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SYNOPSIS

A Mohawk Airlines, Inec., BAC 1-11, N1116J, operating as Flight 40,

- crashed approximately one mile east of the town of Blossburg, Pennsylvania,

on June 23, 1967, at approximately 1k47 e.d.t. The aircraft was desfroyed
by impact and fire. The two flight crewmembers, two stewardesses, and 30
passenggrs aboard the sircraft all received fatal injuries.

Fliéht 40 wes a reg@larly scheduled passenéer flight which originated
in 8Syracuse, New York, agﬁ was destined for Weshington, D. C., with an
en route stop at Elmira, New York. The flight from Syracuse tc Elmira was
routine, as were the ground hendling and departure procedures et Elmira.

o

.Following ‘takeoff from Elmira at 1439 e.d.t., Flight 40 established
radio_coﬁtact wigh thie New York Air Route Tr;}fic Control Center st 1kk2
e.d.t.;ywhereuPOn the flight wag cleared direct to Harrisburg, Pennsylvania.
Acknowledgement of this c}earance was the last communication received from
the aireraft. A subsequent clearance for Flight 4o to climb to 16,000 feet,

transmitted by the New York Center at 1lukh e.d,t., was received by the flight
. ’ : : ¥

but tyeir attempted acknowledgement was not réceived by the Center. At about
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iLh7 e.d.t. the New York Center controller obser&ed the radar target of
the aircraft appear td slow down, move laterelly, and then disappear from
his redar scope.

The airéraft was observed in flight by a number of ground witnesses,
who gave varying reports of smoke coming from the tail end of the aircraft
as it proceeded south from Mansfield, Pennsyivania, which is about 9 miles
north'olelossburg. Two witnesses, located sbout two miles north of
Blossburg, observed large sections of the tail separate from the aircraft
in flight, after which fire and smoké emitted from the tail as the aircraft
dove into the ground. '

The Safety Board determines that the probable cause of this accident
was the loss of iﬂt?grity of the empennage pitch control systems due to a
destructive inflighf fife which originated in the airframe plénum chanber
and, fueled by hydraulic fluid, prog;EESEd up into the wvertical fin. The
fire resulted froﬁ engine bleed air flowing back through a malfunctioning
ncenreturn valve and an open alr delivery valve, through the‘auxiliary power

!

unit in a reverse directioﬁ, and exiting into the plenum chamber at tempera-
‘ B ;

‘tures sufficiently high to gause the acoustics linings to ignite.

.
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1. INVESTIGATION

1.1 History cof the Flight

Mohawk Airlines, Inc., Flight 40, opersted on June 23, 1967, with
British Aircraft Corporation BAC 1-11, N1116J, was a regularly scheduled
passenger flight which 6riginated in Syracuse, New York, end was destined
for Washlngton, D. C., with an en route stoP at Elmira, New York. A crew

change with respect to NllléJ was effected prior to the origination of
1

' Flight 4O and the aircraft departed from Syracuse at 1350, —/15 minutes

after scheduled departure time.

The flight from Syracuse to Elmire was routine in all respects,land
the aircraft arrived at the Chemung County Airport at Elmira at lﬁOT. One
passeﬁger wés deplaned 2t Elmira, leaving the aircraft by means of the
ventral-stairway. ThirﬁFen passengers were enpianed who, coupled with the
17 through passengers, b%ought the total number of passengers to 30, The
passenger deplaning end énplaning, fuel servicing and ground-handling at
Elmira all were carrieqjout in & routine manner,

- Prior to takeoff, iFlight Lo received an Instrument Flight Rules
clearanée te Waﬁhington National Airport in accordance with the filed
fllghb’plan, with the 51n%;e exception that the flight was restricted in
climb to maintein 6 000 féet, rather than the requested altitude of 16,000
feet. The climb restrictlon was imposed because of opposite direction
traffic northbound on.Victor'hinway 31 at T,QOO feet between Williamsport

and EFlmira.

}/P_All times used herein are eastern daylight based on the 24-hour cloek.
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Flight 40 lifted off Runway 24 at Elmira at 1439:40. The tower con-
trollers, who observed the progress of the aircraft visually following its
takeoff until it started a left turn toward the south, noticed nothing
unusual with respect to the aircraft or its_manéuvering.

Following takeoff Flight 40 was instructed by Elmira Tower to contact
the New York Air Roufe Traffic Contrel Center. Thiﬁ contact was established

at 1442:28 on the assigned frequency of 134.6 MHz, whereupon the flight was

cleared direct to Harrisburg. Flight LO ascknowledged this clearance and

stated that they were climbing to €,000 feet, This was the last communi-
cation from the aircraft that was heard either by the New York Center or by
the other aircraft in the Elmira-Willlamsport area which were known to be
operating on a freqﬁency of 134.6MHz., |

At 1444:11 New York Center clear$d Flight 40 to climb to and maintain
16,000 feet. Examination of the cockpit voice recorder tape indlcates that
this transmission was thp last communicetion from New York Center which was
received by the flight. The pilots' attempts to acknowledge this clearance,
as well as subsequent transmissions f;om the sircraft of an emergency nature,
were not received by the Center, nor were the Center's attempts to re-establish
radio contact witthlight LO: received 1? the aircraft.

At 1447 the New York Center contgpller o;;erved the radFr target of
Flight LO appear to slow down for one sweep, then move laterally for one
sweep, and finally to disappear from the scope. Thereafter, the Center con-

troller vectored a Piper Aztec over the area of target diéappearance. The

_/ Tne radar antenna utilized to track Flight 40 has a 5 r.p.m. scan rate,
and thus completes one sweep every 12 seconds.
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pilot of this alreraft ceported observing the burning wrec#age of an air-
Plene, which was later identified as N1116J.

N1116J was observed in flight by & number of ground witnesses, most of
whom were located in and near the town of Mansfield, annsylvania,gf and
southward toward the crash site. They generally described the aircraft as
flying in .a straight and level gttitude on a southerly course, the track of
which was approximately one mile east of, and parallel to, U: S. Highway 15
which runs between Mansfield‘and Blossburg. The majority of the witnesses
were also of the view that the aircfaft wvas flying at an altitude substantially
lowgr than aircraft of the same type which had previously been observed flying
in that area.

Almb;t all of the witnesses reported thet smoke waé coming from the rear
of the aircraft, although ﬁhese reports varied as to vhether the smoke was
: )
white, gray or black and wﬂgthér it came from_the engines rather than the
fuselage or tail assembly. 'Two witnesses located in Mansfield, who were
almost directly beneath th? flightpath of the aireraft, observed a white,
needlerlik%‘discharge of Jépqr extending from the very rear of the fuselsge.
One of Fhege witneéses said that this trail offvapor iooked like the airborne
dumping;gf'fuel he had once 3bserved. Another ﬁitnesses,‘who was located on
e hill about 1—172 milFs w$;% of Mansfield, obserfed e streak of heavy black
smoke coming from the fop of the tail as;embly.

Two witnesses, loceted on Highway 15 about. 2 miles north of Blossburg,
. . { - : 4

oﬁserveg a large section of the upper tail assehbly separate from the aircraft,

3/ Mansfield is approximately O miles north of_ﬁléssburg.
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‘after which some smaller pieces also came off the tail. The sircraft then
nosed over and dove out of view. One of these witnesses also observed
rust-colored fire and smoke emanate from the rear of the aircraft following
the separétion of the aforementioned sectiocns of the tail,

The aircraft crashed approximately 1 mile east of the town of Blossburg,
Pennsylvania, &/ at an elevation of 1,813 feet m.s.l. The accident occurred
during daylight hours.

1.2 Injuries to Persons

Injuries Crew Passengers Others
Fatal . b4 | 30 0]
Nonfatal ‘ o 0 . 0
None ‘ o 0

1.3 Demage to Aireraft -

The aireraft was destroyed by iﬂflight fire and disintegration, impact,

and post-impact fire.
y

1.4 Other Damage

Apart from the aireraft, and prbpérty thereon, damage was confined to
1 i
ks
trees and ground cover, resulting from impact and fire. ,
o i
1.5 Crew Information '

Pyt ; ‘ .
The flight crew and stewardesses were properly qualified and certifi-
. . } /

. . 2
cated. For detailed information in #ﬁis regard, see Appendix A.

1.6 Aircraft Information

i

W1116J was a British Aireraft Corporatién model BAC 1-11, S/N 098,

with & date of menufacture of August 1, 1966. The aircraft had a total

[/ Tatitude LI°LO'57.5" morth, Longitude 77°03%00.57 west.



T

TN WS g C B We .

-7 -
flying time of 2,2h6:12 hours and was powered by two Rolls Royce Spey 506-14
engires, The total time-on the engines, neither of.which had been overhaul=d
since new, was 1,575:31 hours for the No. 1 engine and 2,92&:33 hour; for
the No. 2 engine.

An examination of the aircraft‘records revealed that all required in;
spections and service checks had been performed as préscribed by appropriate
company requirements and Federal Aviation Regulations. A review of Airworthi-
ness Directive notes applicable to BAC 1-11 aircraft indicated that the only
noﬁcs wvliich had not been complied with on N;lléJ were not due as of June 23,
1947.

A review of the flight log sheets of N1116J revealed that there were
numerous discrepancies éoncerning its pneumatic, system, including the APU
(Awriliary Pover Unit).‘lMore specifically, it was ﬁoted that durinrg the
period from April 1 to June 22, 1967, 55 of the 289 log writeups pertained to
this ;ySteﬁ. 2/ Sueh writeups included, inter glia, the following items:

1. Low main duct~aif pressure when air was being supplied from

¥
o the AP, P
;?.f APU wo&ld not hold both air conditioning packages.
Y

3. Ekeceésive-APU tailpipe gas temperature when both systems
o /

' /
!

were on APU. . ;

L. AP’ generator disconnects with both MAC valves on APU.
5. Dxcessive reading on main duct air biessure gauge (attributed
'

* to defective gauge).

5/ Seventecn of the writeups on the pneumatic system were recorded during a
N 15-day period in June. : g

'
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6. When MAC valve is switched from APU pésition to open position,
or from closed to APU, there is a loud fluttering or chattering
noise and air pulsation is felt (thié item appeared 5 times
during the 10 days preceding the accident).

T. Overtemperature on No. 1 system but no system fail and shutdown.

8. Repeated failure of No. 1 system. -

All of the foregoing discrep%ncies received corrective action, and the
components involved were checked out on the ground to the satisfaction of
the maintenance personnel.

The crewmembers who operated N1116J during the flights immediately
prior to Flight 40 related that they noticed nothing unusual about the air-
craf't with the single exception of an odor and mist observed dﬁring the
approach and landiné'at ﬁewark on thé merning of the accldent. During the
cruise portion of this ’fligh't the twc; MAC (master eir conditioning cortrel)

. 6 _
valve switches were in the open position ‘and the ATU air delivery valve

1/ ! ‘
was closed. ~  During the descent, at a point sbout 30 or 40 miles from the

airport, the air delivery valve was;EPEned and the No. 1 MAC valve selector

- was switched to the h@U position, while the No. 2 MAC valve selector was
s ; ‘

left in the open ﬁpsition. The captain explained that he did not switch the
Ly :

5

No. 2 system from éhgine a;i to APU a;f in order to avoid the cabin pressure
. /n‘ . .

