIAN FEDERATION + INJURY : FATAL SERIOUS MINOR NO
UNKNOWN TOTAL
DEPARTED :SOCHI +CREW : 0 0
DESTINATION : MOSCOW +PAX ; 0
OTHER DAMAGE

REQUEST 074/98, REPORT 41
+ UNOFFICIAL REPORT TUPOLEV-TU-204
+ EVENTS]PHASES UNSPECIFIED FATILURE-FIRST ENGINE-EN-ROUTE

OPERATION FILE DATA
: MISCELLANEOUS - TEST/EXPERIMENTAL ++ [CAD FILE : 94/0380-0
++ FROM STATE

DATE, TIME AND METECROLOGICAL DATA AIRCRAFT DATA
: 94-11-02 ++ MASS CATEGORY : 27 001 - 272 000 XG
: ++ STATE OF REGISIRY :
++ REGISTRATICN

LOCATION DAMAGE, INJURY AND TOTAL ON BOARD
LOCATION : EN-ROUTE ++ AJC DAMAGE : NONE
STATE/AREA ¢ RUSSIAN FEDERATION ++ [NJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED :  SOCHI ++ CREW : 0 0 0 0 0 0
DESTINATION :  MOSCOM ++ PAX H 0 0 0 0 0 0
*¥r
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On December 30, 1994, at 1630 Pacific standard time, an experimental BD-10 jet aircraft, NOWZ, was
destroyed in an in- flight breakup while conducting a flight test program near Gardnenville, Nevada. The
atrcraft was operated by Peregrine Flight Intemational (PFI), Inc., of Minden, Nevada, and was engaged
in a test program for the purposes of qualifying for a Federal Aviation Administration (FAA) Production
Type Certificate. Visual meteorological conditions prevailed. The aircraft was demolished in the breakup,
impact, and postcrash fire sequence. The certificated commercial pilot, the sole occupant, sustained fatal
injuries. The flight originated from the company's production facility at the Minden airport on the day of
the accident about 1530.

On the day of the accident, the pilot flew two prior flights in the accident awrcraft completing test card
items. On the flight immediately prior to the accident flicht, the speed envelope was expanded to 370
knots indicated air speed (KIAS). No discrepancies were reported at the conclusion of these two flights.

The test card for the accident flight concerned the further expansion of the speed envelope, The aircraft
departed MMinden on an IFR clearance and proceeded to the Reno Military Operating Area (MOA). It
performed the test card elements to expand the speed envelope to Mach .82 at an altitude in excess of
30,000 feet msl. At the conclusion of the high altitude work, the aircraft descended to between 14,000 and
15,000 feet to complete the remaining test card items to expand the envelope from 370 to 380 KIAS.

On an carlier test flight at speeds between 345 and 350 KIAS, the side load forces on the vertical
stabilizers reached a company imposed limit in pounds of force. The limit was established at 40 percent of
the force, as demonstrated in tests by Bede Jet Corporation, to cause a yield failure of the vertical
stabilizer spars at the fusclage attach point. Due to encountering the sclf-imposed 40 percent force limit,
no rudder pulses were allowed. Only stick raps in the longitudinal and lateral modes were to be
accomplished during the accident test run.

According to the pilot of the chase atrcraft, one run was completed at 375 knots. During the next run, the
speed was increased to 380 knots when the aircraft suddenly pitched violently nose up, followed by a
general breakup. Engineering estimates by the company indicate that the pitch up exceeded 20g's, This
was done by evaluating the force necessary to fail the landing gear actuators and struts (the main landing
gear was forcibly ejected from the aircraft during the breakup sequence).

No reports were found that any ground station or aircraft received a distress call from the aircrafl prior to
the accident.

Recorded radar data was obtained from the FAA Oakland Air Route Traffic Control Center. The data
retrieved included: 1) the known discrete code assignment for the aircraft while in Class A airspace; 2)
code 1200 beacon returns tracked from the target identified from the discrete assigned code after the
aircraft descended below Class A airspace; 3) all mode C altitude reports associated with the beacon
returns; and 4) all primary skin radar retumns. The recorded radar data encompassed a time period from
1615:08, to the last recorded primary skin paint retumn at 1634:55, in the area where the 1200 code
beacon retumn stopped. The last 1200 code beacon return, believed to be the aircraft, was recorded at
1629:43. The location of the last beacon return was latitude 38.53.24, longitude 119.45.28.

Afiter the recorded radar data was received, the data points were sorted by track progression and time

sequence to match the flight history of N9WZ. The data points retrieved were then processed through a
Safety Board computer program. The program requires altitudes to successfully run, and altitudes were
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supplied for those data points where the mode C report is missing by simple averaging. Once altitude
points were derived, the data was processed through the programs and graphic print-outs obtained. The
raw radar data as received from the FAA, and the processed data at each stage, to include the graphic
chart presentations, are attached to this report.

The data starts at 1615:08 (times in parentheses are elapsed minutes and scconds from this time), with the
aircraft at 31,800 fect (all mode C altitudes referenced are msl), as the target tracks a relatively straight
southerly course and descends. By 1625:30 (10:12), the arrcraft is at 14,300 feet and begins an assent to
15,500 feet, which is attained at 1627:42 (12:34). The target then descends again to 14,900 feet by
1629:18 (14:10). At 1629:31 (14:23), a mode C report of 500 fect is recorded, along with a primary skin
paint target which exhibits retrograde motion. The last mode C report of 14,600 feet occurs at 1629:43
(14:35). Primary skin paint targets are then recorded until 1634:55 in the immediate area.

The ground speed profile generated by the computer program ranges from 500 knots to about 420 by 5:00
elapsed minutes. The speed then increases to an average between 470 and 490 knots uatil about 13
elapsed minutes. It then falls to 420 knots by 13:10 elapsed time, then rapidly to near zero by the end of
data,

The processed data reflects a right turn, achieving a rate of 4 degrees per sccond, between about 12:40
and 13:00 clapsed time. The tumn rate reduces to zero by about 14:20, then increases to 14 degrees per
second right to end of data,

PILOT INFORMATION

The pilot held a commercial pilot certificate with airplane ratings for single engine land, multiengine land,
and instruments. Accordjng to the company, he graduated from U.S. Air Force flight training in 1967, and
flew single and twin engine fighter-type aircraft for 9 years. The pilot's total flight time was estimated by
the company as 11,433, with 63 hours accrued in the BD-10 aircraft. !

AIRCRAFT INFORMATION

The aircraft is a two-place single engine turbo jet powered airplane of conventional metal construction.
Company literature states the aircraft is capable of "mach plus™ airspeeds. The aircraft was originalty
designed by the Bede Jet Corporation (BIC) of St. Louis, Missouri, as an amateur built Kit aircraft.

In December of 1993, Percgrine Flight International purchased the design, producnon, and marketing
rights for the aircrafl.

The aircraft was manufactured duning 1994, and issued an FAA experimental airworthiness certificate on
November 7, 1994, The first flight of the aircraft was accomplished on November 11. At the time of the
accident, the aircraft had completed 24 flights, for a total accrued flight time of 29 hours.

Review of the aircraft maintenance records revealed no unresolved discrepancizs prior to the accident

flight. i

According to the company, the original BD-10 prototype constructed by BJC sustained a failure of a

vertical stabilizer during flights at the 1994 Reno Air Races, BIC subsequently designed a fix which

strengthened the vertical stabilizers. Ground substantiation load tests to faiture were conducted by BJC,

and the resulting yield-failure load limit was provided to PFI. The yicld-failure load Limit supplicd by BJC
I
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was used by PFI to establish the 40 percent flight test limit. The new fix was incorporated into the accident
aircraft.

METEOROLOGICAL INFORMATION
The pilot obtained a preflight weather bricfing.

Postaccident examination of the meteorological reports and forecasts available at the time, revealed that no
significant weather was observed or forecasted for the area of flight. Pilot reports on the dissemination
circuits disclosed no reports of turbulence or other unusual meteorological phenomena.

The winds aloft forecast for Reno, Nevada, was examined. Based upon the 1609 observation, the wind
direction and speed at 12,000 and 18,000 feet, respectively, were 280 degrees at 10 knots and 290 degrees
at 15 knots. The observed temperature lapse rate was 2.33 degrees celsius.

The pilot of the chase aircraft reported that the flight conditions were smooth.
WRECKAGE EXANMINATION

The wreckage was examined at the PFI production facilities after recovery from the accident site. The
examination was conducted by a Safety Board Acrospace Engineer, with assistance from an FAA
Engincer from the Kansas City Aircraft Certification Office. Initial on-site documentation, to include
locations of aircraft components, was overseen by FAA inspectors from the Reno, Nevada, Flight
Standards District Office. The Structures Group Chairman factual report completed by the Safety Board
engineer, is attached to this report. Wreckage distribution diagrams produced during recovery of the
wreckage are also attached.

According to the Structures Group Chairman’s factual report, the examination revealed that the atrplane's
horizontal and vertical tail assemblies sustained structural overloads and separated from the aircraft in
flight. Both the left and right main wings failed as a result of gross positive overloads. The left wing
separated from the atrcraft, while the nght wing remained attached to the fuselage.

The left vertical tail assembly was found early in the wreckage distribution path, and is largely intact with
the rudder attached.

The report notes that the unit appears to have sustained a clean, almost instantancous failure load, at the
spar attachment points to the fuselage boom structure. Evidence of a bending failure mode toward the
right side of the airplane was apparent.

The right vertical tail assembly was found later in the distnbution path, and is distorted and partialty
fragmented. The structures report notes that evidence of impact with a wing flap or other wing structure is
present. The unit failed and scparated from the aircraft towards the right side. The left side skin assembly
was pulled away from the fin and was grossly distorted and tom. The rudder separated from the unit.

MEDICAL AND PATHOLOGICAL INFORMATION

PFI company personnel who reported seeing and speaking with the pilot just before departure on the
accident flight, reported that he appeared normal and rested. According to PFI company representatives,
the pilot had no known illnesses and was not taking any medications.

0772872000 10:25 AM
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The pilot sustained fatal injurics and an autopsy was conducted by the Douglas County Coroner's Office,
with specimens retained for toxicological analysis. The results of the toxicological examinations were
negative for alcohol and all screened drug substances.

TESTS AND RESEARCH

PFI constructed a production configuration left side fusclage tail boom, complete with vertical and
horizontal tail components. The unit was built to the same configuration as the accident aircraft
components. This assembly was then mounted on a test fixture, with strain gages installed on the vertical
stabilizer spars. The vertical tail was then loaded to failure. The failure mode and separation point was the
same as that seen on the accident aircraft left vertical tail assembly. The test revealed that the vertical
stabilizer spars began to yield at 40 percent of the failure load Limit supplied by BIC (see AIRCRAFT
INFORMATION section). Spar failure occurred at 65 percent of the BJC supplicd load limit.

Retumn to synopsis
an
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Published on 02/04/1995, SEATTLE POST-INTELLIGENCER

*WE HEARD A LOUD BANG' -
2 CREWMEN PASSED OUT WHILE SCRAMBLING FOR
OXYGEN MASKS
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The first indication of trouble came at 3:02 p.m., three and a half hours after the
Boeing 777 took off from Boeing Field for a routine test flight over Washington.

The airplane, the second 777 produced by Boeing, was flying 30 miles north of
Seattle using only battery power. It was flying at 43,100 feet - higher than normal
cruising attitude but necessary for its test maneuvers.

Your search terms appear 14 times in this atticle.

Complete Article, 716 words ($1.95to download)
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4 HURT ON 777 FLIGHT AS IT LOSES PRESSURE

Four people were treated for decompression sickness l1ast night when a new
Boeing 777 jetliner on a test flight over Puget Sound was forced to make an
emergency landing at Boeing Field after a sudden loss of cabin pressure.

The plane, which took off from Boeing Field at 11:19 a.m_, landed safely at 3:21
p.m.

Your search terms appear 40 times in this article.

Complete Articte, 973 words ($1.95 to download)

The Seattle Post-Intelligencer archives are stored on a SAVE (tm) newspaper
library system from MediaStream Inc., a Knight-Ridder Inc. company.

Home | Search | Site Guide | About the P-1 | Circulation | Contact Us | Job Openings

Send comments to newmedia@seattie-pi.com
©2000 Seattle Post-Inteltigencer,
Terms of Service/Privacy Pollcy
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Published on 02/04/1985, SEATTLE POST-]NTELLIGENCER -

"WE HEARD A LOUD BANG'
2 CREWMEN PASSED OUT WHILE SCRAMBLING FOR
OXYGEN MASKS

The first indication of trouble came at 3:02 p.m., three and a halt hours after the
Boeing 777 took off from Boeing Field tor a routine test flight over Washington.

The airplane, the second 777 produced by Boeing, was flying 30 miles north of
Seattle using only battery power, It was flying at 43,100 feet - higher than normal
cruising aftitude but necessary for its test maneuvers.

Your search lerms appear 14 times in this erticle.

Complete Article, 716 words ($1.95 to download)

Publlshed on 02!'03!1995 SEATTLE POST-INTELLIGENCER

4 HURT ON 777 FLIGHT AS IT LOSES PRESSURE

Four people were treated for decompression sickness last night when a new
Boeing 777 jetliner on a test flight over Puget Sound was forced to make an
emergency landing at Boeing Field after a sudden loss of cabin pressure.

The plane, which took off from Boeing Field at 11:19 a.m,, landed safely at 3:21 -
p.m.

Your search terms appear 40 times in this aricle.
Complete Article, 973 words ($1.95 to download)

The Seattle Post-Intelligencer archives are stored on a SAVE (tm) newspaper
library system from MediaStream Inc., a Knight-Ridder Inc. company.

Home | Search | Site Guidae | About the P-1 | Circulation | Contact Us | Job Openings

Send comments to newmedia @seattle-pl.com
© 2000 Seattle Post-Intelligencer.
Terms of Service/Privacy Policy
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e e +e=sw= REQUEST 074/98, REPORT 45 ==-r=vevsessosssmsssromeccesmeencoacnnonmmns .
+ UNOFFICIAL REPORT ANTONOV-AN- 70 ACCIDENT +
+ EVENTS!PRASES LOSS OF CONTROL-EN-ROUTE +
+ COLLISION WITH AIRCRAFT-BOTH AIRBORNE-EN-ROUTE +
+ COLLISION WITH TERRAIN-EMERGENCY/UNCONTROLLED DESCENT +
e L PR “meemmmmmemsmsmsssasamsessmasEsssAmEssssmssssssssssssssmeTrEETEsssTEsssSssssssEEssEssss=ss======= R

*+
€osmmmmm e eoeeeeeeee OPERATION -====--====meccceeeeans > #4 Ceeeerecverrereeanenee « FILE DATA ~---v~~ vevesssannananas >
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ [CAO FILE : 95/0034-0

++ FROM STATE :
FINAL REP -
Cremmoeens DATE, TIME AND METEOROLOGICAL DATA =--------- > #+ Ceemmzeesasseasaaas ~- AIRCRAFT DATA -==--- D ELTTEPRE >
DATE : 95-02-10 ++ MASS CATEGORY : 27 001 - 272 000 KG
TIME : 17:30 ++ STATE OF REGISTRY : UKRAINE
LIGHT :  NIGHT/MOONLIGHT ++ REGISTRATION : LR
GEN WEATHER : WMC ++

-4
<oemmemmmmane- R et LOCATION ---====e-omcmmecomnnnaan > 44 Cmmmmocamaan DAMAGE, INJURY AND TOTAL ON BOARD --========= >
LOCATION : NEAR KIEV ++ A/C DAMAGE : DESTROYED
STATE/AREA 1 UKRAINE *+ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : KIEV ++ CREW 7 0 D 0 0 7
DESTINATION 1 KIEV ~+ PAX 0 0 0 0 0 0

++

----------------- NARRATIVE ==--=====scee-==

DURING A TEST FLIGHT FROM GOSTOMEL, THE AIRCRAFT COLLIDED WITH ITS CHASE PLANE (AN AN-72), WENT OQUT OF CONTROL AND
CRASHED., THE OTHER AIRCRAFT, ALTHOUGH DAMAGED, CARRIED OUT A SAFE BELLY LANDING AT GOSTOMEL. THE TEST FLIGHT WAS INTENDED
TO EXPLORE THE AIRCRAFT'S PERFORMANCE AT VARIOUS SPEEDS WITH DIFFERENT CONTROL-SURFACE DEPLOYMENTS. ACCORDING TO
UNCONFIRMED REPORTS, WHILST FLYING AT 3,200M THE AN-70 EXPERIENCED A RAPID DEPARTURE FROM ITS INTENDED FLIGHT PATH . THE
AIRCRAFT PASSED UNDER THE CHASE PLANE AND ITS VERTICAL STABILISER STRUCK THE AN-72'S FUSELAGE. THE AN-70'S FIN WAS
EFFECTIVELY DESTROYED [N THE COLLISION AND ONE OF ITS PROPFAN ENGINES TOOK OFF PART OF THE AN-72'S WING. THE AN-70Q
ENTERED A SPIN AND IMPACTED THE GROUND IN WODDS NEAR GOSTOMEL AIRFIELD IN AN ALMOST VERTICAL ATTITUDE. ACCORDING TO PRESS
REPCRTS SHORTLY AFTER THE ACCIDENT, THE INITIAL FINDINGS OF THE INVESTIGATING COMMISSION WAS THAT THE ACCIDERT WAS MAINLY
DUE TO A LOSS OF VISUAL CONTACT DURING MANOEUVERS AND A LACK OF TWO WAY RADIO COMMUNICATION BETWEEN THE AIRCRAFT . THE
ACCIDENT HAPPENED IN DAYLIGHT (1730L). THE AN-70 HAD REPORTEDLY COMPLETED A TOTAL OF ONLY THREE FLIGHT HOURS WHEN THE
CRASH OCCURRED.




Aircraft accident description 10.02.1995 Antonov 70 ttp:/aviation-safety net'database’1995/950210-0.m
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oo-oaoo:.o.o.oo.-oo Accldont Dcscripﬂﬂn

“‘Home = 5 Accident description
Y sign guestbook
b view guestbook Date: 10.02.1995 ]
b editorial : . S
» what's new? Type: Antongy M)
: ﬁccideg_l repats’y Operator: Antonov Design Bureau
Acddenlspec:ala.‘} Registration: UR-
b c/n:
Year built: 1594
Total airframe hrs: 3 hours
> Crew: 7 fatalities / 7 on board
?ij‘e_fﬁjfisﬂ‘ Passengers: 0 fatalities / 0 on board
- Pictures - e Total: 7 fatalities / 7 on board
. ,Pﬂb“‘;a“‘"‘s : Location: Gostome!; nr (Ukraine)
Phase: Cruise
Nature: Test
Flight: - (Fightnumber )
Eﬁi’."l-.m...,,,:,;h.g_ Remarks:
- E-mail = '5;.?, The Antonov 70 prototype (ff 16.12.1994; TT 3hrs) took off from
AhcutASN ; Gostomel APT with an An-72 as its chase-plane. Whilst flying at

-wwswn-——-“n—‘ s

3200m the An-70 lost altitude causing the tail to collide with the
An-72's fuselage and of its propfan

Source:

S190(49); FI 22-28.2.95(18) + 1-7.03.95(5) + 22-28.3.95(19);
AWEBST 20.2.95(19); Tel. 13.2.95(5); 10 Uur journaal

[Lisclaimer]

Copyright € 19%6-2000 Harro Ranter / Fabian Lujan
Aviation Safety Network; updated 3 lanuary 2000
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- Lucas with Pentagon problems

RIES is
empts by

bivugln
em and

m mid-

that

s US defence
| gearbox failures

Tavse Western for US Nary
McDannell Douglas F-18s.

The complaints led to a crimi-
nal scton, which was eventuslly
tettled in January, with Lucas
agrceing to pay = $18.5 million
fine. The US Navy is stll dlaiming
g:m:gu for non-performance of

¢ gearbox units,

Lucas belicves that the latest
threats to bar the group from fur-
ther military work are *designed to
hring maximum presture to bear®
en negotistions to settle the claims,

Lucss questians the legality of
barring the whole group from
bldding for defence contracts and
the likely severity of the penalties
given its rapid actions to correct
the faults once they wers uncov.
ered, The group inherited man
of the quaﬁTt;u problems when it
purchased the Lucss Western 2nd

i

HREADLINE"

An-10 investigators
face FDR problems

Kieran Dary/LONDON

HE INVESTIGATION of
the fatal crash of the first and
only Antonov An-70 prototype
may be hampered by a lack of use-
able information from the flight-
data recorder (FDR),
Sources close to the Antonov
flight-test operation zllege that
pressure on staff to accelerate the

flying pro me led to the final
ﬂsY:l]:E i‘hmudublml wiiyut
the FDR having been calibrated.
Antonov has 1clusedd w comment
on the sllegations,

It is understood, however,thata
video film exists of the aircrafts
sudden departure from control,
taken from the chase ajreraft —
now thouﬁl!u to have been 2n An-
74 — which itself was nearly
destroyed in the ensuing mid-air
collision (Flight International, 22-
28 February).

The sources — former Antonov
flight-test cugineering and pllot-
ing staff who remain closely con-
nected with the Kiev-based
operation — say that the An-70
suddenly veered sidewsys and the
pilot wae heord to tranamit the
words “yaw, yaw”,

According to them, the flight-
test staff were under intense pres-

sure to put more hours on the zir-
craft, despite numcrous technical
snags which, they say, created 2
high rick of an eccident, The air-
craft crashed two months after its
first flight,

They allege that the An-70 first
officer, who was also 2 qualified
captain, had just been told thae,
once the flight on which he subse-
quently died was over, he was to
be relieved of his position because
of his repeated queshoning ot the
technical risks being taken,

The faults are understoad to
have afflicted the ﬂy-g-wire
flight-control system and the sir-
craft’s novel contra-rotating prop-
fans. Failures in cither system
could potentizlly lead to the
observed aireraft  behaviour,
although there is no confirmed
cvidence that thesa cyctems were
actually at fault on the day.

Antonov has been urged by the
Ukrainian Government to hurry

‘the much-delayed programme
hecanse of its potential earning

power and, in pardculan, because

‘the Russian rival Tupolev-Tu 330

is in advanced development.
The Jdesign bureau Is under-
stood to hope now to use a static-

‘test fuselage ss the basds for

anather flying An-70., Q
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CAUSE OF EH101 CRASH o

CAROLE A. SHIFRIN/LONDON

ficials of Westland Helicopters and

Agusia, partners in EH Indusiries, are

. assessing the potential impoct of the crash

of an EH101 naval prototyps during o
Right test on Apr. 7.

The four-man crew parachuted to safe-
ty before the Anglo/Italian helicopter
crashed in the English countryside, quui
30 mi. from Westland's Yeovil focilities.

num fourth i ‘hoiral:!t‘ﬁ, desig-
PP4, was being put through maneu-
vers ot an cltiude dose 1o 12,000 ., when
the crew Identified they had a problem. Eye-
witnesses said the circraft was spinning,
suggesting some type of kil rofor problem.

Pilot Donald Maclaine and two Right
test engineers, Alisdair Wood and Geof-
frey Douthwaite, bailed out ot obout

HEADLINE NEWS

10,000 k., via the designated emergency
exits while senior pilot Capt. John Dickens
attempted to holcr the aircraft lavel, Eye-
witnesses said that after the three crew
hed parachuted out, Dickens steered the
helicopter awery from houses and over o
field, ejacting from the aircroft from o side
window in the cockpit, ot less than
3,000 ft., near Honiten in Devon., -~

Dickens suffered minor injuries as his
parachute did not have enough time to
open fully before he hit the ground. He
landed less than 100 yd. away from the
aireraft crosh site,

INVESTIGATORS FROM the minisiries of de-
fense of both the U.K. and italy involved
in the accident inquiry cra expected 1o be
able 1o pinpoint the causa of the crash. The
aircraft was equippad with it voice
and data recorders and a substantial
amount of test equipment, inchuding fulltime
hlemlﬂ. In addition, despite the heavy
fuel the helicopter was carrying and
the forca with which it hit the ground, thers
was no posHimpadt fire fo bum or further
damoge the aircraft’s components.

The crashed helicopter, powered by
Rolls-Royce Turbomeca RTM322 engines,
wos being tested closs to its operational

1 ceiling of 12,000 f., when it began to
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have problems. The aireraft, in its sup-
port role, has an operational ceiling of
15,000 K., so it was well within its de-
sign spacifications, an official said.

THE ABRITY OF THE CREW 1o escape safe-
ly in an emergancy and the fact that there
was no explosion or fire on impoct re-
Rected well on the crashworthy design of
the aircraft, an official said.

PP4 was the sacond of nine prototypes
1o crash. The crash of FP2 in laly in ear-
ly 1993, which killed all four crew, was
attributed to on uncommonded opplico-
tion of the rotor brake in flight (AW&ST
Avg. 9, 1993, p. 26; Feb. 1, 1993). PP4
wuas not equipped with a rofor broke.

TherEHlOl that crashed this month was
one of two naval prototypes being tested
for Britain’s Royal Navy, which l'mngorderad
44 “Merin® aircroft in the antfisubmarine
worfare role. First deliverias are schedulad
for kne 1996, The Roydl Air Force orderad
22 EH101s in a utility configuration lost
month [AWAST Mar. 13, p. 23).

Manufactured at Westland focilities in
Yeovil, PP4 had occumuloted 443 flying
hr. in 385 separate Rights since its first
Right in June, 1989. It had flown just un-
der 200 hr. with the RTM322 engines,
which were installed in mid-1993.

il [
P

The EH101 development program is
closa to completion, with just 200 mora
Right hr. in a 3,600-+r. total program re-
maining. Westland expects production
of the aircraft, which srarted last year, to
continue.

Besides ity military application, the An-

lolialian EH101 has been certificated by
gﬁe avigtion authorities in Britain, haly and
the U.S., paving the way for civil opero-
tions. Both tha 30-seat passenger trans-
port and a passanger-cargo vension with
a rear ramp were certificoted in Decem-
ber by the U.K."s Civil Aviation Authority,
Italy’s Registro Aeronautico laliano and
the U.S. Federal Aviation Administration
(AWAST Dec, 12/19, 1994, p. 67".

The EH101 consortium has no sales of
the civil versions as yet.

T™HE avw NAVAL/MLITARY EH OL 01
was deve over a tenyear period ot
a cost of more than 2billion pounds {$3.2
billion). This includes 60-million pounds
[$96 million) in lounch aid from the U.X.’s
Department of Trode and Indusiry, which
has to be paid back as sales are made.

EH Industries partners continue to ex-
pect an order for 16 AWS helicopters,
with options for eight more, from the hal-

ian navy. -
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TALY PROBES EH101 CRASH

I talian authorilies have begun an inquk
ry inlo the crash of on Anglotalian .
- EH101 test helicopler during noise level
" testing.

The crash of PP2, the ‘second of nine
EH1C10 prototypes, killed all four crew-
men; Agusta chief test pilot Roffaele Lon-

gobardi; and Agusta flight test engineers |

Gulbeno Tintori, Massimo Colomba ond ‘
Stefano Novelli. . . .

