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SAFETY

Dritish Ministry of Aviation Accident Report:

Stable Stall Ruled BAC 111 Crash Cause

{The Reitish Miristry of Aviation” has
froned " the following report on an accident
- that eceurred during <tall testing of a British
Aircraft Corp. BAC 111 JAVU&ST Apr. §,
p. SUL. Seven persms, twe erew members
_ and five test pervinnel, were killed when the
slrerait, G-ASGIL, farled ta recever drom 3
stall and crashed at Cratt ITill near Chick-
e, \Uiltshire, on Oct. 22, 1963 .—Fd.}

Natification was by telephime fron te
Sonthem  Aie Trafic Control Centre, at
1208 hr. on Oct. 22, 1963, Investigation
was hegun at the senc the same day,

The aircraft ok off from Widey aceo. '

drome at 1017 hr. tn carry ont stalling tosts
with the centre of gravity {CG) near the

aft limit, Tt climhed to 17.000 ft. and car-
ricd ont four stally with undercarriage and
“Aaps up. The Raps were then lowenad o R
deg, to investigate the stalling characteris-
tics. i this  configuration,
entered a stable stalled condition, in which
it descended ar over 10,000 fpm,: the pilote
were unable to regain contral amd the air
ccralt stnek the ground in a2 flat attitede
90 «wc. later. All 'on hoard were kilied
the ground impact, and fire destroved much
of the wreckage,

The Aircroft

 “Ihe aireraft was comtructed by Vickers-
Amntrangs { Aircraft) Ltd. at Bournemouth

1Hurn) Airport. Tt was the fint One-Fleven

TIME HISTORY FOR THE 140 SECONDS BEFORE
N GROUND 1MPACT BASID ON FLIGHT RECORDIER DATA.
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DATA GATHERCD FROM two recorders, s Hovston Instruments Midas and a Colulrook
Tostrowents O2E, give time-history of kst 140 sec. of flight of BAC 111 that crashed,

T ea

The aircraft

to be completed and had made ity first
fiight on Avg. 10, 1963, cince when it
had campleted §2 test fights invalving 81
I, RAving, :

The aircraft was regivtered in the name
of the Brtish Aireraflt Coeporation Ltd,,
ol was engeged i on fvng proceamme
aimell at obtaining a cettificate to wir-
worthiness Tor airfine service, It was flown
mnder the B Conditions of the Air Navi-

ation Order, 1960; a cortificate nf safety
or fizht had been completed at (900 hr. on
Oct, 22. -

The total weight of the aircraflt was
70125 th, maximum permissible  bein
73.500 1. The fucl Joad was 2,200 gal. o
Lerowene, The CG wat 038 standard mean
chord [SMCY, the furthest aft ponition for
which the aircraft had been cleared. The
design range of the CC was .11 to 0.41
S\C.

The chaators were acrodynamically opet-
ated hy tahy controlled by duoplicated
cable control system. They were in two
judependent sctions bat linked throngh
their contrnl wstens at the top of the fin
and at the Might deck. A hydrantic arti-
Ficial fecl simulator was conpled to the
right hand clevator control cirenit in the
e finelage to give conteol fect in Right.

Longitndinal trim was cffccted by a vari- |
able incidence tailplane powcered by dupli-
eated hvdranlic moton,

The range of the hailpline witing was
from 3 deg. Icading edge up te 12 deg. lead-
ing cdge dewn,

Latctal control was by mcans of servo-
tab operatedd ailerons supplemented by hy-
draulicatly  operated  spoilers which alvo
acted as gir hrakes when deficcted  sym-
metrically.

Two cmergency cscape exitr had been
rovided for the ctew, nnc at the forward
reight Inading apertare on the lower star-
board siche of the fusclage and the other
wsing the renr ventral passenger entemcee

sitiated i the aft end of the fuselage, For
the first a speeial door was meade and was
kept in position by 18 cxplosive holts,

A vertical tmnel Jed to the door from
the cabin Noor. The tanued structure was
spring-loaded to excrt an ontwand presure
on the door. The cyplmive bolts were
connccted to their own battery and conld
he fired by 3 switeh on the pilots’ contre

estal or from a similar switch sitnated
ut the entrance to the tunncl,

It was intended that if the holts were
fired, the dnor should fall away allowin
the tunnel sticture #o slide down uots
ity npper end was level with the cabin foor
and ity lower ond poteded intn the air
stream,  thas providing the crew with an
eseape chate, The sear ewape cxit was @
modification to the rear ventral entry door,
After opening the rear prewre bulkhead
donr, the crew conld jettison the ventral
dowe by mcans of a foot-operated Jover,

Among pecial best instnnnents displayed
to the pifnt were clevator angle indicaters
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‘which showed the penition of hoth the port
anl shathoard clovators. There was alvn an

.angle of mwidenee indicator which give the

ancralt's body incidence. A vane on the side
of the fnclige provided the weming wnit
and the imdicator was ealibrated in accord-
ance with the resnlte of wind tunnel tesis,
The wale on it dial sead from 20 deg. to
—10 deg., but the instrmment was capable
of indicating tn 25 deg. It is not known
how the instrument would have helaved
when body incidence exceeded 25 deg.

The Pilots
Me, ML ). Lithgow, aged 43, was deputy

chicf test pilot of Vickers-Armstrongy ( Air-
crafl) Lhr.'. md way the ':t‘l'liﬂl"pln[vg'l'
pilat on the One-Tleven, e served thyongh-
out the war in the Fleet Air Army, which hie
Ieft in 1945 with the rmk of Liowtenant
Commander, Ve joined Vicker Armatromes
{Supcrmarine  Division) as a test pilt,
hevoming chicl tost pilot in 1748, Tn 1953
he wt wp a world mrspeed record. Tle had
been cugazed more recently in test Bying
the Vangnard. On Ang. 20, 1763, he flen
2 copilot on the Ant flight of the One
Flkven and had suhsequently taken part
in alment all the test Aying of thiv aireralt,
a cither pilotincommand or cimpilet, The
had taken part in cach of the flights during
which stalh had pieviowsly heen  carried

cemt. He was a Ministey of Miation ap-

rm\'wl test pilnt and held a private pilot's
wense valid wntdd Apr. 1, 1044 It was
endored in Group C for DH T4, Vanguard
and Visconnt aircraft and incinded a valid
intrment rating. Mis log ool showed a

- total of 5,385 hr.: ewer 2,000 were on minltis

engmed aircralt ncluding 78 on the One-
Flkven.
Me. R. Rymicr, aged 46, joined the RAF

“in' 1939 and wrived Hirnughout the war, ot

taining the rank of flight licutenant, In
April, 1946, he wax scconded from the RAF
to ROAC, then joined DFA on ity forma-
tion in Angast, 1946, He revigned from

'‘BEA i 1933 to join Vickers Armatrongs

2« a tosr pilot, Since then he had donc a
great dezl of ted Ayving of Vicomnt and
Vangnard types, and had heen engaged in
detivery ad  demonstration flights and
attachment to 3 nmher of airlines to give
pilot famitiariation. Tle wade his first flight
m the OneFleven on Sept. 20, 1963, as
copilot tn Mr. Lithgow and liad wilse.
quently fiown for 133 Tir av copilot and two
hours ‘as pilot-ingnmmand, 1lin lor hook
shows 2 total of 9,648 hr, fving. e held
an ailine trampot plots license valid

" until Apr. 6, 1964, endoraed in Gronp 1 for

Visconnt and Vangward aireraft, e was s
Ministry of Aviation approved test pilot,

The Weather

Ohervabions of the weather in the ares
3t the tune of the actident by the meteore-

- lugical office at Roscombe Dimn were:

Wind 060 deg./ 3 ke,

Viability 22 wn,

Wenther Wil

Cloud 38 K¢, 2400 fr; 28 Ci. 0000
The woerther iv comsidered to have had

uo bearing on the aceident,

The Flight

The aircraft was making its 330 Bight;
the progranane for this fight comisted of
stalls in all confpueations, with the CG at
0,38 SMC, the ‘mthest aft lsit for which

-

DATA OBTAINED FROM MIDAS AND C.1D.
FLIGHT RECCRDERS AT THE STALL.
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FLIGHT RECORDER DATA charted above shows pilot’s attempt to recover from stable stall,
Period shown occurred between 110 and 80 sec, before sircraft ctmbed,

the aircraft had then been cleared.

The inspector who completed the certi-
ficate of safcty alo checked the fucl load,
the hallast and its disposition, and the names
of the menpmts, lle enwired that cvery-
e had a parachute and that it was prop-
orly adjustedd, and he assisted both pilots
to fasten their wafety hamessev. Mr. Lithgow
was in Teft scat, Nr, Rymer in the right.

I'ic aircraft tnok off from runway 10 at
Widcy acrndrome at 1017 hr. The radio-
tclephony conerationy were antomatically
reconded in \Widey Tower and the voice
from the gircralt throughont the fight wax
identificd as that of AMr. Rimer, "The prog
ress of the fight has been doduced from the
Tower rf:mrﬁmg and [om the Right re-
conders recovereed from the wreckape,

After tabeaff the gireraft climbed in
VAIC on a woesterly heading ta 17,000 fr
momtored by Wisley racar. At 1026 hr. the
coplot seported that they were st abont
to commence the tests ar flight level 170.
At 1035 hr. he reported that four stalls
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had been complcted in the clean configura.
tion. At 1036 hr. he acknowledged a2 fix
from Wisley, after which nothing further
was heard from the aircraft,

From the data provided hy the Aight vc-
enrders it is apparent that mn No. 5, a stall
with 8<leg. Rap and ndercarriage retractad,
was commenced at about 1038 hr, ot an
altitnde of between 15060 and 16,000 i,
Appraach o the stall appears to have een
normal, When recovery was attompted the .
clevators responded initiallv to the control
mivement bt subseqrently floated to the
Inlly wp position in spite of 2 large pnh
force on the control column, The aircralt
then descended in 2 substantially horizon.
tal forc anct aft attitwde at about 180 fpe.
Mhring Hhe descent it hanked twice to the
nght and ence to the keft and at onc stage
the engines were opened np to hull power,
The latter action resulted in 8 large nose-np
pitch which, when power was taken off,
was followed by 3 pitch down. The sir.
craft then assumed the subatantially hori.

3




rontal attitede in which it made impact
witle the gronnd.

At abont 1040 i, the aircraft was sween
In wany peopic i the Chiklade aca It
had approachicd from the sentlvet and
wn seen to e deswanding apidly in a2 Rat
sttitude. Nany ebservers remarked on the
b Joved of the cngine none and s
hicard a sharp report from the airenaft while
it was in the air,

. It cerashied in a Aeld, explided and canghit
firc. those on board hemig killesl by e
groand impact.

Examination of Wreckage

The aireraft ormhed  on level  gremnd
abaut 700 fr. aunl. At the moment of -
pact it was on a heading of 324 deg. mag:
petic, alment Jeved fore amd aft, banled
approvimately 3 deg. to the deft, amd slil-
ding slightly 1o the right. ‘The marks on the
ground and the wreehage distnbution shomed
that the rate of descent had been very
high and the forward speed low, Mier initiil
impact the areraft moved forward only S0 ft,
and vome 13 1, tn the right bofore conning
to rest, Incrtia Yeends at impact ech-ed
a Lailure of the rear Inselane “hi.f. cmned
the fin and tadpline to awing drwn mntil
the outer portions of the latter tame mto
contact with the gronnd. Cabin windeonvs
and a doar, with picees of cabin furnishings,
were thrown forward, "The starbward wing
broke chordwise from the trading edge at
abaut mid span and swang tip forwand,

Fire broke out after impact amd destroved
the fuselage and \t.ubrnnl wing. “The upper
portian of the fin, the tnlplute and cle-
vators, together with the onter Pm‘linn of
the port wing, snnived the fire, There was
na cvidenee that anv part of the sircralt he-
came detached in the air.

The forward freight Told door amd the

remainy of the duor frame were fonnd in
the wreckaze, both partullh mclted and
harned, The door was aot i iy frame,
being inverted amd trapped helween the
finclage amnd e grownd sightly to the rear
of its nonnal posdion s Hat the frame was
only partly emered by the imerted door.
Alt the cxplosive holts pecovered had heen
detonated. 1t iv comsidvred they were fired
by action of the crew mathes than by the
heat of the fire, becanse the latter could not
have resnlted i the door bemg jettnoncd
and inverted and a carchud \l.‘lr("l of the
ground beneath the dowr failed to rovenl
any sign of the bolt heads,
. Both the lading gear and the faps were
wp on impact. “Ihe tulplme was still at-
tached to the fin amd wis at a setting of
1 deg. 33 min. lading cdge wp, ic. Arim-
ming the airralt now down,

Both elwaton, remained attached o the
tailpline ard reeened nqu.ml Tnding of
these tips when they strneh the gromd. “The
clevators themselves showed mn evidenee of
jamming or fonlmg at their hinge points.
AN the mass halance weights were saomndy
attadwl to the Toading edues. Fonr ol the
sy welinn of the cavator Yeuding edee,
forward of the hange dine aned canying the
v Iabarees, Bl Deen displaced domnsards
wndder Tugh inerter Bads, “Uhas dhsplacoinent
showed tut the clevaton were np at impact
o ey conk! oot have wned np wilne
guently without atciferemee Ietween tnl-
pline ‘and  cvators, and there was nn
evidenee nf any such interference, The wrvo
and grar taln were still attached to their
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ylvania tungsten and molybdenum

That's because every ounce of Syl-
vania tungstenm\and molybdenum is
rmade with controtled precision, We
always start with\the purest pow-
dered metal, Pressing from powder
enables us to exert exacting contro!
over properties, eliminate impurities,
assure absolute uniformity

Sylvania is an experienceéd source
r refractory metals. We've been
king with tungsten, for example,
practically since the invention okjn-
candescent lamps. Today, our newly
expanded refractory fabrication shop
can turn'gut any tungsten or moly
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part—{rom a needle\ point to a mis-
sile tip, And to the most demanding -

pecifications. *
e also offer the w
tungsten and moly forms.: Plate,
sheets, rods, angles, billets, ma-
chined -blanks, electrodes, pellets -
and disc3, And we draw wire in any
gauge, composition and finish.

eed for refractory met-\
|

ldesi choice of

als, our experienced engineers wil
be glad to discuss your requirements
with you, Call or vecite: Sylvania Elec-
tric Products Inc., Chemicat & Metal-
lurgical Div,, Towanda, Pa, 18848,



British-Built Be}

Figt Bell Agusta 47??:3-1 mannfactured under licenge in Britain by Westland Aircraft, Ltd., makes first Right,

~
\Agusta 47G-3B-1\Makes First Flight

be British Army ha
erdoyed 150 of the helicopters, 50 off the shelf and lOﬂ\tQ be made by Westland. Each By Powﬂed by a Lycoming TVO435 piston engine.

~

——

reapective clevators and shawed no signs of
pre-crash damage or defect. The torsion har
conoter-halanee imballation in botle cleva.
tows had heen in gond condition prior to
“impact. Both hudranlic gust dampers were
removed, examined and functionally chieeked,
The loads required to eperate the dampers
nere normal and they travelled smoothly
over their full range of movement.
The run of the aileron and mdder con-
. bl systeme was traced and ne evidence of
precrash  defect " or failare fonnd. The
aflcton cables were complete and onhroken
Tt hoth aileron/spoiler mixing wnits had
been largely destroved by fire, Two breaks in
the mdder ciremit were consistent with im-
pact breaks in the fusclage.

Elevator Control

Fxamination of the clevator eontrol cir-
onit showed that the contenl eolinm and
the linkage o the forward gqoadsamts had
heen destroved by Rre. From these quadrnts
under the Right deck tn the Tivdianlic feel
unit in the rear fusclage, the duplicated eahle
_control circmits had sarvived the fue and
. were traced  throngh the fasclage debis,
‘There were temsion hreoks in cach cirenit
tomistent with the fusclage impact failores,
it there wars no evidince of precrash failure
or defect. The artificial feed onit was cx-
amined and appeared to he in gond orn.
ditwwy, The ol cirenit running wp the fin
from the rear fusclige had heen partly
destroved by dire at the hase of the fin bt
all ather damage was attributable to impact
"y, :

1he server *ab nperating linkage within the
chaatons was complete and capable of o
ateme, with v sign of precrnnh damaee o
theleet, Ne veming check was posiible T
ane of domaze, but by cutling the star-
hard chvater chordwise it was posible to
operate the inbaard portion with the two

P T Y

* inner hinges and to operate the final section

of the tah mechanism. This check showed
that the elevator and its tab and linkage
operated correctly aver the design ranpe of
movemnent, with the correct follow.up ratio,

The engines were stripped 2nd thoronghly
examined. No cvidence could be fonnd of
precrash defect or malfunctioning, The in.
ternal eondition of each engine indicated
that it was alight and rotating at idling
speed at the time of impact.

Flight Recorders

Two flicht reenrders were installed in the
sircraft for accident investigation purpoes,
a Rovstort Instruments Lid. .\Tic{"l‘x Type
CNM/24475/F. and a Colnbrook Instru-
ments Nevelopment Ltd, Tyvpe 02F which
was on Inan from the Aircraft & Amament
Faperimental Fatablishment,

The Midas is a magnetic tape rovonder
capable of dealing with 270 inpute and an
thic neeasion was being nsed tn recend 37

arzncters. It was installed in the top stare

ard vide of the rear fusclage, The awn-
ciated amplifics were fitted to one of the
special ulbhcady in the eabin. The recorder
was a cassctte type, designed te cject anto-
matically when subjected to heat or iminur-
sion in water; the ejection mechanism was
to be Rred clectrically by power supplied
from special batterics, The sampling rate was
once per three seconds for mest of the
parameters, but five were sampled every half
second.

Aircraft heading wat intended to he
recorded but fir this flight no wniiccable
heading smuce was avalable,

The CID recorder way flted in the cahin
foside 2 steel Rreproof box, It recended
photographicalle em paper and gave continu.
e recording of 10 inputs, induding alti-
tude, indicated airspeed, normal aceeteration
{g), and clevator, sileron and mddet ang'es.

It had no antomatic ejection mechanism
but relicd apon its structoral integrity to
sirvive fire and crash.

The Midas recorder broke loose brom its
attachment upon impact with the gronnd,
owing to the high incrtia forces. It fel
through a split in the rear fnclige onto the
Frmmd and was reornered ahemt 15 fr, he-
hind the tait of the sircraft, wntouched by
the bre, The CID recorder had been in the
heart of the firc and wuch of the trace in-
formation wac lwt, but the clevater angle
trace romained legible,

Previous Stalling Investigation
in Flight

Two approaches to the stall were carried
ont on Flight 2. They terminated in 2 wing
drop at 116 kt,, clcan, and at 100 kt, with
18 dcg. flap. A further appriach to the stall
was made on Flight 5 but with 45 deg.
flap and the undetcarriage down; it was agam
terminated by 3 wing drop. ‘1 carly ap
priaches to the stall were made in order to
check the validity of the take.off and ap-
proach speeds heing nscd.

Fxploration of the stalling characteristics
of the acroplane was besin in camcst on
Tlight 47 which was made on Oct. 16 with
2 lgnrward CC position. \lr. Lithgeaw was
capilnt on thiv fight. The bricfing shect for
the Aight gave an incidence for cach of the
five configurations in which stalling wav to
he conducted. These were:

Comfiguration Incidence
Clean 16 deg.
8§ dee. fAlap, underesrriage vp 15 deg.
1R dee. fap nndercarriage domn 14 deg.
26 deg, flap, undercarriage down 13 des.
4% deg. fap, nndercarriage down 12 deg.

The pilat’s report repeated these figuees,
seferring to them as the “limiting incidence,”
Twelhe stalls were carricd out and the
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test data whows that the setnal inmasinoim
Bonres provnded were 20 deg, 208 dig, 23}
deg, 26 deg and 16 deg, sespectively, (A
rappraal, made sibacquent to the acddent,
of the correetion 10 be applicd reveald that
for the 8 dug. lap poition the obsenations
on this and winequent flights were in fact
still some 3 deg. greater than actual) The
prlot stated that s reawmn for cxeeeding
the limiting incidence figurcs were that when
he reached them the handling characteristics
of the acroplane were innocuomy and the
indicated airpeed was in excows of that ov.
pected. e comidercd that st the Janiting
‘fignres information gained on the Right
would be smalt and that, in ordet te pradice
the kind of data required, greater angles of
incidence would have to e achicved. [l
helicved that he was engaged in investigating
the stalling chamacterishics of the acroplane
and that he had to get to, or clme to, the
stall in order te get auy ineful and necovary
data on the recording film, In this way he
reached indicated angles that were consid-
crably in excose af the limits, On none of
the stalls did he have any serious qualim
ahout the behaviour of the acropling, nor
any difficulty in rcecovering, )
Botanse of his concern at the difference
“hetween the limiting and the achieved an-
gles of incidence an"Flight 47 the pilot fm-
mediately called a debnicfing meeting to dis-
cuss them. At that mecting the point way
made that the “limits™ sct were conservative
and made no allowance for scale cffect

®* Note! CL max is the maximum 1ift eneffi-
tlent of the wing.
. \

which wonld delay the onset of changes in
the Aow (eg. incidence for Ci. max *) by
some 3 deg. to 4 dex. of incidence full «wale
3 compared with the wind tannct tesh; no
ir_i!icism was made of the handling of Flight

L)

Althench there was pethaps never any in.
tention that this expericnce shonld he taken
av an indication that there was an implicd
rclaxation in the nanner in which the stall
should be appreached, it is regrettable that
the need was not felt to lay down some new
and somewhat higher “limiting™ Incidences
ma guide.

The purpenc of Flight 48, two dns hter,
when Mr, Lithgow was in command, was to
measvure Cr. max. This involved stally in the
five eonfigueations, and a forward CG posic
tinn was again tsed. The incidence angles
reached in the Rve configurations, accordimg
to the pilot’s report, were 21 deg., 20 deg.,
20 deg., 19 deg. and 16 deg. eospectively,
‘Ihe Aight test data showed maximum an.
§Ics of 42 deg., 23 deg., 25 deg.. 23 deg. and
21 deg. with the minimam speeds very
miich as they had been on the previons
fight. The iffcrences between the two scls
of figures are cxplined from the fact that
pitch and incidence would contrmne to in-
crease by enc or two deg. due to dynamic
overshoot after mitistion of recovery sction
and that the figures in the pilot's report wery
readings of a2 small dial which was not
graduated beyond 20 deg; the vopilot wlho
mads the readings was also engaged in oh-
serving and tecording other matters, After
the Aight, which involved 25 stalls, Mtz, Lith-

?'w commented in his report that apart
rom these with 45 deg. fap, when the pght
wing dmr appeared lo be a limiting Lutor,
he gained the impression in the nther com-
figorations “that it should be perectly pose
sible to fight anc’s way throngh the wing
drop.”

In response to piloty” reports on the Latera
vontrol charactersstics in tarbulence oo the
sppmach, 3 modification to the ailerm tah/
spuiler linkage was made before Flight 52
1o provide for only one degree of ailcron
movement frrm hentral instead of fone de-

-grees before the comimmencement of apuiler

movement, This sesulted in impioved laterat
contrul at small deflection, but the maxie
mum rolling moment mailable remained e
wntially the wme,

Aerodynomic Characteristics
of the Aircraft ‘

In investigating the accident it has heen
necessary b examine what theorctical and
wind tanncl investigations into the stalling
characteristics of the One.Eleven had been
made and the edent to which thev gave
warning of the powibiity of difficulty at
high angles of incidence. The Roval Aircraft
l‘kt:hh\?nmcnt has provided valuahle help i
this aspeet by analysing the acrodynamic
characteristics of the sireraft and the rewlts
of BAC wind tunnel tests, and by applying
the resalts of thexe analvses to the fight
test data obtained from flight recorder in.
formation.

Prior to the commencement of fight test.
ing. wind tunnel tests had been conducted
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‘into the variation of Wt and pitching mo-
ment with incilences for the ranpe 0 deg. to
28 dep. (NOTT.: The angles of incidence -
guted arc taken directly from the wand
tunnel data and are not corrccted For wale
cffcct) Froen these teshy it was chkear that
the stalling hehavionr of the ameraft was
-characterized by a Bairly sharp drop in lift
cocfhicient at about 19 dee. incidence. The
onsct of the stall extended over the eange
1519 deg.  andd towards the end of this
range the aircraft’s pitching moment sheowed
s marked nmc down tendency: the latter
herwever was not very large of longhved in
terms of persistence with increase of inc
dence, On the contrary, by 13 deg. inci-
dence, it iv clear that there is evidence of a
pitch-up tendency in the pitching moment
characteristics of the aircraft,

In this connection it is necessary to beas
in mind the extent to which incidence can
build up following the sheupt loss of lift, To
subjpect the aireraft to a sudden lose of lift
is cyuivalent to an instantancous decrease
of normal acceleration (refered to av the
g-break) which in torn Jeads to an increase
downwards in the normal component of
sclocity and tins an increased inodence, It
is thus possible for the incidence to incroave
with littlc or no totation of the aeroplane.
Other changes will occur in the flight con-
dition srising from changey in drag and
pitching moment but tlese are more indi-
rectly related to incidence than is the -

“After the accident, more extensive wind
tunnel tests were made by DAC from which

lift and pitching moment cocfficients over
the incdence range of ¢ deg, ta 43 deg, were
ohtainable, The g'::lmimu of the servo tah-
opetated clevator control syvtem was studicd
over the same mnge, From Uxese tests a
nimmber of important dedunctions have heen
possible relating to the behavione of the air-
oraft in ity final seall,

The hasic factor in the final pitch.up ten-
dency displaved by the pitchig moment
curves is the Joss of effectiveness of the tail
8% aircraft incidence is increased. Thix i
accompanied by a Jowo of vkvator efloctive:
ness, which i sufficiently large to render se-
covery from an excursion into the pmtstall
region difficult,

An analwvsis of the hinge moment thane.
teristics of the clevator shows that as body
incidence i increased the wp.fAoating ten.
deney of the clevaton increases and at large
incidence {abont 40 deg.) can reach 2 stage
when it is no lunger possible to prevent the
clevators moving into an vp pmition even
though the tah is held in its fully up posi-
tiun.

Since it is not poscible to establish with
reasonahble accuracy the tailplance effective in-
cidence and jts variation with body inci-
dence, it has also proved imposaible to carry
the analwnis of the elevator hinge moment
to the stage where a complete study in re-
lation to estimates was feavuble.

However, the rate of change of elevator
hinge mament with clevator angle and with
tab angle which it was posible to obtain
from the wind tunnel data checked reason.
sbly well with the ostimuted valves, These

estimates of hinge moment characteristics
were further cheched againt the reeords of
Flichty 47 and 48 (previons stalling tosh)
and seasonable 2greement was nbtancd, The
samation of the clevatir hinge meauent with
body incidence was then dedwmed to gne
a enrve from which it comld he wen that &
incidences i excrse of 25 de. incdeme
contributed an appreciably incremed amonnt
to the himge moment,

Reproduction of the hipe of heliavienr
shown in the fight recorder traces wenld
have required further serxdunamic data of
8 dynamic naturc and a study of the dy-
namics of the scroplane 25 well a the o
tor tab syvtem. Nevertheless, for the sceident
imvestigation sifficient conclusions ¢conld be
drawn from a comsideration confined to the
static aspects of the problem. From thewe
static considerations it was concluded that
there was inwiMicicnt clevator pover to main-
tain a nose-down pitching moment bevond
shout 36 deg, inoidenee and that therefore
beyond this Rgure recovery would not he
povwible even with full down clevator. Fur-
thermore at some incidence in the region
of 45 dcg. with fully down ¢levator, and 50
deg. with elevator fullv vp, it was evident
that the geroplane would “lock in™ to this
incidence. .

This latter deduction was consistent with
the behaviour of the acroplane 23 shown by
the flight recorders.

The preceding discussion on elevator ¢f-
fectivencss applics to the aircraft configura-
tion as at the time of the accident and is to
a large extent independent of the type of
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. 'What are the chances of finding an eight digit number ::)(lhe form
“ABCDABCD whose smallest prime factor is a three digit number?