G/ The two MAC valve switches are located in the cockpit and allow the
pilot to select either engine bleed air (open position) or APU bleed
air (APU position) as the air source for either or both air conditioning
systems. These switches also have an off position.which isclates the
system from all bleed air sources. ' :

7/ The APU air &élivefy valve (alsc known as the load control valve) controls
~  the flow of bleed air from the AFU and may be selected open or closed from

the cockpit.-
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fluetuation normally associated with such a change., Wnen the airecraft
was about 4 miles out on final approach, & strong odor became evident
throughout both fhe'cabin and the cockpit. The first officer, who was
operating the aircraft controls, then turned both MAC valve selectors to
the off position, in order to prevént.outside air from eﬁfering the air
conditioning system.' However, the ;:?dor persisted.

After landing and applying reverse thrust to the main engines, the
captain observed that the No. 2 air conditioning s&stem fail light was
illuminated. He attributed this to an cverpressure condition associated
with reverse thrust. The captain then reset the No. 2 system and left the
No. 2 MAC valve in the off position. As the aircraft slowed to taxi speed,
both MAC valves were sw%tched to the APU positidn, thus allowing APU bleed
air to flow intc both sy¥tems, and within 5 to 1C seconds the odor dis-
eppeared. After the airéraft was parked, the junior flight sttendant opened
the aft bulkhead door, at.which point she saw that the rear stairwell area
behind the door was fil?Ed'with a foggy mist which produced the same cdor
she Bad ?revious}y noticed in the cabin. Thg mist and odor dissipated quickly
when ﬁha;stairs?were lowered. A walkaround 1nspect10n of the alrcraft was
perfonned 1mmediately theréafter but nothing abnormal was observed nor did the
crew notice a s;mllar o&ﬁ} or mist at any time later in the day. The flight
crewmembers stated that they attributed the source of the odor and mist to the

i

industrial area of Newark over which the airdrhft vas flown during the let-

down *and final approach. Although the captain on this flight did not write up

‘ _/' During this period, and until after landing, the crossfeed valve remained
closed. This valve, when selected open from the cockpit, allows bleed air
from a single engine or the APU to supply both air conditioning systems.
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sthis occurrence in the logbook, he did menfion it to the capﬁain of
Flight 40 when the crew change was effected at Syra.t::use.'9
During the investigation, the forégoing crew was subjected to a

nunber of odors, including those from burning matches, hairspray, lighter

fluid, hydraulic fluid and aluminum. .In addition, the crew was asked to

smell varicus sections of the wreckage. It was their consensus that none
of these odors was simllar to the odor noticed.in the aircraft at Newark.
The actual gross weight of N1116J at the time of takeoff from Elmira
wés recomputed to be 65,612 pounds. Maximum allowable gross weight for a
takeoff from Runway 24 under the conditions which then existed was 69,300
pounds. The center of gravity of the zircraft was calculated to have been

within the prescribed limits both at the time of takeoff and at the time of

¥

. the crash.

The aircraft was loaded with l3,dOO pounds of Avjet A kercsene fuel at

the time of takeoff.

v

1.7 Meteorclogical Information

The Elmira/Willlemsport area waf in a post-cold frontal zone charac-
terized generally hy ﬁrokenhaé scattered cumulus clouds, With bases at aboﬁt
4,500 feet, and as;?é.iated 1,ight turbulence. Both ground and airborne
witnesses reported';hat thq;weather co@éitions along the track of Flight hO,'
and in the area of the crash, wefé géﬁérally good wilth no restriction to
visibility. The accident oceurred in sunlight conditions.

For more detailed information regarding Aeteorologicgl’conditions,

LS

see Appendix B.

9/ There were no actual pilot discrepanciles noted in the flight log on the
* ' day of the accident. The only entry stated that the radar was operating

normally. : '
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1.8 Aids to Navigation

There were no reported discrepancies of ground.or airborne navigation
equipment during the flight, The éircraft came ﬁnder the radar obsérvat;on
and control of the New York Air Route Traffic Control Center at 1442. Both
- Primary and secondary radar targets 0 were observed until they disappeared
from the radar screen at 1447. The radar system (primary and seéondary),
the low altitude video map, the mapping equipment aﬁd the beaccon decoder
were ground or flight checked, as apblicable, subseguent to the acdident.
All functions were operating within accepted tolerances.

A flight check of the Elmira, Williamsport and Stony Fork VORTACs, and
the Grover, Pennsylvania, intersection, was conducted immediately after the
accldent 'and completed at12013 en June 23, 1967; - All were found to be oper-
ating within prescribed l#mits. In addition, a ground check wes conducted

on the above three VORTACs; and they were certified as cpefating normally.

1.9 Communiéations

Prior to the eventS'deécribed below, there were no apparent discrepancies
[ o .

in thélai:fto ground communications between Flight 40 and the New York Center,

o 4 1
" which were being conducted on a frequency of 134.6 MHz. In a transmission

10/ Primary radar targets are reflections from the aircraft surfaces, while
secondary targets are électronic returns from a radar transponder aboard

the aircraft. ! y/ . '

11/ Exemination of the radio frequency selector panel as found in the wreckage

~  indicated that the No. 1 VHF communication transceiver was set on a fre-
quency of 134.6 MHz, The antenna for the No. 1 VHF system is logated on
the top surface of the horizontal tailplane while the wiring leading 4o

thkis antenna runs up the interlor of the wvertical fin along the aft side
cf the rear spar. :
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which ended at 144k4:1L, the New York Center conmtroller issued a clearance

to Flight 40 to climb to 16,000 feet, which was the last Center communi-
cation received in the ailrcraft. An attempt wes made by the flight to
acknowledge this clearance, beginning at 1444:24, Additional aﬁtempts
were made by the flight to trensmit to New York Center at approximately
1444:50 and again at 1445:1%. None of these messages were received at the
Center. The controller ;epeated the ciimb*clearance since no acknowledge-
ment thereof had been received. Théreafter, a number of unsuccessful
attempts were made by the controller to re-establish'radio contact with
the flight, both directly and through the medium of northbound aircraft on

12/

Federal Aviatiop Administration (FAA) flight check data, dslwell as

Vietor 31l.

successful communicationé with other ﬁircraft at various altitudes,.indi—
cated that satisfactory coverage of t%e New York Center remote communications
on 134.6 MHz existed alang Victor 31 Eetween Williamsport and Elmira down to
the minimum en route altitude of &4, 000 feet.

1.10 Aerodrome and Ground Facillties

Not involved’ in this a;cldent.

1,11 Flight Reconéers

| y
(2) Flight Data Recdrder / : ,

. N ¥ . '

The aircraft was equipped with a United Data Control Flight

Data Recorder, model F542, S/N 1756, which was instalied ip the radio rack

at the rear of the flight deck on the right hand side of %he'aircraft.l

lg/ Information concerning the transmission and receipt or non-receipt of
the above messages was derived from the cockpit voice recorder and the
recording of communications transmitted by and received at the New York

Center. i ‘

e
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Although the flight recorder sustained substantial impact damage the |
recording medium itself received only mieor damege which did nct impair
the readout of the rlight record. However, a malfunction of the take-up
mechanlsm spool within the recorder resulted in 1ntennittent parameter
traces and skip or gap areas between styli merkings.

Examination of the data graph prepared from the recorder readout indi-
cates that, &uring the first L minutes of flight, the aircraft climbed out
to an altitude of 6,000 feet m.s.l,, while maintaining a steedy rate of
climb of. approximately 1,200 feet per minute. The airsﬁeed rapidly in-
creased to 156 knots efter_takeoff vhere it remained steady for 30 seconds
before commencing a buildup to 240 knots during the remainder of the climb
to 6,000 feet. After r%xe.intainingi a heading slightly to the right of the
runvay heading of 24O &egrees magnetic for the first minute of flight, the
aircraft swung to the left, reaching & heading of 206 degrees at 2-1/2
minutes after takeoff. Thereafter, the‘aircraft turned back to.the right,
reaching a heading of;EQd degrees at the 3-1/2 minute mark. Throughout the
reﬁeiniyg 4 minutes of flight, the.aircraft,maintained a gradual, steady
tuinit&lthe leét, culminating in a final heading trace indication of 180
degréés. '; j

After reaching 6,@65 feet b minutes after takeoff, the aircraft
levelled off and remained at that altitude for 50 secends while its speed

increased from 240 knots to 266 Knots. Thereafter, the aireraft climbed

to 7,500 feet in a 32-second period as the airspeed dropped back to 243

knots, This rapid climd was reflected in the vertical acceleration trace,
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* which showed several sharp positive "G" excursions before climbing to the

positive .5 "G" increment level, ﬁhgre it remained constant for a periocd
of 8 seconds.

After the sharp climb to 7,500 feet, the aircraft abruptly levelled
off_and remained level for a peribd of 20 seconds, during which time the
airspeed stopped decreasing and started to increasse while the verticsl .
acceleration trace indicated nega%ive "G" values. Thereafter, the aircraft

descended 3,700 feet in 46 seconds while the airspeed increased to 320 knots

and the vertical acceleration trace continued to reflect negative "G" values.

The aircraft then shifted rayidly from a descent to a climb, which
was reflected by positive "G" excursions in the vertical acceleration trace.

The resulting climb took the aireraft from 3,800 feet to 5,100 feet in 26

seconds, while the ﬁirsﬁeed decreaséd rapidly from 320 knots to 224 knots.

After the aforedescribed cliib,\the aircraft immediately went into a
descent, which commenc?d at approximately 37 seconds prior to the time when
the parameter traces became aberrant._ During this descent, which culmi-

\ A
nated in a final altitude dndicatidn on the graph of 2,700 feet, the air-

3
i v !

speed rose from 224 knots tp a final value of 315 knots.

{b) Cockpit Yocice Recorder
Installed aboard the aircraft at the time of the accident was a

13/

o ' ¥ .- ' '
Collins Cockpit Voice Recorder, model 642C-1, S/N 65. Examination of
the unit following its removal from the wreckage revealed that the recorder
' .

was operating nommally until ground impact occurred. Voﬁce reproduction
A

}Q] The voice recorder was installed forward of the aft pressure bulkhead
on the right hand side of the aircraft.

— N AR e b e wmes &
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was adequate for transcribing the recorded conversation and the recording
was considered satisfactory.

The recorded conversation indicates that, prior to starting engines,
the pilots noted an excessive reading on one of.the two gauges which re-
flect the air pressure in the crossfeed supply duct of the pneumatic system.
ATter starting one of the engines and opening the crossfeed valve, the
pilots noted that the other main duet pressure gauge was indicating a
normal value, The‘pilots then made comments indicating that they attri-
buted the excessive reading to a defective gauge. Just prior to the start
of the second engine the captain mentioned that the "last time we had a
real hot start.” ‘

After starting the engines, the pllots went through the after-start
checklist, during which %pecific reference was made to the air delivery
and crossfeed valves beiﬁg open and the isclation valves beipg closed, EE/
Throughout the ground opefation and initial portion of the flight, the
captain was reading‘the‘fhallenge portion of the checklists and making
the radio transmissionsiﬁhile the first officer was apparently operating

T Eﬁ/ _ P
the cgnﬁrols.

fhe first apparent in%ication of any difficulty during the fiight

was an exclamation uttere Hby the captain during the transmission from
' - [

the New York Center controller at 1h4h:1l clearing the flight to 16,000 feet,

14/ The 1isolation valves, which,can be positidhed open or closed fgon the
cockpit, control the flow of high pressu;e bleed air from the engines
,jinto the pneunmatic system.