The development aircralt crashed Jan. -« 1
2] ot Cameri Airport, about 10 mi. north- |
wea! of Agusta’s Cassina Costa flight facil
ity. The aircraft hod been engoged intest |+
flights designed to measure nolse levelsof . |
the aircraft from the ground. b had com- |
plated morning test fllghn ot Cameri Air- | ~ ' '
pori, retumed Jo Cassina Costa for refuek-§ .« - :
ing and was uboui 15 rnln into lho ‘¢ ' :

The wualhef wcu wid Yo be hlr, nnd R
ﬁnplldwus able o rodio one Mayday | |
message before the EH101. crashed. It . :
wos damaged badly by fire, but thers J P
" waere conflicting eyewilness reports about ; | .
.whather the be?nooplof had cuugh! fire in oo '

* the air or upon im Voot
.« .The EHIO is ngdm undé

: wducod jointly by Agusta and Brikin’s

_ tkl:..nc:l Helicopters. The f;\;M b

" types ha atota 2200 ing

’ouiofu planned ram of 3,500. PP2A
« first floyy in 1987 and had ﬂovm slightly
Iou than 400 hr. " | ;-
TthK.MmlslryofDdonoohusor«' :
derod 44 of the ontisubmarine worfare ‘
© % yersion and Canada has ordered 50, in- ¢ : X Lo
: .(cludmg]Sformrchnnduscuo - : . Col

Com

' - Canalan EH-101 ullmE‘n‘oﬂuniuswhulmnduaBnlﬂhﬂiﬂ-lnlwmmllhn
., uses Rols Royce Tubameca RTM 322s, Extacslvy [ght tasis are undarway. .
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TITLE
Britain, Italy probe cause of EH101 crash

PERSONAL AUTHOR
Shifrin,-Carole-A

SOURCE
Aviation-Week-and-Space-Technology.v. 142 Apr. 1795 p. 21-2.

ABSTRACT
Officials from Westland Helicopters and Agusta, which are partners in EH Industries, are assessing
the potential ramifications of the crash of an EH 101 naval prototype during a flight test on Apr.
7. The Italian/Anglo helicopter crashed in the English countryside, about 30 mi. From Westland's
Yeavil facilities. The crew parachuted to safety. The fourth preproduction aircrafl, it was being put
through maneuvers at an altitude close to 12,000 ft. when a problem developed.
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On August 4, 1995, at 0926 hours Pacific daylight time, a Fox Aircraft Corp., Peregrine PJ-2, NG2PJ,
collided with terrain after an in-flight loss of control during a go-around from runway 34 at the Douglas
County Airport, Minden, Nevada. The airplane was being operated as a developmental test flight under 14
CFR Part 91 when the accident occurred. The airplane was destroyed. The commercial pilot svas fatally
injured. Visual meteorological conditions prevailed at the time.

The pilot reported a split flap situation by radio to his company during the go-around. Witnesses reported
seeing the airplane tumn left to the crosswind leg of the traffic pattern and then roll to the right. The
airplane pitch attitude was observed decreasing and the airplane continued to roll until colliding with
terratn.

Examination of the flap systemn revealed a pin sheared on the left-hand drive shaft. The flaps are driven by
a single electric motor which rotates two independent flexible drive shafis that actuate the right and left
flap panels. Examination of system drawings and descriptions revealed that a sheared pin would break the
continuity of the respective flap panel drive, stopping the flap panel while the other flap panel would
continue to extend or retract. There was no system or mechanism in the airplane that detected an
asymmetrical flap condition.

The pin was submitted to metallurgical lab for analysis. According to the metallurgist, the pin conformed
to the material specifications of the pin manufacturer and had failed due to overload shear forces on an
approximate 45-degree plane. The metallurgist indicated the orientation of the direction of shear would
indicate that a combination of torsional and axial loads were being applied at the time of the shear fatlure.

The airplane manufacturer conducted tests of the flap system. The manufacturer determined the electrical

motor in the flap system was capable of shearing the pin before a circuit breaker would interrupt electrical
power to the flap motor.

Retum to synopsis
ad

s/M 00l

07/282000 10:20 AM




/21 g5




IU;J/f5

FAA INCIDENT DATA SYSTEM REPORT
Report Number: 19951121042269G
General Information

Local Date: 11/21/1995

Local Time: 16:00
City: BIG BEAR
State: CA :
Airport Name: BIG BEAR CITY
Airport Id: L35
Aircraft Information
Aircraft Damage: MINOR
Phase of Flight: SETTLE WITH POWER
(ROTORCRAFT)
Aircraft Make/Model: ROBSIN R-22-BETA

Airframe Hours:

Operator Code:

Operator:

Owner Name:
Narrative ' -
NARRATIVE: THIS WAS AN EXPERIMENTAIL HELICOPTER (PERATED BY
THE MANUFACTURER. THE PILOT STATED THAT HE WAS CONDUCTING
CERTIFICATION FLIGHT TEST FOR A NEW VARIATION OF THE
ROBINSON R-22 BETA. HE WAS ATTEMPTING TO ESTABLISH THE
HIGH ALTITUDE DATA FOR THE HEIGHT VELOCITY DIAGRAM. HE
ENTERED AUTOROTATION AT 200 FT AGL & 60 KT WITH APPROX.
12-13KT HEADWIND. DURING TERMINATION ECELERATION, THE
HEAD WINDS DECREASED TO LESS THAN 5 KTS. PILOT ATTEMPTED
TO TERMINATE THE AUTOROTATION WITH POWER AND WHEN HE
REALIZED IT WOULD NOT BE SUCCESSFUL POWER OFF. THE
MANEUVER RESULTED IN A HARD LANDING. THIS INCIDENT IS
CLOSED.



Detail

Primary Flight Type:
Secondary Flight Type:
Type of Operation:
Registration Number:
Total Aboard:
Fatalities:

Injuries:

Landing Gear: :
Aircraft Weight Class:
Engine Make:

Engine Model:

Engine Group:

Number of Engines:
Engine Type:

Primary Flight Conditions:
Secondary Flight Conditions:

Wind Direction (deq):
Wind Speed (mph):
Visibility (mi):
Visibility Restrictions:
Light Condition: ‘
Flight Plan Filed: -
Approach Type:

Pilot-in-Command -

Pilot Certificates:
Pilot Rating:
ROTORCRAFT/HELICOPTER/AIRPLANE SINGLE ENGINE LAND

Pilot Qualification:
Flight Time (Hours)

Total Hours:

OTHER

TEST FLIGHT

GENERAL OPERATING RULES
8312T '

1

0

0

UNDER 12501 LBS

Environmental/Operations Information

VISUAL:  FLIGHT RULES
WEATHER NOT A FACTOR
24 - - .

05

AIRLINE TRANSPORT

QUALIFIED
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CHIS6FA141
HISTORY OF FLIGHT

On April 24, 1996, at 1107 central daylight time (cdt), a Piper PA-25-150, N6254Z, registered to D and
E Company, Republic, Missourt, and piloted by an FAA test pilot, was destroyed by an impact with
terrain, and a post crash fire. The airline transport pilot sustained serious injuries and the Federal-
Aviation Administration (FAA) flight engineer received fatal injuries. The purpose of the flight was for
a Supplemental Type Certificate (STC) approval on the airplane. The 14 CFR Part 91 flight was
operating in visual meteorological conditions. No flight plan was on file. The test flight originated from
Buffalo, Missouri, at 1105 cdt. : -

The airplane was used by a private individual who had developed a STC for a dual seated Piper Pawnee
150. The purpose of this flight was to perform airspeed calibrations at the maximum gross weight with a
forward center of gravity (CG). Seven (7), eighty pound bags of dry concrete had been placed in various
locations on the airplane as ballast. The total fuel tank capacity is forty gallons. The pilot elected to -
takeoff with thirty-five gallons of automotive fuel to compensate for the extra weight of the calibration
equipment. ‘ : |

According to the pilot's written statement and interviews, he said he conducted one training flight on
February 29, 1996, followed by a second flight which entailed an airspeed calibration test on the same
day. The third flight was conducted on March 1, 1996. This flight consisted of stalls and climb
performance tests. The pilot and flight engineer calculated a weight and balance for the third flight to
load the airplane at a maximum gross weight and with a forward center of gravity. The pilot was unable
to explain why the airplane was configured that way since the hopper had been removed. The
temperature for the first three flights was 28 to 32 degrees fahrenheit. The pilot said it lacked overall
performance but felt comfortable with the airplane, The fourth flight was conducted on April 24, 1996,
the day of the accident. The temperature that day was 64 degrees fahrenheit. The airplane was modified
to accommodate an external airspeed and static bomb which was routed around the forward right battery
compartment door and hung down between the landing gear. The flight engineer would hold the
airspeed bomb by a reel in his lap and unravel the airspeed bomb inflight to perform the airspeed
calculation tests.

The pilot said that the runup was normal. The takeoff was at the same spot on the runway as all the
previous flights conducted. He said the takeoff was normal but as he maneuvered to stay clear of some
objects south of the runway, the airplane felt as if it was not climbing but sinking. He said he maintained
the best rate of climb airspeed of 70 MPH and 2525 to 2550 engine RPM. He then went down to the best
angle of climb airspeed of 63 MPH. He felt the airplane was not climbing and began to tum downwind
for landing. The pilot stated, "...Sink increased such that I would not reach the airport. Airplane
contacted trees prior to reaching field... ." The pilot's weight and balance sheet indicated a gross weight
of 2,331 pounds at a CG of 10.99 inches aft of datum. The pilot's weight and balance is included as a
supplement to this report.

A witness reported seeing the airplane takeoff on runway 21 and stated, "He wasn't very high over the
park, but was kind of flying through the clearing of the trees. ... As the plane was coming closer to my
house I thought he was going to hit the tree in my front yard. ...[the airplane] almost clipped a tree in my -
neighbors yard. ...When they were flying north [downwind to runway 21], they flew over the top of
[neighbor’s house down the street] house. They missed his house by probably 2 or 3 feet... ." The witness
remembered hearing two boom sounds after the airplane disappeared behind the trees.

04/1072001 7:18 PM
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A second witness also stated that after takeoff, " lhe engine sounded good, but it sounded likc it was
laboring... ." The airplane turned downwind and dlsappeared behind the trees. ' o ,

A third witness who is an employee of the STC holder was interviewed by a FAA Principal Operations .
Inspector and said in his written statement, "...(airplane) went down the runway and lifted off. It looked -
like the airplane was having trouble getting enough lift to go. After they lifted off and got about 1/2 way
down the runway, they turned left: The aircraft appeared to porpoise slightly as if it was stalling out. As
they got maybe 1/4 mile east of the airport, they turned downwind and the aircraft stopped climbing and
started sinking, wings level, nose slightly up, engine full power... ." The pilot had flown the airplane
about 6 weeks earlier in the same weight configuration and seemed happy with it, however, the previous -
txme it was a much colder day

The company's test pilot for the STC holder was mtemewed by the FAA Prmc1pal Operanons lnspector
and stated in his written statement that, "...according to his experience in the PA-25-150, the aircraft was
loaded with the center of gravity too much forward. He further stated that he had not flown the aircraft
nor would he have flown the aircraft loaded in this fashion... . He said as the company test pilot, that he
flew the aircraft 20 to 25 times (without the seven, 80 pounds bags of quikcrete) and that all appeared
normal. He said that he had calibrated the airspeed to within 1-3 NM per hr but that the FAA wasn't
satisfied with that and wanted to test it more... ." The test pilot also commented on the fact that the . -
airplane was not outfitted with a standard wing root fairing. Without this fairing the drag coefficient of -
the airplane is increased and it also affects the stall characteristics. The company test pilot said the -
reason why he would not fly the airplane loaded the way the FAA test pilot had it loaded was because
the ballast could not be dumped ifan emergency occurred mﬂlght. ,

PERSONNELINFORMA'I'ION CT S e

The pllot was bom May 9 1946 He was the holdcr ofan a:rlmc transport pilot ceruﬁcate for smgle
engine land/sea and multi- engine land ratings. He held a second class medical issued on May 5, 1995, .
His most recent biennial flight review was on April 19, 1996. He had accumutated a total of 3,296 hours
of flight time, 3 hours of which were in Piper PA-25-150 airplane at the time of the accident.

AIRCRAFT INFORMATION

The airplane was a Piper Pawnee manufactured in 1960, serial number 25-314. The airplane's airframe
and engine logbooks were in the airplane at the time of the accident, consequently, the logbooks were -
destroyed by the post crash fire. According to the STC applican'on dated on February 26, 1996, the
airframe had accumulated 3,068 hours time in service. The cngme had 1,591 hours total with 38 hours
since its last overhaul. L

WREC}\AGE AND IMPACT INFORMATION

The NTSB on-scene investigation began at 0800 cdt on April 25, 1996. The wreckage was located
one-half mile east of the Buffalo Airport, in a hilly wooded area. The accident site was the highest .
elevation in the. vicinity of the airport. The airplane impacted numerous trees during its descent, leaving
the right wing tip in a tree and pieces of wing ribs along the ground. The airplane came to rest almost
upnght wnh a shght left wing Iow attitude. A post crash fire engulfed the airplane

The right wmg was bent aft and lay along the nght side of the fuselage wrlh numerous impacts to the .-

04/10/2001 7:18 PM
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forward spar. Most of the right wing ribs were destroyed and burned away. The front and rear wing .
attach points were secure. The left wing was destroyed by multiple tree impacts and post crash fire. The
left wing ribs had melted and were deformed by the fire.

The fuselage was found on its left side on top of the left wing. The occupiable space in both the front
and rear cockpit area was not compromised. The front seat was welded to the frame and was cut loose
during removal of the flight engineer. The seat belt and shoulder hamess attach points were not evident
for the front seat passenger; however, the five-point seat and shoulder belt buckle was found fastened
near the front seat. The rear seat was found attached to the seat tracks, but the supporting structure had
burned away. The rear seat belt cables and attach points were secure and in place. Dual flight controls .
from a Piper Cub, PA-18 had been installed. The empennage exhibited compression bending to the
lower longerons and the fabric had been destroyed by fire. The horizontal stabilizer fabric, elevator
fabric, vertical stabilizer fabric and rudder fabric were all destroyed by fire. Control continuity was
verified to the elevator and rudder. The elevator trim spring was in place, and the trim cable was
connected to the trim control located in the cockpit area. Engine controls were provided to the front seat
passenger by means of metal rods extended from the rear seat occupant's engine controls. The elevator
trim handle was relocated between the seats to allow access by both occupants. The center flap handle
was not accessible to the front occupant, but only to the rear seat occupant. Flight control continuity to
the ailerons and flaps was verified. All flight and engine instruments were destroyed by the post crash
fire.

The engine was turned by way of the propeller and continuity was established through all pistons and
the accessory section. The propeller was attached to the severely damaged propeller flange which was
still partially attached to the crankshaft. An outboard propeller blade section approximately 15 inches
long had been sheared off. This section of the propeller was sent to the NTSB Materials Laboratory
Division. See enclosed Metallurgist's Factual Report.

Numerous pieces of hardwood (oak) were found with clean cuts that appear to have been made by the
propeller. Some pieces of tree limbs were found as thick as 5 inches in diameter. The 11C calculated a
forward speed of 36.2 MPH from one of the wood pieces found near the impact crater.

MEDICAL AND PATHOLOGICAL INFORMATION

A post mortem examination of the FAA Flight Engineer was conducted on April 25, 1996 at Cox South,
Springfield, Missouri. No pre-existent anomalies were noted duning this examination.

TESTS AND RESEARCH

The airspeed indicator was ordered by the FAA Test Pilot to be calibrated after the flight that was
conducted on March 1, 1996, The airspeed indicator had a functional test performed by Aero-Mach
Labs, Inc., of Wichita, Kansas, on March 5, 1996 and they reported their findings to the pilot. The
airspeed indicator was later reinstalled into the airplane and a leak check was performed on the
pitot-static system.

ADDITIONAL DATA
The 11C calculated the experimental airplane’s weight and balance to indicate a gross weight of the

airplane to be 2,319 pounds and the center of gravity to be approximately 10.87 inches aft of datum at
the time of the accident. The purpose of the flight testing was to bring the airplane back into compliance

Jof4 ' 04/10/2001 7:18 PM
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as a Piper Pawnee through the STC. The pilot operating handbook for a Piper PA-25-150 specifies a
center of gravity envelope at maximum allowable gross weight (2,300 Ibs) is 11.70 to 15.25 aft of
datum. The Piper Pawnee is also rated at 150 HP at 2,700 RPM. See also the enclosed Piper Aircraft's
estimated weight and balance sheet.

Parties to the investigation were the Federal Aviation Adm.inistration; The New Piper Airéraﬂ
Corporation; Textron Lycoming. : : :

Following the on-scene portion of the investigation, the wreckage was released to owner on Aprl 25,
1996. o

Use your browsers ‘back' function to return to synopsis
_ Return to Query Page
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NTSB Identification: CHI96FA141 . The docket is stored in the (offline) NTSB Imaging System.

Accident occurred Wednesday, April 24, 1996 at BUFFALO, MO
Aircraft:Piper PA-25-150, registration: N6254Z
Injuries: 1 Fatal, 1 Serious.

The Piper PA-25 (acfl), being used to develop an STC, was modified by installing 2nd seat in hopper
area & extending canopy forward. On 6/30/95, operator reported to FAA that flight conformance testing
to date had reflected no change in acft performance versus original configuration. Acft was equipped
with external airspeed calibration device for an airspeed calibration flight, & it was loaded with 560 1bs
of ballast to meet max pross wt & forward CG requirements for STC testing. Wind was gusty, & temp
was 64 deg (about 30 deg warmer than on day of previous test flight). Pilot reported that after takeoff
from runway 21, he maintained best rate of climb speed & 2525-2550 engine rpm, then best angle of
climb speed, but acft would not climb. He then tumed downwind & attempted to retum to same runway;
however, acft collided with trees & crashed about 1/2 mi east of airport. A witness said that during
takeofT, acft lifted off, then began a left turn about half way down the runway. Pilot said that a climbing
tumn was made to allow for more clearance from obstacles at south end of airport. Witnesses said acft
then tumed north & remained at low altitude & airspeed until it hit trees & crashed. Fire then erupted, &
acft was demolished. Investigation revealed that standard (original) wing root & landing gear (strut)
fairings were not installed. Piper reported that removal of wing root fairings would significantly reduce
wing lifting capability & change airflow over horizontal tail, requiring more elevator deflection for
maneuvering. Absence of landing gear fairings would have increased drag, slightly.

The National Transportation Safety Board determines the probable cause(s) of this accident was:
failure of company/operator personnel to install the wing and landing gear (strut) fairings after
modifying the airplane for a supplemental type certificate (STC), and improper planning/decision by the
pilot. Factors relating to the accident were: the airplane's reduced performance, and high obstructions.
Full narrative available
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Transportation Safety Board
Aviation Safety Information System (ASIS)
Data Printout - Aviation Occurrence A9600089

Occurrence Type: INCIDENT REPORTABLE Class: CLASS 5
Reportable Incident Type: D, DIFFICULT TO CONTROL

Location: OTTAWA INTERNATIONAL
Country: CANADA

Date: 24-MAY-1996

Province: ONTARIO
Time: 11:45

~This printout is issued to provide information on the general circumstances of this occurrence. The information is based upon details provided by participants
and other data uncovered to date by the investigation staff. The Transportation Safety Board of Canada (TSB) gathered this information for the purpose of advancing
transportation safety. It is not the function of the TSB to assign fault or to determine civil or criminal liabitity.

A word of caution, some of the information in this document is as provided to the TSB and has not been subjected to further confirmation. Also, the investigation
may still be in progress, and therefore, the information is subject to change,

Aircraft Operator Aircraft Model Registration

NATIONAL RESEARCH COUNCIL CANADA 205A-1 C-FYZV

Injuries Fatal Serious Minor None Total

Crew 0 0 0 2 2 |

Passenger 0 ] 0 0 0 |

Ground 0 0 0 N/A 0

Total 0 0 0 2 2
)

Data Printout Page: | 31-Jul-2000




Transportation Safety Board
Aviation Safety Information System (ASIS)
Data Printout - Aviation Occurrence A9600089

Aircraft Data Registration: C-FYZV
Operator: NATIONAL RESEARCH COUNCIL CANADA

Type of Operator: GOVERNMENT

Type of Operation: EXPERIMENTAL/TEST

Make: BELL HEL.

Model: 205A-1 Category: HELICOPTER

Common Name: BELL 205 Damage: NONE

Injuries Fatal Sericus Minor None
Crew 0 0 0 2
Passenger 0 0 0 0
Total 0 0 0 2

Individual Information Crew Hours

All Types This Type
Individuzl Type Licence Type Seat No Total Last 90 Total Last 90
PILOT-IN-COMMAND 0 0 0 0

Occurrence Summary

A9600089: SHORTLY AFTER THE ENGAGEMENT OF A RESEARCH FLY-BY-WIRE SYSTEM, THE BELL 205A-1 HELICOPTER WAS SUBJECTED TO
LARGE SPURIOUS INPUTS GENERATED BY THE SYSTEM. DURING RECOVERY FROM THE ENSUING UNUSUAL ATTITUDE, SIGNIFICANT

BRATION WAS FELT FROM THE ENGINE/TRANSMISSION AREA. THE AIRCRAFT WAS LANDED IN THE NRC GRASS OPERATING AREA AS A

RECAUTION AND TOWED BACK TO THE HANGAR FOR INSPECTION.
INSPECTION OF THE AIRCRAFT INDICATES A DISTORTION OF THE FORWARD FIRE-WALL RESULTING FROM EXCESSIVE ENGINE
OVEMENT AND MARKS ON THE INPUT DRIVE SHAFT FROM CONTACT WITH THE INTAKE COWLING. THE ENGINE MOUNTS APPEAR TO BE
AMAGED. THERE WAS NO EVIDENCE OF MAST BUMPING OR DAMAGE TO THE TAIL ROTOR DRIVE SHAFT,

31-Jul-2000
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On May 28, 1996, about 0711 hours Pacific daylight time a McDonnell Douglas MD-600 helicopter,
NG60ORN, was destroyed during flight tests at Thermal, California. The pilot was not injured. The
helicopter was in a flight test program for FAA certification under 14 CFR Part 27. The specific test
point at the time of the mishap was part of a flight strain survey and involved cyclic control reversals.

The pilot set the parameters and executed the cyclic inputs as planned. Almost simultaneous with the aft
movement of the cyclic there was a loud noise and immediate vibrations in the aircraft and controls.
There was a chase aircraft for the mission and the chase pilot advised that the tail boom had been struck
by a main rotor blade and had separated from the airframe. The pilot of the mishap aircraft then
experimented with powered flight, but found that the right yaw was not controllable. He elected to
continue the power off autorotation with a controllable left yaw. The autorotation was continued to a
vacant field with some piles of brush and other desert debris. The pilot used available rotor rpm, cyclic,
and collective control to execute a modified autorotation landing. The resultant landing was onto a
brush pile with some skid and main rotor blade damage. The engine exhaust was adjacent to dry brush
and grass which resulted in a grass fire. The ground fire destroyed the helicopter.

Use your browsers ‘back’ function to retumn to synopsis
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HISTORY OF FLIGHT

On June 19, 1996, at 1448 central daylrght time (cdt) a Departmcnt of the Navy FIA-ISC Buno ¥ ,
Number 165189, leased and operated by McDonnell Douglas Aerospace (MDA), was destroyed after it
impacted the terrain while performing a reverse one-half Cuban eight maneuver during a practice -
airshow at the St. Louis Regional Airport, Alton, Illinois. The commercial pilot sustained fatal injuries.
The local 14 CFR Part 91 flight was operating in visual meteorological conditions. No flight plan was

on file, The practrce arrshow ﬂrght departed St. Loms Reglonal Airport, Alton, Illmors at 1447 cdt.

On the moming of the accrdent, the arrplanc preﬂrght was mmated by the launchmg Qual:ty Assurance
(QA) inspector. Another QA inspector began to preflight the cockprt and the ejection seat. This .
inspector was called away to perf’orm afi nal go/no-go mspectron on another airplane that was ready to
depart . .

This rnspector stated that whrle at the other alrplane he recczvcd a call from another McDonncll
Douglas inspector, inquiring if he had finished his portion of the preflight. He replied that he still

needed to run the seat up and inspect the cockpit lights. By the time this inspector returned to the- . . -
airplane the pilot had already pulled the ejection seat and canopy pins. The pilot had given the pins to
the ground crew to be stored in the 14L door for use upon landing at the St. Louis Regional Airport, if -
needed. The inspector stated this was not normal procedure and that the pilot should have waited for his -
retumn. This procedure is enclosed with the report under the Maintenance Group Chairman’s item 14,
Aircraft Flight and Inspection Release Form. The preflight was completed and the airplane was taxied to
the runway where the go/no-go mspectron was performed. :

The accldcnt occurred during the second demonstranon flight for 1he prlot on June 19, 1996. 'I'hc first
flight on Jurie 19, 1996, was a functional check flight followed by a high altitude practice airshow -
sequence while en route from the McDonnell Douglas plant (Lambert Intemational Airport, Bridgton,
Missouri) to the St. Louis Regional Airport.

The airplane departed Lambert Field at 1318 cdt and proceeded to a test area north of St. Louis where
the pilot performed some routine inflight systems checks due to recently completed maintenance on the
airplane. After performing a partial practice airshow sequence north of Alton, Illinois, the airplane -
arrived at the St. Louis Regional Airport. The tower cleared the airplane from 500 feet above ground
level (agl) to 8,000 feet agl with a 3 mile radius around show center (approximately the center of the
airport). The pilot then entered at 1,000 foot agl baseline into the practice airshow routine. The airshow
routine, established by MDA in 1993, included the following sequence of events: TakeofT, gear down
roll, slow loop, reverse one-half Cuban eight, high speed roll, inverted pass, roll over break, maximum g
turn, immelmann, high AOA turn, high AOA pass, high AOA roll, minimum radius 180 degree turn,
square loop, barrel roll, and landing. While nearing the top of a loop, the pilot broke off the maneuver
because of a cloud that moved over the airport. After a few minutes, the remainder of the practice .
airshow routine was completed and the airplane landed at 1350 cdt. The airplane was refueled with.
6,600 pounds of Jet A. The pilot had invited his family and some friends to watch his practice airshow
demonstration and some were in attendance at St. Louis Regional Airport. The pilot met with famlly and
friends both before and after his debrief/brief with the MDA Chief Test Pilot.. :

The second practice flight departed the St. Louis Regional Airport at 1447 cdt. The routine began witha - .
maximum afterburner takeofT, followed by a dirty roll (landing gear extended). After the aircraft
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completed the roll, the landing gear was retracted and a slow loop was executed. The slow loop was
followed by entry to a reverse one-half Cuban eight. The airplane was observed to be low by the Chief
Test Pilot who was acting as a safety observer on the St. Louis Regional Airport Air Traffic Control .
Tower catwalk. He called abort on a hand held radio to the pilot. The transmission of the abort was not
acknowledged by the pilot. He did see that the airplane had a positive AOA before.impact. Videotape of
the accident indicates the airplane impacted the ground at the bottom of the reverse one-half Cuban .
elghL Thc time of 1he unpact \ms approxlmately 1448 cd:_ r - L _ .