= Contributed

The chances of finding new microwave applications are exccllent
since our Athcrton division opened their new microbiology fabo-
ratory belicved to be the first industrial lab of its kind. They will
specialize In the interrelation of biology, chemistry and microwave .
encrgy and will investigate the use of microwaves in food preser-
vation, disinfestation, plant pathology and basic research. They've
already proven successful, of course, in the thawing, heating and
cooking of food and in food and Industrial processing. For more

\

facts on Industrial and commercial microwave heating, write to
- our Atherton men at 974 Commercial Street, Palo Alto, Cslifornia,

'ANSWER TO LAST WEEK'S PROBLEM! Ob\vi_ously F=1. Also 2(0)
4 1 =Tand either 2T =B +0o0r 2T 1 = B + 0 where B is the
base. Thus B = 3(0) 4 2 or 3(0) + 3. The base is at least 8 since
there are 8 different letters, 8,9, 11, and 12 are readily eliminated .
and 10 and 13 are not of the required form mod 3. The smallest
possitle base is 14 with 024, N=10, E=2, T=9, W =6,

F:l,U;lZ,andR:B.

\

LlTTOQI INDUSTRIES '
Beverly Hills, Californla




Jongitadinal control uweed within the nme
tailplane geometry, As has beens mentioned,
the ¢lovator hinge moment i appnm‘ahlz
affccted by incidence. This eflect iy suc
that, altheugh the amount of down-clevator
that can be hekd by full up tab decreases
progressively with increave of incidence bee
yond 27 deg., it is still powible to hold some
down-clevator to soinewhere in the neighe
bouthood of 40 deg. inidence. .

‘The type of longitudinal control, there.
fore, is a feature which does not in itself pre-
vent recovery, but conpled with the pitching
moment characteristics makes recovery mone
dificult. In particular if the stick s held
centrally (mear zevo stick foree), then, nnder
static conditions, the clevator would as was
remarked previously avunnc an upward de.
ficcted position. Furthermore just beyond
the limit of incidences reachud in Flights 47
and 48, that is, bevond say 25 deg., the
sngle assumcd by the clovator would be
quite Jarge. However in view of the muoch
reduced clevator cffectivences this upelevator
would have a relatively small effect on the
rate of build up of incidence.

Interpretation of Flight
Recorder Data

In analysing the flight rceorder traces of -

the final stall in the light of the results of
these theorctical considerations, it mnst be
emphasized that the recordings are open to
a certain amount of variation in interpre-
ation, largely because the sampling rate of
the elevator stick Furce and the servotab
angha way once cvery 3 sec: Purther, the
incidence recording stoppud at 25 deg. A
continnous trace of the all-important elevator
angle was, however, available, )

A tmehistory for the 140 sec. before
ground impact based on Midas recorder data
supplemented by that from the CID re.
corder was studied {sce page 4}, Relevant

rtions of this have been plotted to a time

se with 2 zero for an incidence of the
order of 16 deg. to 17 dey {sce p. 95).
On all the rans of this Sight the elevator
deficctions are gencmally more  oscillatory
“ than on previous occasions. A number of
factor would contribute to this, the pitch-
ing moment variation with incidence for in-
cidenee beyond 20 de. or se, the greater
scnutivity of the aircraft at an aft centre of
vity and the fact that incidences where
inge moment changes were taking place
were being reached just belore 'or during re-
covery.

The attempt by the plot to recover is
shown by the change in direction of clevator
movement at arund 9 scc, on the time
scale, A number of things may have
prompted this action and it is by no meany
clcar what, for example, was the tab posi-
tion or the stick force just previous to this.

He may have been faced, as hay been
pointed out above, with an unexpected up-
clevator position or he may have been alerted
by the incidence meter. Whatever was the
exact sequence of events it is certain that
incidence would have contimued to increase
duting the recovery attempt. According to
the analysis of the hinge moment data an
intidence of about 40 deg. or more wa
reathed, since it will be scen that at about
13.14 scc. the clevator “up Roats” to reach
a fully up position shortly after.

As has been noted, beyond an incidence of
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ahout 36 deg. a fally down clesatn doey not
provide 3 wifficntly large meedoan pith-
mg piement contnbuton to it o an
menll pitchmg momant in the reoners
sunse, MHence, even af the clevator had been
mamtamed in 2 fully down poution, re.
unery o the fight conditions prevailing
winld have been miled out. In Fact, with
the clevator virtnally locked in ity np posi-
tion the incidvnce will increase further till
the areralt seaches the stable equilibrinm
state at about 30 deg. incidence,

The time history mdicates that as the air.
eraft entered the stall there was a tendency
o a wing drop which was corrected by the
milot. Subswguently during the decp stall
the aircraft hanked snccessively right, left,
then right agai,

At the high incidence conditions prer
vailing during the descent the aileron bl
ing cflectiveness would fall off to such an
extent that the ailerons become of little
valnc as 3 1ol control. Nevertheless, since
the tah, ailcron and spoiler movements are
comntent, it can be concluded that the
rnlm was moving his Jateral control de-
iberately; but it should be remembered
that somc movement of the aileroms wonld
result from the incidences induced by the
aircralt’s motion and, in the ahsence of
wheel and rudder pedal force records, this
tends to obscure the picture.

However, the movement of midder and
ailcrons is not inconsistent with an attempt
by the pilot te regain control by pntting
the aircraft into an appreciable asymmctric
flicht cundition. Al impact minns 50 sec,
whien the pitch angle was 4 deg. nose.down,
full power was applicd fram both engines
and maintained for about 15 see. This ap-
plication of power was accompanied by a
rapid pitch-up reaching 17 deg. nose.up;
power was then reduced by the pilot ap-
parently to prevent comtinuation of the
pitch-up.

\\'IuYst there is some lack of evidence on
the pilot’s intentions in this stalling test,
the traces, taken in conjunction with Mr,
Lithgow's remark aftes the previons stalling
tests that it should be possible to fight onc’s
way throngh the wing drop, are not in-
consistent witl an attempt to reach a stall
as defined by the British Civil Airworthiness
Requirements. As a resalt, the aircraft pene-
tiated further into the post-stall region than
it had been taken previously and reached
the stable stalled condition from which re.
covery was uot possible,

Further Consideration of
Circumstances of Accident

The probable cawse of the Onc-Fleven
aceident was evident at an catly stage in the
investigation bt it has been necesary to
comsider wlicther there were in the attendant
circmmtances any contribatory factors, The
matter wav therefore examined umder three
hroad heads:
® Were the desipn and wind  tannel in-
vestigations earficd sufficiently far?
® \Were the flight tests organised and eon.
docted vith wifhiwent pradence to abviate
Bty ink®
® Woere additional safeguards warranted hav-
ing tegard to the nature of the tets under-
taken?

The design and wind tunnded investipation
aspect has been largely dealt with, There

AVIATION WEEK & SPACE TECHNOLOGY, April 19, 1945

was evidenee in the wind taoned tots of 3
fairly sharp drop in the life cocMoient as
sociated with the omct of the stall, and
a nose.dewn tendency in the pitching mo-
ment. It was expeeted thal in fight there
would be a pronounced nosp-down pitch at
the stall, providing the approach ta the stall
was gradual. The evideme ¢F 2 pitchup
tendency which wav appearing hv 25 deg.
incidence in the wind tunnc? tesh was not
interpreted as 2 matter domanding special
recantion; the VC.10 technigue winch it

" had been decided dimnld be med in gxplor.

ing the One-Fleven stalfing characterntics
way considered to be wificiently cantions to
svoid difficulty,

Apaimt this backgrond it cannet he aid
that the desien and wind tunsed s estipa-
tinns sk have been carricd further than
they we

As regards prdence, the technigne fol-
Jowed in the VCH stlling programine
consisting of taking the airctalt wp ta or
just hevond the angle of incidence at which
wind tinnel tests had shown €, max to
ocenr so that experience and information
would be built up gradually,

During the initial stalling teste {Flight
47) of IEc Onc-Fleven, bowever, the sngles
of incidence hased on wind tunnc! tests,
which were provided as a gnide to the test
pnts, were considenably exceeded, but as
cxpliinced in scction 9, no allowance for
scale cfHect had been made when establish-
ing these incidence values, Nevertheless, if
the VG0 stall investigation techuigne had
been ¢lmele fotlowed in this case the One-
Fleven stalling test would not have heen
taben s far, s fast, The apparent lack of
concetn after Flight 47 appears to have been
hased on the expectation’ that a pronounced
nasc-clown -lunge of pitch wonld nconr and
ala o the inmacnom stalling hehavienr e
parted by the pilots after that flight, Since
no steps were taben cither to warn them
of the special - featires revealed at angles
ahave 25 deg. during the wind binel tests
or to Ly dowa new “limbmg” angles as a
ghide or to Rt 2 new incidence meter, the
pilnts mav well have interpeeted the posi-
tion as ong in which the still conld be ex-
plored not only et the higher angles then
reached bat even bevond,

1t appuars that the pilots themwdves were
unduer the impression that an increave of
incidence wonld he awociated with a visible
pitch-up whwh wonhl gire them adequate
warning to recover; they had probablv not
appreciated that not onlv wonld incidence
continue to increawe after the g-hreak with
no visible pitch-up It that it would in-
ercase at a much higher rate than previemly,
as expliined carlicr, But although the pilots
had not been wamed that of incidence
reached 3 wifficiently high angle a stahle
stall was a real posuibility and recovery there-
fiom et unlikely, there was some knowl-
edge among them and the acrodvnamicists
of difficultics that had ocenered during stall-
ing tests of military aircralt with T-tails.

It scems reasomable tu conclude, there.
fore, that as hy 25 deg. in the wind tunncl
tests the nose-down tenedeney in the pitch.
ing moment gave way to 3 nosc-op tendency,
and as the firm had a general hackground
knnwledge of stalling problems which had
arien with Ttal aircraft, «talling  testy
shoull hme heen more  cautiomly ap-
proached, more closcly controllcd and more
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“earciully eorebited with wind tunncl and

flight recarder data,

As regwrds additional safeguards, the mat-
ters cvamined inchuled the fitting of a tail
parachate, the incidence meter, oweape ar.
ragements, and exclange of infonmation.
Theswe are diseussed betow,

@ Tail Parachute—=Consideration had heen

given in the eave of the One-Fleven, as in
that of the VC.10, to the htting of a tail
parachute. The matter was being kept under
review and na final decision had been made,
althongh it had been intended that a pana
clmte should he Btted hefore the aircraft
made a dynamic stall, thus significantly ex.
ccerling the stalling incidence, ‘The retention
of the matter mnder review and deferring

. of a decivion to fit were influenced by the

time that would be taken for such 2 modi
fication and acceptance that the policy of

C‘gradualness’ in rclation to stalling would
.. emwnre safety.’ - '

Wind tunncl tests catried out hy RAC
tince the pecident indicate that with the
clivators in cffect Incked wp and with the
gireraft in 2 stable <tall, 8 lail pamachute
of the hpe it was intended to fit wonld not
have given suficicnt pitching moment to
provide for recavery,

" Tail Parachute

. The quotion of whether to fit a tail
parachute for stalling teets in civil aireraft
i a matter for the constructor ta decide. Tt

" may he ‘poted howcever that for protetype

o development military sirenaft; the Min.

istry of Aviation requires all hpey of acro-,

plane, unless othierwise agreed by the Min.
iMry, In he fitted with an antiapin parachnte
hefore dalling or spinning trials are wnder.
taken. - - - R

® [ncictience Mecter = As mentionéd pre:
vimnly, the presentation of hody incidencé
to the pilat was achicved by means of a
small dial and painter. Althongh the-gradu.
ated range of  the instniment was from

20 dez. to —10 deg. the pointer was frer.

to mave tn a position equivalent 1o 25 deg.,
where it might cither have stopped or flicked
tn wme <purions reading quite wnrelated
to the vanc position. It scems prohable that
the pilats were unaware of this characteristic
of the instriment; the possihility that they
were mislel by its reading cannot therefore
he dismised although the evidence sugnevis
they wete not working o an incidence limi-
tation hut were attempting to reach a clearly
defined stall. Incidenee in excess of the
maximom reading of the instrument had

bern reeorded during Flights 47 and 48,
gt it alionld have heen clerr that the range

of imlication provided was inefficient to
rowent the pilots with a means of monitor.
mg the incidence reached during stalling
triake. Tt would conecquently have heen an
act of reasonable prudence ta replace the
incidence meter wsed by ane capable of
registering appreciably Tugher incidence, ir-
respeetive af whether there was anv inten.
tion of exploring this region immediately,
® Facape—Twn emeroency cseape exits were
groviclul in the aircraft, a« nnled in scetion
. amd cach occnpant lud a parchwte, In
cosilering why,  nevertheles,  ne-one
cecapal by this means, it was weccwany
first to cxamine the cxtent to which thow
on hoard, and in particular the pilot, conld
have realised the setiouencws af their diff-
culties. During the period hetween 100
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and RO «ce. hefore impact the following
el have heen tnted:
(1) Tncidence, at one stage, reached the
liit of the instrnent,
{2) After this the elevator ta sk up a peni-
tion ahont hall fully up {—lg det.)
with the control colimn prabably neady
centml,
(3) The contrnl column was then prchied
hard forward (stick force of the nrder of
100 Th.), as 2 reslt of which the cleva:
tor mnved to a 6 «eg. (down) poition
hat xoon alter moved to 2 fully up posi-
tion and staved there with the forward
stick foree still applicd.
{4) 1lcight was lowt at a rate of abant
180 fps. from the time at which the
ckaator assumed the fully up position.
The prints and the third econpant of the
flight deck could have been aware of each
of these events while one or more of the
flight observers could have known of (1)
and (4). During this time there was aleo
a deerease of pitch from 21 deg. to 3 deg.
alter which the sttitude did not vary mnc
Biom the horizontal. Becanse of the decrene
in pitch, and perhaps heemne of some indi-
cation of the incidence meter (wee ahovg),
the pilot may have heen misled at 1his stage
irto thirking that the aircraft was reeovering
in spite of the eclevator indicatnr reading,
Towever, he must gnickly have realad this
was nnt the case hecause there was onle the
slightest easing of the stick foree which had
roreached more than 120 Th. by £3.90 we.
“before impact, In addibion, from this time,
a considerable sideslip eondition developed:
this may i part have reslled from an at-
tempt ta upsct the stable sall theough a
change of airflow,
. Abont §5 sec, befure -imace the Midas
trace of stick force showed 3 momentary
reduction tn zera. (1his is not showw on the
time history). 1f the eantrol niovenent was
intentinnal, it served to establish that thete
was no cffect on the indicated clovator
anglc; thereafter a much reduced prieh Earee
(60 1h) was maintained. The pilot next
tried the effect of thrust which was increased
to its maximum value at 43 sec. hefore inv
“pact. This resulted in 2 rapid puchonp of
the note which spparently cansed the piiot
soon to redice thrst agam.
Although it ‘'may be expected that there
“was considerable alarm at the rapid losi of
height, it scems reasonable to accept that
. no question of ahandoning the aircrafe
arse until all possililitics of recovery, cul:
minating in the application of full er,
had been attempted. Wihen this had heen
donc the aircraft was prohably at just nader
5.000 fr. with less than 30 «ce. to g hefore
impact, There is evidenee that some attempt
was made to ahandon the aircralt at a very
|9w height, prohahly far less than 5,000 ft,
since:
(1} Witncswer heard @ tharp  ropart,
which conld have been the firing of the

explotive holty on the forwand cwape -

cxit, when they etimated the height of
the aircraft to e a fow handred foet:
after the cranh the door was fonnd trapped
between the hnclage aml the nttnmdpin
an inverted postion snll pattly envering
the door apuming and two ol the o
cupanty were near this et

(2) Although the rear venteal door (sce-
ond cscape cxit) was in position, twe nc-
capants were some distance towards it.

In tost and expenmental fuing there mnst
at times be a dcgree of hazard, and a pilot
will continne o investigate an nnumal ot
difficult sitnation while” amy possibility of
recovery eviste. Nevertheless, it remains a
wssibility that the chance ol cseape might
have been improved if cinerzency drills had
been lid down and practised since this
could have led the pilot to order at lcast
some momhers of the crew to abandon the
aircralt at an carlier stage and perhaps have
cnabled any cscape attempt to be carried
out with greater prospect of suceess,
® Fxchange of Information—Dhiring the in-
vestigation enntideration was given to the
extent of exchange of information between
reseatch cstablishments and the aireraft in-
dustry, and among constmctors themsclves,
Tt emerged that no formal action had been
taken in respeet of the expericnce which
had accumulated from stalling problems on-
countered in aircraft with Ttals, although
there had heen some infunnal laisen, In
respect of this particular accident the British
Altcraft Corporation announced almost im-
mediately its intention to make known o
manfacturcrs hoth in this country and
overseas the resnlts of its investications so
that the knowledze gained wonld be of
lasting henefit to the salety of avistion, It
appears. nevertheless, that knowledge gained
from other incidents and atcidents may not
always be o applied nwing to the lack of
clleetive f..muF of standing armangements,
snd that & mone regular hadis for the ex-
change of cvperience among aircraft con-
structors and rescarch establishinients on new
probloms aflecting safety encountered during
airceaft development wenld have consider-
able value,

‘Conclusions

® The ‘aircralt was flying in accordance with
the B Conditions of the Air Navigation
Order, 1960; it had bein' certified at mafe
for the flight, and was properly laaded.

® The pilols were appropriatcly licensed and

. were expericnced in exprrimental fRight test

work. -

® There was no evidence of any precrash
structurat failure,

® The nose.down pitching moment (clova-
tor newtral) just bevond the stall was in.

. sufficicent to rotate the acroplane 2t the nate

required to countrract the increase of in-
cidenee-dne to the g-break,

# During the fifth stall the sngle of in-
cidence reached a value at which the eleva-
tor cffectivencss was imufficient to cffect
tecovery,

QOpinion

During a stalling test the siveralt entered
s stable stalled condition rccovery from
which was impossible.

Chicf Tus

.B.Vear
tor of Accidents

" Accidents Investipation Branch,
‘Ministey of Avistion,

{A x¢cond accident in the BAC 111 stall
test peogram ocowrred o Aug. 20, 1964,
when the pilot, helieving the zircraft to be
irrccoverably stalled. streamed 2 tail para-
¢hnte and made 2 wheeliup landing on
Silisbury Plain néar Tilshead, Wiltshire,
None of the wven aboard was injured, The
British Ministry nf Aviation report on this
accident will appear in a subsequent jssuc. )

AVIATICN WEEK & SPACE TECHNOLOGY, Agril 19, 1943




Ninistry of Aviation,
Acoidents Investigation Branch,
Shel} Mex Houss,
Strand,
LONDON, W,C.2,

November, 12&.
The Minister of Aviation

51ir,

I have the honour to submit xy Report on the oircumstances of the accident
to B.A.C. One-Elaven G-ASHC whioh ocourred at Cratt Hill, pear Chicklade,
Wiltskire on 22nd Ootober, 1963,

-- 1 bhave the honour to be,

Your cbedient Servant,

J. B, VEAL
Chief lnapector of Accidents
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Acoident Report No, EWZC[O}Q

ACCIDENTS INVESTIGATION ERANCH

ATIRCRAFT: British Adroraft Corporation ERGINES: Two Rolls-Royce
One-Eleven Series 200 Spey 505-14
G-ASHG

OWNER_AND OFERATOR: British Adrecraft Corporation Ltd,

CREW: Mr, M, J. Lithgow, 0,B.BE, = Pllot-in-Command
Mr. R, Rymer -~ Co-pilot
. Observer
Mr, G, R. Poulter = Flight Test Observer
ir. D. J. Clark = Flight Test Observer
Mr. B, J. Prior = Assistant Chief
’ Aercdynamiociat
¥r, C, J. Wabd = Asslstant Chlef
Desigpar

PLACE OF ACCIDENT: Cratt Hill, 13 miles NNW of Chicklade, Wiltshire.

DATE AND TIME: 22nd Qotober, 1963, at 1040 hrs,

All times 1in this report are G,M.T,

1. NOTIFICATION
By telephone from the Southern Alr Traffio Control Centre, at 1208 hrs,

on 22pd October, 1963, Investigation wes begun at the socens of the accident
the sams day,

2, IRIEF CIRCUMSTANCES

The airoraft took off from.Wisley aercdrome at 1017 hrs. to carry out
stalling tests with the centre of gravity (CG) near the aft limit, It olimbed
to 17,000 feet and carried out fgur stalls with underocarriage and flaps up.

The flapa were then lowered to B to investigate the stalling oharacteristios
in this configuration., The airoraft entersd a stable stalled condition, in
whioh it desoended at over 10,000 -fest per mimte: the pilots wers unable to
regain control and the aircraft struck the ground in a flat attitude 90
seoonds later, All on board were killed by the ground impact, and fire
destroyed much of the wreckage,

3. THE ATRCRAFT

The aircraft was constructed by Vickers-Armstrongs (Airoraft) Ltd, at
Bournemouth {Hurn) Alrport. It was the first One-Eleven to be completed and
had made its first flight on 20th August, 1963, since when it had completed 52
test flights involving 81 hours flying.

The airoraft was registered in the pame of the British Aircraft
Corporation Ltd,, and was engaged in a flying programms aimed at obtaining a
coertifioate of alrworthiness for airline service, It was flown under the B
Conditions of the Air Navigation Order, 1960; a certifiocate of safety for
flight had been oompleted at 0900 hrs, on 22nd October.
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The total weight of the airoraft was 70,125 1b., maximum permissible being
73,500 1b,  The fusl load was 2,200 gallons of kerosens. The CG was 0,38
stapdard mean chord (SMC), the furthest aft position for which the airoraft had
been cleared, The design range of the CG was 0.11 to 0,41 SMC,

The elevators were aerodynamically operated by tabs ocontrolled by a dupli-
cated oable control system., They wers in two independent sections bPut linked

through their oontrol systsms at the top of the fin and at the flight deck.
A hydraulioc artificial fesl simulator was ooupled to the right-hand elsvator
control oirouit in the rear fuselage to give control feel in flight.

Longitudinal trim was effected by & variable incidence tailplane powered
bx duplicated hydraulioc gpotors, The range of the tailplans aeiting was from
3" leading edge up to 12 lsading edge down,

Lateral oontrol was by means of servo-tab operated ailerons supplemented
by hydraulically operated spoilers which also acted as air brakes when
deflectsd symmetrically. ,

Two emesrgency escape exits had bsen provided for the crew, one at the
forward freight loading aperture on the lower starboard side of the fuselage
and the other using the rear ventral passenger entrance situated in the af't end
of the fuselage, For the first a special door was made and was kept in posi-
tion by 38 explosive bolts, A vertioal tunnel led to the door from the ocabin
floor. The tunnel structure was spring-loaded to exert an ocutward preasure
on the door, The explosive bolts ware oonnected to their own battery and
oould be fired by a switch on the pilota' oentre pedestal or from a aimilar
awitoh situated at the entrance to the tunnel, It was intended that if the
bolts were fired, the door should fall away allowing the tunnsl struoture to
slide.down until its upper end was lovel with the oabin floor and its lower end
protruded into the airatream, thus providing the orew with an escape chute,
Tha rear escape exit was a modification to the rear ventral entry door, After
opening ths rear pressurs bulkhead door, the crew oould jettison the ventral

door by means of a foot-operated lever,

. Among special test instruments displayed to the pilot were elevator angle
indicators which showed the positiom of both the port and starboard elsvators.
There was also an angle of imcidemse.indlioator which gave "'the airorafi's bedy
incidence. A wvane on the side of the fuselage provided the sensing unit and
the indicator was calibrated in acoordance with the results of wind tunnel
tests, The scale on its dial read from 20° to ~10°, but the instrument was
ospable of indicating to 25, It is ngt known how the instrument would have

behaved when body inoidence exceeded 257,

L.

Mr. ¥, J, Lithrow, aged 43, was deputy ochief test pilot of Vickers-
Armstrongs (Airoraft) Ltd., and was the senior project pilot on the One-Eleven,
" He served throughout the war in the Fleet Air Arm, which he left in 1945 with
the renk of Lieutenant Commander. He joined Vickers-Armstrongs (Supermarine
Division) as a test pilot, becoming chief test pilot inm 1948, In 1953 he set
up a world airspeed record, He had been engaged more resently in test flying
the Vanguard, On 20th August, 1963, he flaw as co-pilot on the first flight

THE _PILOTS

of the One-Eleven and had subsequently taken part in almost all the test flying .

of this aircraft, as either pilot-in-command or oco-pilot., He had teken part
in each of the flights during which stalls had previocusly been carried ocut.

He was a Ministry of Aviation approved test pilot and held a private pilot's
licence valld until 1st April, 1964. It was endorsed in Group C for DH 114,
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Vanguard and Viscount aireraft and included a valid instrument rating, His
log book showsd a total of 5,385 hours; over 2,000 wers on multi-engined sir-
oraft inocluding 78 on the One-Eleven.

¥r. R, Rymer, aged 45, Joined the R.A.F, in 1939 and served throughout
the war, attaining the rank of Flight Lisutenant., In April, 1946, he was
seccnded from the R,A,F, to B.0,A,C,, then joined B.E.A, on 1ts formation in
August, 1946, He resigned from B,E.A. in 1953 to join Viokers-Armstrongs as
a test pilot, Since then he had done & great deal of test flying of Viscount
and Vanguard types, and had been engaged in delivery and demonstration flights
and attachment to a mumber of airlinec to give pilot familiarisation. He
made his first flight in the One-Eleven on 20th September, 1953, as oo-pilot
to Mr, Lithgow and had subsequently flown for 13} hours as oo-pilot and two
hours as pilot-in-ocommand, His log book shows & total of 9,648 hours fiying,
He held an airline transport pilot's licence valid until 6th April, 1964,
endorsed in Group 1 for Viscount and Vanguard aireraft, He, also, was a
Minlstry of Aviation approved teat pilot,

5. IHE_VEATHER

- Observations of the weather in the area at the time of the accident by
the metsorological office at Boscombe Down were:-

¥ind - 060°/5 knots

Vieibility - 22 n.m,

Weather - N

Cloud - 3/8 8c. 2,400 feet; 2/8 Ci, 30,000 feet,

Ths weather is considered to have had no bearing on the accident.

6, THE FLIGHT -

The airoraft was making its 53rd flight; the programme for this flight
consisted of stalls in all configurations, with the CG at 0,38 SuC, the
furthest aft limit for which the airoraft had then been cleared.

The inspector who completed the certificate of safety also checked the
fuel load, the ballast and its disposition, and the names of the ccoupants,
He ensured that everyone had a parschute and that it was properly adjusted,
and he asaisted both pilots to fasten their safety harnesses, Mr, Lithgow
was in the left seat and Mr, Rymer in the right,

The airoraft tock off from runway 10 at Wisley aerodrome at 1047 hrs.
The radio-telephony conversations were automatically recordsd in Wisley Tower
and the voice from the airsraft- throughout the flight wae identified as that
of Mr. Rymer. The progress of the flight has been deduced from the Tower
.recording and from the flight recorders recovered from the wreckage.