*}2/ This conelusion was based on identification of the voices which are

heard on the recording.
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At 14h44:33 fhe first officer remarked that "it's hard to tell just what.
it is.". At 1l4hk:k1 the captain directed the first officer £o "pull back
on your speed", to thch the latter replied "I'm doing it." Immediately
thereafter, one of the pilots commented that "there's something screwy
here" and the captain referred to "having a little control problem.”

The recording then indicates that the captain took over the controls
of the aircraft and decide& to return to Elmira, which intention both pilots
attempted to transmit on the assigned radio fréquency. These messages were
fecordéd on the radic channeis of the cockpit voice recorder but were not
received at the New York Center. At 1445:18 ﬁhe captain exclaimed "we lost
all control /pause/ we don't have anything." The first officer then remarked
"we're in manuallngw,ﬂ.to which the captain responded "yeah, bﬁt I can't do
anything." Shortly afﬁer k529 t%e sound of the landing‘gear warning horn
is heard, ceases, and then commenceé‘again. One of the pilots then stated
"put it back in the segond system.“'

At 1k5:L42 the captain declarﬁd his intention to "gp up for & minute",
which was followed by & sér}es of ;tatements over the next 30-35 seconds
regarding attempﬁs;;o contfél the aircraft (e.g., "Pull back! Pull back!

. .« . keep workiﬁé, we'refﬁaking it .?.'. straight now . . . elimb now . . .
easy now"). The;eafter,'one of thi/éilots statedr"now cu? the gun . . . we're
in now," following which the sound of the horn ceased.

At 1446:31 the captain stated "we better turn backﬂtbwards Elmira”, but

then apparently,changed his mind and said "let's go straight sheed." At

144637 tﬁe captain remarked '"what have we done to that . . . tall surface,

'

— - —— W, WA
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ya have any idea?" The first officer replied "I don't know . . . I just
can't figure it out", following which he stated "we've lost both systems.”™
Thereafter, the captain stated "I can't keep this [fbparent reference to
aircraft/ from . . . all right I'm gonne use both hands now." This was
followed by a series of statements which referred to using "both hands"
and to "pulling back." At 1447:11 the éaptain stated "I've gone out of

16/

control”, and at 1kL7:17 the recording ended.

1.12 Wreckage |

| The aircraeft impactedrin a heavily wooded area near the crest of a
hill vhere the terrain was_basically level. Based on damage to trees, Fhe
average descending angle of the aircraft at the mg;n wrecKage site was ap-
proximately 4O degrees{‘ The wreckage distribution was oriented along a
true bearing-of 42 deg}ees and was located within an area 1,300 feet long
and 420 feet wide. Alltmajor éifcraft structural components and all flight
contrel surfaces were accounted for.

The fuselage, bot? yings and both engiﬁes were located within the main
impﬁct qrea,‘in which wefe two large craterg. The inboard section of the
righ@jwing and‘fuselage barts were located in the left crater, relative to
the é%parent direction og}flight at impact, while the eﬁgine componenté and

. , .
aft fusalage struc?ure #%re found in fhe rights crater., The right wing from
rib No. 11 outboard hgd separatedlfrom the remainder of the wing. There was

i Yoy ‘

no evidence to show that this separation cccurred at impact. The damage at

the *zone of separation indicated that the wing failed downward by compression

}_/ Attached hereto is a chart correlating pertinent pilot conversation,
derived from the cockpit voice recorder, and the altitude profile of
the flight, taken from the flight recorder dita graph.
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failures of the lower stringers and tension failures of the top stringers.
The left wing was feirly intact, The remainder of the wreckege in the
main impact area was broken into small pleces.

A lerge section of the tail asseﬁbly, vhieh included the tailplane,
elevators and the top two feet of the verticel fin structure, was found
approximately 510 feet back from the main.impact grea along the apparent
direction of flight. The rudder was located approximately another\h30 feet
beyond this tail section. Verticel fin skin sections were found between
the main impact ares and the rudder. There WBS 1O evidence to indicate
that the aforedescribed tail components had been thrown back from the main
impact areé at impagt. The direction of tree damage'and furrows made in
the ground indicat?d that these components were separated from the aircraft

prior to striking the trees and wer% moving in the same genéral flight

!
-direction as the main part of the eircraft.
1

Extensive heat and fire damage was visible on sections of the vertical

fin and rudder. Molten metal splatter wes visible on the vertical fin skin

s th
sections, on the verticel fin and 4t the lower hinge point of the rudder.

1 i 4

Soot and dark colo;éd stains on the external surfaces of these units were

i

aligned with infi}ght alr flow patternb. There was no ground fire assoclated

./
17/ /

with any of the above itehms. /
¥

: . i
Evidence in the wreckege indicated that both main engines were rotating

et impact, and that the APU wes running at or near governed speed. . There was

1?7 However, there was evidence of heat damage to grouﬂd cover in this ares
which appeared to have resulted from contact with the hot aircraft com-

ponents.

—r ——— —

¥
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no evidence of inflight or‘grcund fire on or about any of these units.
The APU air delivery valve was found in the open position. Examination
of appropriece vadres in phe fuel system indicated that the engines were
being eupplied with fuel at impact. There was no evidence of fuel leaks
in the fuel lines running from the wheelwell area tc the engines, or in
the fuel line to the APU,

Evidence in the wreckage slsoc indiceted that the lending gear and
flaps were fully retracted at impact. Three of the four spoiler/speed-
brake power control units were found fully retracted while thelfourth one
from the left side was extended one inch. Evidence further indicsted thet
the tailplane trim at impact was O degrees 54 mimites nose up, which is |

i ' . . :
~within its normal setting based on the aireraft center of gravity, weight,

i
and speed, ﬁ

With respect to the hydraulic systems, both engine-driven pump fluid
suction shutoff valves were found to be fully open. In addition, the
elevator emergency toggle switch was found in the emergency position, and
there was ne evidence that the toggle had Been struck by some object or
otherwdse forced into this position.

The maJprity of the)pneumetic Bystem ducting wus recovered. There
was no evidence of‘pre-existing cracks or loose Joints in this ducting,
nor was there any externel or internal evidecce of exposure to smoke, heat

. f { ¥
or fire, with the exception of some small pprtions recovered from ground

3 .
fire areas. The various pneumatic system flow control valves were also _
recovered and all were found to be in the open position. These include

(1) the isclation valves, located in the engine bleed air high pressure
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ducting in the left and right stub wings; (2) the pressure reducing valves,
located in the stub wings immediately downstream of the isolation valves in
the highiprgssure ducts; (3) the crossfeed valve, located in the crossfeed
supply duct; and (L) the nonrefurn valve, located in the AFJ bleed &ir duct
Just aft of the crossfeed supply duct. .

The purpose of the nonreturn velve is to prevent the main engine bleed
air from flowing back to the AMJ. As found in the wreckage, one of the two
valve flaps was forced down inside the intake ring while the other flap wes
partially open with scme of the buckled ducting folded underneath it in &
manner suggesting that the flap was partially open at impqct. lﬁ/

Examinatioﬁ of the valve disclosed that both of the valve flaps were
severely deformede being‘cupped inward toward the intake ring so that the
seat sides of the flaps;were‘canex;\ The pattern of distortion was similer
in both flsps, with the meximun bend being sbout 45*. There was also some
deformation of the seat areas on the}flaps and on the intake ring. In
addition, gailing was ﬁresent on the surfdcés of the valve hinge ears of
both flaps. N ' f

i

1.13 Fire o It ‘ ; .
o ;‘-’ g
On the basis of witness statements and observations of the wreckage,

Lyt ! ‘
it was epparent thet an inflight fire/hed occurred in the rear part of the
] . , {
fuselage end in the tall assembly. V&n order to igolate the inflight fire

area within the airfrasme, a modified three-dimensional type mockup was con-

iV

structed. Inasmuch as the fire-damaged rudder and tail sections were found

18/ Deposits were found on the upstream or AFU sidé of the vaive flap which
was jammed shut and on the same side of the intake ring center web.
These deposits were subsequently indentified as nylon residue.

¥
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upstream of the main impact ares along the apparent flightpath, the mockup
was constructed sterting first with the resrmost components of the eircraft,
and proceeding forward until the inflight fire damage limi%s wvere ascertained.

Based on the sabove process, the inflight fire area was isolated in the
rear section of the fuselage between Fuselage Station (Fs) 936 and 958 and
above the AFU bay. The fire damsged the airfreme plenum chamber and the
bydraulics bay compartmént , which ere located in the top part of the fuselage
between the foregoing fuselege stations, E/ burned through the top fuselage
skin in the area of FS 936, and damaged the rudder end vertical fin. No evi-
dence of inflight fire was found anywhere else in the sircraft.

Based on knowm meltj.ng .points snd cbservations of molecular structure,
metal i:emperatures in thé' airfreme plenum chamber were calculated to be in
the 648°C. to 882°C. ra.née, which constituted the highest such temperatures
within the designated in:t‘light fire area. The fir.e damage was more intense
in the forward inboard section than in any other part of this chamber. The
plenum chember acoustic ',li,nings , whose primsry purpose is sound suppression,
were esseyntially destroyed. in the fire, as was the sluminuimn wall separating
the h‘ydmulics Yay from the plenum chamber. 'I'he fire damage and metal dis-
colora,'éion in the hydraulj.c;s bay was the most severe in the forward inboard

7

corner of that compa.rtmepé

- #

19/ Facing forward, the plenum chamber is on the right hand side of the
fuselage, while the hydraulics bay is on, the left slde. The plenum
chamber was designed primarily to faciliteate the smooth flow of out-
side sir to the AFU compressor inlet. The hydraulics bay housés the
shydraulic compensator units in the return lines from the power control
units.
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The existing 8 inch by 4 inch hydraulic hose exit hole in the top of
the fuselege skin near the centerline 'of the aircréft,'just aft of FS 936,
wes enlarged to a ho;e 10 inches by 6 ipches by fire damage. The flexible
hoses which pass through this hole, and which carry the hydraulic fluid !
whiéh operates the rudder controls located in the tail assembly, were to a
large extent never recovered. However, sections of hydraulic tubing and
flexible hoses and the two rudder power control units, all of which were
blackened and spattered with metel, were recovered back along the probable
flightpath upstream from the maln impact site.

The elevator control rods, located on the rear side of the aft spar in
the lower section of the vertical fin, were destroyed by fire.

The rudder and vertical fin assembly sustained extensive fire damage.

 With respect tc the ;yudder, the most intense fire damage was centered in
the forward, lower section of that c@mponent, particularly in the area of

| the lower rudder hinge box. There wﬁs also evidence of fire demage, intense

heat, metsl splattering' or scoting throughout the length of the vertical fin,

with the most severe 1ndic§tions logﬁted in the lower, interior section of

the fin. . [ i ’
There was exﬁeq;ive fif; demage between the, forward and aft vertical

fin spars in the area of vertlcal fin peparation. The aft spar webbing,

Just below the second rid from the qﬁp, was burned through as was the ) i

secpnd rib itself. The vertical fin forward spar was exposed to temperatures

of a magnitude sufficient to destroy the integrity of thg-épar, as evidenced i' i

by the foliationsof the spar material in the fracture. Bvidence indicated
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that the vertical fin forward spar failed in tension whiie the aft spar
failed in compression.