B T -,
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Multlple trees, one telephone pole and a re51dent1al garage were damagcd dunng lmpact sequence “
PERSONNELH\IFORMATION P
The pllot was bom May 22 1952 He was thc holdcr of a commcrclal ccmﬁcatc w1th smglc/mult:
engine land and instrument ratings. The pilot also held a acrobatic competency certificate level two
issued on May 20, 1996, with an altitude limitation to 250 feet agl: The acrobatic certificate included
the following airplanes; Beech D175, Beech BE-33C, and a Pms Speclal Heheld a second class o
mcdlcallssuedonJune 13, 1996 S o R .

His most recent blcnmal ﬂ:ght rewewwason March 26 1996 Hehadaccumulatcd atotal pf 6,218
hoursofﬂlghtnmc e . B

The pllot was tramed asa Urutcd States Naval Awator and quahﬁcd in the FIA—I 8 Durmg hlS mllltary
flying career he accumulated approximately 2,255 hours in the F/A-18 airplane prior to coming to MDA
Flight Operations in March of 1996. The pilot was also a graduate of the Naval Test Pilot School,
located at Naval Air Test Center, Patuxent River,; Maryland. The pilot had the following 30/60/90 day
flight hour totals in the F/A-18: 3.0/3.9/10.7. hours Thc pllothad thc fo!lowmg 30/60/90 day simulator
hour totals in the F/A-18:9/27/37 hours. @ . .. - it e S

[T - '
i - L I

AIRCRAI-'I‘ INFORMATION

ir
The alrplane was a McDonnell Douglas F!A-l 8C scnal number 165189 'I'he axrplanc had accumulatcd :
20.8 hours time in service at the time of the accident. The engines had 26 hours total hours in service. -
The most recent continuous lnspecnon was conducted on June 19, 1996. .

l'- S

FLIGHTRECORDERS - Lo : "..i

The Deployab!e thht lncxdent Rccordcr Set (DFIRS) was salvagcd from the wrcckage The data was .
printed out and down loaded prior to NTSB involvement with the accident investigation. The data was
loaded into the recovery analysis and presentation system (RAPS) program for visual display of the data
collected. In addition, a visual 8MM tape of the right D1 gltal Display Indicator (DDI) showed the Fllght :
Control System (FCS) status display selected with no warnings dlsplaycd pnor to lmpact wuh the ..
terram. The left 8MM tapc was destmyed by the post-crash fire. . .. ST -

The DFIRS data was broken down mto the four parts of the reverse onc-half Cuban clght

fPull-upISOdegrecmll_TopBottom R R CE
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1. Airspeed (knots) 23 176111 80 1144 2. Baro 51 fi agl) 1212, ;ifzoos 472 3;Radar Alt(ft agl)576. .
1408 invalid 0 4, AOA/(deghees) 252, 141264 6 5. Pitch (degreds) 16:8/58.8/7.0/22.4 5. Power Lever |
Angles Left/Right (degrees) 128.1/ 127.4/full 4fter bumer posmon though out the complete maneuver.

[ .4

The briefed target parameters were;
Pull-up 180 degree roll Top Back side

1. Airspeed (knots) 260-28(/280-200 200-230 ;f50-27o é Baro Alt (R agl) 700-800}2700mm,5500mu5/
2000min 3. Radar Alt (f} agl) '{00—8 Invalid Invalid Invalid 4. AOA (degrees) 25max 20 0-10,25max
5. Pitch (degrees) 50-55/50-550/-90. Power Lever Angles LefUright (degrees) 90-102/90-102'Military -.
power position (rnaxxmlxm power needed without afterburner at low atrplane wei ghts)

See four graphs enclosed with thrs reporL
At impact the DFIRS recorded the followmg thronle and engme parameters |
Left Engme Rrght Engme

1. Power Lever Angle' 128.1 degrees 127 4 degrees 2. H:gh Press Rotor 16256 RPM 16256 RPM 3
Low Press Rotor: 13568 RPM 13632 RPM 4. Fuel Flow: 9280 Lbs/Hr 9280 Lbs/Hr 5. EGT: 896 Degrees
C 896 degrees C 6. Exhaust Nozzle: 68 percent 68 percent ‘

At unpact the arrp!ane parameter's were recorded by DFIRS

1. Anrspeed. 144 knots 2. Angle of attacle 40 6 degrees 3. Prtch 22.4 degrees nose up 4. Ro]l 9.8
degrees to the left 5 Vertlcal Vclocrty' -3840 feet per mmute Lt .

WRECKAGE AND IMPACT INFORMATION

The NTSB on-scene mvestrganon began at 0830 on June 24, 1996 There were quest:ons 1mmed1ately
following the accident regarding the ownership of the aircraft and who had responsibility for the
investigation. Before the NTSB took over the investigation, a joint investigation between the Naval . .
Safety Center and MDA was in progress. The wreckage had already been removed from the accident |
site and placed in a MDA hangar. Several inspections of the alrplane s components were bemg
performed by the U S Navy, MDA and its vendors. .

The acc1dent site was surveyed by the U S, Alr Force Air Mobrllty Command, based at Scott Alr Force
Base, OFallon, Illinois. A copy of the survey is attached to this report. The airplane flight path angle at .
impact was calculated to be minus 16 degrees. This value was calculated from the survey data of the
initial impact point and a tree that was struck by the airplane prior to ground impact. The airplane slid -
between two houses, impacting a telephone pole, several trees and a detached garage structure before
breaking up and coming to rest approximately 360 feet from the initial impact point. Evidence of a post
crash fire was evident in the general direction of flight from the garage structure forward. Several . -~
afterburner flaps were found at the initial impact point, followed in the direction of flight by two distinct
furrows corresponding to the outside diameter of the afterburner casings. Scars to either side of these
furrows were made by the horizontal stabilators. The airplane's centerline pylon was found between the
initial impact point and the garage. The left side leading edge extension was found embedded in the
garage structure. The airplane's canopy was recovered 250 feet from the majority of the main wreckage
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in an area not burned by the ground fire. The canopy unlatch thruster and rocket motors had ﬁred. Most :
of the glass was broken out m small pleces and scattered overa la:ge area. ...o.. SR ¥ ‘
g RTINS ot -:.,,w‘j__‘.‘i'

MEDICAL AND PATHOLOGICAL ]NFOR.MATION

A post mortem examination of the pilot was conducted on June 20, 1996, at the Madison (Eount:% |
Morgue, Edwardsville, llinois. No pre-existent anomalies were noted during this examination. 2. . - 1,

The pilot's tomcologloal analysis was performed by both the Federal Aviation Administration (FAA) -
Civil Medical Institute in Oklahoma City, Oklahoma and the Madison County Comer The toxtcologlcal
examination of specnmens from the ptlot “ere negatrve for the drugs scanned
TESTS AND RESEARCH
Yoo E e - F P T
Several F/A-18's pilots were asked to perform the same flight profile as the data obtained from the
DFIRS in two F/A-18 simulators. With all aircraft systems operating normally, impact with the ground -
occurred whenever the top altitude of the Split-S maneuver was less than 2,500 feet agl. In support of
this, Split-S maneuvers were flown in the simulator at speeds of 125 to 325 knots, in 25 knot : :
increments, with the top altitude from 3,000 feet agl with 5,500 pounds fuel and max aﬁerbumer thmst.
Altitude needed to successfully complete this maneuver were constant at 2,500 feet plus or minus 100"
feet. When starting the mancuver at 3,500 feet agl, the maneuver could be completed by 1,000 feet agl
with altitude available for a smooth transition down to the 500 feet agl minimum.-In addition, thrust- - -
deficiencies were simulated but, did not rephcate data collected from the accndent a1rplane
AUTRE et e N AL SO RS
There were many eyewitnesses to the acmdent flight. None reported seeing any airplane anomaltes
Witnesses were in agreement that the accident airplane took off, performed a slow loop and then ., ..
initiated a reverse one-half Cuban eight prior to impacting the ground at the bottom of the maneuver.. .-
For further information see Operation Group Chairman'’s report enclosed w1th this report.
VAN SN PR
According to the Chief Test Pilot, the debrief of the first routine outlmed a few constructive commcnts
and finesse techniques on the mancuvers being performed. The comments primarily addressed '
horizontal maneuvers as all of the vertical maneuvers had been observed to be satisfactory. On one_= SO
maneuver, the Chief Test Pilot told the accident pilot that he did not like the high speed turn after the -
inverted pass. The accident pilot agreed stating that he wanted to pull 6.5gs but he only got 5.5 or 6.0gs. :
The Chief Test Pilot stated that he explained to the pilot that as a result of the turn and the ground track; -
the next maneuver was rushed. The accident pilot told the Chief Test Pilot that he concurred and - -
explained that it was because he missed the g but it would not be a problem the next time. According to
the Chief Test Pilot they then reviewed the parameters for each maneuver. For the reverse one-half .
Cuban eight, the Chief Test Pilot asked the accident pilot what parameters he was looking for. The - . :-
accident pilot stated he would be in full bumer, looking for 300 (knots) to 320 (knots) going up in the
Cuban eight and that he would be playing the back side of the loop with altitude and acceleration. The - .
Chief Test Pilot asked the accident pilot what altitude he would be looking for during the reverse .
one-half Cuban eight. The accident pilot replied that he would be locking for 3,000 and would pull at
3,500 minimum. The accident pilot told the Chief Test Pilot he would play with the power a little bit -
depending on his speed and climb angle. He continued to state that he would be pulling 4 to 5 gs on the -
back side: He then stated that he probably would not get that and he would be switching to 20 t0 25 -
alpha (angle of attack). The Chief Test Pilot questioned the 25 alpha to which the accident pilot . .-
responded 20 alpha, The Chief Test Pilot then asked what he would be looking for on the back side. The
accident pilot replied that he would probably have to play this to get to his altitude and exit speeds for . -
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the rolls and that he would be coming back in with power and accelerating. He stated that he would be
playing his altitude to come out at 700 feet (ag}) then he would enter the roll. The Chief Test Pilot asked
what speed he would be looking for; to which the accident pilot replied he should be around 350 (knots)
acce!eratmg close to 400 to do the roll inverted and to brake to the hard tum. .
Accordmg to the Senior Test Pllot who pcrformcd prewous aJrshow demonstrations and tramed the
pilot, he conducted a few one- on-one training sessions with the pilot during which they went over the
parameters for each of the maneuvers, The Senior Test Pilot described the parameters shown to the pilot
in the company’s simulator for the reverse one-half Cuban eight maneuver. The Senior Test Pilot said, as
you [the pilot] are completing the back side of the slow loop maneuver, ".. Normally you have to play
altitude down; there was never a problem with being low on that maneuver. You would normally pull
out at 1000 to 900 feet agl and have the airplane fly down to five hundred feet while accelerating to set .
up for the reverse half Cuban eight. The acceleration takes airspeed up to 260, 270, 280 knot area. That's
with mil power, you don't need more than that. If you needed a little bit more, after burmer would shoot
you up to 300 knots. At that point, use a pretty smart pull to set the attitude for reverse one-half Cuban
eight. Looking for 50 to 55 degrees but could go as high as 65. You may be down as low as 45. The -
range here would be where you are accommodating different winds; headwinds or tailwinds: You are
looking to get distance so that you can come down the back side of that and be able to get speed up for.
the rolling sequence which follows. Pulling the aircraft up, set the attitude again, or the flight path at
this point since angle of attack is relatively low. Just watching altitude now. Altitude, I use 2700 to 2800
feet agl as the point to roll the airplane inverted and then just pause there because the maneuver looks
better rather than just a roll and pull and then just extend on up. Plus you are looking for 3500 feet agl.
That was the constant minimum that we used for these two overhead maneuvers.” The Senior Test Pilot
said that he never really considered the reverse one-half Cuban eight maneuver to be a particularly .
challenging one nor the rest of the maneuvers used in the airshow routine.

Initial on-scene inspection of the engines indicated the left engine showed less rotational damage than
the right engine, which showed high rotational damage. The left engine was selected for shipment to
Naval Aviation Depot (NADEP) Jacksonville for teardown and detailed investigation under the
supervision of the NTSB. In addition, the left variable exhaust nozzle (VEN) assembly, both high
pressure compressors (HPC) variable geometry actuators, the fan variable geometry actuator, the power
lever control and throttle box, the VEN position transmitter and the main and afterburher fuel pumps
and controls, were also sent to NADEP Jacksonville for teardown and investigation. The right engine
VEN assembly, HPC and fan variable geometry actuators, power lever control and throttle box and main
fuel control, the VEN position transmitter and the mam fuel control and pump were also selected for
shlpmem to NADEP J acksomnllc : :

Based on all ewdence exammed on-scene and at NADEP Jacksonwlle then ght engine was operating at
or near the maximum afterbumner power setting at ground impact. The rotating core exhibited evidence .
of high rotational energy at ground impact. The engine control components examined all exhibited
impact marks indicative of a high (nearly maximum afterbumner) power setting. The. VEN components .
all consistently indicated a maximum afterburmer nozzle area position. Charred wood pressed into the

aft end of the right engine and the soft deformation of the exhaust centerbody indicated combustion heat
was present in the turbine section during the impact sequence. The physical evidence exhibited by the
right engine and its components supported the pre-unpact operatxonal data downloaded from the
airplane’s data recordmg systcm S

Initial mspccnon revealed little ewdcncc of hlgh rotanonal energy in the left engine; hovwzvcr a close
inspection of the left engine did reveal signs of high rotational energy at some point during the accident
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sequence. There was evidence of rubbing between rotors and stators, stator cases and static seals to

indicate that the engine was rotating at initial impact.: The left engine control components examined all - -

exhibited impact marks indicative of a high (nearly maximum afterburner) power scttmg and VEN
components all consistently indicated a maximum afterbumer nozzle area position at impact.. Charred
wood found in the combustion case indicated that heat was present in the combustor when the debris
was ingested. Based on the evidence found during the detailed disassembly, and the correlation between
the left and the right VEN positions at impact, it was concluded that the left engine was operating at or.
near maximum afterburner power at impact. Examination of the right and left engine indicated normal |

operation throughout the fli ght. For further mformanon see Propulsron Group Chairman report enclosed -,

with this reporL

Al
RN IR

Mamtenance records revealed srgmf' cant mamtenance conducted on the arrplane pnor to thc accrdent.
Fuel tank number 1 was disassembled to inspect for suspect cracked clips on the left and right fuselage
structure. The clips were replaced and tank 1 was reassembled. Fuel tank number 4 was disassembled to
look for the cause of a re-occurring cavity drain leak. No obvious leak source was discovered, sothe
bladder tank was removed and replaced. The left and right generators were removed and reinstalled to .

facilitate the troubleshooting of the fuel tank number 4. The fuel tank number 1 fuel quantity probe was
removed and replaced for a fuel quantity indication problem. The right motive flow fuel "T" in door 53R

was disassembled for motive flow fuel leak. An O-ring was replaced and the fuel couplingwas . .
reassembled. A complete functional check of the fuel system was satisfactorily completed during a post
maintenance ground engine run. This work was done by non-union MDA personnel due to a strike of the
International Association of Machinists on the property of MDA. Examination of the fuel system: - .
indicated normal fuel system operation and no anomalies were discovered. For further information see -

Maintenance Records Group Chalrmans repon enclosed with the report. TP PR

The aircrew ejection seat components recovered mdrcated partral/mcomplete f'mng of pyrotechmc

items. Most items appeared to have been expended as a result of exposure to extreme heat and/or post - - -

crash fire. The ejection seat catapult did not activate. The ejection seat did not leave the cockpit, The

Seat ang Handle was withdrawn from the position it would be installed in dunng normal flight . ., _.‘< s
operations. The handle was in a position forward of and below its normal position when installed in the .

seat bucket forward beam. The interface link between the handle assembly and the seat initiator firing - .

handle sear assemble was bent approximately 110 degrees from the vertical position over the forward

edge of the handle receiver block. A witness mark was noted on the upper forward surface of the handle

receptacle in the receiver block which matches the physical characteristics of the handle interface link.

The Mechanically Activated Initiator, which provides manual canopy jettison capability, was recovered
from the airplane wreckage. The output Shielded Mild Detonating Cord (SMDC) line hasbeen: : -
expended and appeared to have functional normally. Visual examination of the inner diameter of the
SMDC line, which was sheared off at the surface of the line installation nut, contained evidence the . .
explosive core sear rod was withdrawn fully from the upper end of the unit and was not recovered. The
metal guard which normally surrounds the area occupied by the sear rod was mechanically damaged, .-
The actuation sear rod is absent from the unit with no witness marks or damage in the opening where

the sear rod is normally installed. For further information see Engmeermg Invesngatron of Ejecnon and .

Alrcrew Escape System Report encloscd wrth thrs reporL

The lIC calculated, based on CJCCIIOI'I seat perfommnce data from Naval All' Trammg and Operaung
Procedures (NATOPS), and the accident airplane performance parameters as recorded on DFIRS, the -
pilot's lowest altitude to safely ﬁjCCt would have been approxrmately 320 feet agl or two seconds before

I D e
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The video tape recording system (VIRS) tape of the right DDI Flight Control system (FCS) page was
recovered. The FCS page recording contained useful data until approximately 4 seconds before
electrical power was lost at impact. The Head Up Display (HUD) VTRS was recovered but the tape was
destroyed by the post-crash fire. No faults or flight control cautions were observed in reviewing the
VTRS recording of the flight control page (FCP) in the right DDL

Laboratory X-ray, wire ring-out, and functional tests of the flight control actuators (stabilator, aileron

and rudder) indicated no anomalies. Examination of the leading edge flap (LEF) overtravel stops =
indicated the right wing LEF was 13 degrees down and the left wing LEF was 34 degrees down. - - - -
Deployable Flight Incident Recorder Set (DFIRS) data indicated both left and right wing (inboard and -
outboard) LEF were fully extended at 32.5 degrees down. The video recording of the FCS pagc a!so ‘
mdlcated near max LEF extensmn (33 degrees) on both left and nght LEF‘s R

The DHRS did not dep]oy from the airplane and subsequently rece:ved extensive bum damage The
damage was too extensive to allow normal readout of the data at the MDA facilities. The DFIRS data
was recovered by sending the damaged unit to the manufacturer for removal of memory chips and then-
returning the memory chips to MDA for readout. The airplane's data storage unit (DSU) was recovered
and returned to the MDA facility for data recovery. Data was successfully read out from the airplane
DFIRS and DSU. DFIRS data were recorded to within .5 to 1.5 seconds of electrical power loss at
impact. The electronic data from the DFIRS, DSU and DDI FCP showed normal flight control operation
with no faults or failures detected. For funher information see Systems Group Chairman's report
cnclosed wnh thxs report. . ‘ :

The Defense Log15t1cs Agency Contracton‘s I-'llght and Gr0und Operatlons manual specnﬁes MDA Pllot
minimum currency requirements of 35 hours flight time in the previous six months, and allows that fifty
percent of the flight time required can be simulation time.

The pilot last flew an F/A-18, 19 days prior to the accident date. The pilot also flew five civilian
airshows in a Pitts Special, within the last year, with the last airshow on June 8, 1996, 11 days before the'
accident date. For further information see Operations report enclosed with this report.

ADDITIONAL DATA

Parties to the investigation were the Federal Aviation Administration; MDA; Naval Safety Center;
International Association of Machinists; and General Electric.

Following the on-scene portion of the investigation, the wreckage was released to a MDA representative
on July 30, 1996.

*Due to limitations within the computer system the last digit of the aircraft Buno number could not be
added to the Registration Number under Aircraft Information.

Use your browsers ‘back’ function to return to synopsis
Return to Query Page
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NTSB Identification: CH196FA211 The docket is stored in the (oﬂlme) NTSB Imagmg System
" . Accident occurred Wednesday, June 19, 1996 at BETHALTO.IL. .
- Aircraft:McDonnell Douglas F/A-18C, registration: N16518 BRI
Injuries: 1 Fatal. - - Co

A McDonnell Douglas Aerospace (MDA) pilot was flying a leased Navy F/A-18C and conducting an
airshow practice at St. Louis Regional Airport when the airplane impacted the ground at the bottom of 2
reverse one-half Cuban eight aerobatic maneuver. The briefed altitude at the top of the maneuver wasto .
be 3,500 feet above ground level (agl), which gave the pilot a base line of 1,000 feet agl. Recorded data
showed that the actual altitude at the top of the maneuver was 2,280 feet agl. Using a group of F/A-18
pilots in a F/A-18 simulator, the lowest altitude at the top of the reverse one-half Cuban eight requised to .-
successfully complete the maneuver was 2,500 feet agl. The pilot had been trained as a Naval Aviator,
and was a graduate of the Navy's test pilot school. He joined MDA Flight Operations 3/4/96. The pilot .«
had accrued 16 hours in the F/A-18 in the last year, of which 11 hours were in the last 90 days. MDA did
not have a formal training plan for their pilots who perform airshow demonstration flights. The pilot had
flown 5 civilian airshows within the last year; the most recent was 11 days prior to 1he accident. All the
airshows were flown in a Pitts Spcc1al . P

The Nat:onal Transportatlon Safety Board determmes the probable cause(s) of tlus accxdcnt as follows

the pilot's failure to fo]low thc preﬂnght crew bncﬁng and attain a proper altitude duning an aerobanc
maneuver. Factors in the accident were: the pilot's previous experience of flying similar airshow routmes
in a different airplane with substantially different performance characteristics, and the compan)fs fallure
to have a formal training plan for pilots perfonnmg airshow demonsuanon ﬂlghts : :

[T P
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Scab plane crashes on test flight, kills pilot
by Fred Gaboury | -

This article was reprinted from the June 29, 1996 issue of the Pebple 's Weekly World. For subscription
information see below. All rights reserved - may be used with PWW credits. h :

The effort by McDonnell Douglas to produce high-performance military aircraft behind Machinist union
picket fines at its St. Louis facility resulted in the crash of a multi-million-dollar high performance Navy
fighter plane and the death of its pilot on June 19. The plane, an F-18, costs between $38 and 63 million
each, depending on equipment. The crash was but the latest in a series of setbacks suffered by the
nation's fifth largest aerospace manufacturer in less than a week.

Earlier the City of St. Louis adopted a resolution calling upon MD to cease its practice of outsourcing
jobs and the Missouri AFL-CIO launched a "Smack Mac Back" campaign to raise $2.5 million to
support the families of MD strikers.

The stnke began June 5 after 87 perceﬁt of the members of Machinists District 837 voted down a
proposal allowing the company to continue the practice of outsourcing work to non-union plants and
imposing additional costs of health insurance on union members.

Bates, a spokesperson for District 837 called MD's effort to continue production "insane and reckless.
They have chosen a path that is fraught with peril,” he told the World.

"You can't expect a foot doctor to do brain surgery,” he said, "and there is no way McDonnell Douglas
can produce these aircraft with unskilled workers, be they strike breakers from out-of-state or engineers
and other salanied employees.”

MD claimed that the F-18 involved in the fatal crash was built in February. But Bates said the plane
underwent "complex modifications after it was built and that work was completed by supervisory
personnel.” He added that MD had attempted to cover up details of the crash and had assumed the lead
role in the investigation until removed by the National Transportation Safety Board. "It was a classic
example of the fox watching the chicken coop,” he told the World

Newspaper accounts of the strike report that MD had an inventory of nearly complete aircraft when the
strike began and that the company planned a dozen test flights during the week beginning June 17,

Bates said strikers at the sprawling St. Louis facility were "high” over the decision of the Missouri
AFL-CIO to organize a campaign to collect $5 each from the state's half-million members. "It shows the
community of workers in action,” he said.

Don Owens, Missouri AFL-CIO secretary treasurer, described the Smack Mac Back campaign as the
way to "show our capability to win strikes - to show that strikers can prevail. We have to come together
in order to keep a strike from going on forever,” he said when interviewed in his office in JefTerson City.

Pointing out that MD, ranked second on the list of military contractors, is "dependent on tax dollars
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which belong to the American people,” a June 14 resolution adopted by the St. Louis Board of Aldermen |
said that more than'5,000 machinists have lost their jobs at MD because "work once done here has . .
moved to Finland and Switzerland; to Georgia and Arizona.”

The resolution, introduced by Alderman Kenneth Jones, calls on MD "to stop itsrpracticé of outsourcing '
our workers' jobs™ and upon President Bill Clinton "to use the power invested in his office to support the
stnkmg workers and their families.” ‘
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++ FROM STATE + CAX
FINAL REP oy
€nmmmemnneen DATE, TIME AND METEOROLOGICAL DATA ===---=--- R T s oo AIRCRAFT DATA ~+eseencnnacccacaaaas >
DATE : 96-07-28 ++ MASS CATE : S701 - 27 000 XG
TIME : 1415 ++ STATE QF REGISTRY : CANADA
LIGHT : ++ REG TION : C-FXNE
GEN WEATHER @ -

.

Cemmmmemssesecmmmmnanaa- LOCATION ======-==--mcececnnny T e DAMAGE, INJURY AND TOTAL ON BOARD ----------- >
LOCATION : SALMON ARM,& NM ENE ++ A/C DAMAGE : SUBSTANTIAL
STATE/AREA  : CANADA ++ INJURY ¢ FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : SALMON ARM ++ CREW 3 0o 0 o 2 0 2
DESTINATION = SALMON ARM ++ PAX H o 1] o] 0 [1] o

>
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THIS WAS THE SECOND FLIGHT AFTER AN ENGINE CHANGE. ON THE FIRST FLIGHT THE PILOT COULD NOT GET THE DESIRED N2 SETTING,

HOWEVER, THE LOW-FCEL WARNING LIGHT CAME ON, EVEN THOUGH THE GAUGE INDICATED 500 L8 OF FUEL OM BS8OARD. THE PILOT RETURNED T0
BASE FOR IN GATION BUT NO FAULTS WERE FOUND. ON THIS FLIGHT THE N2 CHECX WAS SATISFACTORY. SHORTLY AFTER THE N2 TESTS,
THE LEFT ST PUMP FAILED, FOLLOWED BY THE LOW-FUEL WARNING LIGHT ILLUMINATING. THE PILOT HAD JUST TURNED BACK TO THE
LAND AREA WHEN THE RIGHT BOOST PUMP ALSO FAILED. 30 SEC LATER THE ENGINE STOPPED. THE PILOT ENTERED AUTOROTATION AND

ED TO LAND IN A SMALL CLEARING, BUT STRUCK TREES AND LANDED HARD.
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+ HARD LANDING-LANDING +
+ NOSE DOWN/OVERTURNED-LANDING +
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AN EH-101 UNDERGOING TESTING WITH AGUSTA SUSTAINED SUSSTANTIAL DAMAGE. THE HELICOPTER WAS CHECKING P1LOT AIRSPEED READINGS
OVER LAKE MAGGIORE WHEN “CONTROL DIFFICULTIES™ FORCED A DIVERSION TO MILAN MALPENSA WHERE IT TOUCHED DOWN HARD AND ROLLED
ONTO ITS SIDE.
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On September 10, 1996, approximately 0850 mountain daylight time, a Bell UH-1H, N23Y, was

destroyed during an intentional autorotation at Leadville, Colorado. The commercial pilot in command

received minor injuries, and the airline transport rated-designated engineering representative (DER)

sustained serious injuries. Visual meteorological conditions prevailed, and no flight plan was filed for

the test flight that originated at Leadville on September 10, approximately 0830.

According to an FAA inspector, the crew was conducting high altitude flight tests pursuant to obtaining
two STCs (Supplemental Type Certificates): SR000267, for the T53-L-703 engine installation, and
SRO0266SE, for the installation of a tractor tail rotor system from a Bell 205.