After take-off the aircraf't climbed in VMC on a westerly heading to
17,000 feet, monitored by Wisley radar. At 1026 hrs. the co-pilot reported
that they were Jjust about to commence the tests at flight level 170, At
1035 hrs, he reported that four stalls had been completed in the ¢lean con-
figuration, At 1036 hrs, he acknowledged a fix from Wisley, after which
nothing further wes heard from the aircraft,

From the data prgvidod by the flight recorders it is apparent that run
No. 5, & stall with 8 flap and undercarriage retracted, was commenced at
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about 1038 hra, at an altitude of between 15,000 and 16,000 fest, Approsch to
the stall appears to have besn normal., When recovery was attexzpted the eleva-
tors responded initially to the oontrol movemsent but subsequently floated to
the fully up position in spite of a large push foroce on the control oolumm,
The aircraft then desoended in a substantially horiszontal fore and aft attitude
at about 180 fest per seoond. During the descent it banksd twice to the right
and once to the left and at one stage the enginss were opensd up to full power,
The latter astion resulted in a large nose-up pitoh which, when power was taken
off, was followed by a pitch down, The aircraft then assumed the substan-
tially horisontal attitude in which it made impaot with the ground.
° i

At about 1040 hrs, the airoraf't was seen by many people in the Chicklade:
area, It had approached from the south-west and was seen to be descending
rapidly in a flat attitude, Many observers remarked on the low lavel of the |
engine noise and some heard a sharp report from the airoraft whilst it was in
the air, It crashed in a field, exploded and caught fire, those on board
being killed by the ground impact,

7. EXAMINATION OF WRECKAGE

-The airoraft crashed on level ground apout 700 feet a.m.s.d. At the |
moment of impact it was on a heading of 32, magnetio, almost level fore and |
aft, banked approximately 3° to the left, and skidding slightly to the right, -
The marks on the ground and ths wreckage distribution showed that the rate of |
descent had been very high and the forward speed low, After initlal impact
the airceraft moved forward only 70 fest and some 15 feet to the right bafore
ooming to rest. Inertia loads at impact produced a frilure of the rear fuse-
lage which caused the fin and tailplane to swing down until the outer portions
of the latter came into contact with the ground, Cabin windows and a door, |
with pleces of cabin furnishings, were thrown forward, The starboard wing
broke chordwise from the trailing edge at about mid-span and swung tip forward,

- |

Fire broke out after impast and destroyed the fuselage anl starboard wing.
The upper portion of the fin, the tailplans and elevators, together with the
outer portion of the port wing, survived.ths fire, There was no evidense that
any part of the airoraft became detached in the alr, ‘

. The forward freight-hold door and the remains of the door frame wers founmd
in the wreckage, both partially melted and burned, The door was not in its
frame, belng inverted and trapped between the fuselage and thes ground slightly
to the rear of its normal position sc that the frame was only partly covered
by the inverted door, All the explosive bolts recovered had been detonated.
It is considered they were fired by aotion of the orew rather than by the heat
of the fire, because the latter ocould not have resulted in the door being
Jottisoned and inverted and a ecareful search of the ground beneath the door
failed to reveal any sign of the bolt heads,

. Both the landing gear and the flaps were up on 1mpg.ot. The tailplans
was still attached to the fin and was at a setting of 1 33' leading edge up,
i.e, trimming the airoraft nose down.” . !

Both slevators remained attached to the tailplane and received upward |
bending of their tips when they struck the ground, The elevators themselves
showsd no evidence of Jamming or fouling at their hinge points. All the mass
balanoe weights were securely attached to the leading edges, Four of the six !
sections of the elevator leading edge, forward of the hinge line and carrylng |
the mass balance, had been displaced downwards under high inertia loads,

This displacement showed that. the elevators wers up at impact as they could not
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have moved up subsequently without interference between tailplane and elevators,
and there was no evidenoe of any such interference, The servo and gear tabs
woere 8till attaohed to thelr respective slevators and showed no signa of pre-
crash damage or defect, The torsion bar counter-balamce installation in both
elovators had been in good condition prior to impaot., BPBoth hydraulioc gust
dampsrs wers removed, examined and functionally checked. The loads required
to operats the dampers were normal and they travelled smoothly over their full
rangs of movement.

The run of the aileron and rudder ocontrol systems was trased ard no evi-
dence of pre-orash defeot or failure found, The aileron cables were complete
and unbroken but both aileron/spoiler mixing units had besn largely destroyed
by fire, Two breaks in the rudder circuit were consistent with impaot breaks
in the fuselage,

Examination of the slevator ocntrol olrcult showed that the control
ocolumns and the linkage to the forward quadrants had been destroysd by fire,
From these quadrants under the flight deok to the hydraulic feel unit in the
rear fuselags, the duplicated omble oontrol oircuits had survived the fire
and weres traced through the fuselage debris. There were tension breaks in
sach circult consietent with the fuselage impapgt fallures, but there was no
evidence of pre-crash fallure or defect., The artificial feel unit was
sxanined and appeared to be in good condition, The rod oiroult running up
the fin from the rear fuselage had been partly destroyed by fire at the base
of the fin but all other damage was attributable to impaot loads.

The servo tab operating linkags within ths elevators was complete and
oapable of operation, with no sign of pre-crash damage or defect, No rig-
ging check was possible because of damage, but by cutting the starboard
elevator chordwise 1t was possible to operate the inboard pertion with the
two immer hinges and to operats the firal section of the tad mechaniam, This
oheck showed that the elevator and ites tab and linkage operated oorrectly over
the design range of movement, with the correct follow=up ratio,

The engines were stripped and thoroughly examined, Ko evidence ocould be
found of pre-crash defeot or malfunctioning, The internal oondition of each
engine indicated that it was allight and rotating at 1dling speed at the time

of impaot,

8. FLIGHT RECORDERS

Two flight recorders were installsd in the aircraft for acolident investi-
gation purposes, & Boyston Instruments Ltd, Midas Type CMM/2L/7S/E and a
Colnbrook Instruments Development Ltd. Type O2E which was on loan from the
Adroraft & Armament Experimental Establishment,

‘The ¥idas is a magnetic tape recorder oapable of dealing with 270 inputs
and on this ocoasion was being used to record 59 parameters, It was inatalled
in the top starboard side of the rear fuselage. The assocolated amplifiers
were fitted to ones of the special bulkheads in the oabin, The recorder was a
cassette type, designed to ejeot automatically when subjeoted to heat or immer-
aion in water; the sjeotion mechanism was to be fired electrically by power
supplied from special batteries. The sampling rate was once per three seconds
for most of the paramsters, but five were sampled every half second. Alroraft
heading was intended to be recorded but for this flight no serviceable heading
souroe was avallable,




The CID recorder was fitted in the oabin inside a steel fireproof box.
It recorded photographically on paper and gave oontimuous recerding of 10
inputs, including altitude, indicated airaspeed, normal acceleration (g), and
slevator, ailercn and rudder angles, It had no automatisc ejeotien mechanizm
but relied upon its structural integrity to survive fire and orash,

|

The Midas reocorder broke loose from its attachment upen impact with the
ground, owing to the high inertia forces, It fell through a split in the rear
fuselage onto the ground and was recovered sbout 15 feet behind the tall of the
airoraft, untouched by the fire, The CID recorder had been in the heart of |
the fire anmd much of the trace information was lost, but the elevator angle
treos remained legible. .

9., PREVIOUS STALLING INVESTIGATION IJIN FLIGHT i

Two approaches to the stall were carried out on Flight 2. They teorminated
in a wing drop at 116 knots, clean, and at 100 knots with 18" flap, A further
approach to the stall was made on Flight 5 tut with 45 flap and the under- ;
carriage domn; it was again terminated by & wing drop. These early approaches

to the atall were made in order to oheck the validity of the take-off and
approach speeds being used,

Exploration of the atalling characteristios of the aeroplans was begun in !
earnest on Flight 47 which was made on 16th October with a forward CG position,'
Mr, Lithgow was co-pllot on this flight, The briefing sheet for the flight |

gave an incidence for each of the five oconfigurations in which stalling was to |
be conducted, These were:

Configuration Incidence 1.

Clean 16° ;

g° flap, undercarriagé up 15° [

18° flap, undercarriage dowmn 1&.0 ‘

26° f1ap, undercarriage dowh .13° |

) 45° flap, undercarriagé down 12° :

The pilot's report repeated these figures, referring to them as the "limiting
incldence®™, Twelve stalls were carried out and the pilot's report 1nd%oatog ;
ths ma.:c&mm incadenca angles reached in the five oonfigurations were 23, 19,
217, 20" apd 17, Examination gf theofligh3 test data aBowa tiat the actual
maximum figures recorded were 21, 20}, 234, 26 and 16  respeotively, /A
reappraisal, made su‘baeguant to the accident, of the correotion to be applied
revealed that for the 8 flap pos%tion the observations on thisz and subsequent
flighta were in faot still some 3  greater than actual./ The pilot stated

that his reasons for exceeding the limiting inoldence figures were that when he
reached them the handling characteristios of the aercplane were innocuous and
-the indicated airspeed was in exoeas of that expeoted. He considered that at
the limiting figures information gained on the flight would be small and that,
in order to produce the kind of data required, greater angles of incidence

would have to be achieved. He believed that he was engaged in investigating
the stalling oharacteristios of the aeroplane and that he had to get to, or |
close to, the stall in order to get any useful and necessary data on the ]
recording film, 1In this way he reached indicated angles that were considera- |
bly in excess of the limits. On none of the stalls did he have any serious \
qualms about the bebavicur of the asroplans, nor any difficulty in recovering, |
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Bacause of his oonocerm at the difference between the limiting and the
sochieved angles of incidence on Flight 47 the pllot immediately called a
debriefing meeting to disouss them, At that mesting the point was malde that
the "limits" set were conservative and made no allewance for scale effect
which would delay the onsgt of changes in the flow (e.g. inoidence for
CL max *) by some 3~ to L of incidemos full scale as compared with the wind
tunnel teats; no oritiocism was made of the handling of Flight L7.

Although there was perhaps pever any intention that this experlence
should be taken as an indication that there was an implied relaxation in the
panner in which thes atall should be approached, it is regrettable that the
need was not felt to lay down some new and somewhat higher "limiting" inoi-
dences as a guide,

The purposs of Flight LB, two days later, when Mr, Lithgow was in com-
mand, was to measure C[, max., This involved stalls in the five configurations,
and a forward CG position was again used, The incidence anglea whad ino
thg five ognfigurations, aocording to the pilot's report, were 21, 21, 20,0
19, nnd°16 gespeotiyely. The flight test data showed maximum angles of 227,
237, 257, 23 and 29 with the minimum spseds very much as they had been on
the previous flight, The differences between the two pets of figures are
explained from the fact that pitch and incidence would continue to increase by
one or two degrees due to dynamic overshoot after initiation of recovery aotion
and that the figures in ths pllot's reports were readings of a small dial which
was not graduated beyond 20°; the co-pilot who made the readings was alsc en-
gaged in observing and recording other matters, After the flight, whioch
involved twenty-five stalls, Mr, Lithgow commented in his report that apart
from those with 45° flap, when the right wing drop appeared to be a limiting
faotor, he gained the impression in the other configurations "that it should
be perfectly possible to fight one's way through the wing drop".,

In response to pilotsa' reports on the lateral oontrol charaocteristios in
turbulence on the approach, a modification to the aileron tab/spoiler linkage
was made before Flight 52 to provide for only one degres of alleron movement
from neutral instead of four degrees before the oommencement of spoiler move-
ment, This resulted in lmproved lateral control at small deflectlon, but ths
maximum rolling momant available remained essentially the same,

10. AERODYNAMIC CHARACTERISTICS OF THE ATRCRAFT

. In investigating the ecoident 4t has been necessary to examine what theo-
retical and wind tunnel investigations into the atalling characteristios of the
One-Eleven had been made and the extent to which they gave warning of the poa-
Bibility of Aifficulty at high angles of inoidence, The Royal Aircraft
Establishment has provided valuable help on this aspect by analysing the aero-
dynamic characteristics of the aircraft and the results of BAC wind tunnel
tests, and by epplying the results of thase analyses to the flight test data
obtained from flight recorder information.

Prior to the commencement of flight testing, wind tunnel tests had been
conducted igto the ovariation of 1ift and pitching moment with incidences for
the range 0 to 28°, (NOTE: The angles of incidence quoted are taken
directly from the wind tunnel data and are not corrected for scale effect.)
From these tests it was clear that the stalling behaviour of the alroraft was
oharacterised by a fairly sharp drop in 1ift coeffiolent at about 49° incidense.

*NOTE: €1 max 1s the maximum 1if't coefflcient of the wing.
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The onset of the stall extended over the rangs 15° - 19° and towards the end of
this range the alroraft's pitching moment showed a marked nose down tendency;
the latter however was not very large or long-lived %u terms of persistence
with inoreass of inoidencs, On ths contrary, by 25 incitence, it 1s clear

that there is evideme of a pitsh-up tendemoy in the pitching moment charao- .
toeristios of the airoraft, !

In this oomneotion it is pecessary to bear in mind the extent to whioh
inoidense can bulld up following the abrupt loss of 1ift, To subjeot the alr-
eraft to a sudden loss of 1lift is equivalent to an instantansous desorease of
pormal acosleration (referred to sa the g-break) which in turm leads to an
increass downwards in the normal component of veloolity and thus an inoreased
incidence, It 1s thus possible for the inocidemve to inorease with little or |
no rotation of the aeroplane, Other changes will ccour in the flight ocon-
dition arising from changes in drag and pitoching moment but these are more
indirectly related to inoldence than is the g-break,

.. After the accident, more extensive wind tunnel tests were made by BAC ;
from whigh 1ift and pltohing mowent coefficlents over the incidence range of
0" to 45 were obtainable, The behavicur of the servo-tab-operated elevator
control aystem was studied over the same range. From thess tests a yunbher of '
important deduotions have been posaible relating to the behaviour of the air-
craft in its final stall, . |

. !

The basioc faotor in the final pitch-up tendenocy displayed by the pitohing '
moment curves is the loss of effeotivensas of the tail aa alroraft incidemce
is inocreased., This is acoompanied by a loss of elevator effectivensss, which |

1= sufficiently large to render recovery from an excursion into the post-stall |
region difficult. !

An analysis of the hinge moment characteristics of the elevator shows that
as body incidence is inocreased the up-floating tendency of the elevators |
inoreases and at large incidence {about 40°) cen reach a stage when it is no
longer possible to prevent the elevators moving into an up position even though)
the tab is held in its fully up position. ?

Since it 1s not possible to establish with reasonable accuraoy the tail-
plane effeotive incidence and its variation with body incidence, it has also i
proved impossible to carry the analysis of the elevator hinge moment to the !
stage where a complete study in relation to estimates was feaslble. However,
the rate of change of elevator hinge moment with elevator angle and with tab |
angle which it was possible to obtain from the wind tunnel data checked reason- !
ably well with the estimated values, “These estimates of hinge moment charao-
teristios were further checked against the records of Flights L7 and LB
(previous stalling tests) and reasonable agreement was obtained, The varia-
tion of the elevator hinge moment with body incidence was then deduced to give
e ourve from which it oould be seen that at inoldences in exoess of 25° inci-

dence acntributed an appreciably inoreased amount to the hinge moment,

Repreduction of the type of bebatiour shown in the flight recorder traces
would have required further aesrcdynamio data of a dynamic naturs and a study ‘
of the dynamics of the asroplans as well as the elevator tab system, Never-
theless, for the accident investigation sufficient conclusions could be drawn
from a oonsideration confined to the statio aspeota of the problem. From :
these statio considerations it was concluded that there was insufrigiont ele-~ ‘
vator power to maintain a nose-down pitching moment beyond about 36 incidence |
and that therefore beyond this figure recovery would not be possible even with
full down elevator. Furthsrmore at some inoidenoe in the region of 45~ with
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fully down elevator, and 50° with elevator fully up, it was evident that the
aeroplans would "look in" to this incidencs. This latter deduotion was ocon-
sistent with the behaviour of the aeroplane as shown by the flight reoorders.

The preceding disoussion on elevator effeotiveness appliss to ths air-
oraft oconfiguration as at the time of the aocident and is to a largs extent
independent of the type of longitudinal ocontrol used within the saze tail-
plans geometry. As has been mentioned, the elevator hinge momsnt is appre-
olably affected by insidence, This effeot is suoh that, although the smount
of down-elevator that can be held by full up tab deoreases progreasively with
inorease of 1lnsidence beyond 27, it is still opoulblo to hold some down-ele-
vator to somewhare in the neighbourhood of 4O~ incidence, .

The type of longitudinal control, therefore, is a featurs which does not
in itself prevent recovery, but oocupled with the pitohing moment ocharaoteris-
tics makes recovery more diffioult, In partiocular if the atick is held cen-
trally (near gero stick force), then, under statie oonditions, the elevator
would as was remarked previously assume an upward deflected position.
Furthermore Jjust beyonj the limit ‘of imoidenoes reachsd in Flights L7 and 48,
that is, beyond say 25, the angle assumed by the elevator would be quite
large, However in view of the much reduced elevator effectiveness this up-
elevator would have a relatively small effeot on the rate of bulld-up of
inoidence,

14. INTERPRETATION OF FLIGHT RECORDER DATA

In analysing the flight recorder traces of the final stall in the 1light
of the results of these thesoretioal considerations, it must be emphasised that
the recordings are open to a certain amount of variation in interpretation,
largely because the sampling rate of the elevator stick force and the servo-
tab angles wags once every thres seconds: further, the incidence recording
stopped at 25°, A contimious trace of the all-important elevator angle was,
however, available. A time-history for the 14D seconds befors ground impast
based on Midas recorder data supplemanted by that from the CID recorder is at
Appendix A, Relevant portions of this haye been plotted to a time base with
a zoro for an incidence of the order of 16 to 17 , as shown in Appendix B.

On all the runs of this flight the elevator deflections ares generally
more osoillatory than on previous ‘occoasions, A mumber of factors would con-
tritute to this, the pitohing moment varietion with incidense for inoidence
beyond 20° or so, the greater sensitivity of the aircraft at an aft centre of
gravity and the faot that incidences where hinge moment changes were taking
place were being reachsd just before or durlng reccvery.

The attempt by the pilet to recover is shown by the change in direction
of elevator movement at around 9 seconds on the time ecals (Appendix B). A
mmber of things may have prompted this action and it is by no means clear
what, for example, was the tab position or the stick force just previous to
this, He may have been faced, as has been pointed out above, with an unex-
pected up-elevator position or he may have been alerted by the incldence
meter, Whatever was thes exact sequence of events it 1s certain that inol-
depoce would hays contimied to inorease during the recovery attempt.
According to the analysis of the hinge moment data an inoidenve of about 4O
or more was reached, sinoe it will be ssen that at about 13-14 seconds the
elevator "up-floats® to reach a fully up position shortly after,

As has been noted, beyond an incidence of about 36° a fully down eleva-
tor does not provide a sufficiently large nose-down pitohing moment
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oontritution to result in an overall pitching moment in the recovery sense, |
Henoe, even if the elevator had been maintaiped in a fully down position, ?
recovery from the flight conditions prevailing would have been ruled out. In!
fact with the elevator virtually locked in its up position the incidence will
inoreass further till the aircraft reaches the stable equilibrium state at
about 50" incidense,

The time history at Appendix A indicates that as the aircraft entered the
stall there was a tendenoy to & wing drop whioh was ocorrected by the pilot. !
Subsequently during the deep stall the airoraft banked successlvely right, left,
then right again, At the high inoidence conditions prevailing during the des-
cent the ailercn rolling effectiveness would fall off to such an extent that
the ailerons become of little value as a roll control, Nevertheless, since |
the tab, sileron and spoller movements are oonsistent, it can be concluded |
that the pilot was moving his lateral control deliberately; but i1t should be
remembered that some movement of the allerons would result from the inoldences |
induoed by the airoraft's motion and, in the absence of wheel and rudder pedal |
foroe records, this tends to obscure the pleture. However, the movement of
rudder and allerons is not inconsistent with an attempt by the pilot to regain :
control by putting the airoraft into an appreciable uxmetrio flight oondition,
At 1lmpact mirms 50 seconds, whan the pitch angle was L~ nose-down, full power
was applied from both englnes end maintained for about 15 seconds., This
application of power was accompanied by a rapid pitob-up reaching 17° nose-up;
power was then reduced by the pilot appa.rent],y to prevent contimuation of the
pitob-up, '

Fhilst there is some laock of evidsrce on the pillot's intentions in this |
stalling test, the traces, taken in conjunction with Mr, Lithgow's remark
after the previous stalling tests that it should be possible to fight one's
way through the wing drop, are not inconsistent with an attempt to reach a
stall as defined by the British Civil Alrworthiness Requirements, As a !
result, the aircoraft penstrated further into the post-stall rogion than it had |
been takan previously and reached the stable stalled condition from whioh i
recovery was not possible,

12, FURTHER CONSIDERATION OF CIRCUNSTANCES OF ACCIDENT

The probable oause of the One~Eleven acoident was ovident at an early
stage in the investigation but it has_been necessary to oonsider whether there
wore in the attendant ciroumstances any contributery factors. The matter was |
therefore examinsd under three broad heads: ‘

(a) were the design and wind t:um-el investigations carried suffiolently
far;

(b) were the flight tests organised anl conducted with sufficient :
prudence to cbviate unnecessary risk: and |

() were additional safeguards warranted having regerd to the nature
of the tests undertakesn, i

The design and wind tunnel inveatigation aspeot has been largsly dealt
with in section 10. There was evidence in the wind tunnel tests of a fairly
sharp drop in the 1ift coefficient asscciated with the onset of the stall, and !
a nose=down tendency in the pitching moment., It was expected that in flight
there would be a proncunced nose-down pitch at the stall, providing the
approach to the stall was gradual, The evidence of a pitch-up tendenocy
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whioh was appearing by 25° incidenne in the wind turnel tests was not inter-
preted as a matter demanding special precauticn; the VC.10 technique whioh it
had baen deoided should be used in exploring the One-Eleven stalling charaoter-
istios was considered to be sufficiently cautiocus to avold diffioculty.

Against this background it oammot be said that the design and wind tunnel
investigations should have been ocarried further than they were,

As regards (b), the technique followed in the VC.10 stalling programme
oonsisted of taking the sairoraft up to or just beyond the angle of incidence
at which wind tunnel tests had shown C[, max to coour so that experience anl
information would be built up gradually. During the initial stalling tests
(Flight 47) of the One-Eleven, howsver, the angles of incidence based on wind
tunnel tests, which were provided as a guide to the test pilots, were conalder-
ably exveedsd, but as explained in section 9, no allowance for soale effect had
been nsde when establishing these incidenos valuep. Nevertheless if the VC,10
stall investigation technique had been olosely followed in this case the
One-Eleven stalling tests would not have been taken so far, so fast, The
apperent lack of concern after Flight 47 appears to have been based on the
expectation that a pronounced mosé-down changs of pitoh would occcur and also
on the innocucus stalling bebaviour reported by ths pllots after that flight.
Sinoe no steps wers taken either to warn them of the special features revealed
at angles above 25 during the wind tunnal tests or to lay down new "limiting"
angles as a guide or to fit a new incidence meter, the pllots may well have
interpreted the position as one in which the atall could be explorsd not only
at the higher angles then reached but even beyond., It appears that the pilota
themzelves were under the impression that an inorsase of inoidence would be
associated with a visible pitoh-up whioh would give them adequate warning to
recover; they had probably not appresciated that not only would inoidence con-
tinue to inoreass after the g-break with no visible pitoh-up but that it would
inoreass at a much higher rate than previously, as explained in seotion 10,
But although the pilots had not been warned that if incidense reached a suf-
ficlently high angle a stable atall was a real possibility and reocovery there-
from most unlikely, there was some knowledge among them and the aerodymamiocista
of difficulties that had cccurred during stalling tests of military a.irorsft
with T-tails, It ssems reasonable to conclude, theresfore, that as by 25" 4in
the wind tunnsl teats the nose-down tendency in the pitohing moment gave way to
& nose-up tendency, and as the firm had a general background knowledge of stal-
1ling problems which had arisen with T-tail airoraft, stalling tests should have
bteen more cautiously approached, -more closely controlled and more ocarefully
correleted with wind tunnsl and flight recorder data,

As regards (o), the question of additional safeguards, the matters examined
inoluded ths fitting of a tail parachute, the incidence meter, escape arrange-
ments, and exchange of information., These are discussed below,

. Tail Parachuts Consideration had been glven in the case of the
One-Elsven, as in that of the VC,10, to the fitting of a tail parachute. The
matter was being kept under review and no final decision had been made, although
1t had been intended that a parachute should be fitted before the aircraft made
a dynamic stall, thus significantly exceeding the stalling incidence, The
retention of the matter under review and deferring of a decision to fit were
influsnced by the time that would be taken for such a modification and acoept-
ance that the poliocy of 'gradualness' in relation to atalling would ensure
safety, Wind tunnel tests carried out by BAC since the acoident indicate that
with the elevators in effect locked up and with the aircraft in a stable stall,
a tall parachute of the type it was intended to fit would not have glven suf-
fiolent pitching moment to provide for recovery,




The question of whether to fit a tail parschute for stalling tests in 1
civil alroraft is a matter for the conastruotor to decide, It may be noted how-
ever that for prototype or development military aircraft, the Ministry of |
Aviation requires all types of aeroplams, unless otharwise agreed by the !

Ministry, to be fitted with an anti-spin parachute before stalling or spinning
trials are undertaken,

Incidence Meter As mentioned previously, the presentation of body inoi-
dence to the pilot was achieved by means of a nm}l dial 3nd pointer, Although’
the graduated rangs of the instrument was from 20" to «~10" the pointer was fres |
to move to a position equivalent to 25, where it might either have stopped or |
flicked to some spurious reading quite unrelated to the vane position., It . |
seems probable that the pilots were unaware of this charssteristic of the instru-
mant; the possibility that they were mlsled by its reading oannot therefore be
dismissed although the evidence suggests they were not working to an incidence
limitation but were attempting to reach a olearly defined stall, Inoidence in
excess of the maximum reading of the instrument had been recorded during b
Flights 47 and L8 and it should have been clear that the range of indioation 3
provided was insufficient to present the pilots with a msans of monitoring the |
incldence reached during stalling trials. It would consequently have been an -
act of reasonable prudense to replace the inoldence meter used by one capable
of reglstering appreciably higher inoidenocs, irrespective of whether there was
any intention of exploring this region immediately.

Esoape Two emergenoy escape exits were provided in the alroraft, as
noted in ssotion 3, and each oooupant had a parashite, In considering why,
nevertheless, no-one escaped by this means, it was necessary first to examine
the extent to whioh those on board, and in particular the pilot, oould have
realised the seriousness of their diffioultiss, During the period betwean
100 and-B0 seconds befors impact the following coild have been roted:

(1) incidenve, at one stage, reached the 1limlt of the instrument;

(11) after this the elevator took up a position about half fully up
(=13") with the control column prebably nearly central;

(111) the contrecl column was then pushed hard forward (stick foroe of
. the order of 100 1b,), as a result of which the slevator moved to
2 6 (dowm) position but scon after moved to a fully up position
and stayed there with the forward atiok foroce still applied;

(iv) height was lost at a rate of about 180 feet per second from the
. time at.which the elevator assumed the fully up position,

The pilots and the third ooccupant of the f£light deck oould have been aware of
each of those events while one or more of the flight observers oould have known
ot'o(:l) apd (iv). During this time thers was also a deorsass of pitoh from

21" to 3 after which the attitude did not vary much from the horisontal.
Because of the decrease in pitoh, and perhaps becsuse of some indication of
the inoidence meter (see above), the pilot may have been misled at this stage
into thinking that the aireraft was recovering in spite of the elevator
indicator reading. However, he must quickly have realised this was not the
case because there was only the alightest easing of the stisk force whioh had
reached more tban 120 1b, by B5-90 seconds before impact, In addition, from
this time, & oonsiderable sideslip ocondition developed; <this may in pert
havs resulted from an attempt to upset the stable stall through a change of
airflow.
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About 55 ssoonds before aot the Midas trace of stiock foros ahowed a
pomentary reduction to sero. This 1s nmot shown on the time history at
Appendix A)., If the oontrol movement was intentional, it served to estab-
lish that thers was no effect on the indicated elevator angle; thereafter
a much reduced push foroe (60 1b,) was maintained, The pilot next tried
the effeot of thrust which was inoreased to its maximum value at L5 seconds
before impaot, This resulted in a rapid pitoh-up of the nose whioh
apparently caused the pilot socon to reduce thrust again,

Although 4t may be expeoted that there was oonsiderabls alarm at the
rapid loss of height, it seems ressonable to accept that no question of
abandoning the airoraft aross until all possibilities of recovery, oulmin-
ating in the application of full power, had been attempted, When this had
baen done the airoraft was probably at just under 5,000 feet with less than
30 ssconds to go before impaoct, There is evidemoe that some attempt was
made to abandon the aircraft st & very low height, probably far leas than
5,000 feet, siroe

(1) witnesses heard a sharp report, which oculd have besn the firing
of the explosive bolts on the forward escape exit, when they
. entimated the height of the airoraft to be a few Iunired feet;
h after the crash the door was found trapped between the fuselage
and the grourd 4n an inverted position still partly oovering the
door opening and two of the ocoupants were near this exlt;

(34) elthough the rear ventral door (second escaps exit) was in
position, two of the ocoupants were some distanoce towards it,

In test and experimental flylng there must at times be a degres of
hasard, and a pilot will contirnue to investigate an umusual or diffioult
situation while any possibility of reocovery exists. Nevertheless, it
remains a possibility that the chanse of escape might have been improved
if exergency drills had been laid down and practised since this could have
led the pilot to order at least somes members of the orew to abandon the air-
oraft at an earlier stage and perhaps have enabled any escape sttempt to be
carried out with greater prospect of sucocess,

Exchange of Information During the investigation considsration was
glven to the extent of exchange of information between research establish-
ments and the airoraft industry,” and among constructors themselvea, It
emerged that no formal aotion had been taken in respsot of the experiemce
which had acoumulated from stalling problems encountered in aircraft with
Tatails, although there had been some informal liaison, In respect of this
particular acoident the British Adroraft Corporation announced almost
immadiately its intention to make known to manufasturers both in this country
and overssas the results of its investigations so that the knowledge gained
would be of lasting benefit to the safety of aviation., It appears, pever-
theless, that knowledge gained from other incidents and acoidents may not
always be so applied owing to the lack of effective formal or standing
arrangements, and that & more regular basis for the exchange of experience
among airoraft constructors and research establishments on new problems
affeoting safety encountsred during aircraft development would have consid-
erabls value,

13. CONCLUSIONS

(1) The eircraft was flying in accordance with the B Conditions of tbe
Mr Navigation Order, 1960; it had been certified as safe for the

flight,and was properly :l.::mr!lo%3




(11) The pilots were appropriately licensed aml were expsrienced in
experimental flight test woerk,

(111) There was no evidems of any pre-orash structural failure.
(1v) The nose-down pitohing moment (elevator neutral) just beyond the
stall was insufficlent to rotate the seroplane at the rate required
to oounteraot the inorease of incidsme due to the g-break,

(¥) .During the fifth stall the angle of incidence reached a value at
which the elevator effeotiveness was insuffiocient to effect recovery.