Electrical wiring in the horizontel tailplene extended approximﬁtely
five feet belﬁw the taiiplane and was severely burned throughout its exposed
length. This wiring included the coaxial lead for the No. 1 VHF communications
antenna and the lead for the electricel elevator trim.

The fire extinguigher bottles for each of the éngines and the AFU were
recovered in the empty condition. waevef, there was no e*idence in the
wreckage indicating that any of these extinguishers hed been discharged by
activating controls located in the cockpif.

1.14 Survival Aspects

This wés a nonsurvivable accident.

1.15 Tests and Research:

Due to the presencé_within the designated inflight fire eres of a wide
variety of ﬁeposits vhose identity could not immediately be established, a
representative sampling;bffthese deposits was submitted to laboratory exami-
natibﬁ. jIn adﬁition, where the identity of gertain fabricating materials
found[éiéhin the,inflight firve sres was considered desirable, samples thereof

i N )
were also taken for labeoratory anelysis. The results of the laboratory
' /

.

analyses of these sample#’disclosed no. evidence, of materials not indigenocus

to the aircraft. Moreover, the selected fabrication samples were found to be

4 . ; / N ‘
composed of the meterials called'for in the manufacturer's drawingss
= |

a3
L
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: A serles of flight tests were conducted, utilizing a 400 series
BAC 1-11 aircraft, in order to determine whether leaking aircraft fuel
could possibly be transmitted to the intake of the airframe plenum chember.
By means pf releasing dyed water from the various simulated leak areas,

these tests established the external flow pattern of fuel leaking from.

" the wing root area, the single point refueling cap, the main landing gear

wheelwell area, and the stub wing ares. These tests duplicated typical
flight coﬁditions from takeoff through the reverse thrust phase of landing
roll, In none of these tests did the discharged fluld ever reach the
plenum chamber intake.

Additionel tests disclosed that exhaust gases from the right engine
entered the airfreme plenum chamber through the intake screen, 85 evidenced

by a rise in temperature at the screeq of up to 8°C. during application of

20/

reverse thrust. However, the test gircraft was not instrumented to
detect the ingestion of $lowing carbon particles or unburned fuel intc the
Plenum chamber during reverse thrust.

Dyed water was aleo released in’;he area of the rudder power control
units in order to @ete;mine t?e path of Skydrol 2/
during flight. Thé:bhlk of the fluid so'released drained into the hydraulic
‘compensator bay, where some'of it was y;epped in the inboard section of the

}

leaking from this erea

bl

20/ It should be noted that the exhaust gas flow during reverse thrust
is slightly different on the test aircraft, a LOO series BAC 1-11,
as opposed to the 200 series BAC 1l-1l eircraft involved in the acci-
dent, although not in a sense that would ‘alter the test results.

g}/ Skydrol is the trade neme of the fluid utilized in the hydraulics
system of the BAC 1-11.
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' bay due to an inadequate drainage sysfau; A check of all nine aircraft
on the BAC 1-11 production line showed that the sealing between the hy-~
draulic compensator bay and the eirframe plenum chamber was imperfect,
with the consequence that the trapped fluid, under ambient conditions,
seeped into the airframe plenum chamber. The.flight tests were conducted
with the plenum chamber acoustic lining installed, and some of the fluid
became coated.on, or was absorbed by, thesé linings. |
Flight tests fo determine airflow patterns within the airframe were
ﬁlso conducted, in order to determine the extent to which normal internsl
eirflows contributed to the propagation of the inflight fire. The flow
patterns were deduced from static presgure measurements taken inlthe ARU
bay, ‘the plenum chember, the hydraulics bay, the rudder control unit bay
s

end the vertical fin. ?he data derived from these tests verified the
potential for a draft f;Qm the hyﬂraulic; bay up through the vertical fin.
These tesﬁﬁ also disclosed that the pressure in the hydraulics compensator
bay was greater than the plenum chamber pressure, a differential which no
douht contributed to the aforementioned seepage of leaked Skydrol fluid

.

from the formen compartment into the latter.

;;A addition to press?re messurements, flight tests were also performed
to aécertain 'and rgcori/ﬂonnal operating‘tempefatures within the airecraft
in the designéted inflighf fire ares ;nd adjacent compartments. The highest
temperature recorded was 1n.the!A£U bay in %ﬁg proxim;ty of the aif delivery
ducE} Although heet from this duct warmed éhé underside of the hydraulic

' compeﬁsator bay, the meximum temperature recorded in #his bay was T0°C.,
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which is only slightly above the normal operating temperature of the
Skydrol in the hydraulic lines within the compensetor‘bay.
Other tests were conducted to determine the possibility ofAcombustion

arising from sonic vibration within the airframe plenum chamber acoustic

linings. The acoustic energy developed during these tests was’three times
that normally found in the plerum chamber but still was not sufficient to
ignite the linings, although a temperature rise‘of‘150‘c. WaS recorded.
These rests were conducted both with dry acoustic linings and with linings
wetted with kerosene and Skydrol.

Tests were also performed to ascertain the extent to which lining
material could be heated by frictional ruobing, such as might occur if the
linings should come in oontact with the rotatlng APU compressor disc. These
tests were conducted by placing dry; kerosene wetted and Skydrol wetted
acoustic linings in a fixed position against smooth and serrated discs of
alurinum alloy, steel and titenium, snd then rotating -the discs at speeds

up to 36,000 feet/minute. Combustion-of kerosene and Skydrol wetted linings

A

'was achieved with th serrsted alumioum alloy discs, but not with the steel

or titanium discs. ' The APU compressor disc materiel is titanium.‘

To determine’whether /s fire cou1§ be started in & Skydrol-wetted
electrical cable energized at the p ential found in the tail of the BAC 1-11,
a "wet wire" test was performed. The results of this test were negstive.

An extensive series of tests were eonducted to determine the effect
of ingesting raw fuel, Skydrol, end ecoustic linings (béth dry end soaked

with kerosene and Skydrol) into the compressor inlet of the AFPU during
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various induced surge end operating conditions of that unit. None of
these tests produced ignition or flame propagation in the compressor
tntet. 2/

During the course of the sbove 'APU tests, 1t was noted that it was
possible to achieve a reverse airflow through the A.PU It vas further
observed that such reverse flow was accompanied by e temperature rise at
the intake to the APU, or iﬁ vhat would be the airframe plenum chamber. |
On the basis of this information, an extension of these tests was czirried .
out, under still alr conditions, utilizing the static mounted rear fuselage
section of a BAC 1-11 in which an AFU ‘wa.s installed. A hot air supply,
simulating‘main engine bleed air, was connected to the AFU eir supply
ducting -—-/ The airfrdme Plenum chamber in the fuselage wes fitted with
a full set of acoustic l‘;lnings. Prior to each of three tests which were
conducted, these linings were in;}eétecl with controlled amounts of aviation
turbine fuell, Skydrol and white spirit. In addition, & smell quantity of
Skydrol was applied to 'qhe walls and floor of the hydraulic compensator bay.

with the APU run.ni;'xg in the no load condition and the air delivery
valve sqlected closed, the pressure of the simulated engine tleed sir in
the deiivery duct was raispd to equa.l the pressure in the AFU turbine plenum.

2l
The APJ air delivery va]g/e was then ‘selected Open—‘/ and the simulated engine

22/ Even with a massive simulated fuel leak into the intake plenum, there
was no fire until the AFU was shut down and coastipg to a stop.

gg/ This ducting d4id not contain a nonretum valve, although the fiow of
»alr was approximately equivalent to that which would be allowed by a
half-open valve,

' _2_h/ The air delivery valve on the test A.PU hed its rate control head blanked

off, as did the APU on N1116J.
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a'ir pressure ‘gradually increased until surge of the APU compressor occurred.
The compressor surge took pla.ce:at & turbine plenum static pressure of
between 4L and LS p.s.i.g; At this pressure, the simulated mein engine
_ air flow into the APU turbine plenum increased rapidly from less than 1 1b.
| per second to a.pproxiiately l&l.b.s. per second, due to & reductién in back
presrsure, and hot air was discharged into the airframe Plenum cha.mbér.
When the surge point was reeched, the APU appeared to flame out and drop to
95 percent speed, allowing automatic re-ignition to occur. The APU then
" recovered to a speed only slightly above normal, and continued to run with
reverse flow conditions prevailing. Apparently, a portion of the similated
engine air was utilizéd to sustain combustion, while the remainder passed
through the compresslbr section and into the airframe plenum chambgr.

After severél'minutesf,. of dperatioi;ﬁ in this.condition, a‘considerable
amount of smoke was emitted from the p;“l.enum chamber. In addition, Skydrol
vepor could be seen issuing from the a_f:gerture in the top of the hydraulics -
bay. Apart from the ,smoﬁe end vapor, the only indication that the unit was
not operating normally was q change i;n noise emission from the installation.

After respective {:est p;eniods of 3-1/2, 6-1/2 and 16-3/14» minutes, termi-
nation of the reverse: flow condition and reversion to normal APU operatmn
was accomplished, either by closing the air delivery valve or by an un-

i
intentional drop in the simulated: eng:vﬁe bleed air pressure., In each
instance, the traﬁsition to normal APU operation was smootﬁ.

i

During the reverse flow tests, temperatures in the ai?frame plen‘tm
. _ !

chamber and the hydraulics bay were sensed by 8 themocouples.‘ In addition,
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temperature sensitive paint and control samples of various metals whose
melting points were lmown were distributed throughout the plenuﬁ chember.
The pertinent temperatures indicated'uere as follows: 22/
’ 1. The maximum recorded eir temperature within the plenum chamberr
was 375°C. In the third and longest test this temperature
reached 360°C. after 6 minutes, where it remsined steble for
the next 5 minutes.
2. Temperetures inside most of the acoustic linings continued to
rise after the intake air temperature had stabilized, reaching
e maximum of 515°C. after 1l minutes in the third test. 2§/

3. The maximum alr temperature in tbe,hyd;aglics compensator bay

; wvas 297°C., réached after about 10 minutes in Test 3.

4. The maximhm‘ﬁemperature recorded by the thermocouple attached

to the hydrau@ics bay wall adjacent to the plenum chamber was
'340°C., & level which was reached after 13 minutes in Test 3.

“An examination of the plepum chamber following the completion of each
test indicated that ;he nylon cords which held the acoustic linings in place
haq mélted EZ/ and the linings covering the wall adjacent to the hydraulics
bayf%adAfallen away, presumably at an early stage in each test. In addition,
there was e;idence th@éfinternal combustion had occurred within scme of the
linings, primarily in localized areas. ",

25/ It should be noted that the temperature/of the simulated engine supply

air, which was initislly measured at 250°C., decressed to 160°C. -
* - 170°C. toward the end of the two longest tests.

gé/ This temperature occurred in the lining which was located against the
wall separating the plenum chamber from the hydraulics bay.