According to the Pilot/Operator Aircraft Accident Report, the pilot entered an autorotation from an
altitude of 200 feet agl (above ground level) and at 8,000 pounds maximum gross weight. The maneuver
was entered at 42 kias (knots indicated airspeed) with a one second delay before lowering the collective
control. The pilot said he was unable to arrest the descent rate as the helicopter approached the runway
at 40 knots. The helicopter struck the ground tail first.

A video camera was used to record the flight tests and showed impact occurring on the centerline of
runway 34. The tail boom and both skids separated on impact, and the helicopter skidded on its fuselage
for 370 feet before coming to a rest on the left side of the runway. The helicopter was equipped with a
self sealing fuel system. There was no fire and minimal fuel spillage.

Further examination of the tape revealed the tail boom stinger struck the ground on at least two previous
autorotations. According to one FAA helicopter operations inspector, this was indicative that the prlot
was "outside the low end of the height-velocity curve.” He said that "either there was insufficient
airspeed for the altitude used, or there was insufficient altitude for the airspeed used.”
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L
Ceemmmemeoooccao s « LOCATION ==<==osssnvecren “meeesce> 44 Gococsennens DAMAGE, INJURY AND TOTAL ON BOARD =---==----~ >
LOCATION : LEADVILLE,CO ++ A/C DAMAGE : SUBSTANTIAL
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DEPARTED : LEADVILLE,CO ++ CREW @ 0 1 1 0 0 2
DESTINATION : LEADVILLE,CO +PAX s ¢ o o o0 9 0

++

cmeeemeanmacaaoas NARRATIVE ==-essemanncaces

THE CREW WAS CONDUCTING FLIGHT TESTS TO OBTAIN TWO SUPPLEMENTAL TYPE CERTIFICATES. FROM 200 FT AND AT 8,000 LBS GROSS
WEIGHT, THE PILOT INITIATED AN INTENTIONAL AUTOROTATION AT 42 KT WITH A 1 SEC DELAY BEFORE LOMERING THE COLLECTIVE CONTROL.
HE COULD NOT ARREST THE DESCENT RATE AS THE HELICOPTER APPROACHED THE RWY AT 40 KT. THE HELICOPTER WAS DESTROYED WHEN IT
STRUCK THE RWY. A VIDEO CAMERA HAD BEEN USED TO RECORD THE FLIGHT VESTS AND IT SHOWED THAT ON AT LEAST TwWO PREVIOUS
AUTOROTATIONS, THE TAIL BOOM SKID STRUCK THE GROUND FIRST. THIS INDICATES THAT THE PILOT WAS OUTSIDE THE LOW END OF THE
HEIGHT-VELOCITY ENVELOPE. .

-------- ==~ SEQUENCE OF EVENTS --+s===-----
EVENT 1 COLLISION WITH TERRAIN - LEVEL OFF/TOUCHDOWN
1.AUTOROTATION - INTENTIORAL
2.FLIGHT CREM DECISIONS - IMPROPER
3.AIRSPEED - INADEQUATE
4.ALTITUDE - INADEQUATE




NTSB AVIATION ACCIDENT/INCIDENT DATABASE REPORT
Report Number: FTWI96LA380

General Information

Local Date:Time 09/10/1996:08:50 MDT
City/State LEADVILLE, CO
Airport Name/ID LAKE COUNTY/LXV
Event Type: ACCIDENT
Injury Severity: SERICUS

Operaticns Information
Category of Operation: GENERAL AVIATION
Aircraft Type: HELICOPTER
Aircraft Damage: SUBSTANTIAL
Phase of Flight: 570 LANDING

Aircraft Make/Model:
Operator Doing Business As:
Operator Name: IDANO HELICOPTERS, INC.

Cperator Code: GAKA

Operator: IDAHO HELICOPTERS INC - GAKA

Owner Name: : FARM DEVELOPMENT CORP,.
Narrative

THE HELICOPTER CREW WAS CONDUCTING HIGH ALTITUDE FLIGHT TEST S
PURSUANT TO OBTAINING TWO SUPPLEMENTAL TYPE CERTIFICATES. FROM AN
ALTITUDE OF 200 FEET, AND AT 8,000 POUNDS GROSS WEIGHT, THE PILOT
INITIATED AN INTENTIONAL AUTORQTATICON AT 42 KNOTS WITH A ONE
SECCOND DELAY BEFORE LOWERING THE COLLECTIVE CONTROL. THE PILOT
SAID HE WAS UNABLE TO ARREST THE DESCENT RATE AS THE HELICOPTER
APPRCACHED THE RUNWAY AT 40 KNOTS. THE HELICOPTER WAS DESTRQOYED
WHEN IT IMPACTED THE RUNWAY. A VIDEQ CAMERA WAS USED TO RECCRD THE
FLIGHT TESTS. A REVIEW OF THE TAPE DISCLOSED THAT ON AT LEAST TWO
PREVIOUS AUTOROTATICNS, THE TAIL BOOM STINGER STRUCK THE GRO UND
FIRST. ACCORDING TO AN FAA HELICOPTER OPERATIONS INSPECTOR, THIS
WAS INDICATIVE THAT THE PILOT WAS "QUTSIDE THE LOW END COF THE
HEIGHT-VELOCITY CURVE." HE SAID THAT "EITHER THERE WAS
INSUFFICIENT AIRSPEED FOR THE ALTITUDE USED, OR THERE WAS
INSUFFICIENT ALTITUDE FOR THE AIRSPEED USED."™

Probable Cause :

THE PILCT'S IMPROPER INFLIGHT PLANNING/DECISION IN THAT HE USED AN
INADEQUATE AIRSPEED OR AN INADEQUATE ALTITUDE, OR BOTH, FOR THE
INTENTICNAL AUTOROTATICHN.

Aircraft Information

Number of Seats: 2
Aircraft Use:

Type of Operation: 14 CFR 91
Registration Number: 23Y

Air Carrier Operating Certificates: ON-DEMAND AIR TAXI




Aircraft Fire: NONE

Injuries

Fatal Serious Minor None
Crew 0 1 1 0
Pass 0 o - - 0 0
Other 0 0 0 0
Landing Gear: SKID
Certificated Maximum Gross Weight: 8500
Engine Make/Model: LYCOMING:T53-L-703
Number of Engines: 1
Engine Type: TURBO SHAFET

Environment/Operations Information
Basic Weather Conditions:VISUAL METEOROLOGICAL CONDITIONS (VMC)

Wind Direction (deg}/Speed (knots): 340/4
Visibility (sm): 30
Visibility RVR (ft): 0
Visibility RVV (sm): 0
Cloud Height Above Ground Level (ft): O
Visibility Restrictions: NONE
Precipitation Type: NONE
Light Condition: DAYLIGHT
Departure Airport Id: LXV
Flight Plan Filed: COMPANY (VFR)
ATC Clearance: NONE
VER Approach/Landing: SIMULATED FORCED LANDING
Event Location: ON AIRPORT
Pilot-in-Command
Certificates: COMMERCIAL
Ratings:
Plane: SINGLE ENGINE LAND, MULTIENGINE LAND
Non-Plane: HELICOPTER
Instrument: AIRPLANE, HELICOPTER
Had Current BFR:
Months Since Last BFR: 0
Medical Certificate: CLASS 2
Medical Certificate Validity: VALID MEDICAL-NO
WAIVERS/LIMITATIONS
Flight Time (Hours)
Total : 5032 Last 24 Hrs : 5
Make/Model : 1473 Last 30 Days: 21
Instrument : 214 Last 90 Days: 0

Multi-Engine: 310 Rotorcraft : 0
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HISTORY OF FLIGHT -

On October 4, 1996, approximately 1215 hours Pacific daylight time, a2 Boeing Vertol BV-107 11,
196CH, registered to and operated by Columbia Helicopters, Inc., was destroyed when it collided with
terrain following a loss of control in flight during cruise. The crash site was three miles east of the
southem boundary of the Aurora airport (refer to CHART I). A post crash fire confined to the engine
area was extinguished following the crash. Both pilots and the onboard mechanic were fatally injured.
Visual meteorological conditions existed and no flight plan had been filed. The flight, which was a
conformity maintenance check flight, was to have been operated under 14CFR91, and originated from
the Aurora airport, Aurora, Oregon, at 1138.

Witnesses, many of whom were inittally attracted by the unusual sounds from the rotorcraft, reported
observing it maneuvering erratically in the vicinity of the accident site, and then tumbling out of control
to ground impact. Specifically, one witness reported observing the rotorcrall's rotor blades impact one
another. Another witness described the sound as like "metal hitting” and described the maneuvers as
"Mlipping.” Another witness reported seeing the rotorcraf (lying "straight and level for three or four
seconds before it went vertical.” Several other witnesses observed the rotorcraft flying away from the
Aurora airport approximately 30 minutes before the accident and then return during which they
observed it "tumble” (refer to witness statements and attached FAA witness statement transcriptions).

A flight instructor on an instructional flight, who was taxiing out to runway 17 at the Aurora airport,
reporied that he "heard a helicopter make a position report” (this radio fransmission occurred
approximately 12:10). He could not recall what was said during the radio transmission but reported that
"about 10-15 seconds later (he) heard a stuck mike on the radio with the same helicopter noise. This
lasted about 10-15 seconds. Then the mike was un-keyed” (refer to attached statement).

PERSONNEL INFORMATION
PILOT-IN-COMMAND:

The pilot-in-command, who occupied the right seat in the cockpit, held an airline transport pilot
certificate as well as a flight instructor's certificate. According to the operator, he had accrued a total of
14,778 hours of flight experience of which 11,841 were as pilot-in-command (PIC), and 14,668 hours
were logged in rotorcraft. Additionally, he was reported to have logged 8,880 hours in the Boeing Vertol
BV-107 rotorcraft of which 8,269 hours were as PIC. The PIC held a type rating in both the BV-107 and
the BV-234 rotorcraft.

CO-PILOT:

The co-pilot, who occupied the left seat in the cockpit, held a commercial pilot certificate. According to
the operator, he had accrued a total of 4,112 hours of flight experience of which more than 2,500 hours
were as pilot-in-command (PIC) and 4,036 hours was logged in rotorcraft. Additionally, he was reported
to have logged 2,449 hours in the Boeing Vertol BV-107 rotorcraft of which 1,809 hours were PIC. The
co-pilot held a type rating in the BV-107 rotorcraft.

CREWMAN:

12728701 7:30 PM
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The crewman, whose location in the rotorcraft could not be determined, held an FAA airframe and
powerplant mechanic certificate. According to the operator, he had been engaged in maintenance on the

hitp:/iwww ntsh, gov/NTSB/brief2 asp?ev_id=20001208X 069668 n1shno=SEASTFACO | &akey=1 .
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rotorcraft during its preparation for flight testing and, as was customary for the operator, was assignedto

assist during the accident test [light.
AIRCRAFT INFORMATION

N196CH, senial number 407, was a Boeing manufactured derivative of the model 107 rotorcrafl built for
Sweden as a model HKP-4, and which had been acquired by Columbia Helicopters, Inc., to be converted
1o a civil model BV-107-11 in accordance with FAA Project Number TDO639NY-R. The rotorcraft had
a total of 7,073.0 hours of airframe time at the time its "experimental” certification was approved on
August 5, 1996. And, on October 2, 1996, the rotorcraft was issued a maintenance release for its first |
conformity test flight.

On October 3, 1996 N196CH, was flown for l .4 hours, mcludmg four landlng, from the opcrator’s base
at the Aurora airport.

On Octobcr 4, 1996 N196CH, deparlcd the Aurora airport at {f3ghours on its second test flight (refer
to photogmph 1 whnch shows the accident aircraft departing on the accident flight). The aircraft had
departed with 1,800 pounds of Jet A fuct. -

WRECKAGE AND IMPACT INFORMATION

The aircrafl crashed in an open, plowed, agricultural field. The latitude and longitude of the crash site
(point A on DIAGRAM 1) was 45 degrees 13.52 minutes North and 122 degrees 42.73 minutes West,
respectively. The elevation of the site was approximately 175 feet above mean sea level (MSL) (refer to
CHART 1I). The majority of the airframe came to rest in four major sections (refer to SCHEMATIC I,
DIAGRAM I and photograph 2). The forward fuselage (including the cockpit) and forward pylon/rotor
head assembly (section A) was observed to be furthest west. This section came to rest with its
longitudinal axis oriented along a 223/043 degree magnetic bearing line (nose towards the
southwest)(refer to photograph 3). The center cabin area (section B) was located slightly east and
adjacent to the aft lower fuselage section containing both engines (section C)refer to pholograph 4).
The aft pylon and rotor head assembly (section D), which came to rest furthest to the east lay

approximately 75 feet from the forward cabin area (refer to photograph 5). These four major sections of -

the rotorcraft lay along an approximate 270/090 degrec magnetic bearing line.

The forward rotor head assembly remained attached to the forward airframe (section A) at its pylon. All
three fiberglass rotor blades (red, yellow and green) remained attached 1o the rotor hub (refer to
photographs 6 and 7). However, the blades displayed shattering damage towards their outboard sections
and tips. The aft rotor head assembly remained attached to the afl pylon (section D). The aft pylon
separated from the fuselage. Again, all three fiberglass rotor blades (red, yellow and green) remained
attached to the rotor hub (refer to photograph 5). Agam, the blades displayed shattering damage towards
their outboard sections and tips.

The synchromzauon drive shaﬂ, which consists of five successive tubes connecting the forward and aft
transmission units, was examined at the sile. Shafi numbers four and five (aluminum and steel
respectively) were found connected together with the aft end of shaft five attached to the aft
transmission unit (refer to photograph 8). Shaft numbers one and two (aluminum) were found connected
together with the forward end of shaft one attached to the forward transmission unit. The number two
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synchronization shaft was observed to be broken at its midpoint and the aft end of this shaft as well as
the entire shaft number three were not found within the main wreckage (refer to photograph 9). The
entire number three synchronization shaft (aluminum) was located lying in the field approximately 90
feet and 159 degrees magnetic from the forward cabin (section AXrefer to DIAGRAM I and photograph
4). The coupling at each end was absent and the rivets, some of which remained in the shaft, exhibited
flush smearing consistent with rotational or longitudinal overload. Additionally, a diagonal impact near
the forward end of shaft number three was observed. The impact was consistent with a rotor blade
outboard leading edge impact (refer to photograph 10). The all 40% of the number two shaft was
located lying in an adjacent field (refer to photograph 11) bearing approximately 133 feet and 87
degrees magnetic from the number three shall (refer to DIAGRAM I). A number of smaller aluminum
fragments of drive shaft were recovered from the site and these, along with the aft number two shaft
section and number three shall were reassembled at the reconstruction site. The separation at the
approximate midpoint of the number two drive shaft was consistent with a rotor blade strike and there
was no evidence of any disconnect of the drive shaft prior to the blade strike.

Numerous small fragments of rotor blades, fuselage skin, and fiberglass were observed to be distributed
over an area extending 1,400 feet. The general distribution (magnetic track) of the fragments was found
to lte along an approximate 004 degree bearing line with many of the smaller fragments having fallen
into a filbert orchard north and east of the crash site (refer to CHART II). The size and weight of
fragments gradually increased approaching the crash site, with the lightest fragments most distant.

Both the forward and afl pylon and rotor head controls, as well as the control cables and rods within the
tunnel connecting the rotor heads, were examined at the site. No evidence of any pre-impact disconnect
was found. The engines were observed to have remained within the afl fuselage (section C) which had
sustained a post crash fire.

The wreckage was recovered and transported to an indoor facility several miles away for partial
reconstruction. During the recovery process it was noted that the right side of the forward cabin/cockpit
area, including the main cabin entry and the flight control closet area, which houses much of the
rotorcrafl’'s control linkages, was substantially crushed inward (refer to photograph 12).

MEDICAL AND PATHOLOGICAL INFORMATION

Post mortem examination of the pilot-in-command, co-pilot, and crewman, was conducted by ClifTord
C. Nelson, M.D,, at the Offices of the Oregon State Medical Examiner, 301 NE Knot Street, Portland,
Oregon, on October 5, 1996. Toxicological evaluation of samples from all three crewmen was
conducted by the FAA's Toxicology and Accident Research Laboratory, Mike Monroney Aeronautical
Center, P.O. Box 25082, Oklahoma City, Oklahoma. The resultant tests were found to be negative in all
three crewmen (refer to attached Toxicology reports).

OFF SITE EXAMINATION AND RECONSTRUCTION

During the off-site wreckage reconstruction phase, the rotorcraft's two General Electric CT58-140-1
turboshaft engines were examined. Examination of the power turbine rotor blades of both left and right
engines revealed uniform tip curl opposite to the direction of rotation. Additionally, there was no
evidence of any uncontained ejection of engine components from either engine casing.

The forward and aft rotor blades, which had been removed from their respective rotor heads at the site,
were reassembled with thetr associated fragments at the reconstruction site. There was no evidence of
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any pre-accident inflight loss of components/sections of any of the six rotor blades.

The flight control continuity check of the forward cabin/cockpit area, including the flight control closet
area, was continued at the reconstruction site. It was necessary to cut away the external airframe skin in
order to access this area. Once accomplished, many of the flight control rods were observed to display
evidence of bending deformation, separations characteristic of impact overload, and scratching and
pamt abrasxons (refer to photogmph 13).

During the examination and dlsassembly of the ﬂ:ght control closet, a dlsconnect was noted at thc pomt -
where the lower bearing end of the "aft directional and lateral” output pushrod connects to the inboard
clevis of the bellcrank within the forward section of the mixing unit (refer DIAGRAM II and
photographs 14 and 15). The bolt specified for this installation, a AN (Air Force - Navy aeronautical
standard) 464, was absent, as was the nut, washers and cotter key.

The mixing unit was removed from the flight control closet as was the disconnected "aft directional and
lateral” output pushrod, and both components were examined more closely (reler to photographs 16 and
17). The pushrod displayed some minor bending deformation and longitudinal scratches of its painted
surface. Additionally, there was no evidence of any significant mechanical damage in the pushrod's
inner bushing end characteristic of impact deformation against a threaded bolt. However, the opposing
"forward directional and lateral” output pushrod, as well as the "afl collective pitch and longitudinal®
output pushrod, both of whose lower bearing ends remained attached to the mixing unit, were broken
(refer to photographs 16 and 17 and DIAGRAM 11). The "forward collective pitch and longitudinal™
output pushrod, which remained attached at both ends, to both the mixing unit and the collective pitch
and longitudinal input bellcrank, was unbroken but exhibited extensive scratching and bcndmg
deformation (refer to photographs 16 and 17 and DIAGRAM VI).

The forward mixing unit section, including the disconnected bellcrank was scparated from the entire
mixing unit assembly, cleaned with solvent, and examined, as was the pushrod, (refer to photograph 18). -
It was determined that this bellcrank, P/N 107C2606-8 (refer to photograph 19), was in fact, a collective
bellcrank which had been installed in the forward (lateral portion) of the mixing unit, and not the lateral
bellcrank, P/N 107C2606-9, called for in Boeing Drawing 107C2606 (refer to DIAGRAMS 1L, IV, V).

A correctly installed collective bellcrank, P/N 107C2606-8, was found to be installed in the aft
(collective portion) of the mixing unit, as called for in Boeing Drawing. Note: P/N 107C2606-8
(aluminum) is equivalent dimensionally to P/N 107C2606-1 (magnesium) as detailed in both the
Illustrated Parts Catalogue and Boeing Drawing 107C2606. The same apphes to P/N 107C2606-9
(aluminum) and P/N 107C2606-2 (magnesmm) :

The forward cabm/cockplt area, including lhe flight control closet, was subsequcnﬂy rc-exammed for
any loose hardware (bolts or nuts) which mlght have been the disconnected AN464 bolt. A bolt
matching the type used to attach the remaining three output pushrods was discovered loose in the flight
control closet area. No matching nut was found.

Discussions with the operator and Boeing Vertol indicated that a disconnect of the aft directional and
lateral pushrod at the mixing unit would render the aft rotor head incapable of receiving cockpit issued
lateral and directional control inputs. The forward rotor head would continue to receive such control
inputs thereby creating a control force differential between the two rotor heads (refer to DIAGRAM VI).

TESTS AND RESEARCH
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The bellcrank (P/N 107C2606-8) removed from the forward mixing unit, along with both the connected
forward and disconnected aft lateral pushrods, and the loose bolt, were hand carried to the Safety
Board's Materials Laboratory Division for further examination (refer to photograph 19). Examination of
the components was conducted on February 27, 1997 (refer to attached Metallurgist's factual report). -

The lower ends of both the (disconnected) aft directional and lateral pushrod, P/N 107C2551-13, and the
(connected) forward directional and lateral pushrod, P/N 107C2551-11, control rods during normal
assembly are {astened to the forward mixing unit bellcrank, P/N 107C2606-9 by bolts through the clevis
tangs and the rod end bearings on each control rod. These bolts are shown in the iltustrated parts catalog
and assembly drawing as being inserted from the forward (cockpit) side of the bellcrank and secured
with a castellated nut and cotter pin on the aft (tail) side. The required fastening hardware includes a
NAS 464-4-17 bolt, three AN1 960 washers, (iwo thick -416, one thin-416L), an AN 320-4 or MS2
178264 castellated nut and an AN 381 cotter pin. The bolt passes through a NAS 754-010 sliding
bushing installed in the forward tang of the clevis and an NAS 77-4-23 flanged bushing inserted into the
aft tang. The flanged bushing is shown installed with the flange on the inside of the clevis. The required
buildup of exemplar fastening components is shown in figure 2 (metallurgist's factual report). The
bushings were found in place in the bellcrank at the accident rcconstructlon site (refer to photographs 20 -
and 21) but removed prior to the metallurgy examination.

The bolt suspected of having come from the left clevis connection had head markings identifying it as a
NAS 464 close tolerance shank bolt. It had a shank diameter of approximately 0.25 inches, a grip length
of 1.06 inches and an overall shank length of 1.41 inches. The bolt was plated with what appeared to be
conversion coated cadmium except on the shank and washer flat surface. The dimensions and surface
finish were consistent with a NAS 464-3-17 bolt. The bolt had a nearly identical appearance and
dimensions to the NAS 464 bolt removed from the right clevis of the bellcrank. The bolt suspected of
coming [rom the lefl clevis connection along with the right clevis bolt and the exemplar buildup are
displayed in figure 3 (metallurgist's factual report).

The nght clevis bolt was received with two thin "-$16L" washers installed (see arrow, figure 3
metallurgist's factual report). The measured overall width of the clevis (P/N 107C2606-8) between the
outer surfaces of the tangs (including the paint layer) was 1.075 inches. The specified overall width of
this examined clevis (P/N 107C2606-8) between the outer surfaces of the tangs (excluding the paint
layer) was 1.062 inches whereas the specified overall width of the clevis called for in the illustrated
parts catalogue (P/N 107C2606-9) between the outer surfaces of the tangs (cxc]udmg the paint layer)
was 0.960 inches (refer to DIAGRAMS I, IV, and V).

Based on calculations using measurements from the exemplar parts, the bolt suspected of coming from
the lefi clevis would not be long enough to allow the cotter pin to be properly inserted through the nut
and bolt using the required arrangement of washers (as shown in figure 3, metallurgist's factual report).
However, when only two thin washers are used, like that found for the right clevis assembly, the cotter
pin can be inserted. To verify the calculations, trial assemblies were performed using the required
arrangement of washers and one using only two thin washers. Figure 4 (metallurgist's factual report)
shows the two assembly configurations assembled on the right clevis. As can be seen, the cotter pin hole
is only exposed when two thin washers were used. With the thick washer assembly the cotter pin hole
was not exposed (hidden by the unslotted portion of the nut) and a cotter pin could not be inserted to
safety the nut. :

The shank of the bolt suspected of coming from the left clevis connection showed a fine circumferential
grinding pattem typical of original manufacture. In addition, three narrow circumferential contact marks
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were noted on one side of the shank at positions approximately 0.1, 0.69 and 0.88 inches from the
underside of the head. The opposite side of the shank was marked by a small band of shallow
longitudinal scratches. Both the contact patterns and longrtudmal scratches were characteristic of a bolt
which had been used in an assembly.

Examination of the bolt threads with a stereo microscope found light circumferential scoring on both the
pressure and non pressure flanks of the threads in the area of bracket "A", figure 5 (metallurgist's factual -
report). A few areas of intermittent light scratching were noted on the threads between the colterpin -
hole and the shank in the area of bracket "B" in figure 5 (metallurgist's factual report), but none

extended completely around the bolt. A few thread crowns adjacent to the shank were mechanically
damaged and deformed on the pressure flanks. The cotter pin hole had an as manufactured appearance
with no scratches, gouges or scoring characteristic of contact with a colter pin.

In comparison, the bolt removed from the right bellcrank clevis showed a continuous scoring pattemn of
both the thread flanks between the cotter pin hole and the bolt end, in the area of bracket "C", figure 5
(metallurgist's factual report). The threads between the cotter pin hole and the shank, bracket "D" in
figure 5 (metallurgist's factual report), were heavily marked on the pressure flanks consistent with
contact by nut threads. The cotter pin hole for this bolt showed two prominent score marks for the full -
length of the bore surface. The unmarked arrow in figure 5 (metallurgist's factual report) denotes the
location of one of the score marks. The scores were at diametrically opposed locations in the bore,
aligned perpendlcular with the longitudinal axis of the bolt and consistent with insertion or removal ofa
cotler pin.

The surl'aces of the tangs for both the right and left clevises were optically compared in the area of the
bushings and holes. Figures 6 and 7 (metallurgist's factual report) show the forward and aft faces of the
bellcrank, respectively, with the bolts removed. The paint around the bushing on the forward face of the
right clevis was cracked and disturbed in a circular pattern consistent with contact by a circular object,
see arrow "A” in figure 6 (metallurgist's factual report). The circle of disturbed paint was about 0.5
inches in diameter. The AN 960 washers used in the assembly have an approximately 0.5 inch outer
diameter. On the forward face of the lefl clevis the paint was cracked and appeared to have been lifted
from the surface around the hole (bushing had been removed) in a circular area, see arrow "B" in figure
6 (metallurgist's factual report). The damaged paint was not tightly attached to the bellcrank surface and
could be easily removed.

Circular impression ridges of paint were visible encircling both clevis holes on the aft surfaces of the
bellcrank. Light scratch pattems in the paint within each impression were consistent with contact with a
circular object. The aft face of the bellcrank is shown in figure 7 (metallurgist's factual report) with
arrows denoting the circular paint impressions.

The inside faces of the lefl clevis were mostly devoid of surface marking except for a small raised paint
ridge on the face of the flanged bushing. In contrast, the inside faces of the right clevis showed a
prominent circular contact area on the face of the flanged bushing and cracked paint on the surface of
the sliding bushing. A comparison of the markings on the flanged side of the bushings from the left and
right clevis is shown in figure 8 (metallurgist's factual report).

During examinations it was noted that the inner diameter of the sliding bushing from the left clevis was
greater than the sliding bushing in the right clevis and the exemplar bushing, see figure 9 (metallurgist’s
factual report). NAS 75-4 bushings have a 0.25 inch nominal inner diameter (ID). The left sliding
bushing ID measured 0.27 inches. All other bushings had a nominal 0.25 inch ID. The right clevis and
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exemplar bushings were also chamfered at the ID, as indicated by arrow in figure 9 (metallurgist's
factual report), and the lefl bushing was not.