14. OFINION

During a stalling test the airoraft entered a stable stalled condition
recovery from which was impossible.

J. B, VEAL
Chief Inspector of Accidents

Aooldents Investigation Bramoh,
Ministry of Aviation,

November, 1964.
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APPENDIX ‘A’

TIME HISTORY FOR THE 140 SECONDS BEFORE
GROUND IMPACT BASED ON FLIGHT RECORDER DATA.
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Appendix“B" - |
DATA OBTAINED FROM MIDAS AND C.I.D. ,
FLIGHT RECORDERS AT THE STALL.
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Ministry of Aviation,
Accidents Investigation Branch,
Shell llex House,
Strand,
LONDON, W.C.2.

December, 1964,

The ¥inlster of Aviation

Sir,

1 have the honour to submit my Report on the circumstances of the accident
to British Alroraft Corporation One-Eleven Series 200 G-ASJD which occurred on
Salial:;u:y Plain, one mile N¥ of Tilshesd, Wiltshire on 20th August, 1964.

I have the honour to be,
Sir,

Your obedient Servant,

J. B. VEAL
Chicf Inspector of Accldents
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ACCIDENTS TNVESTIGATION ERANCH

Civil Accident Report No. EW/C/073

British Alrcraft Corporation ENGINES: Two Rolls-Royce
One-Eleven Series 200 Spey
G-ASJD

REGISTERED OWNER: British United Alrways Ltd.

QPERATCR: hritish Alroraft Corporation Ltd,

CREW: Nr. P. P. Baker - Pilot-in-Commend
Mr, T. 5. Harris. = Co-pilot
¥r. T. I. Y. Jones = Senior Flight Test
Obeserver
¥r, J. F. Reaves = Flight Test Observer -

FLACE OF ACCIDENT: On Sslisbury Flain, one mile NW of Tilshead, Wilts,

' DATE AND TINE:  20th August, 1964, at 1456 hra,

All times in this report are G.MN.T,

1. NOTIFICATION

By telephone from Southern Adr Traffic Control Centre at 1545 hrs, on
20th August, 1964, Investigation was begun the same day.

-

2, ERIEF CIRCUMSTANCES .

The aircraft took off from Wisley aercdrome at 1438 hrs, to carry out
.atalling tests with the centre of gravity (CG) at the then forward limit.
It climbed to a little over 20,000 feet where the first run was made in the
ctlean configuration with power off. As a slight pitching cscillation
developed whilst the pilot was attempting to hold the target incidence, he
decided to recover and begin again. During the recovery he gained the
impression that the elevator response was not normal and that the airoraft
might be in a stable stall, The tail parachute was therefore n‘l:ma:mzd‘3
although the IAS had by then increased to 225 knots and incidence was 6 .
‘With the parachute still streamed the appliocation of upward and also forward
thrust, which were tried on a rurber of ocoasions, served only to increase
the pilot's conviction that a stable stalled condition existed. Late in
the descent full flap and full -power were found to reduce the rate of descent
considernbly, and a wheels-up landing was made on undulating grassland. The
_alreraft was relatively 1ittle damaged in the ground slide and none of the
orew was injured. =

3. THE AJIRCRAFT

G-ASJD was construoted by the Weybridge Division of the Eritish Adrcraft
Corporation (Operating) Ltd. at Bournemouth (Hurm) ‘Adrport. It was registered
4n the name of British United Airways Ltd. and was being operated by B.A.C.
under the B Conditions of the Air Navigation Order, 1960, It made its first
flight on 6th July, 1964, and prior to the flight on which the accident
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occurred it kad completaed 36 test flights iuvolving 47 hours 35 nminutes fiying.
A certificate of scfety for flight had been completed on the day of the acci-
dent. A 55-mimute flight made in the morning was followed by a tetween-flight
inspection.

For Flight 29 the total weight of the aircraft was 69,890 1lb., maximum
permissible for take-off being 73,500 1b, The CC was 0,15 standard mean chord
(SMC), the furthest forwerd position for which the aircraft was then cleared,
The design range of the CG was 0,11 to 0,41 SMC.

The aircraft had a modified wing leading edge end power-operated elevators,
introduced following the accident to the prototype G-ASHG. The purpose of the
wing leading edge modification was to improve the pitch-down characteristics in
:23 stall; 3in conjunotion with this change the wing fences were moved further

board., )

For the stalling tests the following emergency recovery provisions ware
made:-

(a) A 43-foot diameter ring slot parachute with an 80-foot strop was
carried in a housing mounted on a special gantry at the tail cone.
The attachment incorporated a weak link designed tc fail at a load
of 32,100 1b,, equal to the estimated steady parachute drag with no
Jet effect at 24) knots. The purpose of the parachute was to give
a powerful nose-down pitching moment if high angles of incidence
wore reached,

(b) A special modification to the engine reverse thrust cascades was
ipcorporated. The upper cascades were partially blanked off and
the lower cascades turned, so that by selecting reverse thrust an
uprard thrust component of Lk per cent of the gross thrust appro-
priate to thes conditions could be obtained from each engine, thus
giving a poverful nose-down pitching moment to the aircraft.

The upper wing surfaces were tufted. and four cine-cameras were used to film
the behaviour of the tufts during each stall,

Among special flight-test instruments were two incidence indicators along-
side each other'in the lower left-hand corner of the first pilot's instrupent
panel, fed from scparate vane sources and %howing body incigence up to L5, a
pitch angle indicator covering the range 5 nose-down to 20 nose-up, and
elevator angle indicators showing port and starboard elevator positions,

L. THE PILOTS

Mr. P, P, Baker, aged 38, had been a tost pilot with B,A.C, since July,
1963. He served in the Royal Air Force from 1944 to 1959 rising to the rank
of Squadron Leader. He completed the Empire Test Pilots School (E.T.P.S.)
course in 1953 and, after three years ss s test pilot at the Aeroplane and
Armament Experimental Establishment, Boscombe Down, returned to E.T,P.5. as a
tutor (flying) in 1957, On leaving the R.A.F. he joined Handley Page Ltd,
as a test pilot, flying mainly Victor bombers, When he took up his appoint-
ment with B,A.C, he initially flew VC.10 aircraft; in December, 1963, he
became project pilot on the One-Eleven and had since flomn about 250 hours in
that type. He made the firast flight in G-ASJD on 6th July, 1964, and had been
engaged in almoat all the flying of it since., He had flown the aircraft on
the six previous stalling flights, which wero the first atalling tests con-
ducted on the type since the accident te G-ASHG in October, 1963,
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His log tooks show a total flying experience of 5,400 hours end that he
had flown every month in the five-year period he had been a civilian test
pilot. He held & private pilot's licence valid until 15th Jamuary, 1966; 4t
included an instrument rating snd was endorsed in Group C for Dart Herald,
VC.10, D.H.11L and B.A.C. One-Eleven aircraft,

Mr, T, S, Harris, aged 41, had been a test pilot with B.A.C. since 1954.
He served in the R.A.P. during and after the war, had dopne the E.T.P,S5, course
and was for three years a test pilot at Boscombe Down., He had flown with
Mr, Baker on many occasions before but this was his first flight in this par-
tioular airoraft and also his first experience of stalling in the type. He
had been detailed for this flight only on the day of the accident ard for
thls reason weas not present at the pre-flight briefing with the other menmbers
of the orew, His total I sxperience amounted to 7,458 hours, of which
15 hours were in command ard 165 hours were as co-pilot of One-Elevens, He held
e private pilot's licence valid until 14th October, 1964. It included an
instrument rating and was endorsed in Group C for Viscount, D, H.114, Vanguard
anl One-Eleven aircraft. .

5. THE WEATHER

i Observations of the weather in the area at the time of the acecident by
the mateorvlogical office at Boscombe Down were:-
Wind - 060%/7 knots
Visibility 16 n.m,
Weather Nil
Cloud 3/8 Cu, at 3,000 feet; &4/B Sc. at 4,000 feet;
7/8 ci, St. at 25,000 feet.

The pilot has stated that the cirro-stratus cloud was about 23,000 -
24,000 feat; the horizon was not clearly defined at the test altitude when
flying in a westerly direction due to hate and the effect of the sun shining
through the cirro-stratus layer,

6. [PREVIOUS STALLING FLIGHTS WITH THIS AIRCRAFT

For the stalling trials, angle of incidence limits were laid down and
stated on the briefing sheet for each flight. A clear distinction was made
between the target figure and its corresponding limiting figure. The pilots
were instructed that prompt and positive recovery action must be taken when
the first of the following occurred:

. (1) & pronounced wing dropping tendency;

(41) a significant change in the rate at which the angle of incidence
was increasing, or

(111) the angle of incidence reached the relevant limiting value,

Instructions were also given that the emergency recovery devices were to be
used dmmediately on any significant uncontrollable increase of incidence.

Previcus stalling tests with the CG at 0.15 SMC, had commenced with
Flight 26 on 12th August and had been contimued on Flights 30, 32, 33, 34
and 37, 211 with Mr, Baker as pillot-in-coomand, On each of these flights,
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except Flight 37, the sircraft wes trimmed to zero stick force by teflplane
incidence at 1,4 Vms with engines idling and then decelesrated at e rate gener-
ally much leas than 1 knot per sscond to the target incidence appropriate to
the configuration, Time histories for these flights showed no peculiarities
ir aireraft or control behaviour or in recovery. In connection with the
Pilot's reactions on Flight 39, which is the subject of this investigation, it
may be relevant that on Flight 34 when he was endeavouring to maintain the tar-
get incidence a mild pitching oscillation was set up. The inciderce was
observed to reach 22° (the recorder traces showed & maximun of 25°) but
recovery was immediate upon application of down elevator.

On Flight 36 a further calibration of the incidence vanes was made at all
flap settings and using 1.2 Vms as the trim speed. On Flight 37 the new trim
epeed of 1.2 Vms (143 knots IAS for the flaps-up condition at that weight) was
used primarily in order to reduce the pilot's hand loads and so improve his
asouracy inothe approach to the stall, Stalls in the first three configura-
tions (0, 8 and 18" flap) were cerried out with incidence targets of 18°, 17
and 16" respeotively, The aim in each run on this flight was to pull back
the stick at the rate necessary to achieve 1 kmot per second speed reduction
until the target incidence was reached, and then to hold the elevator angle
required to reach that incidence; the limiting incidence was 3° greater than
the target incidence, The pilot reported that this rate of speed reduotion,
which was slightly greater than he had previously used, resulted in a more
positive g-break and nose-down piteh in the clean configuration, With the
flaps down the pitch-down was very small; this was because the aircraft did
not quite get to the g-bresk as the target inoidence was reduced by 1° for
each increase of flap setting whereas the stalling incidence decreased at a
lesser rate,

7. THE FLIGHT

For Flight 39 it was decided, im the light of the results of Flight 37,
to use a slower rate of approach to the stall and to endeavour to hold an
incidence that was known to be definitely but very slightly in excess of the
stalling incidence in order to check the .relationship between the magnitude
of the g-break and the resulting ourvature of the flight path, For the first
rup, with the flaps up and undercarriage retracted, the target incidence was
187; if this proved insufficient, a further run using 19  was to be tried, and
if this too proved insufficient the tast was tc be abandoned. Runs were also
to be mnde at flap settings of 8° ard 18° with undercsrringe retracted., The
limiting incidence had been raised to 2}°, 22" and 21" respectively for the
three configurations, -

The aireraft took off from Wisley at 1438 hrs, with Ur. Baker at the con-
trols and climbed on a westerly heading to just over 20,000 feet.  Because of
the sun Tine on his port side, the pilot lowered the sun visor to reduce the
glare. The aircraft was brought to the desired trim speed of 143 knots, with
. undercarriage and flaps up and with the engines at idling r.p.m. Speed was
then reduced at approximately 2 knot per second, At the target incidence of
18° the pilot noticed a slight pitch-down and when he tried to maintain the
incidence in order to assess the amount of nose-down pitch, a small pitching
oscillation was set up, He stated that he therefore abandoned the test amd
recovered by relaxing backward pressure onothe control column, and that the
aireraft returned to the trim speed and 10 of incidence,

In order to accelerate the aircraft prior to climbing to 20,000 feet
again for the next run, he pushed forward on the control cclumn with the power
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atill off. 1In doing so he gained the impression that the aircraft was not
responding normally to the down elevator or building up speed in the manner
he anticipated and that the rate of descent was umisually high. In view of
this, and in spite of the incidence and speed indications which had shown the
al=craft to be unstalled, he thought that it was posaibly in a stable stall,
He stated, however, that he was not convinced of this but was sufficiently
concerned by what he then beljeved to be abnormal control response from the
elavator that he decided to streszm the tail paranhute, He asked the co-
pilot to cperate the stream switch and they felt the jerk as the parachute
deployed., The pilot's statement of subsequent events reads:- "This gave
no noticeable nose-down pitch, which I would have expected if the airoraft
had had excessive incidence and the parachute had been effective in reducing
it. Recovery was the preraquisite of jettimoning the parachute, As
recovery to my mind had not been effected, the question of releasing it 4iad
not arise, To try and resolve the cordition conclusively I tried applica-
tion of full reverse (i.e., upward) thrust., This application gave no sig-
nificant nose-down pitch although I was aware that it was a very powerful
control and would have to be used with cere as a result, I therefore tock
cut reverse and applied full forward thrust and when this gave no immediste
acceleration nor appreciable decrease in the rate of descent I then becams
oonvinced that the aircraft was stable stalled despite the incidence and
speed indicationa; the latter at least being, I knew, liable to large
errors i1n this condition." He added that all his actions taken towards
effecting recovery were conditioned by his initial impression that the air-
craft wmas not responding normally to fore and aft control. Once the.tall
parachute was streemed, its effect was to endorse this impression, which led
to the complete misinterpretation of the aircraft's condition,

_ Shortly after the tail parachute was streamed, he asked the co-pilot to
transmit a MAYDAY csll, This was done twice and on the second occasion the
words "stable stall condition" were added, then repeated & few seconds later,
Dosconbe Down anawered the calls with a position and a course to steer to

the aerodrome., At a hoight of 5,000 feet with & rate of descent of §,000
f.p.m. or more the pilot felt it was then too late to order the crew to aban-
don the alrcraft, In vier of the need to attempt a landing he experimented
with the fleps and was surprised to find that they considerably reduced the
rate of doscent; he consequently applied full flap and found that with full
poser the rate of descent reduced to about 1,000 f.p.m. A suitable area was
selected and a wheels-up landing-made on undulating grassland at an IAS of
about 100 knots with the tail paraschute still attached. There were no
injuries to the crew and no outbreak of fire. A helicopter from Boscombe
Dovn londed alongside within a few mirmtes,

The co-pilot stated that after recovery action was taken the alrcraft
nose pitched down, airspeed bduilt up and the incidence decreased. The rate
of descent increased, but, in his opinion, not to an abnormal extent. The
expected levelling of the seroplane did not occur and he believed the speed
went on increasing, still with a high rate of deacent and with the nose
slightly down, After a heilght:loss of about 3,000 feet he was surprised
when the pilot said they were in & stable stall, Nevertheless he fully
accepted the pilot's assessment of the position and operated the parachute
strean switch when instructed to do so, During the final stages of the
descent, with lir, Baker's consent, he applied full forward thrust and this
together with full flap enabled the aircraft to be ‘brought sufficiently undar
control to make a wheels-up landing.

The senior observer stated that the approach to the stall was normal but
close to the stall there were two or three mild oscillations in the pltching
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sense, On the last oscillation the incidence reached. 19 ard he heard the
vilot say he was taking recovery action, Subsequently he saw on his instru-
pents the IAS build up to 144 knots and the incidence fall off to 10°; he
accordingly turned off the recorders, e: was normal practice, as the reccve:y
arpeaered to him tc be completa. He elso switched of the cameras for the
wool tufting and then bYegon to write nctes, Lster he heard on the intercom

a remark obcut being in a stable =£tall, and that the rate of descent was 6,000
f.p.m. Shortly efterwards he heri¢ the order given to stream toe taoil para-
chute, He 242 not observe e nose-2own pitch from the effect of the parachute
but noticed that shertly after it had streamed the IAS was 205 knota, He has
stated that he accepted the pilot's assessment of the sltuation even though he
could not reconcile it with the incidence irdication. He remembered to switch
on the recorders agair soon after the parachute was streamed.

The second observer, whose main task was to watch the tufting on the port
wing during each stall, stated that as the speed was reduced for the initial
run, he noticed more and more of the tufts inboard of the wing fence were
whirling,until a point was reached when all wers doing so, whilst thoss out-
board of the fence wore lying down, He understoed from something the pilot
said that the run was being discontinued and he then saw the tufts beginning
to lie dowmn, He stopped watching the wing as he bellieved recovery was lmmi-
nent and he too began to write notes. About 10 seconds later he felt the
aireraft oscillating in pitch just as it hed done in the approach to the stall,
8o he locked out of the window and saw all the tufting inboard of the fenoe
was whirling. This was followed by the pilot saying he thought they were in
a stable stall, He was almost positive that at about the time the perachute
was streamed some of the tufting on the cuter wing was whirling, but he ocould
not remember whether this occurred befors or after the streaming,

In addition to the flight recorders fitted for accident investigation
purposes, the aircraft had its pormal test flight automatic recording equip-
wment so that a comprehensive record -of* the flight was available, There was
also a voice recorder; unfortunately the recording was garbled in many places
due to the inoomplete erasure of the record of a previous flight and added
only a 1ittle to the Sinformation avallable from other sources, A time history
of-the more significant recorder data for the 250 seconds period before touch-
down is given in the appendix and has deen completed by reference to all the
recordera. The recoerd of pitch and-elevator stick force for the period
during which the normal test recorders were switched off was unreadable; the
gap in the pitch record has been filled from calculation but this could not
be done 1n respect of elevator stiok ferce,

Cine-cameras wore used to film the tufting on the upper surface of the
wings, The cemeras were running during the peried 258-223 seconds before
touchdown, being switched on by the first cbserver at 130 kmots in the .
approach-to the stall and switched off when stall recovery was complete, The
three disruptions and recoveriess of the tufting shown by the film record cor-
respond well with the three peaks of incidence shown on the first 10 seconds
" of the time history; partial disruption occurred duringothe period 235-227
seconds before touchdown when the incidence was about 15 . The time history
shows that a pull-force of 20 - 45 1b, on the control column was sustained
during this period, but that IAS had nevertheless increased by the end of it
to 143 knots, The pull-force then changed to a push-force of 70 1b, over a
period of 6 seconds, applying some 6° down-elevator. As a result the nose
pitobed down, IAS increased ateadily and normal acceleration decreased to 0.7g.
The time history also shows. that subsaquently, up until the streaming of the
parachute, there were variations of 'g', incidence and the calculated pitch
angle in close correlation with elevutor angle, incidence remaining in the
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region between 8° and tero; the aircraft was clearly in an unstalled
condition.

It can be sesn that the rate of descent was 1,000 feet in the first
25 seconds of the time history, then 2,000 feet in the second 25 second period,
reaching 6,000 feet per mirute in the remaining 7 or 8 seconds before the para-
chute was streamed., In keeping with these rates of descent at normal inci-
dence and with power off, the IAS increased steadily until it reached 225
knots at 190 seconds before touchdown, when the parachute was streamed, After
the parachute had opened there was an immediate and steady reduction of IAS
over the next mimute owing to the increased drag but the rate of deagent con-
timued high, It has been calculated that the aircraft was about 10  nose-
down at the time the paracimte was streamed and increased to about 24" nose-
down due to the sffesct of the parachute and down-elevator. Subsequently
piteh underwent fairly rapid alterations of some magnitude due to elevator
and application of forward and upward thrust btut it went only twice above zero,
and then only to +2°; tbe incidence trace shows a normal correlation with
other relevant parameters and that incidence reached a maximm of 13°,

The first application of upward thrust combined wlth some down-elevator,
~15 seconds after ths parachute had streamed, produced pronounced pitch-down,
. This effect was quickly reversed when 10° of up-elevator was applied at the

same time ap upward thrust was taken off, On the first three of the four
applications of upward thrust the pitch was brought to more 3han 300 nose-
down and only cn the last application was there more than 10° of down-
elevator, Use of full forward thrusi made it possible for pitch to be kept
near gerc and, together with full flap, enabled the rate of descent to de
reduced sufficiently for a wheels-up landing.

‘8. EXAMINATION OF THE ATRCRAFT

The airoraft had touched down with undercarrisge retracted on the down-
ward slope of a shallow valley and had s1id a distance of 40O yards which had
taken it partially up the other side, During the ground slide the flaps anml

.bottom of the fuselage received substantial damage; otherwise the damage was
superficial and largely restrioted to the underside of the wings, One under-
‘ecarriage door had been torn off during the landing and earth had been forced
into the wheel wells, When the airoraft had been raised all three legs ware
extended by free fall and were fount to be mechanically serviceable.

The pilot had operated the engine fire extinguishers after touchdown as
a precaution as there was no orash inertia switch fitted, There were no
- ruptured fuel connections at the engines, but slight leaks were observed from
the integral tanks in each wing, Little damage, apart from that caused by
the ingestion of ‘earth and grass, appeared to have been suffered by the

engines,

: The tail parachute was found still attached to the aircraft by its 80-
foot strop. The weak link showed evidence of having been close to its
breaking strain.

A full inspection cf the flying controls was made after the aircraf't
had been returned to the faotory. No defect or malfunctioning was revealed;
this confirmed the assessment made from the flight recorder time histories of
control movements which showed no abnormality.
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9. OBSERVATIONS

Since the accident to tke prototype One-Eleven G-ASHG on 22nd October,
1963, a considerable amount of work had been done by B.A.C., both to elimin-
ate the risk of the eircraft entering a stable stell and, if neverthelesa it
did during test flying, to ensble it to be recovered. This included the
modification made to the leading edge, the fitting of power-operated eleva-
tors, a greater range of incidence indication for the pilot, the setting of
precise incidence limits for the flights and careful control of their conduct:
a tail parachute and an engine reverse thrust modification were introduced to
provide for recovery from a high angle of incidence, if this were inadvertently
achieved, The evidence shows that B,A.C. was approaching the stalling tests
of this alrcraft with deliberation and caution,

The comprehensive record of the flight available from the sutomatic data
recording equipment and the photographic record of the wing tufting behaviour
show that the aircraft made a complete recovery from the stall, There is
nothing in the time history to suggest the risk of a stable stall developing,
and careful snalysis of all the evidence confirms that the aircraft behaved
in a completely normal manner up to the streaming of the parachute., Subse-
quently the only unusual features were those due to the parachute, and to the
vertical thrust when this was applied, It is clear that the fore and aft
oscillation and the whirling of the irboard tufting noticed by the second
abserver Just after he commenced to write his notes occurred during the peried
225-235 seconds before touchdomn when the inoldence was about 15 in the final
stage of the atall recovery, His reccllection that some of the tufting on
the wing may have been whirling either Jjust before or just after the parachute
waa stresmed could not be checked against a film record of the tufting
bebaviour because filming ceased when the senior cbserver awltched off the
camera after the atall recovery. However, after the parachute was streamed,
the aircraft came close to a stall on at least two occasions when a Cj, was
reached which was close to the expected Cp max for the prevailing flight con-
dition; whirling of the tufting on these occaszions may well account for his
recolleotion.

" Examipation of the time history-and the voice recording for the period
covering the approach to the stall shows that at the moment when the pilot said
on the intercom that he was "leaving it at 18° incidence”, the aircraft was at
the third peak of incidence, an oscillation having arisen from the attempt to
maintain the target incidence, Although pressure on the stiok was then
relaxed, the time history shows that for the next twelve seconds thers waa
still a pull-force ranging between 20 anmd LO b, During this period the
following cccurred:-

(a) an up-elevator angle of aom9.5° was maintained;

(b) IAS increased to 143 kmots;

(c¢) an initial nose-down pitch to 7° became 5° nose-up;

(d) normal acceleration was approximately 1.2g;

(e} imcidence fell initially to 10° then returned to around 15° and
remained there for some 7 seconds during which there was partial
dtsruption of the wing tuftipg; and

(f) eltitude decreased at some 3,000 f.p.m.
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At the end of the twelve-second period the elevator stick force was reversed
over a period of six seconds to become & push of 70 1b,, dropping to 50 1b,
two aseconds later.

The pilot stated that he pushed forward when he wanted to accelerate the
aircraft for the climd back to 20,000 feet, The effeot of the push-force was
rormal in that both incidence and pitch decreased, normal acceleration (g)
decreased to below unity, the IAS increased steadily, and, in the powsr-off dive
that ensued, the rate of descent increased to about 6,000 f.p.m, before the
parachute was streawed., It wae immediately after applying thia push-force
that the pilot became concerned about the aircraft's behaviour - he was not
satisfied that the piteh response was normal or correct, relating it to exter-
nal refersnce rather than instruments, It eeems pougble, however, that the
period previous to this, when incldence was held at 15, may have oontributed
to the pilot's doubts, He stated after the aceident that he recovered from
the stall by relaxing the pressure on the control column. This would be con-
sistent with recovery having been initliated at about 240 seconds before touch-
down, at the third peak of incidence and similar to his practioce on previcus
‘flights of recovering from the stall by relaxing pressure on the control
colunmn rather than pushing forward, The pitch-up and the contimation of

-the aircraft in a near-stalled condition after the apparent initiation of
.recovery some seconds previoualy might well have made the pllot receptive to
the possibility of a stable stall,

The assistance of the Royal Alr Foroe Institute of Aviation Medicine
(I.A.M.) was sought on the question of why the pilot misinterpreted the
beshaviour of his airoraft in the way he did, After consideration of all rel-
evant evidence and oral examination of the pllot the I.A.M. comcluded that the
history of the inocident closely resembled cases of loss of control resulting
from various forms of disorientation, which are not infrequent, particularly
those which commence with an illusion of some kind, There was, in this case,
sufficient evidence to state thaf an illupion occurred at 228-225 seconds
before touchdown and that it was sufficiently compulsive to act as a trigger
to the subsequent action. When )r, Beker pushed forward on the control
.oolumn he transferred from his instruments to a visual referemce, At the
same time thers was a recorded.change of normal geceleration from 1,.,2g to
0.72, 1.e. 8 negative increment of 0.5g which would have been exaggerated at
the pllot's position due to its distance forward of the centre of gravity.