27/ The melting point of these cords is 215°C.
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Using infrared and gas chromatographle analyses, it was determined
that both the No. 1 and No. 2 hydraulic systems of N1116J contained un-
contamineted Skydrol at the time of the accident. Skydrol and/or its
thermal decomposition products were found on the hydrasulic compensator bay
floor, on both sides of the FS 936 bulkhead, and on the internal and ex-
ternel surfaces of the verticel fin and horizontal tailplane.

Skydrol is a fire resistant hydraulic fluid in eccordance with the

standards set forth in Aeronsutical Material Specifications (AMS) 3150c.

These specifications preseribe that the autogenuous ignition temperature
of such a fluid must be higher than T50°F. (399°C.), determined in ac-
cordance with certain testing procedures. Testing conducted by the manu-
facturer of Skydrol indicates that the flash point of that fluid is 180°C.,
the fire point is 215'0 oy ana the eutcignitiOn point is 4O6°C. However,
Skydrol exposed to air at €levated temperatures will undergo thermal decom-
position and the flash, fire and autoignition temperatures will decrease by
&5 much as 9°C. §§/ \

Tests eondncted during the investigation demonstrated that a Jet spray
of Skydrol, flowing at a rate associated with & charactefistic lesk in a
flexible hydraulic hose, copld be ignited by a propane flame, a high energy
spark, or a hot uire source. Furtherqcre, when the ignitlon source was
removed, the ignited Skydrol, with ah/ air/fluid ratio of 300:1, would

sustain a flame 6 to B feet long. )
!
28/ Independent laboratory tests indicated that, when Skydrol is heated,
the flame réataerdants essociated with that fluid are among the first
of its basic components to vaporize.
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Acoustic linings of the type utilized on N1116J were composed of
two layers of a glass fiber batting material enclosed within aﬁ envelope
of borﬁsilicate glass fabric impregnated with silicone rubber. 1In tests
designed to determine the susceptibility of the linings to ignition and
flame epread, it waes noted that the flame spread was confined primarily
to the silicon rubber coating materisl. When impregnated with Skydrol and
kerosene, the blanket acted primarily as & wick, and the céntaminants f£lemed
vigorously until their volatile components had been consumed. _

Other tests indicated that the glass fiber batting insuletion might
self-heat to ignition if & one-inch thickAslab were exposed on one side
to kO5*F.- (207°C.), with the other side perfectly insulated, under stili

29/

furnace of the rubber %oated fabric, and of the acoustic lining assembly,

air conditions. fpe measured self-ignition temperature in a hot zir
was 890°F. (L77°C.).

VisuEl inspection was made 5; epproximately 34 sets of gcoustic lining
assemblies fbllowing ?hgir removal from operational elrcraft. Approximately
oﬁé-thjrd of~these sets confained areaé of, deterioration, some of which
appéaf;d to b; caused by mecbanicai means, such as rubbing or soniec vibration
30,

Y, ’ ‘
while other damaged sress appeared to have resulted from exposure to heat.
: ' Yy .

A small portion oﬂ thqéé damaged specimens was subseguently subjected to

29/ The addition of contaminants such as Skydrol and kerosene appeared to
' decrease the self-heating tendency of ‘the linings.

30/ Approximastely one-third of the 34 sets slso contained areas which were
Y wetted or soaked with Skydrol. However, only 3 or 4 of the total number
of sets exhibited both deterioration and Skydrol contamination. .
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leboratory examination. It was concluded tﬁerefrom that the majJority of
damaged areas on the specimene submitted were caused by mechanical means,
although 1n regard to two of the failures studied it could not be determined
whether the damage was caused mechanicelly‘or by heat.

A metallurgicel exemination of the nonreturn valve taken from the

_wreckasge of N1116J indicated that the chemical composition of that valve

was essentially similar to the standards called for in its design drawing.
The mechanicel property requirements, such as hardness and tensile and yield
stfengths, also appeared to meet these specificetions. Obgzervations of
microstructure mede_through metallographic exsmination of the flaps and
intake ring did not disclose evidence of any properties which would adversely
affect the functioning of the valve. Numerous cracks were noted on the convex
side of the velve flaps,‘%hich were allogical consequence of the warpege
which occurred in those flaps. Hbuev%r, all of the cracks observed were
primarily surface cracks, and none of them penetrated through the thickness
of the flaps. \

_When the possibility of reverseyh;f flow through the AR/ became evident
on the basis of tﬁe\aforemehtﬁoned tests, an inspection campnigp was conducted
in order to detenmine the coédition of nonreturn valves on all BAC 1-11 air-

W
eraft in service throughout the world. ;'/ This canpalgn disclosed that

'approximately 20 percent of the valvéé checked were, totally rserviceable and

conformed to specifications, 60 percent had deformed flaps uhich would cause

1eakage, although not to an extent that ﬂould render the valves unserviceable,

.and 20 percent were deficient in e manner making them totally unserviceable.

31/ The worldwide BAC 1-11 fleet consists of approximstely 00 aircraft.

»

an— — -
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The results of the reverse air flow tests also led to a further
examination of the APU taken from the wreckage of N1116J in order to
determine if that unit contained any internal indications of having been
subjected to the 'type of heat amssoclated with reverse flow. This exami-
nation discloesed that some of the elastometer sealing material in the APﬁ
compressoT hed an appearance consistent with exposure to a temperature of
approximately 600°F. (316°C.) for an unknown periocd of time. In addition,
some of the metal sections of the compressor itself had an appearance
similar to samples of the same type of metal which had been subjected to

8 temperature of 550°F. (288°C.) for 5 to 10 minutes.

2. ANALYSIS AND CONCLUSIONS

t

2.1 Aﬁalzsis ]

The investigaticn &isclosed that the only causal factors involved in
the accidept were thoselﬁirectly associated with the infiight fire which
occﬁrred in the rear fuselage and tail sectlon of the aircraft. The crew‘:
was properly qualified;;nd certificated for the flight. The weight and
c.g. of the aiqpraft were within limits at takeoff and were calculated to
have ;emained so until the tail began to disintegrate in flight. Both engines
were 'developing a high %p;el of power at impact, and the APU was rotating at
or near governed speed. The landing gear, flaps, and spozler/speed brakes
were retracted. There was ne eyidence of sprgctural oy system failures

f ¥

other than those directly resulting from the fire. The air traffic control
" , (LT :

- handling of the aircraft was routine until air to ground communications were

lost. There were no indicstions that weather contributed in any way to the

accident.
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From a study cf the mockup of the inflight fire area, it was determined
that the Inflight fire originated in the airframe plenum chamber, spread to
the hydraulies compensator bay and simultanecusly therewith burned through
the hydraulic hose exit hole in the top fuselege skin, which was enlarged by
the fire, and up into the vertical fin. After the origin and path of the in-
flight fire were so esﬁablished, the investigation focused primarily on de-
termining (1) the combustibles which fueled the fire, (2) the manner in which
ignition occurred, (3) the propagation of the fire, and (4) the consequences
of the fire. |

With respect to combustibles, laboratory tests of numerous deposits

'h”“| taken frem the inflight fire area ruled out the possibility that any material
‘Eﬁﬁi foreign to the aircraft was involved 1n the fire, therefore negating sabotage
%hﬁi as a causal factor.~ JIn addition, external alr flow tests showed that.fuel
%ﬁﬁ! leaks from potential leak sources coqld not reach the inteke of the DPlenum
ﬂ:nﬁ chamber, and thus discounted kerosenezas a combustible. By the process of

nl} H]H elimination, therefore,'the only remaining materials within the inflight fire
HHHHE area which could be considered coﬂbustibles were Skydrecl hydreulic fluid,

which flows through tpbing and flexible hoses from the hydraulic bay up into
the vertical fin,;;%/ and the acoustic blankets which line the airframe Pplenum
chamber. The conclu31on that these twq materials fueled the fire was further
established by the fact that Skydrolydeposits in various stages of thennal

| decomposition were found throughout the inflight fire area while the acoustic

linings, except for a small fragment were totally consumed in the fire.

32/ In additiony it is probable that some Skydrol was present on the floor of
the hydraullc bay due to leakage and an inadequate drainage system.

T
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Extensive testiﬁg negated the possibility of a number of potential
ignition sou:ceg; such as acoustical ehergy within the plenum chamber
linings, electrical energy, frictional rubbing of the linings against the
rdtating'APU_comp;essor disc, and ingestion of lining mﬁterial, Skydrol
and/or kerosene into the APU wilth e resultant flashback into the plenum
chamber, There also was no evidence to suggest that a glowing carbon
particle exhausted from the engines somehow passed through the intake
screen and into the plenum chamber. Testing furtﬁer established that the
normal operating temperatures within the tail section of the sircraft, in-
cluding heat produced by hot engine exhaust geses flowing into the plenum
chamber through its intake‘during application of reverse thrust, were far
below temperatures redpired to ignite the combustibles located within the

inflight fire area. ;

On the other hand}pthere is substantisl evidence in the record to
support the conclusion that main engine bleed air flowed through a normelly
operating APU in the rfverse direction and exited into the airframe plenum
chamber at témperaturés'sufficiently elevated to cause the acoustic linings

1ocated thersin to self-heat to the point of igniticn. The main engines

%
Lo '

are.éppable of supplying}éir to the pneumatic system at & pressure greater
thaﬁ'that of' the a;r d;;&vered from the AFU, 'When main engine bleed air

‘;s selected as the supply source, suéh air flows Into the main syﬁtem duct
through the isolation and ?res§ure redncinngalves. ‘This air ié pfevented
frop flowing from the main system duct back?tq the APV by the self-operating

nonreturn valve, which is spring loaded to the closed position, and by the
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‘alr deli#efy valve, if that valve has been selected closed from the

.

cockpit. Both isolation valves, both pressure reducing valves, the
crossover valve and the air delivery valve were all foﬁnd in the wreckage
to be in the open position. Accordingly, the nonreturn valve was the only
valve separating engine bleed alr from the AFU. |

On the basis of vigual inspection of the ﬁonreturn velve as found
in the wreckage, it appeared that one of the valve flaps was partially
open at'impact. A further sign that the flaps may have been in an asym-
metrical position at some time prior to impact is the fact that nylon
deposits, which presumably came from tﬁé nylon cords in the plenum chamber,
were found on the upstream or AFU side of qﬁly that flap which was found
closed in the wreckdge. Purther examination disclosed that both fleps were
severely werped, such that they,could not fully seat in the closed position}
snd galling was preseht on the surface of both flaprhipge ears. These con-
ditions indiéated not ohly that leakage could occur through a cloéed valve,
but also that the valve fl?ps were ?&n&ing to an extent sufflcient to cause .
a8 flap to stiak—in tﬁe open @r pertially open position. .Accordingly, there

] ¢

is persuasive evidence that the nonretwrn valve oén N1116J was not operating
: :-.;_. ." : . ) ’
properly and thus, by failing to fulf%il its function of preventing engine

bleed air from flowing back towsrd the APU, was the mechenism which initiated

the chain of events leading to the fire.

iV
[

It appears that the aforedescribed’damabe to the vaiﬁe vas caused
]

; ’ '
primarily by repeated rapid closing and opening of the flaps, which resulted

33/. In addition, the crossover valve, if closed, will prevent engine bleed
air from the No. 2 engine from flowing either into the No. 1 pneumatic
system or into the APU air delivery duct. :
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in repeated hemmering of the flaps against the intake ring and repeated
hammering together of the opening stops. This repeated and rapid movementjh
of the valve flaps resulten no doubt from pressure fluctuations within the
Pneumatic system whicn oceur when the air source for the pneumatic systen
is being switched or when pressure from a given source varies rapidly.
Such fluctustions could be expected to occur with particular frequency on
short flight segments., There was no evidence that defects in the valve
material contributed to the damage, or that the valve was damaged by ab-
normelly high temperatures or pressures. It should be emphasized that the
damage to the nonreturn valve on N1116J was not an isolated instance, but
rather was representative of the condition of a substantial number of these
valves when examined during the fleet inspection campaign conducted subse-
quent to the accident. Hlt should &lso beé noted that the nonreturn valve
was considered an "on condition" item, and thus was not subjected to periodic |

‘.
inspections.