Optical examination of the left control arm lower rod end bearing uncovered a dent in the bearing
shield. The dent, shown in figure 10 (metallurgist's factual report), was consistent with over travel
contact with the bearing ball.

ADDITIONAL INFORMATION

On-site examination and investigation commenced on the evening of October 4 and continued through
October 12,1996, after which the wreckage was released to the owner/operator, A number of
components were retained for further metallurgical examination and returned June 26, 1997, as
documented on the attached "receipt of aircraft parts" (NTSB Form 6120.15). :

Use your browsers back’ function to return to synopsis
Retumn to Query Page
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NTSB Identification: SEA97FA001 . The docket is stored in the (offline) NTSB Imaging System.
Accident occurred Friday, October 04, 1996 at CANBY, OR
AlrcraﬁBOEING VERTOL BV-107 11, registration: N196CH
Injuries: 3 Fatal. )

The Boeing Mode! BV-107-11 departed on a maintenance check flight with 1.4 hrs totai flight time after

conversion from a Model HKP—4 per FAA Project #TDO639NY-R. About 37 min later, witnesses saw -

the rotorcraft moving erratically & tumbling out of control. Postcrash exam of the rotorcraft's flight
control system revealed a disconnect between the lower bearing end of the aft directional and lateral
control pushrod & the inboard clevis of the forward mixing unit section bellcrank. A bolt, consistent
with hardware for that connection, was found in the control closet area. An improper part (collective
bellcrank, PN 107C2606-8) was found in place of the required lateral bellcrank (PN 107C2606-9).
Clevis width of the -8 part was slightly larger than the -9 part; thus, the clevis bolt was not long enough
to allow a cotter pin to be properly installed through the nut & bolt with the required washers (2 thick &
1 thin) instafled. To compensate (allow for installation of the cotter pin), 2 thin washers were used in
place of the 2 thick and 1 thin washers. Metallurgical exam of the bolt revealed evidence that a nut had
been applied to the threaded end, but there was no evidence that a cotter pin had been inserted. No
pre-accident engine malfunction or crew impairment was evident.

The National Transportation Safety Board determines the probable cause(s) of this accident as follows.
failure of maintenance personnel to install a cotter pin in a clevis bolt in the flight control system, which
resulted in the aft directional and lateral control output pushrod to become disconnected from a
bellcrank in the forward portion of the first stage mixing unit. A factor relating to the accident was the
use of an improper bellcrank, which was wider in the clevis area.

Full narrative available

Index for Oct1996 | Index of months
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On September 21, 1996, at 1425 central daylight time, a Bell 407 helicopter, N1114S, registered to and

— operated by Bell Helicopter Textron Inc., as a Title 14 CFR Part 91 maintenance test flight, was
substantially damaged during a forced landing near Kerrville, Texas. Visual meteorological conditions
prevailed, and a flight plan was not filed for the local flight. The commercial pilot and one passenger
were seriously injured, and the other passenger was not injured. The ﬂlght departed Kenrville on a local
test flight, about 20 minutes prior to the accident.

According to the operator, the helicopter departed the Bell Helicopter plant in Fort Worth, Texas, the
day prior to the accident. The helicopter was being ferried to South America, and was en route to
Kerrville, Texas, for it's first fueling stop. When the flight was 20 minutes from Kerrville, after flying
through a light rain, the RESTART FAULT light illuminated on the caution and warning light pancl
The flight continued to Kerrville, and landed without further incident.

The pilot reported that he elected to troub]eshoot the discrepancy prior to engine shut down. He
increased and decreased the throttle from idle to 100% Nr in the Full Authority Digital Electronic
Control (FADEC) AUTO mode with no anomalies noted. The FADEC was switched from the AUTO
mode to MANUAL mode, and all engine indications were normal. He then increased the throttle from
idle to 75% Nr and back to idle with no anomalies noted. He repeated this procedure, going to 85% Nr
the second time and then back to idle. With the throttle at idle, the FADEC was switched from the
MANUAL mode to the AUTO mode. The FADEC warning horn sounded, and the engine began to
accelerate at a rate he did not feel comfortable with so the FADEC was switched back to the MANUAL
mode. This procedure was repeated with the same results, so he shut the engine down. Maintenance was
performed on the helicopter to correct moisture in the Hydromechanical Unit (HMU) P4 connector, and
the HMU and Electronic Control Unit (ECU) J1 and J2 connectors that were found loose at the engine
firewall.

The pilot further reported that the day of the accident he "motored the engine and parked the piston.”
The helicopter's engine was started and ground run two times with all systems normal. A 10 minute test
flight was performed and no discrepancies were noted. While returning from the test flight, during the
approach to Kerrville Airport, a1 300 feet AGL, in a ight turn, approximately 60 knots, he noted the
FADEC FAIL (red) light and warning horn. He did not hear the Engine Out or Low Rotor waming
homns. The AUTO RELIGHT, FADEC FAULT and ENGINE OUT caution lights were noted. The rotor
RPM was between 90% and 95% and the Np was decreasmg through 60%. During the autorotation, to
avoid trees and houses, he extended the glide by increasing collective pitch. After clearing the obstacles,
he leveled the helicopter and "used all remaining collective for landing.” The helicopter "landed hard
and remained upright.”

According to the Bell 407 Rotorcrafl Flight Manual, when the FADEC FAIL waming light illuminates
in flight, the pilot should accomplish the FADEC FAILURE procedure as prescribed in paragraph 3-3-K.
The procedure is, immediately retard the throttle and hold it to the 90% throttle bezel position; maintain
Nr (rotor) with collective only; depress the FADEC MODE switch one time regardless of switch
indication, FADEC will switch to MANUAL mode 2 10 7 seconds afier this action if it is not already in
manual mode; maintain Nr 95% to 100% with throttle and collective; land as soon as possible, and
perform a normal shutdown if possible. There is a warning that 2 to 7 seconds after the FADEC FAIL
warnings, FADEC may be in MANUAL mode without any pilot action. Nr may increase very rapidly
and overspeed to 110% which will result in an engine flameout unless the pilot takes immediate manual
control of the FADEC with the throttle, See the enclosed excerpts from the flight manual.
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Examination of the helicopter by the FAA inspector at the accident site revealed that, the lefi skid was
buckled, and the right skid was partially separated. The lower right forward portion of the fuselage was
damaged, and the fuselage at the tailboom attaching point was buckled. One main rotor blade sustained
damaged in the area of the trim tab. The battery was connected and it was verified that the "auto light"
was on. The throttle position in the cockpit was found open approximately 80 degrees.

An examination of the FADEC system was completed on September 26, 1996, under the supervision of
the investigator-in-charge at the Bell Textron plant in Fort Worth, Texas. With a notebook computer
connected to the FADEC download port, the wiring hamess from the ECU to the HMU was flexed by
hand. It was found that when the aft portion of the hamess from the forward firewall to the HMU was
flexed by hand near the HMU connector, the voltage from the HMU metering valve position sending pot
became erratic. The hamess was disconnected from the ECU; the FADEC waming homn sounded and
the FADEC FAIL waming light illuminated. The harness was removed and an insulation resistance
check was performed using a high voltage tester (Megger). The test revealed that the pin N on the HMU
end of the harness indicated a low resistance to the connector back shell (approximately 10,000 Ohms).
This aft HMU harness, P/N 23062796, S/N NX0020 was sent to Simmonds Precision for a detailed
examination. The HMU and ECU were removed and sent to Chandler Evans Corporation for further
examination. The engine was removed and sent to Allison Engine Company for examination. See the
enclosed report from Bell Helicopter and the excerpts from the Allison report for further details of the
aircraft examination. :

The examination bf the chgine, HMU, and ECU fevealed that they perfonﬁed within the manufacturer's
specifications. The examination of the aft HMU hamess revealed a manufacturing defect. See the
detailed reports of these examinations which are in the enclosed excerpts from the Allison Engine

Company report.

Use your browsers back’ function to return to synopsis
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NTSB AVIATION ACCIDENT/INCIDENT DATABASE REPORT

General Information
Local Date:
Local Time:

Report Number:

—— . ——————————— - ——— i —— —— T T ——————— i — —— — — . - —— O ———— T ——

FTWO6LA395

09/21/1996
14:25 CDT

City:State KERRVILLE:TX
Airport Name:ID

Event Type: ACCIDENT
Injury Severity: SERIQUS
Report Status: FINAL

——————— - ——————— . T o ——————— ] " ———— — ——— T ——————

Operations Information
Category of Operation:
Aircraft Type:

Aircraft Damage:

Phase of Flight:

Aircraft Make/Model:
Operator Doing Business As:
Operator Name:Code
Cperator:

Cwner Name: BELL HELICOPTER TEXTRCON INC.

Narrative

DURING THE DAY PRIOR TQ THE ACCIDENT, WHEN THE FLIGHT WAS 20

MINUTES FROM KERRVILLE AFTER FLYING THROUGH A LIGHT RAIN, THE

RESTART FAULT LIGHT ILLUMINATED ON THE CAUTICN AND WARNI NG LIGHT

PANEL. THE FLIGHT CONTINUED TO KERRVILLE AND LANDED WITHOUT

FURTHER INCIDENT. MAINTENANCE WAS PERFORMED TO CORRECT THE

DEFICIENCIES. ON THE DAY OF THE ACCIDENT, THE HELICOPTER'S ENGINE

WAS STARTED AND GROUND RUN TWO TIMES WITH ALL SYSTEMS NORMAL. A 10

MINUTE TEST FLIGHT WAS PERFORMED AND NO DISCREPANCIES WERE NQOTED.

DURING THE APPRO ACH TO KERRVILLE AIRPCRT, AT 300 FEET AGL, IN A

RIGHT TURN, AFPROXIMATELY 60 KNOTS, THE PILOT NOTED THE FADEC FAIL

LIGHT AND WARNING HORN. DURING THE AUTOROTATICN, TO AVOID TREES

AND HQUSES, HE EXTENDED THE GLIDE BY INCREASING COLLECTIVE P ITCH.

AFTER CLEARING THE OBSTACLES, HE LEVELED THE HELICOPTER AND "USED

ALL REMAINING COLLECTIVE FOR LANDING.™ THE HELICOPTER "LANDED HARD

AND REMAINED UPRIGHT." THE PILOT DID NOT PERFORM THE EMERGENCY

PROCEDURE FOR A FADEC FA IL WARNING LIGHT AS PRESCRIBED BY THE

BELL 407 ROTORCRAFT FLIGHT MANUAL. AN EXAMINATION OF THE HMU

HARNESS REVEALED A MANUFACTURING DEFECT.

———— - —————————————— T ————————————— ——— W, T T ——————————————— i, —— 2 o —

GENERAL AVIATION
HELICOPTER
SUBSTANT IAL
000 NOT REPORTED
BELL BHT-407-XXX

—— e e —— A A S — T ————————— —— ——— . T T —— T —— T, o A —— ——————— ——— T —— " T —

Probable Cause




THE LOSS OF POWER DUE TO THE PILOT'S FAILURE TO COMPLY WITH

ESTABLISHED PROCEDURES. FACTORS WERE A SHORT IN THE FADEC WIRING -
HARNESS DUE TO A MANUFACTURING DEFECT, AND THE LACK OF SUITABLE

TERRAIN FOR THE FORCED LANDING.

O  — — — ————— —— —— — T T . s o i T — S ————— ——— . —— — T ———— . — —— T —— T & i =i Vi e il T —— ——

Aircraft Information

Number of Seats: 7
Aircraft Use:
Type of Operation: 14 CFR 91
Domestic/International:
Passenger/Cargo:
Registration Number: - ~1114s
Air Carrier Operating Certificates:
Aircraft Fire: NONE
Injuries

Fatal Serious Minor None
Crew 0 1 0 0
Pass 0 1 0 1
Other 0 0 0 C
Landing Gear: SKID
Certificated Maximum Gross Weight: - 5000
Engine Make: ALLISON
Engine Model: : 250C478B
Number of Engines: - 1 -
Engine Type: s .TURBO SHAFT

T e ————— ——— —— T — T —————————— —— i U w —— —————— T A D - ——————— o i e il

Environment/Operations Information
Basic Weather Conditions:VISUAL METEOROLOGICAL CONDITIONS {VMC)

Wind Direction (deg):Speed (knots) 0:5
Visibility (sm): 5-
Visibility RVR (ft): -0
Visibility RVV (sm): 0

Cloud Height Above Ground Level (ft): 1500
Visibility Restrictions: NONE
Precipitation Type: NONE
Light Condition: DAYLIGHT
Departure Airport Id: ERV

Departure City:State
Destination Airport Id:
Destination City:State

Flight Plan Filed: NONE
ATC Clearance: NONE
VFR Approach/Landing: FORCED LANDING

Event Location: CFF AIRPORT/AIRSTRIP
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FAA INCIDENT DATA SYSTEM REPORT
Report Number: 19961104034519G
General Information

Local Date: 11/04/1996
Local Time: 08:23
City: FLAGSTAFF
State:

Airport Name:

Airport Id:

Aircraft Information

Aircraft Damage:

Phase of Flight: ROLL-QUT (FIXED WING)
Alircraft Make/Model: HUGHES HU-369-~FF
Airframe Hours:

Operator Code:

Operator:

Owner Name:

Narrative

NARRATIVE: WHILE PERFORMING FLIGHT TESTS ON A PROTO-TYPE MD630N AT
FLAGSTAFF AIRPORT, FLAGSTAFF, ARIZONA, THE PILOT ENTERED THE NINTH
(9TH) AUTO-ROTATICN OF THE DAY AND MADE AN AUTO-ROTATION RUNNING
TOUCH-DCWN ON A PAVED SURFACE. AS THE HELICOPTER'S MAIN ROTOR RPM
DECAYED WITH THE VEHICLE STILL SLIDING. (200 FT. APPRCX.) AND
HAVING FORWARD GRCUND SPEED, THE MAIN ROTOR BLADES DIVERTED AFT
AND CONTACTED THE NOTAM TAIL CONE SEVERING IT FROM THE FUSELAGE
APPROX. SIXTY PERCENT AFT OF FUSELAGE ATTACHING POINTS. THE
HELICOPTER CONTINUED SLIDING FORWARD SLOWING DOWN DRAGGING THE
SEVERED TAIL SECTION AND MAKING A 180 DEGREE TURN COMING TO REST
ON THE RUNWAY. THE SQLE OCCUPANT, THE TEST PILOT, WAS NOT INJURED
AND THE HELICOPTER SUSTAINED MINOR DAMAGE. THIS REPORT IS CLOSED.
THIS REPCRT DOES NOT INVOLVE AN NMAC REPORT. FAA FORM 8020-11 NOT
RECEIVED FRCM AT. THIS DOES NOT INVOLVE A PILOT DEVIATION REPORT

Detail

Primary Flight Type:

Secondary Flight Type: TEST FLIGHT

Type of Operation: GENERAL OPERATING RULES
Registration Number: 630N

Total Aboard: 1

Fatalities: 0




Injuries: ' 0

Landing Gear:

Aircraft Weight Class: UNDER 12501 LBS
Engine Make:

Engine Model:

Engine Group:

Number of Engines: 1

Engine Type:

———— i —— T v — A A S — O S S e S S o T e U S S S S S S S Gk Al

Environmental/Operations Information

Primary Flight Conditions: VISUAL FLIGHT RULES
Secondary Flight Conditions: WEATHER NOT A FACTOR
Wind Direction (deg):

Wind Speed (mph):

Visibility (mi): 10
Visibility Restrictions:

Light Condition: DAY
Flight Plan Filed: NONE

Approach Type:

— o ik TR S —— b S i A R S S A S S VS T S S S D I P . S S S S S S N S S S S A S S S — . " S T —

Pilot-in-Command

Pilot Certificates: ~ AIRLINE TRANSPORT :

Pilot Rating: AIRPLANE SINGLE, MULTI-ENGINE
LAND

Pilot Qualification: QUALIFIED

Flight Time (Hours}

Total Hours:

Total in Make/Model:

Total Last 90 Days:

Total Last 90 Days Make/Model:
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On November 4, 1996, at 0823 hours mountain standard time, the pilot of a McDonnell Douglas
MD-600 (NOTAR) experimental helicopter, N630N, experienced a tail boom separation during a
landing at FlagstafT, Arizona. Visual meteorological conditions existed at the time and no flight plan
was filed for the local test {light, The aircrafl was substantially damaged and the pilot was not injured.
The aircraft is owned and operated by McDonnell Douglas Helicopter in Mesa, Arizona, and was being
operated under an experimental certificate. The six-bladed main rotor helicopter can seat six to seven
persons and is equipped with a 600-shaft horsepower engine.

This was a recertification flight test and the pilot was performing a series of height velocity landings.
The helicopter was being flown at 4,100 pounds maximum gross weight and was being monitored by
onboard instrumentation and telemetry. The pilot indicated this was the 10th landing in the test profile.
With a target data entry point of 60 knots indicated airspeed and an altitude of 15 feet, the aircraft
touched down at 30 knots. During the 3.5 second and 200-foot slide on the skids, he felt the aircraft
shudder, followed by a separation of the tail boom from contact with the main rotor blades. The winds
were from 210 degrees at 2 knots and the runway was dry. The pilot reported no mechanical
malfunctions or problems with the aircraft prior to the accident.

A videotape of the accident sequence was taken by McDonnell Douglas (MD) ground personnel. The
tape indicated a normal autorotative approach and touchdown. During the slide down the runway, the
main rotor blades contacted the 1ail boom and severed it. The aircraft came to a full stop and the pilot
exited the aircrafl.

Recorded engineering test data indicated the aircraft touched down at 1.5 g's with a 2.6 foot per second
rate of descent. The position of the collective control during the landing and the ground slide was at near
the 100 percent up position at touchdown and during the ground slide.

In a discussion with MD test engineers, they described the main rotor blade contact with the tail boom
as to have been a result of forward velocity and low/decaying main rotor rpm (advanced ratio) due to a
full up collective position during the ground run out phase following the autorotative touchdown. In the
condition of a high advance ratio, due to the low/decaying main rotor rpm and forward speed, a
"blowback" of the main rotor disk occurs. They described this condition as the forward portion of the
main rotor disk being displaced upward, while the rear portion of the disk displaces downward. This
"blowback” condition is compounded by the high angle pitch setting which causes blade stall over a
large portion of the rotor disk. This resulted in an excessive "blowback” that quickly allows tail boom
contact by the main rotor blades.

In a further discussion with the MD engineers, they explained that this "blowback” condition exists in all
helicopters, but is more apparent in this model due a greater gross weight, reduced flare/deceleration
capabilities because of tail boom length and installation angle, and the increased surface of the
additional main rotor blade resulting in a more rapid decay of main rotor rpm. McDonnell Douglas
Helicopter Company has claimed an exemption from public disclosure of the engineening test data and
the video associated with this accident as proprietary and confidential information.
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NTSB Identification: LAX97LA034 . The docket is stored in the (offline) NTSB Imaging System.

Accident occurred Monday, November 04, 1996 at FLAGSTAFF, AZ
Aircraft:Mc¢Donnell Douglas MD-600, registration; N630N
o Injuries: 1 Uninjured.

The test pilot made a successful preplanned autorotation to a runway in the test helicopter for
certification purposes. The aircraft was operated at a designed maximum gross weight to establisha -
height velocity curve for future operations in high density altitudes. During the ground slide, the main
rotor blades contacted and severed the tail boom. Various combinations of engineering design and the
'blowback’ phenomena allowed the retreating main rotor blades to tilt downward and contact the tail
boom. :

The National Transportation Safety Board determines the probable cause(s) of this accident as follows.
An uncommanded main rotor blade to tail boom contact due to a blowback’ phenomena aftera
successful preplanned autorotation by the pilot to a high density altitude airport with a test aircraft
designed at a maximum gross weight.

Full narrative available
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NTSB AVIATION ACCIDENT/INCIDENT DATABASE
Report Number: LAX97LAOGL
General Information

Local Date:Time: 11/21/1996:09:01 MST

City/State: FLAGSTAFF, AZ

Airport Name:ID FLAGSTAFF PULLIAM:FLG

Event Type: ACCIDENT

Injury Severity: NCNE

Operations Information

Category of Operation: GENERAL AVIATION

Aircraft Type: HELICOPTER

Aircraft Damage: SUBSTANTIAL

Phase of Flight: OTHER

Aircraft Make/Model: MDDH HU-600-N

Cperator Doing Business As:

Operator Name/Code:

Owner Name: MCDCNNELL DOUGLAS
Narrative
THE HELICOPTER WAS BEING FLIGHT TESTED TC VALIDATE CERTIFICATION
CRITERIA FOR HEIGHT VELOCITY CURVES AT A MAXIMUM GROSS WEIGHT AND
ZERO AIRSPEED AT A HIGH DENSITY ALTITUDE AIRFORT. ON THE FQURTH
TEST PROFILE, THE PILOT ALLOWED THE AIRCRAFT TO DESCEND BELOW THE
TARGET ALTITUDE OF 800 FEET AGL BY ALMOST 70 FEET. THE GROUND
TEST ENGINEERS OBSERVED THE DRIFT DOWH AND DIDN'T ADVISE THE PILOT
BECAUSE THEY ASSUMED HE HAD ALREADY BEGUN THE AUTCROTATION AFTER
HE HAD MADE THE 3 SECOND CALL, AND ALSO THEY BELIEVED THEIR GROUND
EQUIPMENT WAS INACCURATE. THE PILOT DELAYED THE AUTOROTATION FOR
ABQUT 8 TO 12 SECONDS AND THEN LOWERED THE COLLECTIVE. THE
AIRCRAFT LANDED HARD EXCEEDING THE MAXIMUM LOAD FOR THE LANDING
GEAR SYSTEM. THE HORIZONTAL SPEED AT TOUCHDOWN WAS 52 KNOTS
INSTEAD OF THE TARGET SPEED OF 65 KNOTS5. THE TEST HELICOPTER WAS
EQUIPPED WITH STANDARD ANALOG ALTIMETERS WITH POINTERS THAT HAVE A
LAG TIME INSTEAD OF THE MORE ACCURATE REAL TIME DIGITAL
ALTIMETERS.
Probable Cause
THE PILOT'S INATTENTION TO THE ALTITUDE AND INADVERTENT LATE ENTRY
INTO AN AUTCROTATICHN MANEUVER BELOW THE ESTABLISHED MINIMUM TEST
ALTITUDE WITH A HELICOPTER CPERATING AT MAXIMUMGROSS WEIGHT IN A
HIGH DENSITY ALTITUDE ENVIRONMENT THAT LED TO A SUBSEQUENT HARD
LANDING. CONTRIBUTING WERE THE LACK OF POSITIVE COMMUNICATIONS
BETWEEN GROUND TEST PERSONNEL AND THE PILOT REGARDING THE LOW
ALTITUDE, AND THE LACK OF ACCURATE IN-FLIGHT AND GROUND ALTIMETER
EQUIPMENT.
Aircraft Information

Number of Seats: 2

Aircraft Use:




Type of Operation: 14 CFR 91

Registration Number: 630N
Aircraft Fire: NONE
Injuries
Fatal Serious Minor None
Crew 0 0 0 1
Pass 0 0 0 0
Other 0 0 0 0
Landing Gear: SKID
Certificated Maximum Gross Weight: 4100
Engine Make/Model: ALLISON/250-C47M
Number of Engines: 1
Engine Type: TURBO SHAFT

Environment/Operations Information
Basic Weather Conditions:VISUAL METEOROLOGICAL CONDITIONS (VMC)

Wind Direction (deg)?Speed (knots): 0/0
Visibility (sm): 50
Visibility RVR (ft): 0
Visibility RVV (sm): 0
Cloud Height Above Ground Level (ft): 0
Visibility Restrictions: NONE
Precipitation Type: NONE
Light Condition: ' DAYLIGHT
Departure Airport Id: FLG
Flight Plan Filed: NONE
ATC Clearance: NONE
VEFR Approach/Landing: TRAFFIC PATTERN, SIMULATED FORCED LANDING
Event Location: ON AIRPORT
Pilot-in-Command
Certificates: COMMERCIAL, AIRLINE TRANSPORT
Ratings:
Plane: SINGLE ENGINE LAND, MULTIENGINE LAND
Non-Plane: HELICOPTER, GLIDER
Instrument: AIRPLANE, HELICOPTER
Had Current BFR: YES
Months Since Last BFR: 12
Medical Certificate: CLASS 2
Medical Certificate Validity: VALID MEDICAL-WITH
WAIVERS/LIMITATIONS
Flight Time (Hours)
Total : 10342 Last 24 Hrs : 1
Make/Model : 1194 Last 30 Days: 56
Instrument : 0 Last 90 Days: 113

Multi-Engine: 2018 Rotorcraft : 7525




LAX97LA061

OOn November 21, 1996, at 0901 hours mountain standard time, 2 McDonnell Douglas (MD) prototype
<xperimental helicopter, MD-600N (NOTARY), N630N, landed hard during a local test flight at the
adrport in Flagstaff, Arizona. Visual meteorological conditions existed at the time. The aircraft sustained
< ubstantial damage and the pilot was not injured. This aircrafl was involved in a similar accident with
the same pilot at the same location during {light tests on 11/04/96 (LAX-97-L-A034).

According to the operator, the test pilot was performing a series of height velocity curve autorotations at
mmaximum gross weight (4,100 pounds) at various altitudes and at zero airspeeds between 800 to 1,000
feet above the ground (agl). During touchdown on the fourth autorotation, the helicopter contacted the
runway and displaced both skids with the nght skid separating from the aircrafi at the brace assembly -

connecting bolt hole. The fuselage was buckled and cracked along the right side and the bottom of the
fuselage. :

The investigation revealed that the three previous test point autorotations were conducted at: 1,000 feet
agl at 40 knots airspeed; 1,000 feet, 0 airspeed; and at 850 feet, 0 airspeed. There were no reported
problems with these tests. According to MD engineers, the first two test points had "mild touchdown
rates” (less than 1.5 g's and less than 5 feet per second). The touchdown rate for the third data point

indicated a 1.75 g or 5.2 feet per second. It was discovered (alter the accident) that the actual entry for
this test was begun at 810 feet, instead of the 850 foot intended altitude.

On the fourth test point autorotation, the test pilot was to be at an entry altitude of 800 feet agl and zero -

airspeed. Prior to entry, the pilot radioed a standard 3 second call to the ground crew that he was about
to begin the test run. According to MD ground test data personnel reviewing the instrumentation plots,
the entry did not occur until 8 to 12 seconds after the pilot's initial call. During this time, the aircraft had
drifted down approximately 70 to 730 feet agl. A review of the video recording indicated the helicopter
contacted the runway with the aft portion of the skids. The touchdown rate was about 4.0 g's or 13.5 feet
per second. The design limit for this landing gear (skid) system was 6.5 feet per second.

According to the pilot, the autorotation looked very similar to the previous data point until touchdown.
At touchdown, the right gear collapsed and the helicopter dropped onto its right side. He stated the
touchdown speed was approximately 45 knots. According to the test data, the horizontal speed did not
get above 60 knots indicated airspeed, whereas, the other previous data points had horizontal speeds
over 64 knots. The test data for this autorotation indicated a speed of 52 knots at touchdown.