Mr, Baker has stated that he was:consclous of ‘no visual reference to the air-
craft nose, the ground or the wings and i1t seems probable that his actual
visual reference would have been the lower cockpit coaming., Under these
circumstances he would have experienced an i1llusion of the same general lkind
-as that experienced in an elevatar but it would have been more skdn to the
oculogravic 11lusion in which at ‘the beginning there 1s an upward movement of
the visual acens followed by a change in direction of the perceived vertical,
This. would have besn much stronger than the elevator illusion, and the lower
cockpit coaming frame would appear to tilt upwards glving him the sensation
-that the pitch response was not normal or correot, Thereafter the ensuing
rise in airspeed of some 2.6 knots per second would tend to maintain the
11lusion by giving a sensation of nose-up attitude which would cancel other
indications of nose~down attitude, The 1llusion which the I.A.M, concluded
Mr, Baker experienced would be fostered by fatigue, of which the pllot may not
have been aware, and by 'set', The latter 1s a term used in experimental
psychology meaning that if there are two posaible responses to a given sensa-
tion or sensory stimulus, the person concerned would be mors prone to choose
the one which acoords to that *set', It is known that
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(a) Mr, Baker had had no real break from test flying since he took up
his first oivillan test pilot post some five yearas ago, and recently
the intensity of his test flying had increassed, although he himself
wes quite happy about this and felt no {11 effects;

(b) while with Handley Page Ltd. he had nseded to use an anti-spin parachute
to recover from a spin which developed [rom a sudien uncontrollable
pitsbh-up during a test flight in a Viotor bomber; end

{e) B.A.C. had taken great care to prevent the oscurrenoe of a further
sccident; the instructions given for the conduct of the stalling
tests and the need for immediate use of the emergency devices, should
these be required, amounted to & conditioning which could oonceivably
rosult in a reflex action if doubt arose in his mind,

The I.A.M. considered that a 'set' towards the ocourrence of & stable atall was
apparent from the evidence of Mr, Baker's previous Victor experience, and the
oonditioning of his mind over a lengthy periocd to the possibility of entering

a stable stall and the suddenness of its onsst,

Although the effeots of the tall parachute and of forward apd upward
thrust were oonsistent with what would be expected having regard to the IAS
and inédidence record and the stabilising effect of the parachute, 1t seems
clear that the pilot had beooms convinced of the existence of a stable stall,
and the relatively small (to him) changes of pitoh induced by the parachute
and upward thrust were interpreted as the ineffectiveness of these devices in
reducing the inoidenos, If the parachute had been jettisoned, the aircraft
could have been flown amay normally, but it appears that the stress condition
induced by the conviction that tha aireraft had entered a stable stall from
which it had not recovered ruled out anmy logical thought process.

During the investigation consideration was given to the dutles of the co-
pilot, and the extent to whioch he might have been expected to influence correc-
tion of the assumption the pilot had made, Although he was surprised when
the pilot said the aircraft was in a stable stall, he nevertholess accepted
his-stdtement of the position and streamed the parachute when instructed to do
80. Although tbe airspeed information might have given reason for stronger
doubt on his part, the imvidenoe gauges .which wers located on the left-hand
slde of the pilot's panel oould not easily be read by him; nor was he ina
rosition to question the pilot's interpretation of the response to the preassure
he exerted on the contral column,  Responsibility for the conduot of the test lay
entirely with Mr, Baker, and the duties of the co-pilot wers, in easence, to
do what he was told; ¥r. Harris cannot therefore be criticised for lack of
aotion although soms other pllots might not perhaps so readily have accepted
Mr, Baker's assessment of the situation,

10, CONCLUSIONS

(1) The airoraft was flying in accordance with the B Conditions of the
Mr Navigation Order, 1960; it had been certified as safe for the
flight and was properly loaded.

(31) 7he pilot and co~pilot were properly licensed and wers
experienced in experimental flight test work,

(141) No evidemce of pre-crash malfunction or defect was found in the
eircraft,
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Yhen the pilot pushed the control column forward after the atalling
run the aireraf't responded normally, resulting in a2 marked reduc-
tion of normal acceleration (g).

(v) Although the aircraft's behaviour and instrument information
indiocated otherwise, the pilot believed the airoraft to be developing
a stable stalled condition, and streamed the tall parachute,

(v1) The nose-down pitch due to the tail parachute was emall because the
angle of incidenoe was low,

(vii) Had the tail parachute been jettisoned during the descent, the
f1ight could have been contimied normally.

11. OPINION
During a stalling test the pilot streamed the tall parachute under the

erroneous impression that the aircraft was in a stable stall; an emergency
landing was necessitated by the retentlion of the tail parachute,

"42, COMPLIANCE WITH REGULATIORS

Mr., Baker was given notice in accordance with the provisions of
Regulation 7(5) of the Civil Aviation (Investigation of Accidents) Regulations,
1951, and informed of his rights under the Regulation and the facilities
available to him to make representations should he wish to do so. Representa-
tions which he made were taken into account in the preparation of this report,
but it was not considered necessary to make any change in the opinion as to
‘the cause of the accident.

J. B, VEAL
Chief Inspector of Accidents

Accidents Investigation Brannh;
MWinistry of Aviation.

-December, 1964,
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TIME HISTORY FOR THE 250 SECONDS BEFORE TOUCHDOWN APPENDIX
BASED ON FLIGHT RECORDER DATA
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Board of Trade

Accidents Investigation Branch
Shell Mex House

London WC2

July 1968

Prestdent, Board of Trade

Sir,
1 have the honour to submit the report by Mr. N. S. Head, an Inspector
of AEcidents. on the circumstances of the accident to Trident G-ARPY which

occurred near Felthorpe, Norwich, on 3rd June 1966.
I bave the honour to be,
Sir

_Your obedient Servant,

V. A. M. Hunt
Chief Ingpector of Accidents
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CIVIL AIRCRAFT ACCIDENT

Report on the Accident
to Trident G-ARPY

near Felthorpe, Norwich

on 3 Jime 1966
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ACCIDENTS INVESTIGATION ERANCH

Civil Accident Report EW/C/0130

Aircraft: Trident Series 1 - G-ARFY [Engings: Three Rolls Royce
Spey Series 505-5

Registered Oumer: British European Airways Corporation

erator: Hawker-Siddeley Aviation Ltd

Crew: Mr. P. Barlow DSC = Commander - .Killed
Mr. G. B. S. Errington OBE - Co-pilot = Killed
Mr. E. Brackstone=~Brown - Flight Engineer = Killed
Mr. C. W. Patterson = Plight Ravigator ~ Killed

Place of Accident: 1 mile 55W of Felthorpe, Nr. Korwich, Norfolk

Date and Time: 3rd June 1966, at 1836 hrs

‘All times in this report are QT

Summary

The aircraft went out of control during a stalling test on a production test
" flight with the centre—of-gravity in an aft position. No evidenoce was found
of pre-crash malfunction of the-airceraft and the report concludes that
during the test decisive recovery action was delayed too long to prevent the
aircraft entering a super—stall from which recovery was not possible.




1, Investigation

1.1 History of the flight

The aircraft took-off from Hatfield at 1652 hrs to carry out the first
of a series of production test flights for the purpose of qualifying for a
Series certificate of airworthiness. The schedule for the flight called
for stalling tests should the aircraft and the flight conditicns be suitable.

After take-off the aircraft climbed towards the north-east and at
about 1830 hrs, after completing the greater part of the flight test
schedule, the stalling tests were begun. Three approaches to the stall were
made in order to check the axrcraft s stall warning and stall recovery
systems and the flight engineer's log shows that with the aircraft in the
landing configuration the stick shaker operated at 102 kts and the stall
recovery system at 93 kts. The fourth stalling run was made at a height of
11,600 feet with the aircraft still in the landing configuration but, in
accordance with the requirements of the test schedule, the stall warning and
stall recovery systems had been made inoperative.

Radio telephony communication with the aircraft consisted only of
rodtine messages until at 1834 hrs when the pilot in command reported
"we are in a superstall at the mnmeut This was the last radio commmica-
tion received.

At about this time the aircraft was seen over Felthorpe flying very
slowly heading south-west at about 10,000 feet. The nose was seen to go up
“30 to 40 degrees and the aircraft began to turn to port; the starboard wing
then dropped sharply and, following a short burst of engine power, the -
-aircraft went into a flat spin to starboard. The spin continued, the
aircraft :urn1ng once every 6 to 8§ seconds until it reached the ground

about a minute and a half later.

1.2 Injuries to persons

Injuries Crew Pasaengers Others .

Fatal 4= - - ]
Non-fatal - - - )
None - - -



1.3 Damage to aircraft

Destroyed.

1.4 Other damage

Growing crops were damaged by the wreckage, rescue personnel and

equipment.

1.5 Crew information

Mr. Peter Barlow, aged 39, held a valid commercial pilot's licence
endorsed in Part 1 for HS 104, HS 125, Comet and Trident aircraft. He
qualified as a pilot in the Royal Navy in 1949 and in 1953 completed a course
at the Empire Test Pilot's School; he served with the Naval Test Squadron
until 1958, and then joined the de Havilland Aircraft Company as a develop-
ment test pilot on Sea Vixens. He joined the Trident development programme
in 1962 and later assisted Iraqi Airwvays and Kuwait Airways with Trident 1E
crew training. His total flying experience amounted to about 4,500 hours
including about 1,600 hours test flying of the Trident, He first flew as
.test pilot in command of the Trident after 80 flights as co-pilet and two
flights in command under supervision with the chief test pilot. Since then
he had made 416 test flights in command of Trident 1 aircraft and 52 in
command of Trident 1E aircraft. He had taken part in about 2,195 stalls
on the Trideat in various configurations including 750 as pilot in command.

Mr. G. B. S. Errington, OBE, aged 64, had held a valid private pilot's
licence since 1930. He had qualified as a ground engipeer in 1932. 1In 1935
he joined Airspeed Limited as a test pilot and became chief test pilot in
1939. 1In 1949 he undertook the development and production test flight
programmes for the A1rspeed Ambasgador. At Hawker Siddeley he was
responsible for operations liaison with airlines flying Comets and Tridents
and helped as required on test work at Hatfield. At the time of the accident
his licence was endorsed for group A and B aircraft and he had accumulated
a total of 6,800 flying hours.-

. Mr, E. Brackstone-Brown, aged 47, was chief flight test engineer with
Hawker Siddeley Aviation at Hatfield and had been in charge of flight
engineering in the flight test Jepartment from 1949. Since that time he had
flown over 2,200 hours on development and production testing in Comet and
Trident aircraft.

Mr. G. W. Patterson, aged 43, joined the de Havilland Flight test
department as & radio mavigator in 1958 after eleven years as a radio Officer
in BOAC. His flying experience 'in Trident aircraft amounted to’57 hours.

1.6 .hircraft Information .

Trident G-ARPY

The Trident I is a turbine powered rear-engined, swept wing, high tail
transport aircraft fitted with adjustable high lift devices including a
droop leading edge. The flying controls are hydraulically operated, and the
tailplane is all moving, with a geared elevator to improve its effectiveness.
G-ARPY was the twenty-third production Trident I aircraft. It was a standard
aircraft with standard equipment, except that a specially calibrated air
speed indicator was fitted to assist the pilot to contrel the air speed
accurately during the stalling tests. At the time of the accident its




weight was approximately 32,800 kgs. and the centre of gravity was at 0.246
mean aerodynamic chord (MAC), the normal position for these tests. The
fuel was standard aviation kerosene.

Development testing

Part of the intensive pre-production test programme for the Trident was
devoted to examining the stalling characteristics. 1Ideally there should be
a clear warning of an imminent.stall; at the stall an aircraft should piteh
nose down so strongly that the pilot cannot keep the wing stalled by
applying nose-up elevator and there should be no tendency for a wing to go
down. Such characteristics are difficult to achieve with aircraft of the-
physical shape of the Trident., High lift devices and a powerful tailplane
increase the difficulty.

In spite of a programme of over 3,000 stalls and much wind tumnel
testing it was not found possible to produce the ideal stalling
characteristics in the Trideat aerodynamically and an electrically operated
stall warning system (stick shaker) was therefore incorporated to comply
with British Civil Airworthiness Requirements. As the natural nose down
pitch of the aircraft could only be detected by very careful handling and as
the tailplane was powerful enough to permit the pilot to overcome this nose
down pitch, a stall recovery system was installed. This consisted of a
pneumatic stick pusher triggered by the same incidence detecting system as
the stall warning device, to push the control column forward and pitch the
aireraft nose down before the wing became fully stalled. It included
compensation for the rate of change of pitch attitude.

Production flight tests

It was agreed between the constructor and the Air Registration Board
that before any newly constructed Trideat was delivered to the operator it
would undergo a series of flights covered by a Production Flight Test
Schedule. During these flights, checks were made to ascertain, among other
things, that the stall warning and stall recovery systems worked as intended.
After one or two of the first batch of aircraft had shown that a wing=drop
might be encountered at or near the stick—push, a further stall check was
added to ensure that the aircraft would remain reasonably level laterally
through the stall. When the atall warning and recovery systems had been
found to operate satisfactorily, and at the right speeds, the pilot was
required by the test schedule to switch them off and, using as datum the
airspeed at which the atall recovery_system had operated, to explore the
speeds between the cnset of the stall and the speed at which the greatest
permissible deployment of the stall over the wing occurred.

Many hundreds of tests on the:final Trident I configuration, including
a series flown by Mr. Barlow to investigate detail problems on production
“aireraft, had shown that the normal break down of flow at the stall tcok
3 or 4 kts. (of pilots' ASI reading)} to spread from the initial small local
area over the whole of the inner wing., This spread was always accompanied
by a sharp increase in buffet in al gatall. A wing—drop could result from
either a delay in the matching of the spread of the stall on both inner
wings or from a premature loss of lift over one tip section; in the latter
case the buffet was usually not so marked.

For performance purposes the operation of the stick-pusher at low rates

of approach to the stall had been accurately tied, in terms of incidence,
to the peak of the lift curve and hence the start of the development of the
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stall. There was agreement between the manufacturer and the ARB that there
should be a small margin beyond this point which provided a safeguard against
an uncontrollable wing drop developing as a result of a delayed stick push.

When the additional check on the stall was added to the test schedule
there was no simple readily available means of incidence presentation for
production Trident 1 aircraft and, as later versions of the aircraft with a
leading edge-slat-had regularly operated to much higher “incidences without
problems, an incidence meter was not considered necessary. Instead a
specially calibrated airspeed indicator was fitted. In view of the extensive
development experience it was considered a safe test flying technique to
first make an accurate correlation of airspeed and incidence during a stall
with the stick-pusher operating and then to switch it off and to reduce this
speed by the 3 to 4 kt margin established for the deployment of flow
separation. As flow separation developed it produced a sharp increase in
buffet and as an additional safeguard the pilots were told te recover
immediately any buffet was felt regardless of the ASI reading. This
additional check was carried oat by the manufacturers only and was not to be
repeated in the service life of the aircraft.

Examination of the flight engineer's log for the subject flight shows
that the test had followed the standard procedure. The recorded speeds for
the operation of the stick shakers and stick pusher were normal for the weight
and configuration of the aircraft, Additional data for the flight is
contained in Section 1l.1l.

The euperstall

With the aim of making recovery from the stall a natural characteristic
of a swept wing aircraft the wing is usually designed so that as its
incidence increases to the critical stalling angle, the root (forward) portion
stalls first thereby producing & nose down pitching moment. However, to
appreciate what happens to the overall aircraft pitching moment it is
necessary to consider contributions arising from the fuselage and tailplane.
A large fuselage with appreciable forward overhang generates a nose-up -
contribution to the pitching moment as incidence is increased. Below
~ stalling incidence the tailplane contribution, which increases with incidence, -
is sufficient to overcome the unstable nature of the pitching moment arising
from the wing-fuselage combination.

However, it is inherent in a high-tail design that at angles of
incidence appreciably above the stall the tailplane will be in the wake
behind the wing. At these angles of incidence the velocity of the airflow in
the wake is low and this seriously reduces the efficiency of the tailplane.
The-tailplane contribution to the overall pitching moment can also be .
adversely affected by changes in flow direction. Thus, while the tailplane
contribution may still be in a nose-down sense, it will be much reduced., In
addition, the contribution from the wing may have been made less nose-down by
the spread of the stall over the entire wing. The combined effects of wing
and tailplane can then be ipsufficient to overcome the large fuselage
contribution and, when incidence is increased appreciably beyond the stall, .
the nose-down pitching moment can give way to a marked nose-up tendency.

Loss of 1lift resulting from the development of the stall causes the
aircraft to sink and this further increases the incidence to the relative
air-flow so that the situation becomes unstable. Also a long rear-engined
layout implies large inertia in pitch and so results in a tendency to
overswing, thereby aggravating the effect of the unstable aerodynamic




situation. In these circumstances great care has to be exercised to avoid
too deep a penetration into the post-stall regime,

For certain aft positions of the centre of gravity the overall pitching
moment can be nose-up over a certain range of incidence angles even with
the control column fully forward. The aircraft then will tend towards and
stay in the neighbourhood of the uypper limit of this incidence range and,
as simple nose-down application of control will have a negligible effect,
is said to be,"locked in" a stalled condition, or to be “"superstalled". It
can only be brought back into the normal flying regimeg by means of an
additional device such as a tall parachute. G-ARPY was not fitted with such
a device and at the time of the accident its centre of gravity was within ~
the critical range.

On the Trideat I, at the rate of approach to the stall of 1kt per second
specified in the test schedule the incidence for stick pusher operation
was 17}°. During Ehe teduction in airspeed of 3-4 kts the incidence could
rise to 195o to 20%/,° depending on the pilot's technique. Although no firm
figures of maximm permissible incidence to avogd a superstall had been
quoted before the accident, values of 22~ to 23" were seen on occasions on
the Trident 1E development aircraft.

Although it was appreciated that a more forward C of G would give
greater safety in the event of late recovery action, in view of the
considerable background experience the manufacturer and the ARB considered
that the tests with the stick-pusher inoperative could be safely undertaken
at the C of G position obtained on 2n empty aircraft without ballast. This
C of G position was still well forward of the aft limit.

1.7 Weather

An anticyclone over southern England was declining slowly; the weather
was fine with little or no cloud with the wind from the WSW at 6-12 kts.
The weather had no bearing on the accident.

At the time of the accident the sun was in the west and should not have
causéd the pilots any inconvenience.

1.8 Aids to navigation

Not relevant to this accident.

1.9 "Communicationsa

Communications with various stations by R/T or VHF were normal and
suggest that the flight was without significant incident until about 1833 hrs.

1.10 Aerodrome and ground facilities

Not relevant to this accident.

1.11 Flight recorder

The aircraft was fitted with a Plessey-Davall type PV 710 Flight Data
Recorder System. This was a digital type system using pulse code modulation
on an electric magnetic wire. In addition to a time scale, the parameters
recorded were as follows:




Indicated air speed - one sample per second
Pressure altitude - " n " "
Heading - " " " "
Normal acceleration - 5 " " "
Pitch attitude - " " " "

The recorder was installed in the aircraft above the centre engine ar
the base of the fin. It suastained only slight damage in the accident.
Play-back was achieved without difficulty and this showed that informatiom
had been recorded throughout the accident flight with the exception of the
take-off and a period immediately prior to the crash when it had been
switched off by the air speed switch.

The time history of the flight parameters for the last three minutes of
recorded flight is contained at Appendix A. The stalling tests begin at
a height of 15,700 feet which agrees with the flight engineer's log. At this
time the aircraft was in almost level flight at a speed of 130 knots. A
gradual nose-up pitch accompanies the steady decrease in airspeed towards
.the stall, while normal acceleration changes very little. This first
"stall"” which occurs at about two minutes before the end of the record was
straightforward and recovery was made with the stick pusher system fully
operative. There followed a second and then a third approach to the stall;
these were designed to check the functioning of the duplicated parts of the
stick pusher system. Finally, towards the end of the record, the aircraft
levels out at 11,600 feet and the fourth stalling run is started. After
the stall the aircraft starts to pitch nose-down and speed falls off
rapidly. Then for about 5 seconds the nose-down pitching motion ceases
indicating that the aircraft was tending towards a superstalled condition.
~ At the same time the heading changes, the aircraft turning to port at the
rate of 8° per second. '

The rate of decay of airspeed during this last stalling run averaged at
about 1} kts. per second — but-the rate was increasing towards the end of
the run,

" 1.12 Wreckage

On site examination showed that the aircraft had struck the ground in a
flat attitude with little forward speed and a high rate of descent while
spinning to the right. The fuselage was grossly flattened in the impact and
the tail unit, which had rolled and skidded to port, had detached at the
rear pressure dome. The engine installation and rear equipment bay had been
demolished. A localised ground fire which had been initjated in the region -
of the centre engine on impact had affected the No. 1 engine.

The main planes, particularly the port, had broken up in the violent
impact with the ground. It was xroncluded that the aircraft was complete at
impact and that its configuration was:

Landing flaps - UP

Undercarriage - UP

Airbrakes/epoliers = IN
and lifr dupers

DROOFED

Droop leading edge




It was considered that all three Rolls Royce engines had been rumning,
the centre (No., 2 engine) at a higher speed than the other two engines which
were probably throttled to flight idle.

The wreckage was dismantled and transported to Hawvker Siddeley Aircraft
Ltd., premises at Hatfield where it was further examined in comjunction
with the company.

The following were examined in detail, certain items being examined at
the suppliers works.

Piteh eontrola

The tail plane circuit in the fin was virtually undamaged. A check of
the rigging and operation of this assembly proved satisfactory. Subsequent
test and examination of the tail plane operating jacks proved these to be
normal and satisfactory. Fore and aft trim was established as slightly aft
of neutral.

Mainplane droop leading edge and kruger flaps

" "It was confirmed that the main plane leading edge had been in the
drooped position at impact. All failures and disconnections are attributable
to overstressing in the crash impact. Examination of the leading edge
sealing and vortex generators has shown these to be of normal and
satisfactory standard.

Pitot static system

-Wind tunnel calibration of the pitot heads showed that these conformed to
standards within the applicable range of incidence. Insofar as practicable
the pitot and static system pipelines were tested, All fractures and leaks
with twoexceptions, were attributable to the crash impacts. The exceptions
were small leaks in the No. 1 pitot and No. 2 static systems, which were
reported by the flight crew prior to take off.

Stall warning and. recovery syatem

The damage to the circuit breakers rendered it impossible to determine
whether the system was switched ON or OFF.

Impact marks in the airstream detectors showed that these had responded
to the upward air flow of the high angle of attack associated with a
stalled condition.

The stick pusher jack was found. jammed by impact in the non operated
setting. ~ Examination of all components and details of the system produced
no evidence that, had it been switched ON, it would not have operated
correctly.

Airapeed indicators

No defectas found.

Flight attitude indicator syatem

The captain's flight attitude indicator and associated components were
examined for evidence of pre-crash failure and/or malfunctioning, Inspection
showed that the vertical gyro rotor had been rotating at impact,
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Stand by horiaon

This instrument had been operating satisfactorily at impact.
General

The detailed examination served to confirm the findings of the on site

inspection. —All-control-separations and.discoonections_and damage to

instruments and equipment are, with the exceptions of the leaks in the
pilot/static systems, attributable to the crash impact.

1.13 Fire
A small fire broke out in the vicinity of No. 2 engine at or shortly

after impact. It did not spread and caused little damage. It was brought
under control by fire appliances from BAF Coltishall.

1.14 Survival aspects

The impending crash was reported by RAF personnel living in the vicinity.
RAF Coltishall dispatched fire and rescue appliances and called up
helicopters from RAF Manston. Norwich Fire Service also attended and rewmoved
the bodies of the crew members. The injuries to the occupants of the aircraft
could not have been prevented by anything in the nature of safety equipment
or stronger seats or flight deck structure. The accident is therefore
clagsified as non-survivable.

1.15 Test and research

After the accident further studies were made using the flight simulator
at Hatfield. These examined in detail the relationship between rate of
approach to -the stall, recovery action and the probability of the occurrence
of a superstall. The studies showed that with the stick pusher inoperative
the safety margins were not large. In addition to these studies the Royal
Aircraft Establishment undertoox & more specific investigation which aimed
at computing an approximate history of the tailplane deflection that occurred
on the fatal test. For this investigation the aerodynamic and other
characteristics of the aircraft were taken to be the same as those used in
the simulator. The history of the pitch attitude was also assumed to be
known and to be given by the recorded data corrected for instrument error.
On this basis it was possible to deduce the other flight parameterg and the
tailplane angle. This was not, however, a simple matter of inverting the
calculation procedures since the accuracy of the recorded data was not such
as would permit successive differentiation of the attitude angle with
respect to time. The situation was further complicated by the fact that no
information was available on the-level of engine thrust being used at various
stages of the test. This again made it necessary to do additional
. exploratory calculations to assess the most plausible assumption on which
to proceed. A detailed account nf the RAE study is at Appendix B.




2, Analysis and Conclusions

2.1 Anaizsis

It was apparent at the start of this investigation that the accident had
resulted from a deep pentration into the post-stall regime and that a
superstall had occurred from which recovery was not possible, During an
extensive examination of the wreckage particular attention was paid to
possible defects which could have affected the handling of the aircraft and
its stalling characteristics. None were found. The investigation then scught
to determine the speed at which recovery action was initiated by the pilots.

~Contrel surface movement was not measured by the flight recorder and
consequently considerable work was necessary before a reasonable asgessment
of the pilot's actions could be made. On the basis of the data derived from
the flight recorder and from a knowledge of the static aerodynamic
characteristics of the aircraft obtained from wind tunnel tests, an attempt
was made to reconstruct the aircraft's motion up to the penetration into
the superstall (Appendix B). From this it appears that recovery action was
not taken until the speed had dropped to about 8 knots below the stick
pusher datum and that the control movement was insufficient to arrest the
development of the stall. The reason why the pilot delayed recovery action
is not known. It may be that with his very considerable experience of
stalling the Trident he expected to detect the true stall or alternatively,
to initiate recovery at a wing drop which did not occur on this occasion.
On the other hand, his hesitation after moving the controls most probably
resulted from an impression that the nofe down pitch was providing effective
recovery but at that time the rate.of sink was increasing and its effect
was to cause a rapid increase in incidence to a superstall.

W eon {Tv

PRI TA Y

The general nature of the superstall problem was widely known at this
time both from accidents which had occurred on other aircraft and also from
theoretical and flight simulator investigations undertaken on the Trident
at Hatfield. These had been discussed in reports circulated to the pilots
and the flight test and design teams. Early.in 1965 Mr. Barlow had taken
part in simulator studies of the Trident 1C and Trident development
including stall investigation., This was in addition to his experience of
stalls during the development flying: However, it is apparent that the
danger does not only arise from a lack of awareness of the problem but from
“the -circumstance that the time the aircraft takes to pass from the stalling
incidence to the entry into a superstall is very short and small delays
have a major influence on the outcome. The greater the rate of decay of
airspeed during the approach to the stall the less time is available for
recovery action and in addition the extra inertia results in a considerable
overswing in incidence before the pilot's control movement can be effective.
Therefore, bearing in mind the very short margin by which the pilot missed
retaining control, consideration was given to whether the addition of an
incidence meter might have erabled him to have carried out the test in
greater safety; no definite conclusion could be reached. However, if
the flight region beyond the stick pusher datum (i.e. 17}° in this case)
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is to be explored there is a greater need for information on incidence; this
becomes the only means by which the pilot can assess the flight condition as
the usual relationship between air speed and incidence has become invalid.