Extensive testing;éstabliahed that simulated main engine bleed air,
at tempeéatures‘as low as 160°C., would flow through & failed or helf-open
nonretu&n valve and an open air delivery valve, pass through a normelly
operating APU in the reve;se direction, and exit at a temperature of 360°C.

into the airframe plenuﬁ chamber. The increale in air temperature probably

-resulted from the heat absorbed from the torus'housing as the alr passed

I; !

through the AFU turbine. plenum chember and from the work done on the air by

. the impeller blades as it passed in e reverse direction through the APU com-

Pressor. The probabllity that reverse air;flow through the APU on N1116J
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dide in fact occur is substantiated by the intermal indications that the

APU compresscr section had been subjected to temperatureslof approximately
300°C. fhe tests also indicated that reverse air flow would cause the air
temperature in the hydrauiié bay ta rise to 297°C. and the metal temﬁerature
on the wall sdjacent to the plenum chamber to reach 3k0°C.

The elevated temperatﬁres in the plenum chamber and the hydrsulic bey

created an environment in which the acoustic lining located on the wall

separating these two compartments could self-heat to the polnt of'ignition. QE/
These temperatures in effect acted not only as a heat source, but as an
insulant on each side of the lining, thus csusing it to gain more heat than 4
it lost to its surroundings. Tests indicated that the lining material will
self-heat to ignition.at a yemperature well below that which exists .on both
sides of the blanket du;ingirevefse fioﬁ conditions. Combustion resulting
from ignition due to self-heating étarts%in the center of the meterial and
Visual evidence cof this combustion pattern was found

\
in the blankets used in the réeverse flow tesis. ‘Further confirmation of

progresses outward.,

the self-heating phencmenon is the facﬁjthat vhen the air temperature in
- i t

the plenum chambgr siahﬁiized af 360°C., the temperature in «he acoustic

lining on the 1nboaré_}; fwall continued to rise to 515°C. It should also be

noted that & number oélaccustié hlanketsf}gmoved from operatioﬁal aircraft

after the accident contained indicﬁ%ionﬁ/of heat damage, which'could have

been caused by reverse air flow.

3B/

i
5

L L
TT iz significant that examination of the metal walls of the plenum y
chamber of N1136J indicated that the fire started in this particular
section:of the chamber.
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Based on tests and operational experience, it is probable that the
acoustic linings on N1116J were contaminated with Skydrol flgid wvhich
had leaked inte the plenum chamber due to inadeguate drainage and im- |
perfect sealing. Moreover, such Skydrol would have béen in a partially
decomposed state due to having been subjected to heat over an extended
period of time, and thus would have been more rapidly ignited than fresh
Skydrol. Accordingly, once the blanket material itself ignited, the
Skydrol with which it was wetted or soaked would in turn have ignited,
and thus acted as an additibnal fuel fof the fire within phe flenum chamber.

Once the fire started in the plenum chamber, its path and manner of

-

propagation, as well as the consequences thereof, can be pieced together

35/

on the basis of the available evidence.

along the inbeard plQnum chamber wall, heat would have become concentrated

As the fire spread upwards

in the uppermost leveis of the chamber until a hole was burned through the
top fuselage skin, ad&aeent to the hydraulic hose exit hole. At about this
same time, the vertigal aluninum wall between the plenum chamber and the
hydraulics fqy uoulé Have melted due to the extreme heat. Once this wall
was &estroyed the flexible hydraulic lines attached hereto were exposed to
tha fire and would alsq have failed quickly due to the heat. Consequently,
substantlal ‘amounts Qf Skydrol would have bqen fed under pressure to the

fire. In additlon, the chimney effect, resulting from the updraft from the

32/ It should be noted that the plenum chember was not within a,designated
fire area, which accounts for the fagt that the chamber was not con-
A structed completely of fireproof material and did not contein a fire
warning device or a fire extinguishing system.
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.hydraulids.bay through the hose exit hole in the top fuselage skin, would
have caused the Skydrol-fed fire to burn intensely up into the vertical
fin. ééf

The fire would then have progressed across the rudder power control

unit bdx and through the rear spar web of the.vertical fin, destroying the
elevator control rods, uhiéh are located Jjust aft of the rear spar, and the
coaxial cable containing the No. 1 VHF transceiver antenna lead, which also

runs along the aft side of the rear spar. As the fire spread upwards through

‘ the vertical fin, the extremely high temperatures generated thereby would

have destroyed the structural integrity of the lower rudder attach fitting

!

:laij and both vertical fin spars.

ﬁ%h From the physicpl apﬁearance of the rudder, as well as it§ ﬁosition
ﬁ%” in the wreckage distribuﬁion, it is éFobable that this component sgparated
:ﬁm in flight prior to the horizontal tai%plane. Once the integrity of the

|ﬁﬁ vertical fin spars was destroyed, the normal aerodynamic loading on the
l||liii ‘ horizontel tailplane in level flight, which is in the downward direction

b

with the cernter of.prfssurélﬁft of tie.rear spar, caused.}he top two feet
of the vertical fih ;nd the ﬁorizontal tailplane\to separate in one pilece,
with the tailplane ;going aft and rotat%pg in a trailing edge downward
direction. This mode of separation,vhich was confirmed by ground witnesses,

is further evidenced by the fact that the forward spar of the vertical fin

__j The thin, needle-like discharge obsqrved by the two ground wltnesses
" loceted at Mansfield was probably unburned vaporizad,Skydrol leaking
from failed ¥lexible hoses, while the black smoke observed by another
witnesses gt this same time probably came from burning Skydrol
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failed in tension while the aft spar failed in compression. With the loss

of the horizontal tailplane, the airplene pitched over sharply end the

right wing failed negatively at rib No. 11 from aercdynamic loads. After

the separation of the right wing, aerodynamic forces positicned the air-

craft in a left yaw as well as initiating a right roll. Consequently, the

aireraft contacted the trees in a descending nose left ysw and left wing

high attitude, with ground impact being essentially on the right side of
the aircraft. o

The maintenance nistory'of N1116J, as well as the events which oc-
curred pricr fo and during the accident flight, aro in no manner incone-
sistent with end in some ways corroborate, the foregoing comclusions
concerning the circumsténces which caused the inflight fire. The flight
log sheets covering the beveral month period prlor to the accident contain
a substantial number of diocrepancies bertaining to the pneumatic system
and APU of\NllléJ. It does not appear, however, that the number of write-
ups on these components fvds dispreportionate when compared with other
operatiohal BAC 1-1l aircraft. Furthermore,” the frequency of these writeups

*

probably stems in large part from the fact that they involved a complex
u'
system which had been in 9£eration only a short time.

From the vantage pdint of hindsight, however, several of thesze dis-
crepancies can reasonably be construed as evidencing symptoms of a male

oy

functioning nonreturn valve. Thus, the loud: fluttering or chattering noise

3
noted on several occasions when the MAC valve gelector was switched from

AFJ to open, or from closed to AFU, mey have been the erratic movement of
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an‘improperly operating nonreturn valve responding to pressure fluctuations.

In addition, the repeated citations of the APU failing to supply sdequate

@ir pressure may have been caused by the failure of a sticking nonreturn

valve to open fully, thus restricting the flow of air from the APU into the
poneumatic system. 7

Due consideration hes been given to the possibility that the odor and
mist observed at Newark on the dorning of the accident-constitutéd evidence
of e burning or smoldering condition in the plenum chamber. Reverse flow
from the No. 1 engine could have taken place when the pllots opened the air
delivery valve during descent when the No. 1 system was still being supplied
with engine bleed air. QI/ On the other hgpd, the captein indicated that after
opening the air deliﬁery valve, he switched the No. 1 system to APU, thus c;oéing
the No. 1 system pressure #Educing valﬁe. Accordingly,lunless_there was e lapse
of several or more minutes between thes% two acﬁibns, reverse flow of No. 1
eﬁgine bleed air to an extent hecessary}to start a fire could not have taken
plﬁce. Moreover, since tﬁe crossfeea valve was closed throughout thils flight,
revefse flow of bleed air fqu the Noﬂ;efengine could not have occurred.

The presence iﬁ\tyé veﬁtrgl stairwﬁy area of a mist, of which there was
no trace in either fyejcaﬁin 6; the cockpit, cannot be explained. it is
improbable that thiéf;ist uas;én indicat?on of & fire in the plepum chamber in

f /
view of the physical separation ofethay/compartment from the yentral stairwell.

377 The No. 1 system supplies air to the cabin and the cockpit. Assuming
reverse flow occurred and sterted a fire in the plenum chamber, the odor
resulting therefrom would heve been drawn’into both the cabin and the
cockpit vwhen Epe No. 1 pneumatlc system was switched to APU.
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On balance, there is insufficient evidence upon which ;o conclude that
the odor and mist resulted from a fire in the plenum chamber. Rather, it
is more probable that such indications stemmed from the industrial arealof
Newark over which the aircraft was being flown at that time. In any évent,
it appears that the pilot's conclusion that the odor and mist came from the
latter source was reasonable under the circgmstandes.. Nor does it appear
that there are any valid grounds upon which to connect the failure of the
‘No. 2 system on landing at Newark with the circumstances which led to the
fire. Pneumatic system failures due to an over‘pressure condition following
the application of reverse thrust sre a common occurrence. |

Prior to starting the eng&nes at Elﬁira, the pilots noted an excessive
reading 6q one of the main ailr duct pressure gauges. ﬁowever, after trouble-
shooting this-froblem,'the% reached the conclusion that it represented nothing
mﬁre than a defective gaugé} Such reaéoning was logical and there is no reason
to connect this ceccurrence ﬁith the subsequent fire. However, the captain’s’

reference to a "hot start,” which occurred "the last time" or Presumsbly at .
. ' f :

v

Syracuse, may be’significént. Sueh a start usually results from an inadequate

air supply and thub may be symptoematic of a malfunctioning nonreturn valve
which fa#&ed to open fully, ghus restricting the flow of air from the AFJ to

the engiﬁe being'startgd. %é/ i

-

After starting thé engines the pilots specifically referred to cloéing

the isolation velves and, in accordance with stdn&ard procédures, these valves

__[ If, the engine was beling started by air supplied from the other engine,
rather than air from the APU, the "hot start" mpy have resulted from
some of the supply air leaking back through the nonreturn velve which
failed to close completely. . /
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would have remained closed until after takeoff. Consequently, reverse
air flow could not have occurred during this period. .Moreover, there
was no indication either within or outside the aircraft of a fire in
the plenum chamber while the aircraft was on the ground.