The investigation revealed the helicopter was equipped with a standard barometric pressure altimeter
and a radar altimeter that was recently calibrated to a + or - 10 feet. Neither of these altimeters provide a
digital readout and the altitude seen by the pilot is the needle position (analog) on the gauge. According
to MD, there were no other precision instruments available to assist the pilot with altitude readout.
Ground personnel monitoring the altimeter strip chart, which they had known to be inaccurate, noticed
the aircraft "drift down” about 50 feet and assumed the pilot had already lowered the collective to begin
the test after he had made the 3 second call. They did not inform the pilot of their observations.

As a result of this accident and others, MD reduced the maximum operating gross weight to 3,650
pounds and installed a digital altimeter in the cockpit.

The McDonnell Douglas Helicopter Company has claimed an exemption from public disclosure of the
information contained in their accident report as privileged and confidential.

12/28/01 6:53 PM
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NTSB Identification: LAX97L.A061 . The docket is stored in the (offline) NTSB Imaging System
Use your browsers 'back’ function to retumn to synopsis

. Accident occurred ThursdR§USGOSNBIPEEE 1996 at FLAGSTAFF, AZ
- Aircraft McDonnell Douglas MD-600N, registration: N630N
* Injuries: 1 Uninjured.

The helicopter was being flight tested to validate certification criteria for height velocity curves at 5
maximum gross weight and zero airspeed at a high density altitude airport. On the fourth test pro £ le, the
pilot allowed the aircraft to descend below the target altitude of 800 feet agl by almost 70 feet. The
ground test engineers observed the drift down and didn't advise the pilot because they assumed he 1,4 |
already begun the autorotation after he had made the 3 second call, and also they believed their groyng
equipment was inaccurate. The pilot delayed the autorotation for about 8 to 12 seconds and then .
lowered the collective. The aircraft landed hard exceeding the maximum load for the landing gear
system. The horizontal speed at touchdown was 52 knots instead of the target speed of 65 knots. Thc

test helicopter was equipped with standard analog altimeters with pointers that have a lag time instegg

of the more accurate real time digital altimeters. ,

The National Transportation Safety Board determines the probable cause(s) of this accident as foll gy
The pilot's inattention to the altitude and inadvertent late entry into an autorotation maneuver beloyw, the
established minimum test altitude with a helicopter operating at maximum gross weight in a high
density altitude environment that led to a subsequent hard landing. Contributing were the lack of

positive communications between ground test personnel and the pilot regarding the low alntude and the
lack of accurate 1n-ﬂ15ht and ground altimeter equipment.

Full narrative available
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NTSB AVIATION ACCIDENT/INCIDENT DATABASE REPORT
Report Number: LAX97FA0S1

General Information

Local Date:Time 01/18/1997:12;20MST

City:State FLAGSTAFF,AZ

Airport Name:Id FLAGSTAFF PULLIAM:FLG

Event Type: ACCIDENT

Injury Severity: NONE

Operations Information ‘

Category of Operation: GENERAL AVIATION

Aircraft Type: HELICOPTER

Aircraft Damage: DESTROYED

Phase of Flight: LANDING

Aircraft Make/Model:

Operator Doing Business As: MCDONNELL DOUGLAS HELICOPTER

Operator Name/Code:

Operator:

Owner Name: MCDONNELL DOUGLAS
Narrative
DURING A CERTIFICATICN TEST FLIGHT, THE PILOT WAS FOLLOWING TEST
CARD PROCEDURES TO ESTABLISH PARAMETERS FOR A HEIGHT-VELOCITY
DIAGRAM. HE BEGAN AN AUTOROTATION, USING A 1-SECOND DELAY (TO
SIMULATE PILOT REACTION TIME) BEFORE LOWERING THE COLLECTIVE. AS
THE AUTOROTATION PROGRESSED, THE HELICOPTER DEVELOPED A RATE OF
DESCENT THAT THE PILOT WAS UNABLE TO CHECK. SUBSEQUENTLY, THE
HELICOPTER TOUCHED DOWN HARD, THE SKIDS COLLAPSED, AND THE
TAILBCOM WAS SEVERED BY THE MAIN ROTOR BLADES. THE HELICOPTER SLID
OFF THE RUNWAY IN TO SNOW AND ROLLED ONTO ITS RIGHT SIDE.
CIRCUMSTANCES IDENTIFIED IN THIS ACCIDENT HAD BEEN IDENTIFIED
DURING PREVICUS INVESTIGATICNS OF FLIGHT TEST ACCIDENTS
WITH THIS HELICOPTER, BUT THAT INFORMATICN HAD NOT BEEN PROVIDED
TO THIS TEST PILOT AND FLIGHT ENGINEER.

Prcbable Cause

FAILURE OF THE MANUFACTURER TO FOLLOW ITS DIRECTIVE TO DEVELOP
CORRECTIVE MEASURES IN RESPONSE TO KNOWN ACCIDENT DATA, AND THEIR
FAILURE TO ENSURE THAT PERTINENT INFORMATION (IN ENGINEERING

DEPARTMENT) WAS CCMMUNICATED TO THE TEST PILOT AND ENGINEER (IN
FLIGHT TEST).

Aircraft Information
Number of Seats: 1
Aircraft Use: _
Type of Operation: 14 CFR 91
Registration Number: 8202L
Air Carrier Operating Certificates:




Alrcraft Fire:

Injuries
Fatal Serious Minor None
Crew C 0 o 1
p@ass 0 _ _0—- - —0——0—
Other 0 0 0 0

Landing Gear:

Certificated Maximum Gross Weight:

Engine Make:

Engine Model:

Number of Engines:

Engine Type:
Environment/Operations Information

Basic Weather Conditions:VISUAL METEOROLOGICAL CONDITIONS

Wind Direction (deg):
Wind Speed (knots):
Visibility (sm):
Visibility RVR (ft):
Visibility RVV (sm}:

Cloud Height Above Ground Level (ft):

Visibility Restrictions:
Precipitation Type:
Light Condition:
Departure Airport Id:
Flight Plan Filed:

ATC Clearance:

NONE

SKID

4100
ALLISON
250-C47M

1

TURBO SHAFT

(VMC)
50

5

10

0

C

0

NONE
NONE
DAYLIGHT
FLG '
NONE
VFR

VFR Approach/Landing: TRAFFIC PATTERN, SIMULATED FORCED LANDING

Event Location:
Pilot-in-Command

Certificates: COMMERCIAL, AIRLINE TRANSPORT,

Ratings:
Plane:
Non-Plane:
Instrument:
Had Current BFR:
Months Since Last BFR:
Medical Certificate:
Medical Certificate Validity:
WAIVERS/LIMITATIONS

Flight Time ({Hours)

Total 10379 Last 24 Hrs :
Make/Model : 1213 Last 30 Days:
Instrument 0 Last 90 Days:

2018 Rotorcraft :

Multi-Engine:

ON AIRPORT

FLIGHT INSTRUCTOR

SINGLE ENGINE LAND, MULTIENGINE LAND

HELICOPTER, GLIDER
ATRPLANE, HELICOPTER
YES

8

CLASS 2

VALID MEDICAL-WITH

1

15
133
7556
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LAX97FA09]
HISTORY OF FLIGHT

On January 18, 1997, at 1220 hours mountain standard time, a McDonnell Douglas MD600N, N9202L,
crashed at FlagstafY, Arizona. The aircraft was destroyed; however, the test pilot, the sole occupant, was
not injured. The aircraft was being operated by the McDonnell Douglas Helicopter Company on a
certification test flight when the accident occurred. The local flight originated at the FlagstafT Pulliam
Airport at 1146. Visual metcorologxcal conditions prevailed at the time and no flight plan had been
filed. -

The operator reported that the pilot had completed four autorotations (height/velocity test data points)
from closed traffic on runway 03 without incident. On the next maneuver, the pilot entered an
autorotation from 150 feet agl and 85 kias with a I-second delay in collective reduction. As the .
maneuver progressed, the aircraft developed a rate of descent the pilot was unable to check. According
to onboard telemetry, the aircraft 1mpacted the runway at a vertical velocxty above the Iandmg gear's
structural limits.

PILOT INFORMATION

The pilot is a graduate of the U.S. Naval Test Pilot School and is employed as a flight test pilot by the
aircrafl manufacturer. He was formerly a U.S. Air Force test pilot.

AIRCRAFT INFORMATION

The aircralt was a preproduction experimental model pending the issuance of a normal category
airworthiness certificate upon successful completion of the flight test certification program (FAR
27.79). The purpose of this flight test was to establish the parameters of the height-velocity diagram.
The aircraft gross weight was 4,100 pounds with a forward center of gravity.

WRECKAGE AND IMPACT INFORMATION

A video recording of the accident revealed that as the aircraft touched down, the skids collapsed and the
tailboom was severed by contact with the main rotor blades. The tailboom separation resulted in loss of
directional control and the aircraft began yawing left during the accompanying ground run. As the
ground run progressed, the aircrafl veered off the lefl side of the runway and onto snow covered sod.
The main rotor blades struck the ground as the aircraft rolled onto its right side and came to rest.

SURVIVAL ASPECTS

The pilot shut down the aircraft and exited the cockpit through the fractured forward canopy with the
aid of crash rescue personnel.

TESTS AND RESEARCH )

Detailed discussions were conducted with a representative of the manufacturer, and, the Safety Board
examined proprietary company reports. After reviewing the telemetry data, the manufacturer found that
conditions in two previous {light test accident investigations were similar to the conditions of this
accident. The internal company recommendations that arose from those two accidents had not been

hetp/Awww ntsh gov/NTSB/bricf2 asp?ev_id=20001208X07311&ntsbno=LAX97FACS 1 Lakey=1}
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complied with when the latest accident occurred. The first recommendation was "to study/define Nr to

airspeed 1o power off rotor dynamics,” the second was 1o “Further investigate and define the ‘blowback'
phenomena and the conditions that cause it 1o occur." Also, the findings of the two previous

investigations had not been made available to the program test pilot or the flight test engineer. ‘

The data collected from the previous investigations revealed that the difference between a previously
successful autorotation and the autorotation that preceded the accident was the position of the aft
longitudinal control. In the accident sequence it remained at a position higher than the previous
autorotation for about 1.0 seconds. The manufacturer concluded that this put the main rotor in, at least,™ —
a partial, and probably increasing stall condition. This conclusion was supported by corresponding

increases in mast bending loads and control forces.

According to the manufacturer, the data indicated that the stall peaked approximately 3.0 seconds after
the initial collective reduction with the aircrall now about 40 feet radar altitude. The resulting loss of
main rotor lift would cause an increase in the rate of descent. The data further shows that a continued
increase in collective control would only increase the rotor stall, and the attempt to use airspeed
reduction (flare) to help reduce the rate of descent would also be ineffective.

Use your browsers back’ function 1o return to synopsis
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20f2 12728701 6:39 PM




0Y/2 f//ff/




. -
L// 25/97

D L L L L LT «s=+ REQUEST 074/98, REPORT 67 =ever-c-cmcmacaas P B e +
+ PRELIMIXKARY REPORT CANADAIR-BDT00 ACCIDENT +
* EVEHTS:PHASES WHEELS-UP LANDING-UNINTENTIONAL-LEVEL OFF/TOUCHDOWN +*
$eomrsmcnas LA e AAbsAsssLmsSsseTsTTAAAAAssRRARAARRRTAR ST LA b L L Ll S L bl e ik itk ket srsrRsassmwesTewsEEne - +

b
Commmmmaan cereremeena wer OPERATION -=--=---==-c-ceeccacccn > 4+ Coeevessvecesarsscnconoan FILE DATA ==-=eemcccessconoccncns >
TYPE 1 MISCELLANEOUS - TEST/EXPERIMENTAL ++ ICAD FILE T 97/2369-0

++ FROM STATE : CANADA
FINAL REP ++
e DATE, TIME AND METECROLOGICAL DATA ---=------ R AIRCRAFT DATA --e-ecssmmmmmnccencan >
DATE : 97-04-25 ++ MASS CATEGORY : 5701 - 27 000 X6
TIME T 19:50 ++ STATE OF REGISTRY : CANADA
LIGHT :  UNXNOWN ++ REGISTRATION + C-FJoX
GEN WEATHER T UNKNOWN ++

L 2 3
Cismmemersmnacnaceaenaas LOCATION =----v-eoevmomacmcccoan- > 4+ €--=evevvem~ DAMAGE, INJURY AND TOTAL ON BOARD ------ eveae>
LOCATICN : TORONTO/DOWNSVIEW ++ A/C DAMAGE : SUBSTANTIAL
STATE/AREA  : CANADA + INJURY : FATAL SERIOUS MINOR KONE UNKNOWN TOTAL
DEPARTED :  TORONTO/DOWNSVIEW + CREW 3 0o 0 0 2 0 2
DESTINATION : TORONTO/DOWNSVIEW ++ PAX ¢ 0 0 0 3 ] 3

L 2

----------------- NARRATIVE ==-v--sossanacas

THE EXPERIMENTAL A/C LANDED WITH THE GEAR RETRACTED, FOR THE PURPOSES OF THE TESTS TO BE PERFORMED DURING THE FLIGHT, THE

GPWS HAD BEEN DISABLED. UNDER NDRMAL CIRCUMSTANCES, WITH THE GPWS FUNCTIONING AND DESPITE THE AUDIBLE WARNING SYSTEM BEING
DISABLED, THE CREW WOULD HAVE RECEIVED A "TOO LOW GEAR™ WARNING FROM THE GPWS WHEN THE A/C DESCENDED BELOW Q00 FT AGL. THE
LANDING GEAR WAS NOT SELECTED DOWN. THE CREW SAID THAT THEY WERE NOT FOLLOWING THE PRE-LANDING CHECKLIST.

-

----------------------------------- vesacasasce REQUEST 074798, REPORT 68 =---e-mmememmcccocmmeooccocoaacceoccnnnaasfond
*+ DATA_REPORT MISCELLANEQUS-MICROLIGHT peCTDENT +
+ EVENTSTFUASES UNSPECIFIED FAILURE-FIRST ENGINE-CIRCUIT PATTERN/FINAL +
+ UNDERSHOQT-LEVEL OFF/TOUCHDOWN +
LT o L L L R L L R T L L LT T e R L Ly L L Rl Ll el *
++
femmsvesmaamaneans seasea DAERATION =====-- csmcaccrosranans » +4 Crverscmessaceasomoooaos FILE DATA =====s-cecemmamccacann- >

TYPE 1 MISCELLANEOUS~:_TEST/EXPERIMENTAL ++ [CAD FILE : 977017970

++ FROM STATE : INA FASO
FINAL REP "
Cmemmmmana-- DATE, TIME AND METEOROLOGICADMRATA ---------- > 44 Crmeemcccccnno g ennan AIRCRAFT DATA -----ccccnmmmmenns e
DATE : 97-05-15 ++ MASS CATEGDR : BELOW 2250 KG
TIME T 09:52 ++ STATE DP"REGISTRY : BURKINA FASO
L1GHT : DAYLIGHT ++ REGISTRATION : XT-ADA
GEN WEATHER : WMC

+4
Kmmmesensnacoccocconann LOCATION =-=--=c--s=ama=xs veortlor 44 ooy DAMAGE, INJURY AND TOTAL ON BOARD ==--------- »
LOCATION 1 OUAGADOUGOU ++ A/C DAMA : SUBSTAKTIAL
STATE/AREA  t BURKINA FASO ++ [NJURY L SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : OUAGADOUGDU ++ CREW ) 0 1 0 1
DESTINATION : OUAGADOUGOU ++ PAX 2 0 D 0 0 0 0

+*+

eerecmceaccasaaan NARRATIVE =----cccsvomonas

-

DURING THE DOWNWIND LE&@ THE ENGINE FAILED. TKE PILOT TRIED TO REACH THE RWY BY SHORTENING THE BASE LEGI~BUT IMPACT OCCURRED

A FEM HUNDRED METRES™ FROM THE RWY THRESHOLD.
1CAD NOTE: FACTORS NOT REPORTED.

------------ SEQUENCE OF EVE
EyEXT 1 UNSPECIFIED FAILURE-FIRST ENGINE - CIRCUIT PATTERN/FINAL
VENT 2  UNDERSHOOT - LEVEL OFF/TOUCHDOWN

NTS ----v-ssmmen
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#esereesstee et ettt sses e REQUEST 074798, REPORT 69 ===--====o=momoomomoc oo aaeaeans +
+ UNOFFICIAL REPORT IPTN-K-250 ACCIDENT +
+ EVENTS |PHASES OTHER-MANOEUVRING +
+ LOSS OF CONTROL-MANOEUVRING +
e L i twttissssssssssmssssssEsEssesammmvesasamam=am.=. +

++
€ommmmmnes ceeessnaseccns DPERATION =----=eesocsmmaancanan. O I T FILE DATA ====esccevsmmmmmmnncans >
TYPE : MISCELLANEQUS ~ TEST/EXPERIMENTAL ++ 1CAO FILE : 97/0153-0

++ FROM STATE :
FINAL REP -
D DATE, TIME AND METEOROLOGICAL DATA ---------- I R AIRCRAFT DATA =-=ccceeeecmooomrons >
DATE : 97-05-22 ++ MASS CATEGORY : S701 - 27 000 KG
TINE : 00:00 ++ STATE OF REGISTRY : [INDONESIA
LIGHT : ++ REGISTRATION 1 PK-XNT
GEN WEATHER @ ++

++
Gemmmeeeeee s LOCATION ===========ccccccccooaon > 44 Coommemeooos DAMAGE, INJURY AND TOTAL ON BOARD ~---------- >
LOCATION : SERANG ++ A/C DAMAGE : DESTROYED
STATE/AREA  : INDONESIA ++ INJURY : FATAL SERTOUS MINOR NONE UNKNOWN TOTAL
DEPARTED : + CREW @ 6 0 0 0 0 &
DESTINATION  : Pt 0 o 0 0 0 0

-

----------------- NARRATIVE «=+====-=cc=-o-~

AIRCLAIMS: DURING A LOW ALTITUDE PARACHUTE EXTRACTION (LAPES) TEST IN WHICH A 4 TONNE LOAD OF SAND WAS TO MAVE BEEN DROPPED
FROM A HEIGHT OF 1,100FT., PART OF THE PARACHUTE HARNESS APPARENTLY BROKE AVAY BEFCRE THE LOAD HAD BEEN FULLY EXTRACTED.
ATTEMPTS WERE MADE TO MANUALLY JETTISON THE LOAD BY PUSHING IT OFF THE RAMP BUT THIS WAS NOT POSSIBLE AS A METAL CLEVIS,
WHICH HAD FORMED PART OF THE HARNESS SHACKLE, MAD BECOME JAMMED BEWEATH THE PALLET. MEANWHILE, THE REAWARD MOVEMENT OF THE
LOAD HAD CAUSED CONSIDERABLE CONTROL PROBLEMS. IT WOULD SEEM THAT THE PILOT ATTEMPTED TO MAKE A FORCED LANDING BUT CONTROL
WAS LOST AND THE AIRCRAFT CRASHED AND BURNED. FOLLOWING THE ACCIDENT IT WAS STATED THAT AN EMPLOYEE OF METRIX SYSTEM INC.,
THE MANUFACTURER OF THE EXTRACTION SYSTEM, HAD APPARENTLY USED A CABLE WITH TOO LOW A LOAD CAPIBILITY TO RIG THE HARNESS.
THE WEAKER CABLE APPARENTLY APPEARED IDENTICAL TO THE CORRECT ONE.
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+ DATA REFORT SNOW-52R ACCIDENT +
+ EVENTS |PHASES NON-MECHANICAL FAILURE-FIRST ENGINE-NORMAL DESCENT +
+ COLLISION WITH OBJECT-LANDING +
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Cresenrssrrrrenny. wseves OPERATION ======= terorresancasaas » 44 Kecccccccccacccccncncnns FILE DATA -==<=====ccccccaccccana- >
TYPE t MISCELLANEOUS - TEST/EXPERIMENTAL ++ [CAO FILE r 9471093-0

++ FROM STATE __ : _UNITED STATES
FIKAL REP +
Cemenccncena DATE, TIME AND METEQROLOGICAL DATA -=--=--===-- > #4 Lecccccccscccccever .. AIRCRAFT DATA =====sscccccanccccecs >
DATE : 94-05-25 ++ MASS CATEGORY : 2250 - 5700 KG
TIME : 12:00 ++ STATE OF REGISTRY : UNITED STATES
LIGHT t  DAYLIGHT ++ REGISTRATION T N165%S
GEN WEATHER : VMC +

*b
e varmse LOCATION +====cc-cccererem" sasancsy 44 eomccmcocon DAMAGE, INJURY AND TOTAL ON BQARD =-=======---- >
LOCATION : BANCROFT,WI ++ A/C DAMAGE :t SUBSTANTIAL
STATE/ARER 1 UNITED STATES ++ ]NJURY : FATAL SERIOUS MINDR NONE UNKNOWN TOTAL
DEPARTED 3 BANCROFT ,WI ++ CREW H 0 0 0 1 0 1
DESTINATION : BANCROFT VI ++ PAX H 0 1] 4] 0 0 0

4

mesemsmesaceannnn NARRATIVE ==~~~ R R

OURING APP THE PILOT ENTERED A LONG GLIDE TO THE A/P. THE CONDITIONS WERE FAVOURABLE FOR CARBURETTOR ICING AT GLIDE POMWER
(ACCORDING TO THE TRANSPORT CANADA CARBURETTCR ICING CHART). WHEN THE THROTTLE WAS ADVANCED, THE ENGINE DID NOT PROOUCE
POWER. DURING THE FORCED LANDING SHORT OF THE RWY THE A/C STRUCK A DITCH. NO PRE-ACCIDENT MECHANICAL FAILURES WERE FOUND.

------------ SEQUENCE OF EVENTS -----==---=--
EVENT 1  NON-MECHANICAL FAILURE-FIRST ENGINE - NORMAL DESCENT

1.1CING - PRESENT

2.CARBURETTOR - ICE IN

3.0PERATION OF CARBURETTOR HEAT - NOT SELECTED

4.FORCED LANDING - PERFORMED
EVENT 2 COLLISION WITH OBJECT - LANDING

#oeen emmmeeaamecono e semammnnnaas REQUEST 074/98, REPORT 34 =--ssecccresmocsasssosecnonommmaaassarans sesee
+ DATA REPORT FOUGA-POTEZ-CM170 MAGISTER ACCIDENT +
+ EVENTS]PHASES SCRAPED WINGTIP/COWLING/FLOAT-TAKE-GFF RUN +
+ MAIN GEAR COLLAPSED/RETRACTED-ABORTED TAKE-OFF +
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€onene R s OPERATION =---=cse=cemocmseens ees> 44 Qemmooocemmseencicons e= FILE DATA ===---=-c-=- emmmeeeees >
TYPE : MISCELLANEOUS - TEST/EXPERIMENTAL ++ ICAQ FILE : 94/0241-0

++ FROM STATE : GERMANY
FINAL REP +
L et DATE, TIME AND METEOROLOGICAL DATA -------- ce> 44 Cromsesacoomoons ws=ss= AIRCRAFT DATA ------- S LT >
DATE : 94-07-02 ++ MASS CATEGORY : 2250 - 5700 KG
TIME : 17:36 ++ STATE OF REGISTRY : GERMANY
LIGHT t DAYLIGHT ++ REGISTRATION : D-IFCC
GEN WEATHER : WVMC *

++
€eemmmasanaceesoaaoes « LOGATION ======--= eemmmocceaanees > 44 Cmovmoaacees DAMAGE, INJURY AND TOTAL ON BOARD ==ve+====-- >
LOCATION :  NUERNBERG ++ A/C DAMAGE t SUBSTANTIAL
STATE/AREA  : GERMANY ++ INJURY : FATAL SERIOUS MINOR NONE UNKNOWN TOTAL
DEPARTED :  NUERNBERG + CREW : 0o o 6 1 0 1
DESTINATION : NUERNBERG “PAX ¢ o o 0 1 0 1

4

S DDEEREEETEEES NARRATIVE =------c-sesnsn-

DURING TAKE-OFF A TIP TANK SCRAPED THE RWY.
DRN: THE PILOT HAD LOWERED THE TAIL TO DIMINISH THE SHOCKS TO THE NOSEGEAR COMING FROM THE CENTRELINE LIGHTS ON THE RWY.
THERE WAS INSUFFICENT SPEED FOR THE TAKE-OFF AND THE A/C STALLED. THE TAKE-OFF WAS ABCRTED AND THE RIGHT GEAR COLLAPSED.

------------ SEQUENCE OF EVENTS --=====save~
EVENT 1  SCRAPED WINGTIP/COWLING/FLOAT - TAKE-OFF RUN
1.LIFT-OFF - POOR
1.PILOT-EXPERIENCE ON A/C TYPE-LOW
EVENT 2 MAIN GEAR COLLAPSED/RETRACTED - ABORTED TAXE-OFF




- Flight Test (NEWS =&

 PUBLISHYED BY THE SOCIETY OF FLIGHT TEST ENGINEERS
; POST OFFICE BOX £047, LANCASTYR, CA 935334047 USA ;

IPTN Airplane Accident

On Thursday May 22, 1997 at 13:28 PM. IPTN (Nusantara,
SFTE Corporate Member) lost 5 of its best flight test members in
an CN23§ aircraft accident. “The accident occurred while the
aircraft was performing LAPES test (Low Altituds Parachute
Extraction System) in Gorda, Serand - West Java. Initial reports
indicars the extraction line broke before the load had exited the
aireraft and a low altitude stall resulted. The five casualties were:
1. Capt. Pilot/Vice President Chief Test Pilot, Dipl. Ing. Erwin
Danoewinata, Graduated from Asronautic Engineering,
Department of Stuttgard University and the National Test Pilot
School, Mojave, CA. Award winner of the 1969 Ivan C. Kinchloe
Award. 2. Capt. Pilot Stanley P.H. Halim MFTT, Graduate from
Aeronautic Engineering Department of Technical University
Delft, Netherlands and the National Test Pilot Schoal in Mojave,
CA. 3. Flight Test Engineer, Ing. Didik Permadi, Graduated
from Aeronautic Engineering, Department of University de Paris

Paris, France and the National Test Pilot School in Mejave,
==A. 4. Flight Test Mechanie, Prihatno Sutodrwirye, Graduated
from LPPU/PLP Curug in Tanggerang. 5. Flight Test Mechanic,
Bamband Budi Prasetyo, Graduated from LPPU/PLP Cunyg in
Tanggerang,

SFTE extends our sincere sympathy to the families of the fallen
airmen and to Nusantara,

Corporate Member Highlight
Aydin Telemetry

During the latter part of 1996, the AYDIN Corporation made
"significant changes to realign their business structure. In line
with the Company's new market driven focus, AYDIN product
divisions were grouped to maximize the synergy of their people,
products, systems and technical expertise. The airborne talemetry
(AYDIN Vector) and ground telemetry product lines (AYDIN
Monitor) were combined to form AYDIN Telemetry.