On this occasion, if an incidence meter had been provided the rapid increase
in incidence that occurred below 90 kts might have impressed upon the pilot
the need for quick and decisive recovery action. On the other hand it must
be stated that if the approach to the stall had been carried out by reducing
speed at 1 kt per second and particularly, if the test had been_terminated
by-decisive-recovery-action by the time the ASI was reading 4 kts below the
stick pusher datum, the specially calibrated air speed indicator that had
been ‘fitted should have provided sufficient information. The onset of buffet
at this point is common to this type and should also have provided a positive
recovery cue. Therefore, although the provision of an incidence meter would
have been prudent it is considered that the accident indicates that a greater
contribution to safety would have been made if a suitable "backing up"

system had been devised as a safeguard for the occasion when & pilot might
fail to take prompt action. In this respect it is understood that since

the accident, tests on this type of aircraft are carried out only with

the stick pusher operating and with additional safety measures to reduce the
possibility of failure following a single fault, and includes the fitting

of incidence meters.

2.2 Conclusions

(a) Findingas

{i) The documentation of the aircraft was in order.

(ii) The £light was being conducted in accordance with an agreed
test schedule,

(iii) No evidence of pre-crash failure of the aircraft has come
to light.

(iv) During the final stalling run speed was reduced at a rate
greater than 1 kt per second and recovery action was not
initiated until the speed had fallen beyond the limit set

- by the test schedule.

(b) Posasible Cause

During a stalling test decigive recovery action was delayed toc
long to prevent the aircraft from entering & superstall from which
recovery was not possible.
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3, Recommendations

Very shortly after the accident occurred the manner of the conduct of
Trident tests was discussed with’the Air Registration Board and the
aircraft manufacturer and the view was put forward by the Chief Inspector
of Accidents that, if the type of stalling test in wvhich the accident was
involved was to continue, incidence meters should be provided. Followving
these discussions it was decided by the Board that, for test flights and
training flights involving deliberate approach to the stall, the stick

" pusher system must have a survival capability and additionally the crew
must be provided with dual incidence indicators independent of the stick
push incidence sensors. This requirement is applied to all aeroplanes
fitted with stick pushers and therefore no specific recommendation for this
is required.

N. S. HEAD
- Inepector of Accidents
Accidents Investigation Branch
- Board of Trade
June 1968




Appendix B

ROYAL AIRCRAFT ESTABLISHMENT ~ FARNBOROUGH

An attempt to reconstruct the history of the 'superstall' of the Trident

G-ARPY

Introduction

The nature of the test being conducted, the pilot's report that the
aircraft was in a superstalled condition and the recorded data all fairly
clearly indicate that the most likely primary cause of the accident was a
deep penetration into the post-stall regime, which resulted in a superstalled
condition. Since the centre of gravity of the aircraft was at its aft
position recovery from such a flight condition is extremely unlikely.
Accordingly there is little to explain in relation to what was broadly the
cause of the accident. Nevertheless it would be wholly unsatisfactory if the
matter wvere allowed to rest.there.

It is, in £act, necessary to examine the background of the test, the
conditions governing the conduct of the test as laid down by the firm and
finally to assess the actions of the pilot in this case.

A background knowledge of the sensitivity of the behaviour of this class
of aircraft, particularly the way this depends on the centre of gravity loca-
tion, was available to the firm from its own researches and other sources.
This is discussed in other sections of the report.

This appendix, on the other hand, attempts a reconstruction of the
history of the aircraft's metion, up to the time it ceased to be essentially
confined to the longitudinal plane, with the object of defiring, as clearly
as possible, the actions of the pilot during the manoceuvre.

.Having ascertained the pilot's actions wvhich best correlate with the
recorded flight data the former are then examined to see how far they are in
line with the conditions laid down for the test procedure, how far they are
conditioned by motion cues and £Lnally how sensitive the aircraft's behaviour
is to the pilot's input.

The required matching of the response and input could be sought along a
number of different lines of approach. With high grade data it might be
tempting to try to use as much of these directly and deduce the unknown
variables from-the equations of motion., It is doubtful vhether circumstances
such as prevail in the particular problem considered here will yield data of
sufficiently high quality to admit of the necessary smoothing and repeated
differentiation, Furthermore corrections, which are functions of the unknown
angle of attack, have to be applied to the airspeed and the apparent normal
acceleration to yield the true normal acceleration. This would have had to
be done on an iterative basis.

Yet a third apprcach, and the one chosen here because it enabled an

existing computer programme to be used, is to compute the response to an
input which might be expected to yield something close to the assumed
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(or given) response. The small adjustment necessary to produce a specified |
closeness of fit with the known response for.one of the motion variables can

be estimated on some approximate basis from the discrepancy between the .
recorded data and the initially computed response. .

Outline of the calculation procedure

An outline of the procedure just hinted at follows and the first step i
is to establish the initial conditions. In order to avoid unduly lengthy |
calculations these are chosen to correspond to an instant during wvhich the
aircraft is already decelerating towvards the stalling speed. Since various
corrections to quantities Vj, V;, hj and nj depend cn the incidence some
interation is necessary. The form of the ® curve in the neighbourhood of
the chosen instant is used to determine the out-of-trim tailplane setting
implicit on the initial conditions. The best fit to the initial conditions
is obtained by assuming the error in ® to be 1,6%. It has been established
separately that an instrument error of between 10 and 20 would be expected.
The record showed that an error of 40.03 was present in the apparent normal .
acceleration. ;

It is of interest to note that the estimated initial value of thrust |
* was hHigher than that normally used in stalling tests. |

As indicated earlier the assumed elevator input (élevator is used to
- denote longitudinal control, which in this case was an all-moving tailplane N
with geared flap) for the first stage of the calculating that is in the |
approach to the stall, has the form np = Dypypyp + 4np. The increment over |
the trimmed value is subject to adjustment, on a step-wise basis, so as to
maintain good correlation with the observed pitch attitude., Thus the
reduced steepness of the @curve at about 4 sec. (on time scale used here)
and again around 6 sec. is reflected in the two small steps in the elevator
angle, see figs. 1 and 3,

standard of correlation with respect of the maximum value of the pitch

attitude angle, the sharpness of the break in the normal acceleration curve .
as well as the speed loss, it proves necessary to make some further assump-— |
tion. Since "no a priori” case.exists for assuming the aerodynamic data to be -
in error and the fact that little rational basis exists on vhich changes

could be introduced, attention is directed to the assumption concerning

thrust. It has already been noted that more than usual thrust seems to have

been used in the approach. It is, therefore, all the more plausible that a

reduction was made, -

|
|
In the neighbourhood of the stall, in order to maintain the same high .
|

Calculations using different levels of thrust show that a reduction to
a sixth of the initial value at 6 sec. yields the best speed correlation. -
Correlation of the calculated and measured values of other parameters were -
also improved slightly. It is noteworthy that the changes in the estimated |

- contiol input associated with the different levels of thrust are trivial.

Exploratory calculations assuming the stick held constant, moved forward
step fashion or gradually in a linear marmer at around 9 secs. show an -
optimum correlation of measured and calculated © values, when the stick is
moved forward at a slow rate corresponding a rate of change of tailplane angle
of 0.259/sec.

This is taken to indicate that the recovery attempt is imminent. .
Accordingly the assumed form of control input is changed to a polygonal form.
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The slope of each segment is adjusted so that the pitch attitude is faith-
fully reproduced. It is of interest that the sensitivity of the pitch
attitude to small changes is higher than that of the other parameters.

In this way the curves shown in figs. 1, 2 and 3 are obtained. The
estimation of both the indicated airspeed showing on the recorder and the
indicated airspeed of the pilot's instrument involved large corrections for
instrument and position errors.

In fact with the suggested extrapolation of the pitch and static errors
beyond an incidence of about 30° (i.e. beyond a time of 16.5 sec.) the
corrections become meaningless. This may account for the rather poorer
correlation of airspesd as compared with all other measured quantities. For
these the measured and recorded values agree within acceptably small limits.

On this high degree of correlation rests the assertion that notwithstanding its

somewhat unrealistic character the calculated input must approximate closely
the pilot?s action. The only doubt concerns the aerodynamic data used in the
calculations and it is scarcely conceivable that these can be materially in
error in view of the results.

At 20.5 secs. the calculation has been terminated, since the recorded
data show that at this time a small change of heading is taking place. It is,
"therefore, inferred that the motion is no longer confined to the longitudinal
plane and account must be taken of the lateral motion if the correlation were
to be taken further, which seems an exercise of little profit or hope of
success in the absence of fuller lateral motion data.

Interpretation of the results

If it is accepted, on the basis of the above argument, that the input
history shown in fig. 3 closely approximates the tailplane movements made by
the pileot then it remains to interpret these as far as it is possible to do so.

It is essential to this part of the investigation to consider that air-
_speed reading was displayed to the.pilot. His instrument is subject to
entirely different corrections as compared with those of the recorder equip-
.ment c.f. figs. 2 and 3. Estimates of the readings of the pilot's airspeed ~
indicator can be obtained in two ways. In the first of these the calculated
equivalent airspeed is converted into a pilot's instrument reading. This
yields the curve marked *estimated Vip' in fig. 3. In the second method the
recorded airspeed (corrected for instrument error) is multiplied by a factor,
which accounts for the different position errors. This gives the curve marked
- 'derived Vi,'. In the range of speeds covered by the 'estimated Vj,* instru-
ment correcgions are small and no account is taken of them. Although the
values obtained by the two methods are quite different beyond about 10 sec.,
both curves indicate that a flattening off or even an increase of speed occurs

at around 13 sec. ..

. Examination of the behaviour of the various motion parameters shows that
having brought the aircraft down to *'stick-pushert! speed, or strictly a some-
what slower speed, the pilot eases the stick forward. During the phase he
could have been awaiting the occurance of the buffet and would have noted the
change to a mild nose-down retation, which results mainly from the inherent
pitching moment characteristics of the aircraft and partly from his action.
This latter hardly merits being called a recovery action and might rather
have been an attempt to hold a given flight condition. A plausible reason
for doing so0 is that the pilot was not convinced that he had achieved the
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objective of the test, namely to explore the aircraft's behaviour to the
buffet or the over-riding speed limit.

There is no means of resolving this particular problem, but whatever the
reason it would seem that no forcible recovery action was taken till about
12.5 sec. on the present time scale. After applying the telavator' control
at a fairly fast rate in the nose-down sense for about half a second there
nov seems to follow another interval during which the rate of application of
the tailplane is much reduced. This hesitation may be related to the pilot's
assessment of the situation, in particular the apparent deceleration, as has
been demonstrated, exhibits a marked falling off, if not reversal. It also
seems possible that a further apparent drop in speed alerted him to the
true situation and resulted in the final push forward of the stick.

The calculations this give clear indications that in the absence of
lateral motion the aircraft would have 'superstalled' or penetrated so
deeply into the poststall regime that recovery by longitudinal control would
have been impossible. Evidence is given elsevhere that the flight condition
was so diagnosed by the pilot and that he sought. to increase the chances of
regaining control by use of thrust and possibly by putting the aircraft into
a turn.

Some general remarks

. The present investigation raises a number of points of more general
interest. When data of the type used herein are recorded, vhether in flight
testing or operationally, two requirements have to be borne in mind. These
ares

(a) the provision of as much data as possible from which the flight
condi tions can be directly and unambiguously interpreted, and the
nature of an incident, if -any, directly determined.

(b) that the data are such as permit correlative calculations to be
most easily and relaibly undertaken.

To meet these in flight testing is perhaps somevhat easier, since the
purpose of the test often provides an indication of those parameters that are
more critical., For instance, in the tests being analysed here it would have
been extremely valuable to have had incidence measured.

Apart from this. there is generally a strong case for recording the
pilot's inputs (as elevator deflections etc.), since the calculation of the
corresponding response of the aircraft is then a relatively straightforward
calculation as compared with the one outlined above.

In the particular test under consideration it is of interest to see
whether a situation could have arisen in which recovery would have proceeded
without mishap and yet there would_be little evidence immediately available
to someone examining the recorded data, much less to the pilot, of how
narrovly disaster had been avoided. From amongst a number of calculations
made to test the sensitivity of the deteriorating situation to the pilot's
action, as well as the sensitivity of the calculation process to the tight-
ness of the correlation tolerance allowved betveen calculated and measured
pitch attitude angle, one was chosen which illustrates this point well. In
this calculation the pilot is assumed to start his final push Forward of the
stick half a second earlier than he seems to have done in reality.




The effect of such a change in input on the history of the variables
recorded is shown in figs. 4, 5 and 6. Up to 15 sec, the curves marked
(1) and (2) are, of course, identical. Beyond this there is some gradual
divergence of the curves, but the significance of this could easily be over-
looked in a casual examination of the recorded data. It is difficult to see
how the pilot could distinguish between these two situations with any
certainty. On the other hand it is clear that such differences are signifi-

cant -in-terms-of -the-present-analysis.

1f, however, the angle of attack (2) is available it can be seen from
fig. 4 that not only are the two cases more readily distinguished but also the
maximum value of the angle (29°) indicates how dangerously near the manoeuvre
would have been to one frem which recovery would have been impossible. This
fact would have been much less ev:dent to a pilet using airspeed and altitude
angle as his primary cues.

To put these marginal cases into perspective the effect of continuing the
rapid forward movement of the stick at 12.5 sec., until 5° (trailing edge
down) tailplane angle had been reached, is also shown on the same set of
figures {(fig. 4, 5, 6.) Even in this case the progress of the recovery is
not easy to assess from any of the resulting responses except that for the
angle of attack. In all three cases there is only a very narrow margin of
speed of about 2 kts. (EAS) below the stalling speed for which speed continues
to decrease as incidence increases. ~Thereafter speed is not a reliable
indicator of the aircraft's incidence. It is worth noting, howvever, that the
instrument and position errors are such that the indicated airspeed might be
a somewhat better guide for a wider range of incidence. However it must be
stressed that at speeds just below the limit set the indicated airspeed may
vary so slowly with increase in incidence that, having in mind the inevitable
fluctuations of the instrument reading, it is questionable whether the air-
speed is an acceptable indication of the situation.

Conclusions

With reference to the speéific circumstances of the accident it can be
concluded from the calculations described above that:

(1)} the recovery action taken, if indeed it can be classed as such at
this stage, was tentative up to 12.5 sec. (on the time scale used
here) by vhich time the pilot's airspeed indicater would have shown
a speed of 85 kts. or less,

(2) a late, but more forceful, recovery action follows, but this was
soon eased off possibly due to the manner in which the pilot's air-
speed indicator would_be behaving.

(3) it is possible that a reappraisal of the situation led to a final

push forward of the stick, which came too late to prevent the air-
craft superstalling.
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apart from rapid recoveries made in that narrow band of incidence
above that at which the stick-pusher is activated and within which
cpeed may be taken to give a reliable indication of incidence, the
addition of an incidence meter would be a valuable aid to the
pilot. However, since the rate of change of incidence is an
equally important factor use of an incidence meter would not,

in itself, render the test safe,

Aero P/HHEMT
Aerodynamics Department
8th November, 1967.
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Blackbird Family Losses List

Last revised: 4 October 1997

If you've ever wondered about the Lockheed A-12, YF-12, SR-71 planes that were lost, this list is for you! The
information in this list is a combination of information in five books:

Lockheed Skunk Works: The First 50 Years by Jay Miller

Lockheed SR-71: The Secret Missions Exposed by Paul F. Crickmore
Lockheed SR-71 Blackbird by Paul F. Crickmore

Aerofax Afinigraph 1: SR-71 (A4-12/TF-12/D-21) by Jay Miller
Lockheed Blackbirds by Anthony Thomborough and Peter Davies

All aircraft are listed by their onginal Air Force serial numbers.

60-6926: A-12
This was the second A-12 to fly but the first to crash. On 24 May 1963, CIA pilot Ken Collins was flying
an inertial navigation system test mission. After entering clouds, frozen water fouled the pitot-static
boom and prevented correct information from reaching the stand-by light instruments and the Triple
Display Indicator. The aircraft subsequently entered a stall and control was lost completely followed by
the onset of an inverted flat spin. The pilot ejected safely. The wreckage was recovered in two days and
persons at the scene were identified and requested to sign secrecy agreements. A cover story for the press
described the accident as occurring to an F-105, and is still listed in this way on official records.
60-6928: A-12
This aircraft was lost on 5 January 1967 duning a training sortie flown from Groom Lake. Following the
onset of a fuel emergency caused by a failing fuel gauge, the atreraft ran out of fuel only minutes before
landing. CIA pilot Walter Ray was forced to eject. Unfortunately, the ejection seat man-seat separation
sequence malfunctioned, and Ray was killed on impact with the ground, still strapped to his seat.
60-6929: A-12
This aircraft was lost on 28 December 1967 seven seconds into an FCF (Functional Check Flight) from
Groom Lake performed by CIA pilot Mel Vojvodich. The SAS (Stability Augmentation System) had
been incorrectly wired up, and the pilot was unable to control the aircraft 100 feet above the runway. The
pilot ejected safely. A similar accident occurred when the first production Lockheed F-117 was flown on
20 Apnl 1982 by Bill Park. It's control system had been hooked up incorrectly. Bill Park survived the
acctdent but had injuries serious enough to remove him from flight status.
60-6932: A-12
This aircraft was lost in the South China Sea on 5 June 1968. CIA pilot Jack Weeks was flying what was
to be the last operational A-12 mission from the overseas A-12 base at Kadena AB, Okinawa. The loss
was due to an inflight emergency, and the pilot did not survive. Once again, the official news release
identified the lost aircraft as an SR-71 and security was matntained. A few days later the two remaining
planes on Okinawa flew to the US and were stored with the remainder of the OXCART family.
60-6934: YF-12A
This aircraft, the 1st YF-12A, was seriously damaged on 14 August 1966 during a landing accident at
Edwards AFB. The rear half was later used to build the SR-71C (63-17981) which flew for the first time
on March 14, 1969.
60-6936: YF-12A
This aircraft, the third YF-12A, was lost on 24 June 1971 n an accident at Edwards AFB. Lt. Col.
Ronald J. Layton and systems operator William A. Curtis were approaching the traffic pattern when a fire
broke out due to a fuel line fracture caused by metal fatigue. The flames quickly enveloped the entire
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aircraft and on the base leg both crew members ejected. '936 was totally destroyed.
60-6939: A-12
This aircraft was lost on approach to Groom Lake on 9 July 1964 following a Mach 3 check flight. On
approach, the flight controls locked up, and Lockheed test pilot Bill Park was forced to eject at an
altitude of 200 feet in a 45 degree bank angle!
60-6941: M-21
This was the second A-12 to be converted to an M-21 for launching the D-21 reconnaissance drone.
During a flight test on 30 July 1966 for launching the drone, the drone pitched down and struck the
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M:21, breaking it in half. Pilot Bill Park and LCO (Launch Control Officer) Ray Torick stayed with the
plane a short time before ejecting over the Pacific Ocean. Both made safe ejections, but Ray Torick
opened his helmet visor by mistake and his suit filled up with water which caused him to drown. This
terrible personal and professional loss drove "Kelly” Johnson to cancel the M-21/D-21 program.
64-17950: SR-71A
The prototype SR-71 was lost on 10 January 1967 at Edwards duning an anti-skid braking system
evaluation. The main undercarriage tires blew out and the resulting fire in the magnesium wheels spread
to the rest of the aircraft as it ran off the end of the runway. Lockheed test pilot Art Peterson survived.
64-17952: SR-71A
This aircraft disintegrated on 25 January 1966 duning a high-speed, high-altitude test flight when it
developed a severe case of engine unstart. Lockheed test pilot Bill Weaver survived although his
ejection seat never left the plane! RSO (Reconnaissance System Officer) Jim Zwayer died in a high-G
bailout. The incident occurred near Tucumcari, New Mexico.
64-17953: SR-71A
This aircraft was lost on 18 December 1969 after an inflight explosion and subsequent high-speed stall.
Lt. Col. Joe Rogers and RSO Lt. Col. Garry Heidelbaugh ejected safely. The precise cause of the |
explosion has never be determined. The incident occurred near Shoshone, California
64-17954: SR-71A
This aircraft was demolished on 11 Apnil 1969 under circumstances similar to 64-17950. New aluminum
wheels and stronger tires with beefed up compound were retrofitted to all SR-71s. Lt. Col. Bill Skliar
and his RSO Major Noel Wamer managed to escape ununjured.
64-17957: SR-71B
This arrcraft was the second SR-71B built for the Air Force. It crashed on approach to Beale on 11
January 1968 when instructor pilot Lt. Col. Robert G. Sowers and his "student” Captain David E.
Fruchauf were forced to eject about 7 miles from Beale after all control was lost. The plane had suffered
a double generator failure followed by a double flameout (caused by fuel cavitation) and pancaked upside
down in a farmer's field
064-17965: SR-71A
This aircraft was lost on 25 October 1967 after an INS platform failed, leading to erroneous attitude
information being displayed in the cockpit. During a night flight, the INS gyto had tumbled. There were
no warning lights to alert pilot Captain Roy L. St.Martin and RSO Captain John F. Camochan. In total
darkness, in a steep dive and no external visual references available, the crew had little altemnative. They
were able to eject safely. The incident occurred near Lovelock, Nevada.
64-17966: SR-71A
Lost on the evening of 13 Apnil 1967 after the aircraft entered a subsonic, high-speed stall. Pilot Captain
Earle M. Boone and RSO Captain Richard E. Sheffield ejected safely. The incident occurred near Las
Vegas, Nevada.
64-17969: SR-71A
Lost on 10 May 1970 during an operational mission, from Kadena, against North Vietnam. Shortly after
air-refueling, the pilot, Major William E. Lawson initiated a normal full power climb. Stretching before
him was a solid bank of cloud containing heavy thunderstorm activity which reached above 45,000
Heavy with fuel, the aircraft was unable to maintain a high rate of climb, and as 1t entered turbulence
both engines flamed out. The rpm dropped to a level too low for restarting the engines. Pilot and RSO,
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Major Gilbert Martinez ejected safely after the aircraft stalled. The plane crashed near Korat RTAFB,
Thailand.

64-17970: SR-71A
Lost on 17 June 1970 following a post-tanking collision with the KC-135 tanker. Lt. Col. *Buddy” L.
Brown and his RSO Maj. Mortimer Jarvis ejected safely although both legs of the pilot were broken. The
SR-71 crashed 20 miles east of El Paso, Texas, but the KC-135 limped back to Beale AFB with a
damaged fin.

64-17974: SR-7T1A
This aircraft was lost on 21 April 1989 over the South China Sea and is the last loss of any Blackbird as
of December 1991. Pilot Lt. Col. Dan House said the left engine blew up and shrapnel from 1t hit the
night-side hydraulic lines, causing a loss of flight controls. House and RSO Blair Bozek ejected and came
down safely in the ocean. They had been able to broadcast their position before abandoning the
Blackbird, and rescue forces were immediately on the way. However, the crew were rescued by native
fisherman. The local chieflain’s new throne is Colonel House's ejection seat!

64-17977: SR-T1A
This aircraft ended its career in flames by skidding 1000 feet off the end of runway 14 at Beale on 10
October 1968. The takeoff was aborted when a wheel assembly failed. Major James A. Kogler was
ordered to eject, but pilot Major Gabriel Kardong elected to stay with the aircraft. Both officers survived.

64-17978: SR-71A
Nicknamed the Rapid Rabbit, this aircraft was written off on 20 July 1972 dunng the roll out phase of its
landing. The pilot, Captain Dennis K. Bush, had practised a rapid deploy-jettison of the braking
parachute. A go-around was initiated after the chute was jettisoned. On the next landing attempt, the
aircraft touched down slightly "hot” but had no chute to reduce the aircraft's speed. The pilot was unable
to keep the plane on the runway. A wheel truck hit a concrete barrier. The aircraft suffered significant
damage. The pilot and the RSG, Captian James W. Fagg, escaped without injury.

A total of 20 Lockheed Blackbirds have been lost due to a variety of accidents; however, not cne was shot
down by unfriendly forces!

Broken down by type:

Aircraft designation: A-12 M-21 YF-12 SR-71R SR-71B ER-T71C
Ho. of aircraft built: 13 2 3 246 2 1
Ho. of aircraft lost: 5 1 2t 11 1 0

* SR-71C (64-17981) was built using the rear half of YF-124 (60-6934) and functional engineering
mockup of the SR-71.4 forward fuselage.

Written by Al Dobyns
Aaintained by Carl Pettypiece
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The first YF-12A (60-6934) took off on its initial flight on August 7, 1963, piloted by
James D. Eastham. It was equipped with a streamlined camera pod mounted underneath

each engine nacelle for photographing AIM-47 missile launches. Three YF-12As were
built. Senals were 60-6934/6936.

While on a routine INS test flight with A-12 number 123 on May 24, 1963, CIA
detachment pilot Kenneth Collins entered some clouds. Water vapor froze in the pitot
tube, giving an erroneous airspeed reading. With the airspeed indicator giving the wrong
reading, the aircraft stalled. Collins ejected safely from the aircraft after it entered an
inverted {lat spin. The aircraft crashed 14 miles south of Wendover, Utah. The wreckage
was recovered in two days, and people at the scene were identified and requested to sign
secrecy agreements. A cover story for the press described the accident as occurring to a
F-105, and 1s still listed in this way on official records.

Although this particular loss was ultimately traced to a problem that was easily corrected,
it nevertheless precipitated a policy problem within the Agency. With the growing
number of A-12s {lying out in the western desert, the CIA felt that there was a danger
that the OXCART project’s cover could be blown at any moment. Although the program
had gone through development, construction, and a year of flight testing without
attracting any public attention, the Department of Defense was experiencing increasing
difficulty in concealing its participation in the OXCART program because of the delays
and cost overruns that had increased the rate of expenditures to such an extent that they
might eventually get large enough to attract unwanted attention from congressional
budget oversight committees. There was also a realization that the technological data
would be extremely valuable in connection with feasibility studies for the SST. Finally,
there was a growing awareness in the higher reaches of the aircraft industry that
something new and remarkable was going on. Several commercial airline crews had
reported sighting unidentified aircraft in flight. The magazine Aviation Week indicated to

its readers that it was vaguely aware that there was some rather unusual project going on
at the Skunk Works at Burbank.

Soon after President Lyndon Johnson took office following the assassination of President
John Kennedy on November 22, 1963, he was briefed on the OXCART project and
directed that some sort of cover announcement be prepared for the spring of 1964. On
February 29, 1964, President Johnson announced that "The United States has
successfully developed an advanced experimental jet aircrafi, the A-11, which has been
tested in sustained flight at more than 2,000 miles per hour and at altitudes in excess of
70,000 feet. The performance of the A-11 far exceeds that of any other aircraft in the
world today. The development of this aircraft has been made possible by major advances
in aircraft technology of great significance for both military and commercial applications.
Several A-11 aircralt are now being flight tested at Edwards Air Force Base in California.
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current information on its whereabouts?

The A-12s continued on to become operational spy planes and carried out numerous
rcconnaissance missions, the details of which are still highly classified even today. The
OXCART document (assuming it to be genuine) gives a few of the details. The OXCART
fleet was taken out of service and placed in storage in the late 1960s.

E{Fcbru—myl963:7h;khecd u;lc_iertioa\r“edes;gn of tl;-e basiciA-12 with additional fuel
tankage, broader forward nose chines, and the provision for inflight refueling and a seat
for a second crewman. This eventually emerged as the SR-71.

Specification of Lockheed YF-12A:

Engines: Two Pratt and Whitney J-58 (JT11D-20B) turbojets, each rated at 32,500 Ib.s.t.
with afterburning. Performance (estimated): Maximum cruise speed: 2110 mph at
altitude {(Mach 3.2) Maximum operational ceiling: 85,000 feet Maximum unrefuelled
range: 2500 miles Dimensions: Length: 101 feet 7 inches, Wingspan: 55 feet 7 inches.
Height: 18 fect 6 inches. Wing Area: 1795 square feet Weights: 60,730 pounds empty,
127,000 pounds maximum takeofl. Armament: Four Hughes AIM-47A air to air missiles
which are explosively ejected downwards from paired tandem missile bays.

Sources:

1. Lockheed Aircraft Since 1913, Rene J. Francillon, Naval Institute Press, 1987.
2. The American Fighter, Enzo Angelucci and Peter Bowers, Orion Books, 1987.