The entire departure operation from Elmira, ineluding gfbund proce-
dures, takeoff, and initisl climb, appeared to be routine. Assuming the
crew operated the aircraft in accordence with standard procedures, they
would hane executed the after takeoff check list after reising the landing
gear and reducing power to the c¢limb eetting, orlabout one minute after
takeoff at en approximate altitude of 1,500 feet above the £ield. This
checklist is not executed by the challenge-and response method, but rather

can be carried out by a single pilet with no oral reference being made to

=

any of the items therebn. {Thisaaccounts for the absence nn the cockpit

‘voice recording of any conversation coéeerning this checklist. In the

process of completing the checklist, the pilots wonld have opened the
isclation valves and switehed the MAC valve switches from APU to open,

" thus allowing main engine bleed alr tq flow into the pneumatic system. The

. conclusion that the pilots tooﬁ these actions 1s corroboratied by the open
position of the isoletion valves and pressure reducing valves as found in
the wreckage., It une at thip point thag,reverse air flow would heve com-
menced with engine bleed air flowing béck to the APU ‘through ﬁhe malfunctioning
nonreturn valve and the open air delivery valve. . ‘

. '
The BAC Flight Manual and the Mohawk Operations Manual both providé that

. A
‘the air delivery valve should be closed when the pneumstic systems are switched

Vimy, ) L
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from AfU to engine bleed air after takeoff. However, these manuals 8lso
provide that the pneumatic systems may be left on APU air if the flight
will remain below 10,000 feet, thus requiring that the air delivery val%e
also be left cpen. The Mchawk pilots apﬁarently construed these provisions,

as reflected by their description of company policy, fo allow the air

‘delivery valve to remain open until a flight exceeded 10,000 feet, even on

those flights on whieh it wes intended to ultimately climb to an altitude
above 10,000 feet and on which the pneumeatic systems were therefore switched
to engine air shortly after takeoff. 'That the pilots on the eccident flight
were in the process of utllizing such a procedure is borne out by the fact
that the air delivery valve was found in the wreckage to be in the open
positioh. : _ ;

It should be empha;hzed at thils point that initiation and continuance
of reverse flow would not have been evident in the cockpit., - The reverse
flow tests\demonstrﬁﬁedrthat the only indication of the commencement of this
process, aparq_frbm théfdi;charge of smoke, was a change in noise emission
froﬁ‘thquIU,_wﬁich obviously could not be heard in the cockpit, and a slight
drqp{df:AIU r.p;m. prior to':eignitibn, which likewise 1s not recorded in
the c;ékpit. ,; /%

The first indiéat;éé on the part bf the pilots of any difficulty oc-
curred approximately 4-1/2 minutes from takeqf;, after Fhe flight had leveled

. " ; ! !
off at 6,000 feet, when the captain uttered an exclametion during the trans-

% : ‘ -
_mission from the New York Center clearing the flight to 16,000 feet. It was

sometime during the next 10 seconds that cgmmuﬁication with the Center was
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lost, due to the fire burning through the Wo. 1 VHF transceiver antenna
lead. In view of the proximity of the elevator control rods to thel
antenna lesd in relation to the path of the fire, as well as the fact
that the control rods are made of aluminum, it is pfobable that the con-
trol rods were destroyed'by the fire within & matter of seconds of the
time when the antennarlead was burned through and communications were lost.
The destruction of these rods, and the electric elevator trim lead wﬁich
runs within the same bundle of wifing containing the No. 1 VHF transceiver
antenna lead, resulted in a complete loss of control of the elevators.

In light of the progress of the fire at the time communications were
lost, it is also probable that the No. 1 and No. 2 hydraulic systems were
lost during this s;ﬁe ﬁerioa, due t? the loss of hydraulic pressure when

ﬁhe fire destroyed the flexible hos%s connected to the rudder power con-

trol units. It is pessible that some hydraulic pressure was available
A :

after the elevator control rods were destroyed, which may account for the

fact that a climb was initiated aﬁ,about the same time that communications

i

were lost. EBven “thbugh elef'irator control had been lost 2t this point, the

.+ climb could have“been initiated by the pilots, in response to the clearance,

. by utilizing tallplane 1ncidence trim, vhich would have been available as

long as at least one of the hyﬁrauiic systems vas still oﬁerating. On the
other hand, if both hydrsulic systems had been lost prior to the initiation
" . I . .

of the climb, it is obvious that this meneuver was not initiated by the
k3

pilots but- rather was caused by aercodynamic forces beyond their control.
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Following tye aforementioned climb, which became increesingly steep
as the aircraft gained 1,500 feet in 30 seconds, the aircraft ebruptly.
leveled off at 7,500 feet. If tailplane incidence trim was still aveilable,

the leveling off may have been effected by the pilots. However, if both

. hydraulic systems had been lost the meneuver agein could not have been

pilot induced. In any event, it appears that the latest point in time at
which both hydraulic systems were lost came at the end of this 20-second
period of level flight, when the captain exclaimed "we lost all control .
. .« . we don't have anything” and then, when the first officer stated that
"we've in manual now," replied "yeah buﬁ I can't dc anything." These
statements indicated that both hydraulic system fail warning lights were
i1luminated and that .th'g pilots had lost artificial elevator feel. 3/ |
Immediately therea&ter, the aircraft commenced a steep desceﬁt, during
which the landing geer ﬁﬁrning horn sounded. intermittently, due to power
reductions\which vere effécted, no doubt, in an effort to reduce speed,
During this descent, oqe of the pilots stated "put it back in the second
system,}‘whlch ﬁay have been a reference to‘the emergency elevator system.
This interpretation 1s supported by the fact that the elevator emergency
toggl; switch{was found’ %ﬁ the on position in the wreckage. Turning this
switch on would have reéétivated the drtificlal feel system which in turn
would have caused the pilots to believe they ﬁere receiving a response from

[

thelr cockpit flight control movements, althpugh they in fact were not.

39/ In view of the fact that hydraulic and aerodynamic forces oPerate the

rudder and elevators, artificisl means have been incorporated into the
flight conirol system in order to proyide a representative "feel" at
the pilot's controls.
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The fact that the feel system was in effect is further evidenced by the

cockpit conversation in the period subséquent to the switch to the "second -

system," during which the pilots' comments indicated that they believed the

aircraeft was responding to thelr effortslto bring it out of the steep descent.
The eircraft did in fact pull out of this descent at 3,800 feet, following

which it climbed to 5,100 feet, and then commenced a second and final descent

during which the tail separated and the mircraft dove to the surface. None

of ‘these maneuvers, however, was caused by the pllots’ manipulation of the

flight controls. Once the elevator control rods were destroyed and both hy-

dreulic systems were lost, the pitch of the airecreft could not be influenced

by the pilots. The transitions between climbing and descending which occurred

‘subsequent to loss of pitch control were the result of & phehomenop known as

|
phugoid oscillation. Phugoid or loné period oscillation involves noticeable

variations in pitch,.altitude, end airspeed, but 2 néarly constant engle of
attack; Such oscillati;ns of the aircraft can be considered as a gradual
interchange of potential and kinetic energy about some equilibrium airspeed
and altitude. With normal q@evator control s pilot readily damps out these
pscillations in pitch and is often unaware of thEII existence, When piteh
control is lost, houever, there is noyéing to aet as a demper, except the

flopping of the elevators and manipulation of the power. Accordingly, the

roller coaster type phugoid motion becomes exaggerated into a series of
) ,

descents and climbs, &s clearly dépicted‘on the altitude profile of the
. s ‘

flight. (See attached chart.)
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It should therefore be emphasized that the stfuctural failure of
the empennage a few seconds prior to iﬁpactsmrélyaffected the exact time
and location of impact. Once control of pitch was lsst, it was inevitable
that the:sircraft would crash, following a series of phugoid oscillations.

On the basis of the recorded cockpit conversation, it is obvicus that
the pilots were totally unawvare of the sxistence of the inflight fire.
This is readily understandasble in view of the fect that the fire occurred
within an area in which there were no fife sensing devices and thus no‘means
by which a fire warning signal could be transmitted to the cockpit. The only
result of the fire which manifested itself to the pilots was the loss of the
hydraullc systems and the pitch control systems located in the empennage,
a cond%tion‘which, from the pilots' viewpcint, could have caused by s number
of means other than a fire end which the pilots were therefore desperately

!
attempting to troubleshoot. Even if the pilots had somehow deduced the

cause of tpe control problem within the short time available, there was no

remedial action which could have been taken, since the inflight fire area
y . _ ‘
was. devoid of ‘any system for extinguishing e fire in flight.
u\ " :
2.2 ‘Coéclusionb

/!
(a) Findins .?
' - 1. 'The crew ﬁﬁs properly qualifled and certificated.

-

2. Weather was not a causal factorfln the accident.

3. fhe weight and c.g. of the sirérﬁft were 'within limigs
at takeoff from Elmira and, on?the basis of available
evidence, were computed to have remained wifhin limits

until the empennage disintegrated in flight.
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The engines were developing a high level of power at
impact and tﬁe APU was rotating at near governed speéd.
There were no structural or systems failures other than
those associated with the inflight fire..
There was an inflight fire which originated in the air-
frame plenum chamber, burned through to the hydraulics
compensator bay, and thence up into the vertical fin.
The mechanism which initiated the sequence of events
leading to the fire was a malfunctioning nonreturn valve
vhich allowed englne bleed air to flow back through an
open air delivery valve, thraugh the APU, and exit into
the airframe plenum chamber at elevated temperatures.
The températﬁfes intrﬁduééd into the plenum chamber by
reverse aif flow were suf%iciently elevated to cause the
aédustic blankets lining the_chamberwalls to self-heat to.
ignition. b
The primary com?ustible fueiing the fire was hydraulic
fluid-," 'whljfch wns ‘i‘ed to the fire under pressute when the
flexibie‘ﬁoses i# the hydraulics bay‘}ailed due to excessive

o : ‘
heat. f“ *; /}
The fire burned inteﬁselyy}rom the fuselage up into the
vertical fin due to the updraft and the built-ig chimney"

!

which existed in that area.
LY

¢

L
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11. The fire destroyed the elevator control rods, the
electric elevator trim lead, &nd both hydraulic systems,
thus causing the pllots to lose all control of the pitch
of the aircraft. |

12, The fire ultimately weakened the lower rudder attach
fitting and the fertical fin spars to the point where
those components failed under normal aer;dynamic loading
and the rudder, top two feet of the vertical fin, and
horizontal tallplane separated in flight.

(b) Probable Cause

The Safety Boerd determines that the pfobable-cause of fhis
accident was the loss of '?.ntegrity of the empennsge pitch control systems
due to & destructive inflight fire which originated in the airframe pienum
chamber and, fueled by hyd?aulic fluid, progreééed up into the vertical fin.
The fire resﬁlted from engine bleed air flowing back through a melfunctioning
nonreturn valvezand an ogén'air delivery valve, through the auxiliary power
unit iﬁ af&ever;ejdirection, and exiting into,the plenum chamber at tempera-

) i
tures sufficlently high to cause the acoustic linings to ignite.