Lockheed Martin Skunk Works, (LMSW) Palmdale, CA recently
selected AYDIN Corporation to provids Flight Test
Instrumentation for the Joint Strike Fighter Concept
monstration Program. The contract, valued 2t approximately
mﬂﬁmmmuAmmmeamajoﬁtyoﬂhe
equipment and to integrate other major subcontractor's equipment
for these aireraft for dalivery through 1998,

Ths Data Acquisition System specified by the US DOD and
LMSW is based upon the Common Airborne Instrumentation
System (CAIS) currently under development for the Department
of Defense by the US Navy. The F-22 and the F-18 E/F Programs
are the first major aircraft development programs to utilize a
CAIS Compatible Data Acquisition System.

The system will consist of standard AYDIN Micro-Miniature
Model MMSC-800 Narrow Band and Wide Band Data
Acquisition units used on the F-22 aircraft Program. The system
will be compatible with the CAIS BUS and integrated with other
major CAIS equipment. '

Additional AYDIN Vector equipment 10 be integrated includss
the High Speed Data Interleaver Mini Armor 700, RF
Transmitters, Programmable BUS Controllers, Data Interface
Modules, and Cockpit Displays.

AYDIN is a recognized world leader in the design, manufacture,
and systems integration of flight test and flight certification
instrumentation systems for both commercial and military
applications, Other major Lockheed Martin programs with which
AYDIN is involved include F-22, C-130J, F-16MLU, F-117 and
Dark Star Tier Il Minus UAV.

AYDIN Telemetry has released its Latest full line Vector products
Selection Guide, If you have not received the Guids and would
like a free copy, contact AYDIN Telemetry, P.O. Box 328,
Newtown, PA/USA, 18940-0328. You can also request a copy by
calling (215) 968-4271, fax (215) 9683214 or email

Scholarship Applications Requested

Applications for SFTE undergraduate must be received in the
Society Headquarters Office by July 8, 1997 along with a current
transcript. Applications can be requested from the Society Office.

Applicants shall be the son or daughter of a Society Member in
good standing or a Student Member in good standing.  Applicants
shall have completed his or her college freshman year and be
majoring in engineering, computer sciences, mathematics,
physics or other technical discipline. The Board of Directors will
determine the winner(s) of the scholarship. Scholarship, as
opposed to need, shall be 3 primary consideration for the award.
The award shall be for one school year, Previous winners, as well
as thoss who applied in previous years, are eligible to compets
agan.

\




Houle, David

From: Delaney, Michael

To: Houle. David

Subfect FW: IPTN Flight Test Tragedy in Serang, West Java, Indonesia
Date: Friday, May 23, 1997 2:58PM

Priority: High

Dave

Received this from Neil who is on the AIAA FT Tech Comm. with me.

MikeD

From: NEIL DOH

Subject: IPTN Flight Test Tragedy in Serang, West Java. Indonesia Date:
Friday, May 23, 1997 1 :OSPM

Dear Friends and Colleagues:

An experimental CN-235 military transport crashed and bu med at 13:1 Son =
Thursday. 22 June 1997 (06:15 GMT) at Gorda Airbase. All six flight= crews were
killed and bumed beyond recognition They were frve = Indonesians and one
American. They were executing a Low Altitude = Parachute Extraction System
(IAPES) test of @ 4,000 kg payload. = According to Dr. 8.J. Habibie, CEO of fPTN in
the aftermath news = conference, the airplane was about 200m above the ground
when the = parachute lanyards broke causing the payload to become unstable and
= shifted to the rear of the ac. The resulting extreme aft CG caused the ¢

ac to stall and Impacted tail first. The names of the deceased are:

1.Pilot Capt. Erwin Danoewinata * Chief Project Pilot
2.Co-pilot Halim

3. Project FTE: Didik Permadi

4.Mechanic: Prihatno

5.Mechanic: Bambang Budi

6.Consultant William Denton (American) Cargo Dropping System =

specialist of Metrix Inc.

This tragic accident is expected to create a major setback for IPTN .. Flight
Test Division and the certification of the N2SO project, as we m

are embarking on the early stages of its flight test program of 2 :s prototype
aircraft PA-1 and PA-2. Erwin was the PIC on the first ffight = of both aircraft
and has been involved in every test ffight thereafter. = He is survived by his
wife, Christiana. and 12-year~td son, Jan Wilour.= The Indonesians funeral NEILOOH
ceremony is scheduled to be officiated by Dr. = '

Aespectfulty;

Habibie today at the Cikutra Heroes Cemetery in Bandung.
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FAA INCIDENT DATA SYSTEM REPORT
Report Number: 19970909034819G

General Information

Local Date: 09/09/1997

Local Time: 15:05

City: SALINA

State: KS

Airport Name: SALINA MUNI

Airport Id: SLH

Event Type: INCIDENT - GENERAL AVIATION

Aircraft Information

Aircraft Damage: -

Phase of Flight: FCD/PREC LDG FROM CRUISE
Aircraft Make/Model: BEECH BE-95-B55 (TYZ2A)
Airframe Hours:

Operator Code: MANUFACTURER

Cperator: BEECH

Owner Name: AKIMASTERS | INC

Narrative

NARRATIVE: AIRCRAFT WAS ON EXPERIMENTAL FLIGHT TEST IN LOCAL
AREA AT WICHITA, KANSAS FOR SPIN RECOVERY. DURING RETRACTION OF
LANDING GEAR UNDER HIGH G LOADS, THE LEFT MAIN WOULD NOT RETRACT.
WHEN THE GEAR WAS THEN EXTENDED, IT WOULD NOT LOCK DOWN. AIRCRAFT
DIVERTED TO SALINA, KANSAS WHERE AN EMERGENCY LANDING WAS
PERFORMED WITH MINOR DAMAGE TOC LEFT GEAR DOOR, LEFT FLAP AND LEFT
AILERON. INVESTIGATION REVEALED THE LEFT LANDING GEAR RETRACT ROD
HAD FAILED.

Detail

Primary Flight Type:

Secondary Flight Type: TEST FLIGHT

Type of Operation: GENERAL OPERATING RULES
Registration Number: 93T

Total Aboard: 1

Fatalities: 0

Injuries: 0

Landing Gear: RETRACT TRICYCLE
Aircraft Weight Class: UNDER 12501 LBS

Engine Make: CovT -

Engine Model: JR?-V7k7525Q




Engine Group:
Number of Engines: 2
Engine Type: .

—————— o ——— — T ———————— e Al T i S S S S — T Y S ———————— T e T A S ———— — —

Environmental/Operations Information

Primary Flight Conditions: . UNKNOWN

Secondary Flight Conditions: WEATHER NOT A FACTOR
Wind Direction {(deg):

Wind Speed (mph):

Visibility (mi):

Visibility Restrictions:

Light Condition: DAY

Flight Plan Filed: NONE

Approach Type:

————— o ——— — —— — — — e e i S A —— S e g ———— ——— T e P T T — T — — —— " T, o ot

Pilot-in-Command

Pilot Certificates: AIRLINE TRANSPORT

Pilot Rating: AIRPLANE SINGLE, MULTI-ENGINE
LAND

Pilot Qualification: QUALIFIED

Flight Time (Hours)

Total Hours:

Total in Make/Model:

Total Last 90 Days:

Total Last 90 Days Make/Model:
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FAA INCIDENT DATA SYSTEM REPORT

Report Number:

General Information
Local Date:
Local Time:
City:

State:
Airport Name:
Airport Id:

Aircraft Information
Aircraft Damage:
Phase of Flight:
Aircraft Make/Model:
Airframe Hours:
Operator Code:
Operator:

Owner Name:

Narrative

199804160280598G

04/16/1998
10:15
BOONEVILLE

NORMAL CRUISE

A AMATEUR BUILT AIRCRAFT, N8072U, MODEL RANS-160F16, OPERATED BY
RANDY J. SCHLITTER, LOST EXPERIMENTAL WOOD PROPELLER, DURING
CRUISE, AT 5000 FEET MSL. THE COMMERCIAL PILOT MADE AN EMERGENCY
LANDING IN FIELD IN CLOSE PROXIMITY TO THE BOCNEVILLE MUNICIPAL
AIRPORT, THE AIRCRAFT LANDING WITHOUT INCIDENT. NO INJURIES, NO
PASSENGERS ON BOARD. THE PROBABLE CAUSE WAS HARMONIC VIBRATION
BETWEEEN PROPELLER AND CRANKCASE FLANGE. THIS EXPERIMENTAL
PROPELLER WAS UNDER FLIGHT TESTING WHEN THE FAILURE OCCURRED AND
REPLACED WITH DIFFERENT TYPE WOOD PROPELLER.

Detail
Primary Flight Type:
Secondary Flight Type:
Type of Operation:
Registration Number:
Total Abocard:
Fatalities:
Injuries:
Landing Gear:
Aircraft Weight Class:
Engine Make:
Engine Model:
Engine Group:
Number of Engines:

cREW TRAINING
MARKET SURVEY

PERSONAL
PLEASURE
GENERAL OPERATING RULES
80720

1

0

0

NCNRETRACT CONVENTIONAL
UNDER 12501 LBS




Environmental/Operations Information
Primary Flight Conditions: UNKNOWN
Secondary Flight Conditions: UNKNOWN
Wind Direction (deqg):

Wind Speed (mph):

- Visibility (mi):

| Visibility Restrictions:

| Light Condition: DAY
| Flight Plan Filed: NONE

Approach Type:

| Pilot-in-Command

Pilot Certificates: COMMERCIAL PILOT

Pilot Rating: : AIRPLANE SINGLE ENGINE LAND
Pilot Qualification: QUALIFIED

Flight Time {Hours)

Total Hours: 5000

Total in Make/Model: 140

Total Last 90 Days: 100

Total Last 90 Days Make/Model:
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Peter H Donath Jr
07/21198 08:45 AM

To:

CcC:
Subject:

Here's an interesting story from AVWeb (http://www.avweb.com'newswire/news9829.html#2) about

dual flameout in a T-tailed twinjet. Another reason Itry to stay current in multi-engine land, single-engine land AND
GLIDER aircraft.

-Pete Donath
Flight Test/Ffight Sciences

Cessna's CitationJet Prototype Buys The Shoulder

Double Flameout Results In Little Damage ...

Somebody's living right - maybe all three Cessna engineering test pilots who were
aboard the company's original Model 525 CitationJet prototype, N525CJ. Their
Experimental ride suffered a complete loss of power on both engines Thursday,
July 9 during a test flight from Wichita's Mid-Continent Airport The crfNI
successfuRy landed their newfound glider in the eastbound lanes of Kansas state
route 96, a four-lane highway, east of 119th street some frve miles northwest of
ICT, at about 2:00 p.m. Central time. The crew - pilot Scott Simpson, copilot Mark
Chavez, and flight engineer Trenton Shepherd - was unhurt .

... But An Exciting Landing ...

AVweb sources tell us that In setting down the CJ, the crew managed to avoid hitting an

automobile on K-96 - which the CJ was rapidly overtaking until its driver finally noticed the

jet and accelerated out of the way - touching down with the left main and nose gear on the

pavement, but with the right main gear on the dirt shoulder of the highway. They narrowly

missed a drainage ditch in the process, finally coming to rest on the right shoulder of the

highway. What little damage was sustained involved the dirt and mud thrown up by the

right main wheel and ingested into the windmilling right engine, plus minor dents in the

right wing leading edge, a result of contact with roadside reflector posts. The reluctance of

the motorist to make way for the gfidin' Citation led one wag to

suggest the CJ's option list might be fattened a bit by adding an extra-loud ham. Even so, the crew clearly did a great jt



pl

putting the plane down safely under difficult circumstances. Nice work, gentlemen,.
...As The Investigation Begins

But they might still need some help with the post-flight paperwork. Investigators from the
NTSB, FAA and Cessna quickly converged on the scene but it didn't take them long to
determine the cause of the flame-out: fuel exhaustion - the tanks were dry as a bone. Sources
close to the investigation tell AVweb that the cockpit fuel gauge erroneously indicated a
substantial quantity of fuel remaining (about 500 pounds}, although the low fuel waming light
reportedly was illuminated. Initial indications are that the fuel quantity indicating system aboard
N525CJ may not be the same as installed in Cessna'’s production versions of the CitationJet.
Another possibility is the installation of presumably thirstier engines. Although Cessna declined
to discuss the purpose of the test flight, speculation is that N525CJ may have been fitted with
two new, 2300 Ib. thrust copies of the Williams FJ44 engine, replacing the 1300 Ib. thrust version currently installed on
production CJs.

The regutatory fate of the Cessna flight crew was uncertain as AVweb's deadline approached. Had it been a private pik
Skylane who ran out of gas five miles from an intended destination, there’s little doubt that fuel gauges reading 1/4 full»
not prevent the FAA from giving the pilot his or her very own "609 ride.” Some remedial training in preflight planning, at
very least, might also be prescribed. Whether the experimental airworthiness certificate - coupled with the possibly
non-standard engines and instrumentation -- will be considered by the FAA as sufficient mitigation to get the Cessna te
off the hook enforcement-wise remains to be seen. At least the FAA "traffic ticket” enforcement schame is on hold.

Service With A Smile?

In the end, the unplanned landing brought out even more than NTSB and FAA investigators. Cessna’s
support operation swung into action and quickly dispatched a pumper truck and washed down the
contaminated right engine. A Cessna fuel truck then refueled the aircraft. After a careful inspection, the
aircraft was permitied to take off from K-96 and fly to Mid-Continent. The highway was reopened to
automaobile traffic shortly before 5 p.m. We look forward to that kind of service the next time we set
down in the Wichita area.

n525cimap_sm.gi

c525jpg
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FAA INCIDENT DATA SYSTEM REPORT
Report Number: 19980709023479G
General Information.

Local Date:
Local Time:

City:
State:

Airport Name:
Airport Id:
Event Type:

o — i ——— — A . A . T I S S S T RS A S ——— e T ——— T ———— i " . o ——

Aircraft Information

Aircraft Damage:
Phase of Flight:

Aircraft Make/Model:

Airframe Hours:
Cperator Code:
Operator:

Owner Name:

——— i ————— T — —— T T ————— T — Tl N L S ——————— L o ——— i

Narrative

DURING FACTORY FLIGHT TEST LOW
LANDED HIWAY. FUELED. RETURNED TO

07/09/1998

14:20

WICHITA

KS

WICHITA MID-CONTINENT

ICT

INCIDENT - GENERAL AVIATION

MINOR
FCD/PREC LDG FROM CRUISE
CESSNA CE-525-XXX

FUEL LIGHT. BOTH ENGINES OUIT.
ICT.

—— —— i o L . S S T W e S ———— e ot M T —— T — el ot S . . ——————

Primary Flight Type:
Secondary Flight Type:
Type of Operation:
Registration Number:

Total Aboard:
Fatalities:
Injuries:

Landing Gear:

Aircraft Weight Class:

Engine
Engine
Engine
Number

Make:
Model:
Group:
of Engines:
Type:

OTHER

TEST FLIGHT

GENERAL OPERATING RULES
525CJ

3

0

0

RETRACT TRICYCLE
UNDER 12501 LBS

—— ———— i — . - —— i —— i AP —————— T  — — . T " S o T —— —— . . —— s

Environmental/Operations Information




Primary Flight Conditions: VISUAL FLIGHT RULES
Secondary Flight Conditions: WEATHER NOT A FACTIOR
Wind Direction (deg):

Wind Speed (mph):

Visibility (mi):

Visibility Restrictions:

Light Condition: DAY
Flight Plan Filed: NONE
Approach Type:

—— ——————————— ——————— — T — b dr e W S B T e . A S T T T . . . T T — . — W S o o P o T

Pilot-in-Command

Pilot Certificates: AIRLINE TRANSPORT

Pilot Rating: AIRPLANE SINGLE, MULTI-ENGINE
LAND

Pilot Qualification: UNKNOWN, FOREIGN PILOT

Flight Time (Hours)

Total Hours:

Total in Make/Model:

Total Last 90 Days:

Total Last 90 Days Make/Model:
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IAD99FA008 [0]27] 78
HISTORY OF FLIGHT -

On October 27, 1998, at 1456 eastern standard time, a Learjet 45 registered in the experimental

category, N454LJ, was destroyed afier a loss of control during landing roll and collision with a ground
vehicle at the NASA Wallops Flight Facility (WAL), Wallops Island, Virginia. The certificated airline
transport pilot {ATP) was not injured. The ATP rated copilot and the flight test engineer received minor -
injuries. There were no injuries on the ground. Visual meteorological conditions prevailed for the local
test flight that originated at WAL, at 1449, No flight plan had been filed for the ﬂlght conducted under

14 CFR Part 91,

According to the pilot, the airplane and crew were involved in ﬂight test certiﬁcation for a new nose
wheel tire. For the test, the airplane was passed through a "pool” or "trough” of water on the runway at -
different speeds. Then data was collected using video, still photography, and on-board diagnostic
equipment. The airplane was loaded, configured, and operated inside and outside the
weight-and-balance and performance envelopes of a2 Learjet 45 registered in the normal category The
pool was 30 feet wide, 200 feet long, formed with flexible rubber dikes, and contained 3/4 of an inch of
standing water. Beginning the day prior to the accident, the crew had successfully completed 10 passes
through the test pool.

In a written statement, the pilot described the flight prior to the accident. He further descnbed
adjustments made on final approach to reach the intended touchdown point; 1,000 feet beyond the
approach end of runway 22. The pilot said:

"Initial alignment duning rollout was uneventful. [Thrust reversers] were selected to, and maintained at,
idle reverse until a point where I thought we needed to select maximum reverse to get full reverse thrust
and enter the pool at target speed of 80 knots. As soon as the {thrust reversers] reached full reverse, the
aircraft pulled to the right. Left rudder was input to realign the fuselage.

"At pool ammival, the aircraft had almost re-aligned and I left left rudder and nose wheel steering in to
attempt to drift the aircraft 1eR a couple of feet, since it appeared the right mains were on the edge of the
pool. The aircraft began a fishtail to the right (nose left) and | immediately input right rudder and
stowed the [thrust reversers]. | believe this arrested the fishtail, but a runway [left] side departure was
evident.”

The pilot described the maneuvers necessary to avoid stnking test participants, vehicles, and equipment
along the left side of the runway after the airplane departed the pool. However, he was unable to prevent
the right wing from striking an unmanned pickup truck parked on an intersecting runway. Afier collision
with the truck, the wings separated from the airplane, the fuselage rolled inverted, and spllled fuel
ignited.

In a written statement, the co-pilot said:

"The aircraft entered the trough with maximum thrust reversers selected. [I] gave a "mark” to specify
trough entry. My impression was that the aircraft had a slight right drift at water entry. Immediately after
entering the trough, the aircraft yawed left. While this yaw was apparent, [1] felt the aircraft was
controllable. The aircraft corrected back to the right slightly then yawed hard left. At this point, [I] felt
the aircraft was in an uncontrollable hydroplaning condition and that the aircraft was going to depart the
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runway.

A review of videotape revealed that left rudder inputs and movement of the airplane's nose to the left
were evident just prior to pool entry. The nose wheel and rudder remained deflected as the airplane
entered the pool. The airplane continued to yaw left as the tail "fishtailed” to the right. The airplane
departed the lefi side of the runway, struck the pickup truck, and came to rest inverted and on fire.

When questioned about the airworthiness of the airplane;, both piiois stated there were no deﬁciencieﬁ
with the airplane or its performance. . e

The accident occurred during the hours of daylight approximately 37 degrees, 56 minutes north latitude,
and 75 degrees, 27 minutes west longitude.

PILOT INFORMATION

The pilot held an Airline Transport pilot certificate with ratings for airplane single engine land, |
multi-engine land, and instrument airplane. He also held a flight instructor certificate for airplane single
engine land, multi-engine land, and instrument airplane. :

His most recent Federal Aviation Administration (FAA) First Class Medical Certificate was issued on
November 17, 1997,

The pilot reported 13,073 hours of flight experience, 767 hours of which were in make and model. -
The co-pilot held an Airline Transport pilot certificate with ratings for airplane mu]ii-engine land, and
instrument airplane. He also held a commercial pilot certificate with ratings for airplane single engine

land, rotorcrafi-helicopter, and instrument helicopter.

His most recent Federal Aviation Administration (FAA) First Class Medical Certificate was issued on
June 22, 1998.

The co-pilot reported 4,202 hours of flight experience, 93 hours of which were in make and model.
AIRCRAFT INFORMATION

The airplane was a 1996 Learjet 45, registered in the experimental category to Learjet, Inc., for the

purposes of research and development.

The airplane was on an annual inspection program with the most recent inspection completed on
October 12, 1998. The airplane had accrued approximately 5 hours of flight time since that date and had
a total of 339.4 hours at the time of the accident.

METEOROLOGICAL INFORMATION

The weather reported at Wallops Island was scattered clouds at 1,800 feet with winds from 070 degrees
at 12 knots.

AERODROME INFORMATION

03/17/2001 5:36 PM
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According to the statement:

"In the summer of 1998, prior to the accident, [the] Chief... arranged for the Virginia Department of Fire
Programs to bring their Mobile Aircraft Fire Trainer to WFF in June 1999. All WFF fire fighters that are
authorized to operate ARFF vehicles have completed a NFPA 1003 certification program sponsored by
the Virginia Department of Fire Programs. This training included daytime, nighttime, and backup '
system operation of the ARFF vehicles. It also included wheel/brake fires, engine fires, and crew rescue.
The next training session is scheduled for one week starting March 2, 2000. We intend to conduct this
training annually.” '

The equipment problem with the Amertek C-4000 germane to this accident was stuck turret valves. "fhe
United States Navy identified this problem and published a solution. The Wallops Fire Department
reviewed the Navy's solution but rejected it in favor of their own fix. According to the statement:

"The Navy fix was rejected in favor of replacing the actuator with a larger diameter actuatdr rather than
slaving another cylinder into the linkage. Additionally, we sent the mechanics to the Army Vehicle
Maintenance facility for two weeks of ARFF training.” .

SURVIVAL ASPECTS

The crew of the airplane was secured in their seats by S-point harnesses and was uninjured during the
accident sequence. The occupants were suspended inverted in their hamesses when the airplane came to
rest. Release of the harnesses resulted in the crew falling to the roof of the aircraft and 2 of 3
crewmembers sustaining minor injuries. ‘ '

The crewmembers stated the emergency and crew coordination training each received from the United
States Military, NASA, and Learjet, along with the coordinated efforts of the crew, resulted in a
successful egress from the buming wreckage . ,

In a written statement, the pilot explained the crew was unable to open the main exit, so he and the
flight-test engineer moved to the emergency exit to attempt egress. While the pilot and engineer worked
unsuccessfully on the emergency exit, the co-pilot was able to open the main door and all three
crewmembers exited that door. According to the pilot:

"I estimate that almost any more delay and we would not have made it, due to flames and the cabin
filling up with smoke. My crew’s crew coordination during the egress sequence was superb, and they
were directly responsible for our successful exit from the burning wreckage.”

ADDITIONAL INFORMATION

An Operations and Safety Directive (OSD) was prepared for the water ingestion tests on October 15,
1998. Members of the Operations and Safety staﬂ's of the Wallops Flight Facility approved the test as
outlined in the OSD.

Examination of the OSD, the accident site, and interviews with the crews revealed that formal nisk
management had not been employed. Hazard identification, risk assessment, control measure
development, implementation of controls, and control evaluation was not performed.

Objects beyond the departure end of the trough (vehicles, generators, cameras, and personnel) were not
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The National Aeronautics and Space Administration operated the Wallops Flight Facility, of the
Goddard Space Flight Center for the purposes of flight testing. NASA the mlhtary various branches of
the federal government, and private mdustry use the facility.

At the airport were three intersecting runways oriented 10-28 17-35, and 04-22 degrees The Tunways
were 8,000, 4,820, and 8,750 feet respectively. All three runways were 150 feet wide and constructed of
asphalt and concrete. Runway 04-22 was equipped with a water mgesuon trough for water ingestion

htp:/fwww.atsb. gov/NTSB/brief2 aspPcv_id+20001211X11269& ntsbno=IADIIFAO0R & akey=1
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testing,
WRECKAGE INFORMATION

The wreckage was examined at the scene on October 28, 1998, and all major comp.onents were

accounted for at the scene. Examination of the runway and the test pool revealed the tire tracks from the

accident run were still visible. The tire tracks revealed that upon pool entry, the left main gear and the
nose gear tires tracked through the pool, while the right main gear tires tracked outside the pool.

The wreckage path was approximately 300 feet long and oriented approximately 180 degrees. The
wreckage path was measured from the point of collision with the truck and the final resting point of the
fuselage. The truck was originally parked on the left side of runway 22 at the intersection of runway -
17-35.

The truck was completely destroyed by frontal collision and post crash fire and came to rest
approximately 150 feet down the wreckage path. The airplane came to rest inverted, oriented
approx;mately 240 degrees, and was also consumed by post crash fire. Fire destroyed the alrplane s
exterior on the north side of the wreckage and consumed the intenior. The south side of the m'eckage
was unmarked by ﬁre damage. » :

The emergency exit door on the south side of the fusclage was mMged and unopened. '
AIRCRAFT RESCUE FIRE FIGHTING (ARFF)

A review of videotapes revealed ARFF units arrived at the accident site approximately 40 s¢conds after
the accident. Water was dispensed from the first unit approximately 1 minute after its armival. However,
the unit, an Amertek C-4000 pumper truck, was unable to dispense water onto the fire. The turret
mounted nozzle sprayed water between the truck and the fire, and then the flow of water was stopped.

The driver/firefighter egressed the cab of his truck, without his full complement of Personal Protective
Equipment (PPE), and attempted to deploy the hand-held hose from his truck. The flow of water started
and stopped intermittently, and the firefighter appeared to struggle with the equipment. The first
response vehicle performed no effective fire fighting,

In a telephone conference, the Wallops Installation Safety Officer, Aviatien Safety Ofﬁcer, and Fire
Chief said that their internal investigation revealed deficiencies in ARFF equipment and training,

According to the Fire Chief, the failure of the first vehicle to effectively fight the fire was the result of
incomplete training and equipment malfunction. The Chief then described the equipment modifications
that were performed and the subsequent training of all ARFF personnel at Wallops Island.

A written statement from the Wallops Safety Office outlined the equipment and training upgrades.
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identified as hazards, nor were the personnel positioned there identified as being at risk. Several test
personnel on the ground reported they abandoned their stations to avoid being struck by the accident
airplane. Further, the runway was not marked with alignment cues or a go/no go point to assist the
aircrew.

On scene, the Wallops Flight Facility Aviation Safety Officer (ASQ) asked how future tests could be
accomplished more safely. In response, formal written hazard identification, risk assessment, and risk
management procedures were suggested by the Safety Board Investigator. Specific control measures
offered to mitigate risk in further water ingestion tests were offered in a letter to the ASO. They were:

1. Improved alignment cues:;

Temporary Highway Department grade marking tape line approximately 1,000 feet in length prior to
and centered on target area,

2. Determination and marking of Go/No Go point along alignment tape:

Tape line placed over and perpendicular to alignment tape. This line would be used to determine if
alignment for test run is suitable, or if test run should be abandoned in favor of aircraft control issues
only.

3. Unmanned remote mounted cameras for recording event.

The Wallops Flight Facility convened a Mission Operation Review Team in response to the accident. A
report of their findings and recommendations was published April 27, 1999.

Among the suggestions for water ingestion test planning were:

1. Conduct a hazard analysis and document the mitigating features. Define specific limitations on
personnel locations and details on the acceptability of project equipment within the hazard area.