3. The lllustrated Encyclopedia of Aircraft Armament, Bill Gunston, Orion Books,
1988.

4. Lockheed Blackbirds, Anthony M. Thorborough and Peter E. Davies, Motorbooks
International, 1988.

5. The OXCART Story, Thomas P. Mclninch, available from Skunk Works Digest.

6. Lockheed A-12/YF-12/SR-71, Paul F. Crickmore, Wings of Fame Vol 8, 1997.
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Lockheed NF-104A Starfighter 617171

Last revised December 9, 1999

In 1963, three ex-USAF F-104As (56-756, -760, and -762) were taken out of storage at
Davis Monthan AFB and modified as NF-104A acrospace training aircraft. All of the
military equipment was removed and the original F-104A vertical fin was replaced by the
larger fin that was used on the F-104G. The wingspan was increased by four feet (to
25.94 feet) and a set of hydrogen peroxide control thrusters were mounted at the nose,
tail, and wingtips. A 6000 pound thrust Rocketdyne LR121/AR-2-NA-1 auxiliary rocket
engine was mounted on the tail above the jet exhaust pipe. This rocket engine could be
throttled from 3000 to 6000 pounds of thrust, and the burn time was about 105 seconds.

The first NF-104A was delivered on October 1, 1963, with the other two following a
month later. They were operated by the Aerospace Research Pilot School at Edwards
AFB, which was commanded at that time by Colonel Charles E. "Chuck" Yeager.,

On December 6, 1963, the first NF-104A set an unofficial world altitude record of
118,860 feet for aircraft taking off under thetr own power. The official record at that time
was 113,829 feet, set by the Mikoyan/Gurevich Ye-66A, an experimental version of the
MiG-21 Fishbed. Later, the same NF-104A flown by Major R. W, Smith reached an
altitude of 120,800 feet.

On December 10, 1963, the second NF-104A (56-762), with Chuck Yeager at the
controls, went out of control at an altitude of 104,000 feet and fell in a flat spin to 11,000
feet. Yeager managed to eject successfully at that altitude, although he was badly burned
on his face by the rocket motor of his ejector seat. The aircraft was destroyed in the
cnsuing crash. An investigation later showed that the cause of the crash was a spin that
resulted from excessive angle of attack and lack of aircraft response. The excessive angle
of attack was not caused by pilot input but by a gyroscopic condition set up by the 379

engine spooling after shut down for the rocket-powered zoom climb phase. So it wasn't
Chuck's fault.

In June of 1971, the third NF-104A, with Capt. Howard C. Thompson at the controls,
suffered an inflight explosion of its rocket motor. Although Thompson was able to land
safely, the atrcraft's rocket motor and half its rudder were blown away. Since the program
was about to end in any case, this aircraft was retired.

08/04/2000 5:32 PM
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20f2

The number one NF-104A is currently on display on top of aa pylon in front of the USAF
Test Pilot School.

Sources:

1. The Lockheed F-104G/CF-104, Gerhard Joos, Aircraft in Profile No. 131,
Doubleday, 1969.

2. The World's Great Interceptor Aircraft, Gallery Books, 1989.

3. Lockheed F-104 Starfighter, Steve Pace, Motorbooks International, 1992.

4. Lockheed Aircraft Since 1913, Rene J. Francillon, Naval Institute Press, 1987.

5. The American Fighter, Enzo Angelucci and Peter Bowers, Orion, 1987.
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department I liked best during my apprcﬁtices}ﬁp was the Wind Tunnel.

The first three aircraft had escape hatches for the flight test crew and one of my ]oﬁs wisto!
help the photographer with his high speed cme-ﬁlm phomgmphs of $imulated escapes from
amodel in the 13' x 9 tunnel. I pulled the stnng which released 8 model man who was then
photographed, something that we did for various speeds and attitudes. All was well except -
- for one particular combination and one hatch (the one forward on the side), when the man-
flew into the engine. We did that test again and he hit the tailplane. At the third attempt he
- just caught the wing downwash and went safely below the engines. -
Some time later I asked the photographer what the flight test crew said when they saw the
film. He told me that he had cut that bit out and only showed the safe exit 2s he didn't want
“to worry them! I never did find out whether he was pulling my leg or whether he real!y
did edit the film."

Well, things could have been worse! On the subject of escape hatches I couldn't resist

adding the following lines from Brian Trubshaw's 1998 autobiography ‘Test Pilot', In these

lines Brian Trubshaw recalls one of the stall tests that he carried out w rlh the proroo pe ( G-
“ARTA when thirgs didn't go as planned. "~ P

BT

*The last day of 1963 nearly brought thé stalling programme to an abrupt end. [ was just
recovering from a clean stall when at about 250 Kts all hell broke loose as G-ARTA staned
shaking violenty. There was a shout from the Senior Observer, Chris Muller, who was.
looking at the tail through his periscope, "Right inner elevator’, 1 was quite certain that G-
ARTA was going to come apart and it neady did, so I fired the escape hatch door and

- ordered the crew to bale out. The flight engineer, Roy Mole, could not get out of his seat
and the same applied to the co-pilot Captain Peter Cane of BOAC, while the crew in the

. back could not hear me above the géneral racket. I managed to reduce speed to about 160

Kts which put me very close to a pre-stall buffet, whereupon the violent vibrations and
oscillations calmed down to a smaller amount. The escape hatch chute which went through
the front forward hold had collapsed and gone out when the door was jettisoned, so it was as
well nobody tried to use it and only a jangled bunch of metal remained. I made a very gentle -
return towards Wisley under Mayday conditions and soon realized that I had lost half the

" gircraft services. However, the split system principle worked very well but I had to free-fall
the right landing gear. After flight inspection revealed that the two right-hand engines had
rotated 2 inch and in doing so pulled off hydraulic pipes and air-conditioning pipes. The
right inner elevator had broken its attachment bracket which had set up flutter of that
surface. Two fin attachment bolts were severed. In fact poor G-ARTA with whom I had
developed a great bond of af'fecuon wasina sorry state, I think that we had done about
2,300 stalls together.”

The type of escape hatch discussed above was fitted to both the VC10 and alse to the BAC
1-11 (and perhaps other types of aircraft but I'm not sure about thay). They consisted of a
metal tunnel (the escape chute) that slid down through the forward freight hold to extend
down below the aircraft through the freight hold door aperture afier the door was removed
using explosive bolts. Whether this would have provided a safe exit for the flight crew isa
debatable issue, especially when the stories above are taken into account. The BAC 1-11
prototype G-ASHG was lost in October 1963 - just months before the incident with G-ARTA
-when it got ifself into a stable sialled condition and the flight crew did not have enough
elevator authority left to regain control. The escape system was fired but the aircraft hit the
ground shontly afier the freight hold door was explosively removed. The flight test crew of
seven did not survive the accident.

Back to top

http://www.vc10.net/Memories/testing earlydays.html 10/27/04
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4 Verticle Stab

Profile | Email

Looking for info on the B-52 that lost its vertical stab over the Grand Canyon. I would love
pictures. I looked at the gallery with no success.

Mar 10, 2000 08:34:24 A M.

IKIRE:Vertical Stab (modified 0 times)
Profile | Email

Mr. Kelly M. Haggar wrote with the following: "The vertical fin (not "verticle") was JB-52H
61-0023, 10 Jan 64. See nice picture of it on page IGC790516-74 of Evolution of the B-52
Weapon System - Past, Present, and Future, Nov 88, put out by BMAC in Wichita."

Editor's Note: Pictures of this aircraft are also found in other books, one I know of is page 100
of Boeing B-52 Stratofortress by William G. Holder. It's out of print but copies aren't that hard
to find. -

Mar 13, 2000 11:20:09 AM,

IBIRE:Vérticla Stab {modified 0 tinies ) RS : . @
Profile

This aircraft lost its vertical stabilizer while engaged in a test flight researching mountain wave
turbulence over the Rocky Mountains (Colorado?), not over the Grand Canyon. In addition to
the BMAC document and the Holder book, I've found the following references: Airpower
magazine Vol 12, #2, March 1982, article 'B-52, The Once And Future Emperor of Airpower’ by
Boyne, p. 34 (2 photos w/captions); Aircraft Profile #245, Boeing B-52A/H Stratofortress by
Bowers, p. 21 (1 photo w/caption); Aerofax Datagraph 7, Boeing B-52G/H Stratofortress by
Jenkins and Rogers, pp. 9-10 (text only); Boeing B-52, A Documentary History by Boyne, pp.
112-113 (text, 1 photo w/caption). Hope this helps.

Mar 20, 2000 09:34:00 A M,

1171672000 6:46 PM
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BIRE:VErticlé Stab (madified 0 times : ) .- : . m
Profile | Email

You can find more about this at the US Air Force museum's web site. They have an article
about the incident with a photo. Of note, it was carrying two AGM-28 Hound Dog missiles with
inert warheads at the time. You may have to search a bit, but it's not too hard to find.

Medstar

Mar 24, 2000 05:41:13 P.M.

INRE;Vérticle Stab (iwodificd 0 times ) N ISR 5 11 |

Profile

This acft landed at Blytheville AFB, was painted orange and flown by a Boeing crew, It was
immediately towed to a hanger and secured. No one was allowed even close to it. A Boeing
repair crew was brought in and after minor repairs they flew it back without replacing the stab.
Ed

May 21, 2000 08:27:12 P.M.

IRIRE:Verticle Stab {médified O times) IR

Profile

It seems highly unlikely that Boeing would have performed only "minor repairs” and then flown
61-0023 out of Blytheville AFB "without replacing the stab", considering the unique and very
serious nature of the emergency. Without the vertical stabilizer and rudder, the aircraft would
have had little, if any, yaw stability, no ability to counter loss of engine(s) with rudder and an
unknown set of flight control interactions. Do you have any proof of your assertions? Is there
any authoritative documentation that Boeing flew this aircraft out of Blytheville without a
vertical stabilizer? If there is, 1 think a lot of us former B-52 drivers would like to see it.

May 23, 2000 01:00:10 P.M,

IIRE:VETticle Stabs (modified 0 timea)y -

Profile

I don't know of any documentation, 1 only know what I saw. The acft was only at Blytheville for
about 7-10 days, not enough time to install a new stab. If I remember correctly, only about
the top 1/3 of the fin was gone. Not being a driver, only a crew chief I wouldn't know how it
affected the handling, but they flew it to Ark from the Rockies and 1 watched it land at
Blytheville perfectly. After flying it that far I can see of no reason not to fly it back to Wichita.
Ed

May 25, 2000 12:59:28 P.M.

INIRE:Verticle Stab (modified 0 tines ) NN o T N scott|
Profile

We must be talking about 2 different aircraft. The B-52H I've been referring to, 61-0023, had
much more than the top 1/3 of the fin gone. Photographs of the aircraft show only about 15%
of the fin remaining on the aircraft, with the entire rudder gone. As far as it having flown from

1171672000 6:46 PM
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tha Rockies to Blytheville and managing to avoid crashing being a good enough reason to fly it
back out unrepaired, I doubt it. Aircraft are often flown long distances after having suffered
major emergencies in order to obtain the most favorable conditions for landing - that doesn't
mean the aircraft can or should take back off again without repairs. 1 often briefed my crew
that in the event of certain hydraulic failures resulting in loss of brakes, we would divert from
our home base of Griffiss in NY to Edwards in CA because of the long lakebed runway available
there. That sure doesn't mean I would turn around and fly it back to Griffiss just because I
was able to fly it all the way to Edwards and land successfully. The crew involved sure didn't fly
all the way to Blytheville just to show it could be done. Several sources (Boyne, p. 113;
Jenkins & Rogers, p. 10)state that Blytheville was selected because the approach there was
over unpopulated areas and the winds were right down the runway. This tells me that the crew
were concerned about possibly losing control and didn’t want to kill people on the ground, and
that they needed the most favorable wind conditions to try to land. That doesn't sound like an
aircraft anybody would want to take back off in again without repairing the damage. As to the
aircraft landing perfectly at Blytheville, the pilot involved, Chuck Fisher, is quoted as saying,
“the landing was not my best one but the airplane was drifting left off the runway and the only
way to stop it was to get it on the ground.” I quess your perspective varies when you're
actually in the airplane and not watching it from the ground. The aircraft made a flaps-up
landing since, as every B-52 pilot knows, you want to make minimal configuration changes
after experiencing structural damage as 61-0023 did. Therefore, if the aircraft was flown back
out of Blytheville unrepaired after having made a flaps-up landing with major structural
damage, it would have either had to take back off flaps up (ie, in the same configuration it
landed in)or it would have had to have its flaps lowered on the ground after it landed and then
take back off in a new, untested and probably unflyable configuration. A flaps-up takeoff in a
B-52 is a non-starter, unless you're the NB-52B at Edwards with 20 miles of dry lakebed to
use. I can't imagine any sane pilot/crew agreeing to take off in an unrepaired aircraft that had
lost all of its rudder and 85% of its vertical stabilizer, with unknown takeoff and flight
characteristics, no capability to effectively counter loss of engine(s) on takeoff, and no idea if
the mountain wave turbulence had caused additional hidden structural damage that might
decide to propagate further at any time. With respect to this incident,the Boeing document
"Evolution of the B-52 Weapon System-Past, Present and Future" says, "Although the
directional stability of the airplane was very marginal, the airplane was safely recovered by use
of special techniques of increasing drag aft of the CG, i.e. use of aft landing gear during cruise,
and outboard airbrakes only." That doesn't sound to me like an aircraft I'd want to fly
anywhere in unrepaired. My copies of Boeing document D3-5393, Time for Action, and
D3-5393-1, Time For Action AGAIN, make it very clear that "the rudder should be used as the
primary yaw control on the aircraft” (Time for Action AGAIN, p. 98)and that pilots should "Use
the rudder to assist the spoilers to control roll, and use the spoilers to assist the rudder to
control yaw." (Time for Action, p. 69). Without the rudder, the pilot will be unable to do these
things and will be sacrificing a significant aspect of overall aircraft control. As far as 7-10 days
not being enough time to change a vertical stabilizer/rudder, I can't say. My guess would be
that changing a vertical stab/rudder wouldn't be much harder than changing a pair of engines,
and I've seen that done in less than 7 days, but | could be wrong. On this particular aircraft,
the entire Boeing flight crew was ready to eject after the damage was sustained - the only
reason they didn't was a desire to try to save a highly-instrumented aircraft and the valuable
flight test data they had just acquired. That they were able to save the aircraft by flying it to a
landing location far removed from where it was damaged (and where landing conditions were
the best obtainable)is a testament to their skill and professionalism and not an indication that
the unrepaired aircraft could or should have been flown one more foot without significant
repairs. With all due respect, I have to believe that 61-0023 had its vertical stabilizer and
rudder replaced at Blytheville by Boeing before it was flown back out and on to B-52 fame. 1
was never a test pilot, but with over 3000 hours of B-52 pilot, instructor pilot and evaluator
pilot time, I can't conceive of any B-52 pilot being willing to fly that airplane back out
unrepaired with that kind of damage, even a test pilot. I await documentation proving

1171672000 6:46 PM
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May 29, 200002:12:20 P.M,

Protile | Email

I can't imagine any aircraft taking off with only a portion of it's vertical stab, let alone a BUFF! 1
was never a pilot, but was on seveal ground crews (FMS and OMS)and studied as a hobby aero
dynamics (I'm no expert). In some cases I suppose it couti be done, but obviously certain
parameters and conditions would have to be met in order to achieve the end resuit. In
addition, I would think that the assigned C.O. at that time would never ever approve such a
flight unless once again it was under strict controlled conditions, permission for this type of
flight would obviously have to come from the highest authorities like the SAC commander
himself, or maybe even higher? But who knows, the AF did some weird things that had all of
us wondering sometimes??? Hal

Pennis Wheeler
Gold Hill, Oregon

Jun 01, 2000 07:23:15 A.M.

Profile

Sounds to me like MBII saw the Buf leave with a new fin, perhaps didn't recognize that an H
has a short fin compared with the older talltails. It might be noted to you younger guys that
for a long time after that accident we flew training low level routes at 260 KIAS, as the fleet
was restricted to 270KIAS until extensive structural mods had been completed. At the time,
low level was becoming the primary EWO mode of delivery and the 52 had not been originally
designed with that in mind. The incident proved the vulnerability to turbulence.

Jun 01, 2000 04:04:47 P.M,

IIRE:Verticla Stab (odified 0 times) MNP RN ISR M5 11 |

Profile

It's been 35 years since I've even thought about this incident, but at the time we thought they
were out of their minds to fly the acft back without a complete new stab. Concerns about the
structural integrity of the tail section, the amout of security required and the fact that repairs
had to be made outside contributed to the decision to fly it back to depot. We were not allowed
close enough to see what type of repairs were made, but I was used to seeing G models and
when this acft left the tail didn't look like any of the planes we had at Blytheville. I'm sure they
installed some type of rudder and repaired the jagged edges where it had been ripped off. I've
got no axe to grind on this incident, 1 was only relating the information as best as I could
remember it. Things were done differently in the mid 60's, I launched an acft with only 7
engines running (starter problems} just to preserve a string of on time take-offs. (Memphis
Belle 11, 57-6513, 300 consectutive on time take-offs 1967) Acft Co's decision, I was told later
that they got the engine fired prior to take-off? The Buf aircrews were some of the best and
safest people I've ever had the pleasure of serving with, but believe it or not, there were a few
Cowboys around back then.

Jun 01, 2000 10:34:14 P.M.
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IIREVeiticle Stk (modified 0 timés)]

Profile

Concerning the B-52 without a V Stablizer... This is from an old man who only remembers
certain things..... A B-52 did land at Blytheville AFB with its entire V Stablizer GONE.. (all
except about 2-3 feet). Boeing Boys came, refused any help from OMS or FMS, (however a
few airman did some of the grunt work) jacked the aircraft, retracted and extended the
landing gear several times, changed the V Stablizer and took it back to the factory... Did not
remember any orange paint... Could have been that the V Stab had some orange primer paint
on it due to it being from the production line at Boeing. Again... as best as I can remember
they would not let anycne close to the Aircraft because they really wanted to see were they
were going to place the blame...

Ernie
Crewchief 1959-1967
Blytheville AFB, Eglin AFB, Ellsworth AFB

Jun 16, 2000 04:24:25 P.M,

[EIRE:Verticlé Stab (modifled 0 times

g

3dToadBS2H

Profile | Email
Well, I have a pic of 2 G model in glight with almost no vertical stab remaining. I'm not sure if

this is the jet in question, but it sure sounds like it. I'll mail out the pic if you want. Can't tell
the Acft #, so like I said, this may not be it.

Jun 16, 2000 06:50:58 P.M.

1171672000 6:46 PAI
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Jun 17, 2000 10:35:26 A.M,

RIRE:Verticle Stali (modified O tinies

Profile

Loadtoad....

Picture could have been taken before it landed at Blytheville AFB.. Instead of after takeoff from
Blytheville.. Again, Hell I'm just an ol man that barely remembers the incident... Triming the
old J-57's with water injection engaged, will rattle anybedy's ol brain....

Ernie

Crewchief 1959-1967
Blytheville AFB, Eglin AFB, Ellsworth AFB

Jun 17, 2000 10:44:26 A M.
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IKIREVerticld stat (wiodifiéd 0 twés Y NN o . I . Twisspia
Prolile

Yep..... that's her.... Hounds and everything except no V Stab... Could be landing... has gear
down, outboard airbrakes up...

Crewchief 1959-1967
Blytheville AFB, Eglin AFB, Ellsworth AFB

Jun 17, 2000 10:55:49 A.M,

IBIRE;Verticla Staly (modified © times

Profile

Also If the picture was post Blytheville it would not have the hounds still on it.

Jun 18, 2000 10:19:17 A M,

IEIRE;Veérticle Stab {miodified 0 timeés) RS

Profile

This is probably the most well-known of the photos of the aircraft involved in the loss of the
rudder and most of the vertical stabilizer due to mountain wave turbulence and was most likely
taken by the chase aircraft that accompanied her to Blytheville AFB. There are other, less
well-known photos also. Also, this is an H-model, not a G-model as Loadtoad states. The 20mm
Vulcan cannon in the tail and the bypass exhaust ducts of the TF33 turbofan engines are all

clearly visible in the photo.

Jun 20, 2000 09:56:37 A M.

WIRE:Verticle Stat’ (modiffed 0 times ) I

Profile | Email

Scott do you know where I can get any other photos of this B-527?

Jun 24, 2000 10:34:43 A M.

111672000 6:46 PM
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INIRE:VErticlé SGY (modified o tides )RR PR R <t ot |
Prolile
Joseph,

The copy that I have of this particular picture of 61-0023 is on page 21 of Aircraft Profile 245,
Boeing B-52A/H Stratofortress, by Peter M. Bowers. There are at least 3 other, very similar,
pictures that | have copies of. These 4 photos were all prebably taken only minutes apart, all
obviously by the same person. One is on page 112 of the book Boeing B-52: A Documentary
History by Walt Boyne. Another is on page 34 of the March 1982 issue (Vol 12, #2) of
Airpower magazine in an article called B-52: The Once And Future Emperor of Airpower, also
by Walt Boyne. The third photo is on an unnumbered page in a Boeing Wichita document
called Evolution of the B-52 Weapon System-Past, Present and Future. This document was
referenced in one of the first posts in this thread. Finally, also on page 34 of the Airpower
maqazine, there is a completely different view of the damaged vertical stabilizer (or what's left
of it) taken on the ground, probably at Blytheville. These 5 photos of 61-0023 with its
damaged vertical stabilizer are the only ones published that I'm aware of. I would bet that the
photo that Steve references as being on page 100 of Holder's book is one of these 5, probably
one of the sequence of 4 taken at about the same time in flight.

Jun 26, 2000 12:58:25 P.M,

IIRE;Véiticls St (modified 0 times) MIERTRENREN RIS TN SR EEY S <ot |

Profile

Joseph, I just checked the USAF Museum site that Medstar referenced in his earlier post on
this thread and the photo there is the same as the one on page 34 of the Airpower magazine
article that | referenced.

Jun 26, 2000 01:09:38 P.M,

INIRE:VErticié Stab (wodified 0 times ) Ny S o P ST PUSTCIENDRRT |76 |

Profile

what i remember about this incident was being on a bomb run against little rock bomb plot and
being diverted off range at 120 sec tg (i think)and to report 2ny visual sightings of the aircraft.
qot all the details after landing. but never heard of flying the aircraft w/o a vert stab after the
landing at blythville

Oct 039, 2000 11:20:44 A.M,

WIREVerticld STab (modified O | AP NPPENY M (ke |

Profile | Email

Not sure if this is the same incident but [ attended the retirement of Col Charlie Brown at
Edwards AFB in 1996 at the B-2 test facility, and the presiding officer told a story about Col
Brown being the only pilot to ever land a B-52 without a Vert Stab. I'm sure he never worked
for boeing so this may have happened a couple of times

Mike L

Oct 31, 2000 07:26:36 P.M.
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Prolile

Actually, Charlie landed the aircraft without an operable horizontal stab. He experienced a dual
SASS failure (the vertical stab was intact}._‘The aircraft broke into three pieces after "landing.”
The EW and Gunner were actually “hanging out the back" still strapped into thier seats. All
survived. Charlie did a great job. Two other "stab out" dua! SASS failure landings occured after
this one, one at Wurtsmith and the other (I think) at KI. Because of lessons learned from
Charlie’s experience, both aircraft were able to land safely. BTW, Charlie's accident was at
Wright-Patterson before the BW closed there.

Nov 12, 2000 03:54:21 P.M.
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Unknown Page 1 of 1

NTSB Identification: Unknown
14 CFR Part 91 General Aviation
Event occurred Thursday, June 04, 1964 in WICHITA, KS
Aircraft: LEAR M23, registration: N301L

FILE DATE LOCATION AIRCRAFT DATA INJURIES FLIGHT : PILOT DATA
F s M/N PURPOSE
2-0240 64/6/4 WICHITA KAN LEAR M23 CR- 0 O 2 WMISCELLANEOUS AIRLINE TRANSPORT, AL
TIME ~ CBDD NBOIL PX- 0 0 O TEST 41, 5700 TOTAL HOURS,
DAMAGE-DESTROYED or- 0 0 0 IN TYPE, INSTRUMENT
RATED.
NAME OF AIRPORT - WICHITA
TYPE OF ACCIDENT PHASE OF QPERATION
STALL: SPIN . TAKEOFF: INITIAL CLIMB
WHEELS-UP TAKEOFF: ABORTED

PROBABLE CAUSE(S)
PILOT IN COMMAND ~ INADEQUATE PREFLIGHT PREPARATION AND/OR PLANNING
PIL%T)IN COMMAND - FAILED TO USE OR INCORRECTLY USED MISC.EQUIPMENT
FACTOR(S
MISCELLANEQOUS ACTS,CONDITIONS - SIMULATED CONDITIONS
FIRE AFTER IMPACT
REMARKS~ ATTEMPTED TAKEOFF WITH SPOILERS EXTENDED

Printable brief - Please change to print landscape.

Index for Jun1964 | Index of months

http://wwyw.ntsb. gov/ntsb/brief asp?ev 1d=80304&key=0 ‘ 11/4/04
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c-
Wth Annivvesary of the Air burce Hlight Tot Conter

’ ¥

P o '-.'y";,_i"

feht Tot Cemtr
Borin iy bWy,
AUG. 11, 1968

' B To commemorate the 50th Anniversary of the Air Force Flight Test Center,
T T hich was established June 25, 1951, the AFFTC History Office will recall some
of the milestones in flight that took place here during the last half century. These

rticles will appear on a weekly basis throughout the year 2001.

(=3 o QR Wty Not Put Lift Fans in the Wings?

By Dr. Raymond L. Puffer
4ir Force Flight Center historian

. .1 Aviation designers have been
working on the concept of vertical
and short takeoff and landing

=2 %N (V/STOL) aircraft for many years.

asegq 80404 Jiy SpJemps]

e®] There are a number of different ways
AT § to combine a helicopter’s lift with the
AP el B N ) performance of a conventional
PURASTAITRUPIREES airplane, but developing a practical
and successful hybrid aircraft has
proven to be a surprisingly difficult
task. Numerous approaches have been explored over the years, of
hich the two Joint Strike Fighter concept demonstrators are only
e latest. There have been tilt-rotors like the CV-22 Osprey,
ilt-props and tilt-wings, as well as deflected-slipstreams,
deflected-thrust, thrust augmentors, and tailsitters. Many of these
exotic designs have been tested at Edwards, and Air Force Flight
est Center pilots have often been called to fly some extremely
usual aircraft.

On Aug. 13,1965, Maj. Robert L. Baldwin lifted an oddly
humpbacked brown jet into the air and began the Air Force Flight
Evaluation of the GE-Ryan XV-5A. General Electric had been
hing a fan-in-wing concept for V/STOL aircraft, and late in §

1961 it won an Army contract for a concept demonstrator. GE
subcontracted the design and construction work to Ryan. The
XV-5A that resulted was a small, fighter-like design: 44 feet long
vith a 30-foot wingspan. )
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Why Not Put Lift Fans in the Wings? : Edwards Air Force Base

20f3

A pair of J85-GE-5 turbojets
ounted in the fuselape spine
nrovided approximately 5,000
pounds of thrust in normal
flight. When vertical thrust
vas needed, the pilot could:
hotuate a diverter valve that
directed some of the exhaust ——

rases to a pair of fans, 5 feet in ﬂﬁf‘s“o&“m‘“’éﬂm"&?;ﬂm
diameter, locatedinthe . _
inboard portion of cach wing. The wing fans rotated in opposite-:~
directions and were covered by large hinged doors in convcnnonal
flight. Exhaust gas also powered a smaller fan in ' the nose that-
provided pitch contfol and a measure of additional lift. All three o
fans together provided 16,000 pounds of vertical thrust: A set of
louvered vanes undemneath each of the large wing fans c;ould vector

-

ethmst m any dlrectlon and prowdcd yaw control T 5 .