. ,“:,l
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3. RECOMMENDATIONS AND CORRECTIVE ACTION

In a letter to the Administrator of the FAA dated July 25, 1967, the
Board made the following recommendations:
(1) That a fireproof barrier of appropriate width be provided at
the top fuselage skin between Fuselage Stations 936 and 958'
in order to provide effective isolation of the vertical fin,
particularly the area aft of the rear spar wherein is located
electrical.circﬁits, hydraulic lines and mechenical devices for
directional and longitudinal control.
(2) That the aluminum alloy wall separating the hydraulics bay and
the eirframe plenum chamber be replaced with a sulteble fire-
proof meterial. _
- (3} That ;!.nfl:iéht use of the A:FU be restricted as a precautiocnary
measure until such tiﬁe as?the suitable barriers recommended
above are prorided. |
The Administ;lrato‘r, in his written response of August 15, 1967, to the
Board's recommenfia.tions; » ‘npted tha.t;jthe FAA wms working with the manufacturer
and the Air Regisfra}‘:ion an“;:-d (ARB) concerning the lee.xk'age and drainage of
hydraulic fluid :L;_i;?'t':he BAC ;;-1.1. The Edministrai:or's letter then‘ continued
as follows: 3 v ///L
"He heve confirmed that U. 8. gperators of BAT -1-11 aircraft have
complied with the campaign elerts lssued by the British Aircraft
Corporation, including the removal of the sound proofing material

from the suxiliary power unit air inlet plenum chember, thus
eliminating material from that- area which might support combustion.
& .

L7 '
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' In addition, we have agreement of the U, S. operators to volun-
tarily prohibit in-flight use of the APU until such time as sujtable
installation modifications are completed. They have agreed that the
APJ will be shutdown prior to takeoff and will not be restarted until
after landing. Tt is intended that this restriction on the APU would
be lifted at such time as approved modifications are developed to
provide a fire proof barrier isolating the APU plenum chamber,” Eg/

By Airworthiness Directive (AD) No. 68-1-1, effective January 3, 1968, 41/
the RAA Prescribed a number of meesures designed to prevent heet damage or
possiblé fire in the airfreme plenum chamber of the APU;- The AD regquired
that, if use of the APU on the ground was to be continued, the following
steps are to be faken:

(1) Visually check the fiberglass surround on the plenuﬁ chamber
intake for evidence of heat discoloration and, if such evidence
is present, replace the nonreturn valve with a serviceable valve
or a modified Gﬁlve. EE/

(2) Instell e placafd in the cockpit specifying (&) that the AFU

air delivery valve shall be closed when starting an engine
4

40/ Mohawk Airlines had accomplished these measures (i.e., removal of
blankets end inflight shutdown of APU) in early July on its own
inltiative. ’ .

E&/ Thia directive was published in the Federal Register (33 P.R. 10) as
- Ameﬁ&ment 39 538.
b2/

The modification to the nonreturn velve includes the addition of a
flange to 'the backfacé of each valve flep (i.e., the side opposite to
the setting face), wﬁich substentially increases the resistance of the
flap to distortion. The depth of each flange is varied so that when
the flaps are opened, contact is made along the entire length of the
two flanges, thus reducing the distortion’ caused by.forces produced by
the rapid opening of the valve. In addition, the valve spring has been
strengthened and a sleeve fitted to keep ithe spring from contacting the
fain spindle, thus avoiding wear between those two parts. Finally, the
valve has been fitted with & stop device to insure that the two flaps
cannot fall over or close on one side.
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from external supply or by cross-feeding air from an
operating engine, and (b) that the air delivery valve |
be closed and the APU shutﬁown for tekeoff and flight
.operations.
| L3/

(3) Remove &ll airframe plenum chamber acoustic linings.

The AD further required, as a condition precedent to the operational

(1T

use of the APU in flight, that the following items be accomplished;
(1) Replace the nonreturn valve with a modified valve. "
{2) Perform the following structural modifications:
(a) Install additionel fireproof, stainless steéi skin
 over the existing light alloy outer skin on top of
the fﬁsel@ge, between Fuselage Stations 936 and 958,

\
in order to isclate the esirfreame plenum chamber from

the vertical fin.

\
(b) Replace the light alloy wall separating the airframe

h ‘ plenum ghamber f?bm the hydrsulic compensator bay with
' ¢ v .

' -aﬁstainleﬁs steel wall, enlarging the,hydraulics bay
) S |

. in the process.

- ! . ‘

o ; )

43/ The AD also provided that, as alternative to the above three
items, use of the APU on the gfound could be.continued if the
items prerequisite to inflight APU operation were accomplished
within 50 hours time in service after the effective ‘date of the
AB. ! . " [

f

Lt/ One of the items listed in the AD, which has no spparent connection
to the cirdumstances pertaining to the subject accident, has been
omitted from the list set forth below.

 — gme S AUES MEEE S -
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{(c) Modify the hydraulic compensator drain box and the
drain outlet. ‘
(d) 1Install a revised spring loaded door in the bulkhead
at FS 935 (forward wall of plenum chamber).

(3) Install sealing plates around the control guard, located above
the rudder power control units, and over the hole in the verti-
cal fin rear spar, in order to restrict airflow into the vertical
fin.

(k) Install an additional bimetallic temperature sensor in parallel
with the existing mercury sen;or in the circuitry which controls
the electrically actuated primary temperature valve located in
the low pressure bleed flow duct to #he heat exchanger, &2/

(5) Revise the ai?plané flight manuel to assﬁre that at no time

is air from ‘either engine and from the APJ being delivered

\simultaneously inte & common duct. Eé/

’
i

! I ‘

Eé/gfﬁhe AD further provided that items (1) through (L) listed above
should be accomplished in accordance with the appropriate BAC
Service Bulletins, later ARB epproved issues, or FAA approved
equivalepts.. : . .

46/ The AD noted that item (5) was covered 'by BAC Flight Manual
Advence Amendment Bulletins.
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The Safety Board believes that the corrective measures heretofore

taken, as described above, should prevent similar accidents in the future

in this type aircraft from this cause.
BY THE NATIONAL TRANSPORTATION SAFETY BOARD:

/s/ JOSEPH J., O'CONNELL, Jr.
: Chairman

/s/ OSCAR M, LAUREL
Member i

/s/ JOHN H, REED
Memberx

fs/ LOUIS M, THAYER
Membeyx

/s} FRANCIS H. McADAMS
! Member

— e e s e SR p—
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APPENDIX A

Crew Information

Captain Charles-E. Bullcck,_age 43, held airline trﬁnsport pilot
certificate No. 411052 with ratings in the DC-3, CV-240/340/kko, M¥202/h0h;
and BAC 1-11. His last line check was dated September 15-16, 1966, He
had a total flying time of 13,875:32'hours, including 58:L44 hours during

the 30 days preceding the accident. His total time in the RAC 1-11

amounted to 603:25 hours. Eis first-class physical examination was

dated December 1966, He had been on duty for 3:47 hours at the time of .
the accident.

First Officer Troy E. Rudesill, age 33, held commerciel license
No. 1k0097h4, with single_gnq multiengine lend and instrument ratings.
Fis laest line check was dated May 30, 1966, He had a total flying time
of L,81k:49 hours, including 62:07 hours in the 30 days preceding the
gccident; His total time in the BAC 1-11 amounted to 677:29 hours. His
first-class physical exaﬁinétion vas dated May 29, 1967. He had been on
duty for 3:47 houre et the time of the accident.

ngw&}dess‘Géle Sardelle, age 21, was employed by Mohawk Airlines on
Februaf§?13, 1966 She had B total of 59:43 hours flying time during
the 30 days preceding thegéccident ineluding 4:42 hours in the last 2L-
hour period.

Stewardess Virginia Bunger£ ‘age 21, wes employed by Mohavk Airlines
on May*21, 1965. She had 5T7:23 hours flying time during the 30 days

preceding the accident, including &:L42 hours in the last 2k-hour period.



would develop rapidly between 1300-1500, possibly forming a northeast-
southwest line. Tops were expected to build raﬁidly to near 55,000 feet
_with the thunderstorms becoming more numerous and continuing beyond 1500.

The Williamsport terminal forecast issued at 1245 and‘ valid for a .
12 hour period beginning at 1300 called for ceiling 4,000 feet broken,
broken c¢louds variable to scattered, widely scattered thunderstorms with
heavy rain shovers in the vicinity. The Elmira terminal forecast for
the same period predictéd ; celling of 4,000 feet in broken clouds.

Official weather observations made at Elmira et 1458 indicated an
estimated ceiling 3,500 feet overcast, visih%lity 15 miles, towering
cumulus in all quadrants and breaks in the overcast. Similar observations
at Williamsport at 1457 noted scattered clouds-at 4,000 feet, estimated
ceiling 7,000 feet broken, and visibility 12 miles. |

The 145 observations I;rom WSR-57 weether radars at both Pittsburgh
and New York showed no echoes over the Elmira-williamsport area. Persons
operating the \\weather radar at Pennsyivania Sfate University in State
| College, Pennsylvania, rec'a."ile‘d seelng no echoes on their equipment
during 'l;fle gériod i;i question. s

i

Ground’ and ai;borne'witnesses reported that the weather along the
flight t;;;k and }A the acci&?ﬁt area generally was clear with some
scattered clouds but nofresiéiction to visibility. '

Wbathe¥ information, both actual and forecast; was included smong
the flight documents which were’fﬁrﬁished the.cré; prior to commencing ’

N . ‘
Flight 40 at Syracuse. The meteorologist in charge of the Weather Bureau

- 11 =



APPENDIX B

Meteorological Information -

The routine aviation area forecést issued by the Weather Bureau at
the John F. Kennedy International Airport (JFK) at O84S on the day of
the aceident, valid for 12 hours beginning at 0900, described a low
pressure trough extending from western Massachussetts to Harrisburg,
Pennsylvania, and moving in & southeasterly direction. West of the
trough through eastern Pennsylvania and southeastern New York clouds
were forecast at 1,000-1,500 feet scattered variable to broken, 2,500-

3,000 feet broken, and 10,000 feet broken; visibility 1-3 miles in fog

and haze; and scattered@ light rain showers and a few small thunderstorms.
Forecast local conditions called for ceiling L00-800 feet broken variable

to overq@st ﬁith visibility 1 mile in fog and the. Conditions were

B BE e - > '

forecast to improve slow%y to 3,000-4,000 feet broken variable to

scattered, 10,000-12,000 feet broken; visibility 3-5 miles in haze by

late forenogn; and 4,000 feet scattered, 12,000 feet scattered, with

visibiiity more than 6 m;les by late afternoon. The freezing level was

= A N B

! ;
forecast to be 13,500 to 14,500 feet with moderate rime ieing in clouds
and shbwérs, andfmoderate to heavy mixed rime and clear icing in

cumulcninbus cléuds. Mode?ate turbulence was forecast at all levels in

' / .

showers, with moderate tg’frequently severe turbulence in thunderstorms.
There was an In-Flight Advisory (Airmet ALFA 2) issued by JFK at
1300, covering interior'southéast New York, qaétern Pennsylvanie, and

: t
nortiswestern New Jersey, which forecast that scattered thunderstorms

T



Airport Station at Syracuse reported that no veather briefing was
furnished tb the crew. The captain did discuss with the Mohawk
Airlines dispatcher in Utica possible thunderstorms over the proposed

route.
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