2. Establish aircraft alignment cues.
3. Develop and implement abort/contingency procedures.

4. Investigate the ability to satisfy mission requirements through the use of remotely operated cameras
and/or longer length optics (operated from a farther distance).

5. Update the OSD to provide a map showing personnel location..."

According to FAA Advisory Circular 150/5300-13 Table 3-1, the design standard for the Runway Safety
Area Width and the Runway Object Free Area Width were 500 feet and 800 feet respectively. These
distances were measured from the runway centerline. Examination of diagrams provided by NASA and
a review of videotape revealed that the accident pickup truck, a step van, and a trailed generator were all
parked approximately 150 feet from the runway centerline.

The airplane wreckage was released to the owner on October 28, 1998.

Use your browsers ‘back’ function to return to synopsis
Retumn te Query Page
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NTSB Identification: IAD99FA008

Accident occurred OCT-27-98 at WALLOPS ISLAND, VA
Aircraft: Learjet 45, registration: N454LJ
Injuries: 2 Minor, 1 Uninjured.

This is preliminary information, subject to change, and may contain errors. Any errors in this report
will be corrected when the final report has been completed.

On October 27, 1998, at 1456 eastem standard time, a Learjet 45 registered in the experimental
category, N454LJ, was destroyed after a loss of contro! during landing roll and collision with a
ground vehicle at the NASA Wallops Flight Facility (WAL), Wallops Island, Virginia. The
certificated airline transport pilot (ATP) was not injured. The ATP rated copilot and the flight test
engineer received minor injuries. There were no injuries on the ground. Visual meteorological
conditions prevailed for the local test flight that originated at WAL, at 1449. No flight plan had been
filed for the flight conducted under 14 CFR Part 91, According to the pilot, the airplane and crew
were involved in flight test centification for a new nose wheel tire. For the test, the airplane was
passed through a "pool” or "trough” of water on the runway at different speeds. Then data was
collected using video, still photography, and on-board diagnostic equipment. The airplane was loaded,
configured, and operated inside and outside the weight-and-balance and performance envelopes of a
Learjet 45 registered in the normal category. The pool was 30 feet wide, 200 feet long, formed with
flexible rubber dikes, and contained 3/4 of an inch of standing water. Beginning the day prior to the
accident, the crew had successfully completed 10 passes through the test pool. In a written staterent,
the pilot described the flight prior to the accident. He further described adjustments made on final
approach to reach the intended touchdown point; 1,000 feet beyond the approach end of runway 22,
The pilot said: "Initial alignment during rollout was uncventful. [Thrust reversers] were selected to,
and maintained at, idle reverse until a point where I thought we needed to select maximum reverse to
get full reverse thrust and enter the pool at target speed of 80 knots. As soon as the [thrust reversers]
reached full reverse, the aircraft pulled to the right. Left rudder was input to realign the fuselage. "At
pool ammival, the aircraft had almost re-aligned and I left left rudder and nose wheel steering in to
attempt to drift the aircraft left a couple of feet, since it appeared the right mains were on the edge of
the pool. The aircraft began a fishtail to the right (nose left) and I immediately input right rudder and
stowed the [thrust reversers]. I believe this arrested the fishtail, but a runway [left] side departure was
evident.” The pilot described the maneuvers necessary to avoid striking test participants, vehicles, and
equipment along the left side of the runway after the airplane departed the pool. However, he was
unable to prevent the right wing from striking an unmanned pickup truck parked on an intersecting
runway. After collision with the truck, the wings separated from the airplane, the fuselage rolled
inverted, and spilled fuel ignited. In a written statement, the co-pilot said: "The aircraft entered the
trough with maximum thrust reversers selected. [I] gave a "mark” to specify trough entry, My
impression was that the aircraft had a slight rght drift at water entry. Immediately after entering the
trough, the aircraft yawed left. While this yaw was apparent, [I] felt the aircraft was controllable. The
aircraft corrected back to the right slightly then yawed hard Ieft. At this point, [I] felt the aircraft was
in an uncontrollable hydroplaning condition and that the aircraft was going to depart the runway." A
review of videotape revealed that nose-left steering and left rudder inputs were evident just prior to
pool entry. The nose wheel and rudder remained deflected as the airplane entered the pool. The
airplane continued to yaw left as the tail "fishtailed” to the right. The airplane departed the left side of
the runway, struck the vehicle, and came to rest inverted and on fire. The wreckage was examined at
the scene on October 28, 1998, and all major components were accounted for at the scene.

http://www.ntsb.gov/Aviation/IAD/99A008 . htm 3/22/99
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Examination of the runway and the test pool revealed the tire tracks from the accident run were still
visible, The tire tracks revealed that upon pool entry, the left main gear and the nose gear tires
tracked through the pool, while the right main gear tires tracked outside the pool. When questioned
about the airworthiness of the airplane, both pilots stated there were no deficiencies with the airplane
or its performance. The pilots further stated the emergency and crew coordination training each
received from the United States military, NASA, and Learjet, along with the coordinated efforts of
the crew, resulted in 2 successful egress from the burning wreckage.

Index for Oct 1998 [ Index of Months

http://www.ntsb.gov/Aviation/TJAD/99A008 htm 3/22/99
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Midland Park, I:becember 1, 1998

Learjet 45 destroyed
during ponding tests

by Paul Lowe

A Bombardier Learjef 45 under-
going post-certification festing at
NASA's Wallops Flight Facility
(WAL) in Wallops Island, Va., was
destroyed on October 27 when it ran
off the runway and struck an unoc-
cupied NASA vehicle. Two of the

three crewmen were taken 1o a
nearby hospital for treatment of
minor injuries, while the captain re-
fused treatment at the scene,

He told the National Transporta-
tion Safety Board that the tests in-
volved rolling out the Model 45 a
different speeds through a *pool” or
*“trough” of standing water after land-

ing to certify a new nosewheel tire,
On the accident landing, the sircraft
slid off the Ien side of Runway 22,
struck the vehicle and come to rest in-
veried and on fire at 1456 EST. The
flight was conducted under Part 91 in
VMC, and originated at WAL at [449,

The tire tracks revealed that upon
entering the purposely ponded water,
the left main gear and the nose gear
tires tracked through the 30-ft-wide
by 200-ft-long pool, while the right
main gear tires tracked outside of it.
The 3/4 in. of surface water was held
by flexible rubber dikes,

The day before the accident, the

Wichita-based crew had successfully
completed ten passes through the
test pool, with data collected using
video, still photography and onboard
diagnostic equipment. The test air-
craft, N45S4LJ (S/N 45-004), was
registered in the experimental cate-
gory but was loaded, configured and
operated both inside and outside the
weight-and-balance and perfor.
mance envelopes of a Learjet 45 reg-
istered in the normal category.

In his written statement, the ATP-
rated captain described the adjust-
ments he made while on final to
reach the intended touchdown point
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I!;U()(] {t beyond the approach end of

unway 22 e then deacribiod sne
landing: “Initia! alignmem during
rollout was uneventful. [Thrust re-
versers] were selected 1o, and main-
tained at, idle reverse until a point
where [ thought we needed 1o select
maximum reverse to get full reverse
thrust and enter the pool at the target
speed of 80 knots”

As soon as the thrust reversers
reached full reverse, he wrote, the
twin turbofan pulled to the right and
he added left rudder 1o realign the
fuselage, “At pool arrival, the aircraft
had almost realigned and I Jeft both
left rudder and nosewheel steering in
to attempt to drift the aircraft left a
couple of feet, since it appeared the
right mains were on the edge of the
pool,” he recalled. “The aircraft
began & fishtail to the right [nose
left] and 1 immediately input right
rudder and stowed the (thrust re-
versers], | believe this srrested (he
fishtail, but a runway [left] side de-
parture was evident.”

He maneuvered to avoid hitting
equipment along the left side of the
runway after the Learjet skidded

through the test pool, but was unable -

1o prevent the right wing from strik-

ing a pickup truck parked on an inter- |

secting runway. After the collision,
the wings separated from the airplane,
the fuselage rolled inverted, and
spilled fuel ipnited.

The ATP-rated copilot recalled
that the Mode! 45 had maximum
thrust reversers selected when it en-
tered the trough. “[1] gave a *mark’
to specify trough entry,” he wrote.
*“My impression was that the aircraft
had a stight right drift at water eniry.
Immediately after cnlering  the

trough, the aircraft yawed left. While .

this yaw was apparent, (1] felt the
aircraft was controllable, The aircraft
corrected back to the right slightly.
then yawed hard left. At this point,
(1] felt the aircraft was in an uncon-
trollable hydroplaning condition and
that the aircraft was going 1o depan
the runway.™

NTSB said a review of the vidco-
tape revealed that nose-left steering
and left rudder inputs were evident
just before pool entry, and the nose-
wheel and rudder remained deflected
as the Learjet entered the pool. It
continued to yaw left while the em-
pennage “fishtailed™ to the right as
control was lost,

The Board said the wreckage was
examined on October 28, and all
major components were accounted
for at the scene. When questioned
about the airworthiness of the air-
plane, both pilots said there were no
deficiencies with the airplane or its
performance,

According 1o NASA, the aircraft
was conducting tests lo demonstrate
that water thrown up by the nose-
wheel and mainwheels during 1ake-
off and landing is not directed into
the engines in hazardous quantities,
A Learjet spokesman described it as
“post-certification testing outside
the envelope...things you wouldn't
cover normatily.”

S/N 45-004 was one of the air-
craft used in the original centification
of the Model 45, which was awarded
its airworthiness certificate by FAA
last spring. The Learjel spokesman
said the company often continues
“support testing,” and, in fact, still
does flight trials with an older Mode!
31, introduced in 1987, The loss of
N454LJ is not expected to affect ad-
ditional Model 45 testing. Q
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Crash n Bumn: The Flying Chapatti story

The HS-748 Avro based Flying Chapatti

When a HS-748 Avro aircraft crashed Into the dense forests near Arakkonam in Tamil
Nadu on January 11th 1999, it not only killed eight people but also caused a severe
setback to one of India's most ambitious defence research projects. The Avro, which
belonged to the Defence Research and Development Organisation’'s(DRDO's) Centre
for Airborne Systems{CABS), was a test platform for developing a sophisticated
indigenous Alrborne Early Warning(AEW) system-India‘'s answer to the AWACS
(Airborne Warning and Control System) developed by the US.

Theres no doubt that India needs an AWACS. After Pakistan failed in acquiring the AWACS in
the mid-'80s, India decided to try its hand at building a system. Studies and analyses on an
indigenous ASP(airborne surveillance platform) began in July 1985 under project "Guardian”,
later renamed "Airawat". According to DRDO, 43 lead-in-schemes were initiated to prove
various concepts and technologies, outlining specnﬂcatnons, building a technical data base, and
developing prototype hardware.

Essentially, an "eye in the sky" with a very wide sweep, the ASP was meant to provide
advance warning about hostile activity across the border. The goal was to achieve long-range
surveillance capability. "The concept was not confined to India's tactical air battlefield. When
we built one, we wanted it to be as good as the best in the world, better than the Hawkeye,"
sald a DRDO scientist.

Some aircraft of this type are capable of identifying upto 600 targets even 200 miles away, it

_is'sald. The utility of ASP also lies in its ability to act as an air-based command and control

_ centre, overcoming the limitation of directing air operations from the ground. Early warning by

' such a plane was seen as the key to pre-positioning planes, giving them a big advantage in

combat. Essentially a "force multiplier" for greatly enhancing the capability of all the fighter

jets, especially the high performance planes of the IAF like the MiG-29's, Mirage-2000's and
SU-30's.

hitp://users.senet.com.aw/~wingman/awacs.html 5/15/02




Crash n Burn: The Flying Chapatti story, Indian Airforce Page2 of 5

The "technology demonstrator” ASP was configured around a platform of an Avro plane on
which a revolving rotordome was to be mounted. On May 24, 1989, the Avro fitted with the
pylons{without the dome) first flew at the Kanpur facility of Hindustan Aeronautics Limited
(HAL). It was then ferried to Bangalore, where CABS fitted it with a 24 ft x 5 ft composite
rotodome. It took to the air on November 5, 1990,

CABS, which had been set up under Dr K. Ramchand, acted as a system house and integration
agency using all the expertise and infrastructure available in India. All through the S0s,
scientists at CABS and the Electronics and Radar Development Establishment(LRDE), worked
on the turning rotodome, on the high-power transmitter, the antenna, the signal processor,
the post-processor and the radar data-processor.

The challenge was to rotate the dome for all-round coverage. System Controls, a Bangalore-
based private enterprise, developed the hydraulic controller which provided dynamic speed
selection through touch-screen user interface. The rotodome is driven by a hydraulic servo
system using aircraft hydraulic power. The dome was fabricated with the help of Hindustan
Aeronautics(HAL). Static analysis of the rotodomed-aircraft was done at the National
Aerospace laboratories(NAL) as also the ground tests and computational studies on its
dynamics. :

s

Flying Chapatti at the Aero India show in 1998

The ASP had.been in test flight with the CABS for some years now and had been flown during
the Aero India shows in 1996 and 1998. The DRDO had spent a little over Rs 200 crore to
develop this early warning system, similar to the American E-2C Hawkeye. However DRDO
officials said that to get the capabilities of even the E-2C, India would have to spend at least
Rs 2,000 crore.

The programme had achieved stellar success In most aspects, including airborne radar
analysis, "target against clutter” characterisation and measurement and developing a hybrid
navigation system. The main challenge left was, to quote a CABS brochure, "evolving the radar
and support mission system avionics into a flying surveillance platform™. There had been
reports of using active phased array radars in which the direction of radar signals could be
swivelled electronically, thus negating the need for a rotating dome. Educated guesses were
made that the [ll-fated mission was testing the new radar system. But CABS officials denied
this. "We had finalised the former,” they said.

The ASP had flown several sorties during the last week where it was undergoing trials and
operating from the naval airbase 'INS Rajali' at Arakkonam near Chennai. It was on a test
flight between Vellore and Tambaram when it crashed. "The aircraft did two somersaults, then
swerved to avoid electricity lines and the villagers,” said S. Ezhamalai, the village head of Attur
village which is about 5 km from INS Rajali. "What would have happened had he not done so0.”
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Stunned personnel of the CABS were tight-lipped about the crash as top officials, including
centre Director Dr K, Ramchand and Additicnal Director K. Tamil Mani, were away at Vellore.
DRDO chief and Scientific Advisor to Defence Minister Dr_A.P.). Abdul Kalam also rushed to
Vellore and later arrived in Bangalore with the bodies.

Speculation was rife about possible causes of the crash. One theory based on eyewitness
accounts suggested that the rotodome may have collapsed, causing the pilot to lose rudder
control. CABS scientists however found it hard to believe the rotodome collapsed on the plane.
The Indigenous fabrication of the rotodome mounting had won the team the DRDO's
"outstanding contribution award" in 1992, and no problem had been reported in nine years,

Some reports questioned the DRDO's wisdom of developing this technology on an "unreliable”
HS-748 Avro. However officlals said it was only an experimental platform. "The platform would
finally have to be decided by the user, the IAF," they added. DRDO chief Dr Abdul Kalam had
pointed out at the Bangalore air show(1998) that after having configured the radar, the project
had moved to the search for the next platform. "If the user wants a longer range, we can have
‘a bigger platform," he had said. DRDO was beheved to have been looking at elther an Ilyushin-
76 or a Boeing.

- Indian Air Force(IAF) pilots pointed out that though old, the Avro's were not unsafe. The IAF
"~ was in fact still flying a couple of dozen of these aircraft. The IAF which lost four of its men in
the accident commissioned a2 four-member team to look into it. The blackbox, containing
critical records of the last hour of the flight were recovered and studied. Meanwhile the ASP
programme was grounded until the real reason of the crash could be determined.
Investigations into the crash later revealed that the rotodome fitted on the Avro had indeed
broken off, hit the aircraft's tail and resulted in the accident.

Sc;entists I Jayakumar(LRDE) and K.P. Shaju(CABS) were among the eight killed
Off clals’at CABS were concerned more with the loss of the sclentlsts and the air force officers
than the experimental platform. "We can build ancther one, but four of the key men have
gone,” said an official. Not a mere elegiac statement. CABS has attracted some of the smartest
young scientists, their average age, 32, is among the lowest in the world. Among those killed
“were four test pllots.with the Alrcraft Systems and Training Establishment, two scientists of
" LRDE and two from CABS.'Mr P, Elango and K.P. Shaju of CABS were working with D.
<. Narasimha Sharma and Immanuel Jayakumar of the Bangalore-based LRDE and interfacing
* . with squadron leaders P. Venkataraman, N.V. Seshu, S. Bhatnagar and B. Ravi of the IAF
Systems Training Establishment when the crash took place. They had not only designed and
fabricated the large. rotodome but also validated the concept by frequent flight trials. The
aircraft had already fogged over 225 hours of test flight with the rotordome.

In the wake of the Avro crash, the question before CABS directer K. Ramchand and DRDO
director Dr A.P.). Abdul Kalam was whether to start again on another platform. "We had
completed about 90 per cent of the project," said a DRDQ scientist. "It would take us back at
least by three years.” Even CABS director K. Ramchand, who In 1996 spoke of how the
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modified Avro could detect an object flying at supersonic speed 10 minutes in advance, was
cautious. "We will try to restart the project,” he said. CABS was prepared to build another
rotodome and fit it on a spare Avro, on which some structural modifications had already been
carried out. But the Ministry of Defence(MoD) refused it clearance and asked CABS to go slow
on the project. "The crash will set back the programme and the system will have to be
imported,” said Roddam Narasimha, director of the National Institute of Advanced Studies
-(NIAS}) and a noted aerospace scientist. _

Dr V.K. Atre

In January 2000, the Indian government decided to scrap the AEW project and buy a system
from either Israel or Russia. "It has been put in the cold storage for now,"” admitted Dr V.K.
Atre, Scientific Advisor to the Defence Minister. "The pros and cons have been considered. The
progress has been slow, and after the crash, the project has been reviewed and we have
decided to put it on hold.” "But for the crash, we would have got it operatlonal by now," said
another official attached to the project.

The IAF was set to acquire the Russian A-50 AEW system based on an llyushin-76 aircraft,
however after extensive trials it was found to be unsatisfactory. Later, Israel entered the scene
offering Phalcon systems. However the US put enormous pressure an Israel to scrap the deal,
citing the post-Pokhran sanctions. "Israel has been restrained by the US from selling it to
. India,” admitted an-IAF official. Union Home Minister Lal Krishna Advani, visited Israel and
tried to persuade them to go ahead with the deal. Defence Minister George Fernandes also had
discussions with Israeli authorities on this issue. . , ‘

The US EP-3 spy plane's crew detamed by China

Following the election of Republican George Bush as President of the US in December 2000,
things began to change positively in India's favour. The anti-China mood in the US senate
following the detaining of a US spy plane by the Chinese in April 2001 and the subsequent
diplomatic tussle, caused the US to view India as a suitable counter-weight to an increasingly
aggressive and belligerant China. The US gave Israel an informal nod, allowing it to go ahead
with its AWACS deal with India. There are also talks of the post—Pokhran sanctions be:ng
dropped. , e e
In August 2001, reports at the Le Bourget a:rshow indlcated a successful tie up between Israel
Alrcraft Industrles(IAI) and Beriev of Russia to build an Indian Awacs. The :new - aircraft,
dubbed the A-50Ehl, will build on electronics Israeli companies developed for China's AEW
requirement, a program that was dropped after strident US opposition.’ A final agreement was
said to have been reached and 3 aircraft will be produced for- the Indian Air Force in a deal
worth about $1 billion. According to Beriev, the aircraft will be the brand-new II-76TD with P-
90A engines. Delivery is expected .in 2005, with Russian aircraft, Israeli -radar and Indian
software programming.

s . R >
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Accident description

11.01.1999
Time: 15.45
Type: Hindustan Aeronautics Ltd. HAL-748-219 Srs. 2
Operator: Defence Research and Development Org.
Registration: H-2175
C/n: 569
Year built: 1978
Crew: 4 fatalities / 4 on board
Passengers: 4 fatalities / 4 on board
Total: 8 fatalities / 8 on board
Location: Athur (India)
Phase:
Nature: Military
Flight: - (Flightnumber )
Remarks:
The HAL-748 plane crashed 2,5km from the Arakkonam NAS, The
aircraft crashed in a dense forest. The HAL-748 was converted to
carry a rotordome, which would ultimately house the in-built radar,

on top. Prelminary reports suggest the dome collapsed on top of the
aircraft, since the dome was found 2km from the runway.

Source:

» The Hindu
b The Hindustan Times
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Indian crash victims worked on key defence project

RTw 1/12/99 8:45 aM

NEW DELHI, Jan 12 {(Reuters) - Four Indian defence scientists
who died in a plane crash thils week were involved in a key project to
build the country’'s first airborne early-warning control and command
system, officials said on Tuesday.
Eight people, including the four scilentists from the Defence
Research and Development Organisation (DRDO), died when an
Indian Air Force Avro aircraft crashed in southern India on !ﬁondax.}
*All the eight were on board an Avro 748 modified to carry out a
DRDO project," the defence ministry said in a statement. Four other
victims belonged to the Indian Air Force.
The statement did not give a cause for the crash. The plane
came down near Athur in Tamil Nadu state.
The plane, which carried a saucer-shaped radar dome, was
exhibited at an alrshow in southern Bangalore city this month,
Work on the airborne early-warning project began more than a
decade ago, experts said.

Alrport Tax
APn I1/12/99 2:04 AM

WASHINGTON (AF) -- A bill to renew the Federal Aviation
Administration may include a proposal to ralse an airport ticket tax
from $3 to $5, e Assoclated Press has learned.

The passenge acility charge, or PFC, is a tax requested local
governments and ea rked for improvements at their airports., It
must be approved by e Transportation Department.

PFCs are capped at $12 a ticket -- equal to four $3 rges per
round trip -- but would ‘xise to a maximum of $20 a ticket under the
administration proposal.

The federal government algo levies its own airline ticket tax: 8
percent of a passenger's airfare, plus $2 for eath leg of a trip. The
combination of taxes and PFCs add substan félly to the price of
an airplane ticket. f//;

For example, the cost of a round. trip om Washington to Orange
County, Calif., via O'Hare airport in\sp cage climbs by a total of %35
when the tax, segment charges and PFCg<are added. The airports
in washington and Chicago both charge $3\facility fees each way.

Last year the Clinton administrafion t¥ied to raise the fee from $3
to $4 per airport, but Congress jected the,change.

The administration has yet to announce its™Natest intentions, but
the fee increase is one of thg’final elements being drafted into
legislation that would reautHorize the FAA, accordipng to a
Transportation Department rce, who spoke on the copdition of
anonymity.

In an interview in Deécember, Transportation Secretary“Rodney
Slater said the na:;gp/s aviation system needs widespread

investment, includindg money to modernize the air traffic control
system, limprove personnel training and rebuild airports.

Last year's a nistration propesal to raise the PPC was
supported by thé Airports Council International-North America,
which represents airport operators. It said airports will not be able
to handle an’expected surge in travel without significant capital
investment
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FAA INCIDENT DATA SYSTEM REPORT
Report Number: 19950407019289G
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General Information

Local Date: 04/07/1999

Local Time: 13:30

City:State NUNICA:MI

Airport Name:ID JABLONSKI:33C
Aircraft Information

Aircraft Damage: MINOR

Phase of Flight: ROLL-OUT (FIXED WING)

Aircraft Make/Model: GRUMAN G-164-B

Airframe Hours: 8478

Operator/Operator Code:

Owner Name:
Narrative
AIRCRAFT MADE A NORMAL LANDING ON RUNWAY 26. AFTER THE TAIL WHEEL
CONTACTED THE GROUND THE PILOT SELECTED THE "BATA RANGE"™ AND THE
TAIL WHEEL STARTED TO RISE AND CONTINUED TO COME UP UNTIL THE
PROPELLER HIT THE GROUND AND FLIPPED THE AIRCRAFT OVER. (NOTE
AIRCRAFT WAS BEING TEST FLOWN FOR AN STC TURBINE ENGINE
CONVERSION) PILOT TO RECEIVE 4040.90 FLIGHT CHECK.

T — e e S T A — ——————— — T — T T T . . — — —— —— T T ———— T T S i — Y . —— ———

Detail
Primary Flight Type: OTHER
Secondary Flight Type: TEST FLIGHT
Type of Operation: GENERAL OPERATING RULES
Registration Number: 48417
Total Aboard: 1

Fatalities:Injuries:
Landing Gear:

Aircraft Weight Class: UNDER 12501 LES
Engine Make:Model WALTER:M601E1l1l
Engine Group: M601

Number of Engines: 1

Engine Type: TURBQFRQP

A - . Tl i T ——— T T T — ] ol Sl ol e ———— ———— . ke ——

Environmental/Operations Information

Primary Flight Conditions: VISUAL FLIGHT RULES
Secondary Flight Conditions: WEATHER NOT A FACTOR
Wind Direction (deg):Wind Speed (mph):

Visibility (mi):

Visibility Restrictions:



Light Condition: DAY
Flight Plan Filed: NONE
Approach Type:

A e e e e il et v e i e e e e w—— —— ————

Pilot-in-Command

Pilot Certificates: ATRLINE TRANSPORT

Pilot Rating: ’ AIRPLANE SINGLE, MULTI-ENGINE LAND
Pilot Qualification: UNKNOWN, FOREIGN PILOT

Flight Time (Hours)

Total Hours: 6100

Total in Make/Model: 20

Total Last 90 Days:
Total Last 90 Days Make/Model:
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NTSB Identification: SEA991A148 . The docket is stored in the (offline) NTSB Imaging System.

- Incident occurred Tuesday, August 24, 1999 at MOSES LAKE, WA
- Aircraft: Embraer ERJ-135, registration: PTZJA -
Injuries: 3 Uninjured. '

The pilot reported that during a minimum unstick speed determination test flight, the aircrafi lified off
to zbout five feet and, just prior to achieving aileron effectiveness, the aircraft rolled to the left. The left
wing dropped and contacted the runway surface, resulting in minor damage to the wingtip and outboard
trailing edge of the aileron. The pilot continued the takeofT and retumed for landing without further -
incident. ‘ :

The National Transportation Safety Board determines the probable cause{s) of this accident was:

Minimum aircraft control exceeded during takeofY test flight, which resulted in dragging 2 'wing on the
runway surface. ' :

Full narrative available

Index for Aug1999 | Index of months
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On August 24, 1999, at 1110 Pacific daylight time, an Embraer ERJ-135, PTZJA, registered to and
operated by Embraer as a 14 CFR Part 91 test flight, dragged a wing tip on the runway and damaged
runway lights during a minimum unstick speed flight test at the Grant County Airport, Moses Lake,
Washington. Visual meteorological conditions prevailed at the time and no flight plan was filed for the
local flight. The airplane received minor damage and the two airline transport pilots and flight engineer,
were not injured. - A e e

g e

In a written statement, the pilot reported that the test maneuver was a minimum unstick speed . B
determination. The pilot stated that during the eighth takeoff the aircraft lifted off to about five feet and, .
just prior to achieving aileron effectiveness, the aircraft rolled to the left. The left wing dropped and
contacted the runway surface, resulting in minor damage to the wingtip and outboard trailing edge of the
aileron. The pilot continued the takeofT and returned for landing without further incident.
Use your browsers "back' function to return to synopsis _
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