-

e XV-SA was e55ennally an Amly pro;ect, and the AFFT C's role
as mission support. This always involves a lot more than just
letting the Responsible Test Organization (RTO) use the runways
nd fire trucks. In this instance, the Flight Test Center provided
eight and balance facilities, chase and pace aircraft, photography
overage, fuel and lubricants, instrumentation and calibration lab
Bfacilities, power plant services, the thrust stand, theodolite and
telemetry coverage, and parachute facilities.

C pilots flew the two XV-5A'son [~
many occasions and built up a lot of e
expertise. During the Air Force
evaluation phase, Baldwin found over | ..
the course of 15 sorties that the little jet | - - =
ad a large airspeed envelope, from SIRE
otal hover to speeds in excess of 400
knots. It was "...stable, easy to control,
nd a pleasure to fly," at least in most
of its flight envelope. However the
hangeover from horizontal to vertical

urred in one stage — this made for R R T
ricky handling in the air. shows tne ving tan docrs and

All in all, though, the XV-5A had turned out to be a promising
oncept. Why, then, didn't some equivalent of the AV-8 Harrier or
the X-35 appear decades earlier? The lift fan system was heavy and
required too much intemal volume, and service pilots would have
difficulty with the narrow transition zone.

After a series of accidents, the Army and the Air Force lost interest

10/0272001 6:44 PM
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d soon it became literally a case of "back to the drawing board.”
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3ih Annivenary of the Air borce Hight Jost Conter

“ > THIS WEEK IN HISTORY...

MAY 18, 1968

To commemorate the 50th Anniversary of the Air Force Flight Test Center,
which was established June 25, 1951, the AFFTC History Office will recall some
of the milestones in flight that took place here during the last half century. These

articles will appear on a weekly basis throughout the year 2001,
A Strange Bird Goes To Sea

By Dr. Raymond L. Puffer
4ir Force Flight Center historian

Support for the warfighter sometimes takes many interesting forms.
On May 18, 1964, a team of Flight Test Center pilots performed
one of the more unusual feats in Air Force Flight Test Center’s

xperience. On that date, just 35 years ago, they performed the first
successful landing of a vertical/slow takeoff and landing (V/STOL)
pircraft — on a Navy aircraft carrier.

aseg 90u0- Jiyy SpJemp

) The XC-142A itself was an unusual
bird. The 1960s saw a fair number of

.. | experimental vertical/short takeoff
<4d and landing (V/STOL) aircraft, but .

=¥ one of the most feasible-looking was
- { LTV Aerospace’s XC-142A. For one
_ ¢;»] thing, the goal from the outset was to
RIS develop a practical intra-theater
Do Al b A iaiill transport capable of delivering cargo
to forward combat positions.
Although the five aircraft constructed
vere concept demonstrators, LTV was thinking prototype as much
as possible. In order to operate from short, unimproved strips or -
from aircraft carriers at sea, it was designed with a pivoting wing
and four T64-GE-5 3080-horsepower turboprop engines. A
omplex interconnected drive system linked the 15-foot fiberglass
propellers and allowed a single engine to turn all four lightweight
props if necessary. A small, horizontally mounted tail rotor assisted
ontrollability in hover.

Aside from the pivotal wing, however, the XC-142A looked like a
somewhat stubby, efficient small cargo hauler. Its designers had
provided it with a compartment capable of carrying 32 fully
quipped combat troops or 8,000 pounds of cargo in a vertical-lift
mode. Top speed in horizontal flight was 430 mph and, fitted with
special fuel tanks, it would have an ocean-hopping ferry range of
some 3,800 miles. Some enthusiasts even predicted a
submarine-hunting role, with the radical aircraft operating from

1172412001 5:26 PM
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avy anti-submarine task forces. The end produict of this thmkmg
the world’s largest V/STOL aircraft and the first such -
erican vehicle with enough payload capabllity to penmt

perational evaluanon by the m1htary semces _

Tri-Service Test Force of 150 n:ul:tary and cmhan personnel was
established at the Flight Test Center, and eventually dcmonstrated '
\FFTC’s ability to handle a difficult and innovative evaluation =~
rogram. AFFTC’s Lt. Col. Jesse B. Jacobs directed the test force,
hich included Army, Navy and Marine Corps pilots as well as Air
orce. The first of five XC-142As built by LTV arrived at Edwards
n July 9, 1965 following a 1,200-mile flight from Dallas — the .
irst long distance hop of a V/STOL aircraft. The new transport . °.
roved easy to convert from vertical to horizontal flight, and the
est force gave it high marks for its speed and stability in hover. -
er the following months the team conducted a wide variety of ™.
ests. At El Centro, they developed a “dump truck™ method of
fﬂoadlng cargo at extrcmely low altitudes and speeds The alrcraft
ier handling trials went just as well. L

reliminary carrier ¢valuation trials
ook place during one intensive day
f flight operations aboard the USS

d calm seas were established for -
his event, which was conducted in
e Pacific just offshore from San . [RIUEETEERUPSIRPEPTEregrA
Diego. That day marked the first time [rmpaliibobie ddatt i
in American naval aviation history
t a transport-type airplane capablc -
f flying more than 400 mph had taken oﬂ' and Ianded from a vesscl
underway at sea. Before nightfall, relays of test force pilots had
rformed six vertical and 44 short takeoff-and-landings, mcludmg
ouch-and-go, full stop, and go-around flight configurations. They -
mpleted successful landings and takeof¥s from all sections of the

tisubmarine carrier’s flight deck.

http_t/affic.edwards af mil/weekly/docs_html/install-19 html
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‘

B For all of its great promise, however,
Jl the four-engine V/STOL transport
was still somewhat ahead of its time
i} anid never reached its full potential.{ J
{ The airplane was somewhat
7| underpowered and was subjecttoa -

M number of handling difficulties. An-
Ty 2ccident took place during the course
composte phcto shows the transor RUE simulated rescué mission in
yom the XC-142s vertical tak en™to Texas and kl"ﬁd threc CTC\V
1orvend et members. Another XC-142A was -

- heavily damaged dunng ahard

andmg and a third was written off following a taxi accident. Soon
pttrition left only a single aircraft to continue the trials and the

Previousweek - .. . . . . __ Following week

3of3 10/:02/2001 7:16 PM
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ASN Aircraft Accident description 12 MAY 1965 MBB HFB-3... Page 1 of |

AviationSafetyNetwork

e . -oo_;;cooss‘n;; Amldeni Degcnptlon
THome . . Homepage > ASN Safety Database

 Accidentspeciais]  Accident Description Status:  [legenda]
Aviation safety

~CVRIFDR .
. Database - Date: 12 MAY 1965
* Maiting list - Type: MBB HFB-320 Hansa Jet
Sham | Operator

' Registration: D-CHFB

i Plctures -

t Accident reports ]
I
-

 Publications __}  Msn/ClIm: 1001
© Safety fssues Year built: 1964
[ Stalstes. -1 Crew: 1 fatality / 3 on board

SR Passengers: O fatalities / 0 on board
: UBB.classic "Forum
{ Guestbook - .. Total: 1 fatality / 3 on board
 Emal Airplane damage: Written off
: AboutASN.. -} Location: Torrejon (Spain)
Phase: Cruise
Nature: Test

Narrative:

The HansaJet prototype was in the midst of stall
configuration tests at 22,000 feet. when it attained an
extreme angle of attack resulting in a superstall. The
airplane then entered an uncontrollable flat spin. Two crew
members were able to parachute to safety.

Source: (also check out sources used for every accident)

[disclaimer]

Copyright © 1996-2004 Aviation Safety Network

http://aviation-safety.net/database/1965/650512-0.htm 11/12/04
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FSDESIGN BERLIN

, HFB HANSA
< Home ijnlonds HISTORY >

320 Hansa Jet

isherlinf emunet

Updated 19.05.2004

[0 Hamblirger Flugzeugbau G:'m.b.H3?
A Hamburg-Finkenwerder Germany

|| HFB 320 Hansa Jet

http://members.lycos.co.uk/Berlin_flightsim/hfb01.html? - 11/12/04
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PR R L R O s T i e e T ) e i v ’

h D CHFB beforé the 'f' rstﬂlght... T Nand a'-t"'thlé' ﬁrst h
flight on April 21, 1964.

st £ c-%"@"'
-‘ ;_ms‘.

An intensive prooftesting was started. The chief of this test

programm was Dr. Studer. The V1 prototype was equipped with
~a numerous measuring equipment (310 measuring values could
be determined). l

http://rpeﬁbers.lycos.co.uk/Berlin_ﬂightsim/hbe 1.htmi? 11/12/04
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Test fhght of prototype Vl R o b inside
with measuring equipment

D-CHFB crashed during the 121th test flight on May 12, 196S5;
but a second prototype has been flying since October 19, 1964,
and manufacture of the first 10 production Hansas was scheduled
for completion early in 1966.

The Hansa History will be continued

In essential parts this text dates from the following sources:

Herbert Neppert (1984): Die Hansa-Jet-Story. Erinnerungen eines
Aerodynamikers.

ELECTRA

Home Downloads HISTORY

http://members.lycos.co.uk/Berlin_flightsim/hfb01.html? . 11/12/04
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LAX66A0015

NTSB Identification: LAX66A0015
14 CFR Part 91 General Aviation
Event occurred Wednesday, August 04, 1965 in SAN DIEGO, CA
* Alrcraft: CONVAIR CV240D, registration: N94294

FILE DATE LOCATION AIRCRAFT BATA INJURIES FLIGHT PILOT DATA
F Ianm PURPOSE

2-0712  L5/8/4 " NR.SAN DIEGOCALIF CONVAIR Cvauld (R- D 0 3 NMISCELLAKEOUS CONNERCIAL Y AGE MU, *
TIRE - 0920 N4 PX- 0 0 © TEIT TOTAL HOURS. %2 IR T
DPARMACE-SUBSTAKTIAL ¢T- C O O INSTRUNMENT RATED.
TYPE OF ACCIDENT PHASE @F OPERATION
AIRFRAME FAILURE: IN FLIGHT IN FLIGHT: OTHER
FROBABLE CAUSE(S)
AIRFRARE - FLIGHT CONTROL SURFACES: ELEVATOR ASSEMBLY.ATTACHRENTS
AIRFRANE = FLIGHT CONTROL SURFACES: HORIZONTAL STABILIZER. ATTACHMERTS
RISCELLANEOUS ACTSHCOMDITIONS - FLUTTER
MISCELLAKEQUS ACTSJCONDITIONS = OVERLOAD FAILURE
EMERGENCY CIRCUNSTANCES - PRECAUTIONARY LANDING O8N ALRPORT
SUSPECTED OR KNOEN AIRCRAFT DANACE
PITCH CONTROL PROBLER
REMARKS~ AIRCRAFT IS CONVERSION MODEL I8 EXPERIMENTAL CATAGORY.ACCIDENT DURING FLUTTER TEST PROCRAN

http://wwiw.ntsb.gov/ntsb/brief.asp?ev id=74632&key=0&print=1 , 11/4/04




MKC65F0006

NTSB Identification: MKC65F0006
14 CFR Part 91 General Aviation
Event occurred Thursday, January 14, 1965 in WICHITA, KS
. Alrcraft: CESSNA 337, registration: N2102X

FILE RATE LOCATION AIRCRAFT DATA INJURIES FLIGHT

PILOT DATA
F I A/ PURPOIE

3-0108 W5/1/34  WICHITA KAN CESSNA 337 CR- 0 0 1 NISCELLAME®US COMMERCIAL~ AGE 3. .
ST ST TIMEC- M§3D T £2102 — -~ — - PX+—0 -0 -1~ TEST —---— —————-- TOTAL HOURS+ 19 IN T — — — ——

PANAGE-SUBSTANTIAL 6T- 0O O O NOT IRSTRURENT RATED
NAME OF AIRPQRT - CESSNA FIELD

TYPE OF ACCIDENT . PHASE OF QPERATION
WHEEL3-UP LANDING: LEVEL OFF/TOUCHDGWN
PROBABLE CAUSE(S)
LDG CR-INPROPERLY RIGGED.
PERSONMEL = MAINTENANCESERVICING-INSPECTION: IMPROPER MAINTENANCE (RATNTENANCE PERSOMEEL)
PERSONNEL = MAINTENANCE-SERVICINGIRSPECTION: INADEQUATE INSPECTION OF AIRCRAFT (NAIXTENANCE PERIONNEL)

http://www.ntsb.gov/ntsb/brief.asp?ev i1d=77122&key=0&print=1 11/4/04
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L

NTSB Identification: HKC66ABO3G ~~ '~ -

14 CFR_Part_91 General fiviation o

! Tuesday, January 0%, 1966 1n Mﬂ?FIELD KS
aircraft CESSNA T- 21BF registration° N6708R
FILE INJURIES FLIGHT PILOT nata

F S N/N PURPOSE. . . . .
2-0868 CR- 2 0 0 MISCELLANEOUS' cunnzncan FL INSTR.,
TIME - 1341 PX- © 8 0 TEST AGE &6, saln TOTAL HOURS,
DAMACE-DESTROYED OT- 0 O u 51 IN TYPE, NOT IHSTRUHEHT RnTED.
TYPE OF ACCIDENT -~ . - . .- '.. PHASE OF OPERATION .

COLLISION WITH. cnnunnluarsn UHCOHTRULLED IN FLIGHT: unanTRnLLEu DESBEHT
PROBABLE CAUSE(S) nlscELLnNEnus - UNDETERMIHED

FIRE AFTER ' IHPACYT - ST C :

REMARKS- CREW UAS TO anIBnaTE AUTO-PLY SEMSITIVITY.:!
ACFT ENTERED CLMB AT LO ALT,THEN ENTERED DIUE,CRASHED.

firliners.net: Cessna 218 centurion
Photos,. -, - . . e .

210L - One 225kW (380hp) Continental 10-520-1L Fuel injected
flat six piston engine driuing a three hlade constant speed
HcCauley prop.. :
TS10-5208-R, driving a constant speed three blade prop.
P21CR - Une 250kW (325hp) turbocharged and fuel injected
TSI0-520-CE.
Performance . .- -

210L - Hax speed 324kn/h (175kt), max cruising speed 317km/h
(171kt), long range cruising speed 249km/h (13xkt). Initial
rate of climb 950ft/min. Service ceiling 17,300fFt. Max range.
with reserves 1972km (1065nnm).
T2161 - Hax speed 380km/h (205kt), max cruising speed 367km/h
(198kt), long range cruising speed 260km/h (140kt). Initial
rate of clinb 1630ft/min. Service ceiling 28,580ft. Range at
long range cruising speed 1455km (785nn).
P210R - Max speed W17km/h (225kt) at 208,800ft, max cruising
speed 394km/h (213kt) at 23,000ft. Initial rate of climb
1150Fft/min. Service ceiling 25,000ft. Range with reserves and
optional fuel 2205km (1190nm).
Weights

210L - Empty 1815kg (223831b),.max takeoff 1725kg (38001b).

T210M - Empty 1022kg (22501b), max takeoff 1725kg (38001b).

P210R -~ Empty 1128kg (24701b), max takeoff 1860kg (41001bh).
Dimensions

210 - Wing span 11.15m (36ft 9in), length 8.59m (28ft 2in).
ting area 16.3m2 (175.5sq ft).
T2184 - Wing span 11.21m (36ft 91in), length 8.59n (28ft 2in),
height 2.87m (9ft 5in). Wing area same.
P210R - Uing span 11.8h4m (38ft 10in), length 8.59m (28Ft 2in),

Page 1
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SUMMARY

At 0926 on 8 June 1966, an Air Force XB-70A, serial number 62-0207,

and a NASA F-104N were involved in a midair collision eleven miles north
of Barstow, California. The XB-70 departed Edwards AFB, CA at 0715 on a
scheduled test mission to accomplish flight requirements as specified by
the contractor, North American Aviation Company and the Air Force. The
aircraft commander was a pilot employed by the contractor. The aircraft
was scheduled to accomplish the following: (1) airspeed calibration,

(2) sonic boom run, (3) flight familiarization for an Air Force crewmember,
and (4) a formation flight with five other aircraft. During the accomplish-
ment of the formation portion of the mission, the XB-70A and the F-104N
collided) 'Both aircraft were destroyed. The XB-70 copilot and the

F-104N pilot received fatal injuries.
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= FEDERAL AVIATION AGENCY
EDMARDS RAPCON

ETMARDS RAPCOR

Subject: Retorded conversations relating to mid-air collision of Alr
Force 20207 and FASA 813, Pericd covered from 1621 QNI through 1835 oMT
on June 8, 1966,

Fdwards RAPCOH Radar Adviscory Positiom 2 = RA<2
Edwards Data Control DATA
Alr Forcs Aircraft 20207 207
Afreraft NASA B13 813
Af{rcraft 989 989
Alr Force Alreralt 601 601
Alreraft Bactender 957 97
Aflr Force Afrcraft 15% 19%
Alreraft Spell 61 61
tnknosm (Station making transmission s

not known) ' URK

. I HFREBY CERTIFY that the following is a trus transcription of the recorded
conversations perteining to the subject accident,

7/‘%".‘" 7 /fc/L
Will Ca Cable

Faclility Operations Officer

WE MUST BE HELPING THE CIMULUS ACTIVITY ALONG WITH ALL THIS
HOT AIR

ROG

EDJARDS THIS 12 SPELL SIX ONE ARR WE CLEARED IN SOA ALPHA
OVER

SPELL SIX Ot CLEARED TO OPERATE IN SOA ALPHA FLIGHT LEVEL
TW0 FOUR ZFRO TO FOUR ZERO ZERO THERE IS A AR FORYATICN AH
B SEVENTY AND ENTOURAGE AT TEN O'CLOCK FIFTEEN MILES IN A
LEFT TURN SOUTHEAST BOUND WHAT POSITICH AH WHAT AREA WIIL
YOU BE CPERATING '




I'LL BE OPERATING IN THIS POSITION TO ABOUT THREE (R FOUR
HILES NORTH OF HXEX

All ROGER WE'LL KEEP YOU ADVISED OF RIS POSITION AXD SPELL
SIX (NE WHAT ALTITUDE

ROGER WE'LL BE FROM AH TWO FOUR ZERO TO ABQUT TWO RIGHT
ZIRO

ROGER THEY'2B AT FLICHT 1EVEL ™0 FIVE ZERO

pPOSITIVE IDENT (UNINTELLIGIBLE) OX TWO FIVE POINT OB
OvVER

TWO ZERO SEVEM TRAPFIC TWO ZERO MILES BAST OF YOR POSLTICH
mxmnmsmmsmmmmmmmowo
SEVEN ZERQ

ROGER THARE YU
smsnummnszvxmm'

(UNINTELLIGIELE) I GOTTA COMTRAIL OUT THERE BUT I DR'T
(CWINTELLIGIBLE) '

(UNINTELLIGIBLE) MILES SOUTIMEST OF YOUR POSITICN EASTBOUND

mn:mgmnznmommms. THE 1EAR JBT SAID.

THANKS JOB

MLIBMTMISMMEBCMIDCRROMLYA
FIFTY BIGHT DOR'T YOU THINK

YEAH

SI‘!IILSIXG‘SAH!MISHW

ok DICK




1625

1625
1625
1625
162%
1625
1626

]
1626

1626
1626

1626

1626
1626

1626

1626

1628

RA=~2

34

51
BA=2
61

RA=2

207
RA=2

207

4

T ——n - -

3=
aE WO MILES SOUTHWEST OF YOUR POSITICN EASTROUMD DO YOU
IAVE HIM INK SIGET?
AR KEGATIVE
ROGER ROW TEN O'CLOCK OME TWO MILES EAITBOUND
ROGER WHATS RIS ALTITULE
AT FLIGHT LEVEL TV0 FIVE ZERO
ROGER WE'RE DOWN BELOY AH SIXTEEN HEEE ROW

AR POGZR

TWO ZERO SEVEN EE'S OFF YOUR LEFT WING NCOW AR BELOW THE
CLouDs

AR ROCER THARK YOO
TIE B FIFTY EIGET SPESD RUR IS KOJ ONE FIVE MILES EAST
F YOUR POSITION WESTBOUXD AT THREE ZXR0 ZERD OR ABOVE

ROGER I HAVE HIM TRANK TOU

(UNINTELLIGIBIE) MID-AIR, MID-AIR, STANDRY POR

-

YOU GOT THE VERTICALS

THIS IS COTTON YOU GOT THE VERTICALS CAMR OFF LEFT AND
RIGHT WE'RE STAYING WITH YA NO SWEAT RGJ YOU'RE ROLDING
GOCD AL

JOE WALXER BAR INTO HIM AND 1 THINK HE'S BAD IT

OK TH® 8 SEVENTY WENT UPSIDEZ DOWN IT'S ROLLING ROW THE
LEFT WING (UNINTELLIGIELE)




e
BAIL OUT. BAIL OUT, BAIL QUT.
BAIL OUT, BAIL OUT. BAIL (UT,

SPELL SIX ONE TWE B SEVENTY'S CREW HAS BAILED. OUT Ot
ZERO MILES SOUTH OF YOUR POSITION REMAIN WELL CLEAR (¥
THAT AREA

THE B SEVENTY IY SPINNING TO THE RICGHT
ROGER WE RAVE HIM IN SIGET

LOOES LIKE A CAPSULX CAME COT IT'S SPDIIVING TO THE RIGHT
ROSE 1S SLIGHILY DOWN

HO CHUTES
SEE RO CHUTES YET. THS MAIN GEAR 18 (UNINTELLIGIELR)

EDWARDS THIS IS SPELL SIX ONR WE HAVE THE AIRCRAFT IN
SIGHT GOING DOWN IN FLAMES

THTRE IS A CRUTE, THERE IS A CHUYE, THERE 1S A CAPJULE,
JUST OB CHUTE

B SEVENTY WING UP WERE RIGH T0 THE RIGHT

B SEVENTY WINGS TO OUR RIGHT WE'RR AT FIFTEEN THOUSARD
PERT. B SSVENTY IS GOING DOWH I SK2 (NS CHUTE, (¥ CAPSULE

SPELL SIX CRE REMAIN WELL CLEAR OF THAT AREA THERK ARB
. SIX AIRCRAFT IN THAT PCRMATION

AH ROGER WE*RE GOING BACK TO THE NRTH

THS AIRPLANE 1S 1IN A FLAT SPIN. THE AIRPLANE IS IN A FLAY




«Su

SPIN SLIGRILY NOSE DOWN MOST OF THE LEFT WING IS GOE
HALF, I'D SAY A THIRD (F THUE 1EFT WING 13 GONE,

WE GOT SEVERAL PIECES AROMD T3

{UNINTELLIGIEIX) BURNING PIRCES TO THE FORTIWNEST THE
AIRPLANE IS FIAT, WXI'RE STAYING CLEAR CF THR CAFONNE,

(NINTELLIGIBIE)

WE GOTTA WATCR THAT WING PEIE

(ORINTELLIGIELR)

AXD THE AIRPLARE IMPACTED WATCH THE WING, WATCR THE WING
(F THE AIRFPLAFE, BE CAREFUL OF TUHE CAPSULE, IEXE DO YOU
EEAR U3?

ROGER WE EXAR YOU GO AEEAD




1-1 ihes, 37400 REPORT
of the

-l LABORATYRAY i

FEDERAL BUREAU OF INVESTIGATION
WASHINGTON, D. C.
: Lieutenant Colonel C, P, Patton
Inspector General's Office ] June 20, 1966
Flight Safety Division
Department of Air Force BY LIAISON
The Pentagon
¥Yashington, D, C.

: UNKNOYN SUBJECT; .
CRASH OF U, 3. AIR FORCE Jobs Ldgar Noover, Director
XB-70 AND P-104 AIRCRAFTS

BARSTOW, CALIFORNIA, 6/8/66 YOUR NO.
REQUEST FOR LABORATORY EXAMINATION F3IFILE NO.
LAB, NO, E-383 JZ
framisation reqrested ¥y3 Addressee

Raferesce: Telephone c:ll 6/113/66
- I:'uilnuu Tequested: Audio Anslysis

| Epeciment

Q1 Short length of 1/4-inch magnetic recording tape on S.inch reel
Q2 Short length of 1/4-inch magnetic recording tape on 5-inch reel

Q3 Four short pieces of heat-damaged 1/4-inch magnetic recording
tape -

Result of examipation:
No evidence‘ot recorded information appeared on Q2.

. Evidence of recorded information appeared on two
. 'pleces of Q3. po intelligence could be extracted

" because of the warped and heat-damaged condition of the tape,
_There.was: ho evidence of recorded information on the remaining

- two pleces of Q3.

Thers is met out below & transoript of the intelligible
portions of Ql. Thoss portions of QL which were unintelligible
(garbled) apparently resulted from simultinéous transmissions or
overmodulation, Other portionq of Q1, which are undexrlined, are
susceptible -to interpretation.

(Continued on next page)
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tvo zero seven traffic two zero miles east of your position
-orbiting three sisters spot 'em at two four zero two seven zero

Roger thank you .

I've got a contrail out there but I don't thipk (pause) he
looks like he's higher than this plane (Might be. carrier off
between "think™ and "locks"),

garbled transmission

grrbled transmission

(tone burat)

Two zero seven the lead ship says about three more minutes

OK thank you

Two zero seven he's off your left wing now uh below the clouds

All Roger thank you

B fifty-cight the speed run is now one five miles east of your
position wvestbound from three (word dropped or covered) above
{word or words covered] thank you

(noise other than sudio) (45.8 seconds after "tone burst.”)

(2,2 seoonds later following transmisaion commenced)

=wwair midair stand by for (garbled)

(gwrbled) You've got some_vertiocal gone -~ this is Captain - you've

got some vertical came olf lelt and right - we're staying with
you ~ no question your home base is out

Clexr: Roger Roger gentlemen I think we can make it

(this transmission garbled but sounds like above)

The XB seventy went upside down :

(sounds 1ike) Bail out bail out bail out (firat voice of two)

Bail out bail out bail out (second of tro‘voipea)

Page 2
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OK (garbled) there something fell out it looks like

It looks like a capsule came out

(garbled) spinning to the right with nose - nose slightly down
(garbled) landing gear is down, nose geear is up

1Chute ses 3 good 'chute

There's a 'chute there's a capsule

There's one 'chute (garble)

(garble) up here bigh and to the right (garbled) right rear

izarbled) fifteen thousand feet (garbled) I see oné fchute one
capsule - correction (this could.be a different voice for word
"correction") - the airplane's in a flat spin the airplane is

Bingle-wing in a flat spin slightly nose down most of left win
is gone (garble) half (garbled) left wing is gone (garble)

End of tipa

Ql, Q2 and Q3 are being returned under separate cover.

This report confiras information which has been
subritted telephogically,
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TRANSCRIPT OF AIR/GROUND COMMUNICATION AND INTERPHONE
CONVERSATION DURINC LAST FLICHT OF XB-70A NR 20207

HOTE: Call signs of the afrcraft partfcipating in tha formation flight are glven.
The transcript Includes only UNP commmicaticn and available interphone
conversation that took place in the XB-70A.

{In formation T-38 601 F: Capt Hosg. CP: Col Cotton

ordar, left to
right) F-4B BARTENDER 97 P: Codr Skyrud, OBS: ATl Black

IB-J0A 207 P: Mr ¥hite. CP: Maj Cross
F-104N 813 P: Mr Walker

F-SA 989 P: Mr Fritz

Times given are PDSI:

0908:54 INTPH (WHITE): Do you want to fly?
(CROSS): Say again.
(WHITE): Do you went to fly?
(CROSS): Affirm, I have {r.

0909:31 DATA CONTROL: Two rer0 seven what is your total fuel?l
207 (CROSS): Eighty point five.
DATA CONTROL: Roger.

INTERPHOKE: {Carbled and intermittent conversation up to and
immediately before next sequence)

0912:13 DATA CONTROL: Two zeto seven may I havs your tank one and tenk
efight quantity please?

0912:28 207 (CRrROSS): Tank - tank one is seventeen point two, Eight left
is seven point one. Efght right {s nina point zere.
DATA CONTROL: Roger, thank you.

. 0912:38 707 QWHITE): Hey, Frank, how sbout geing to long interval here?
I'm down to fifteen percent on the digital.
DATA CONTROL: Rog, go ahead.
207 (WHITE)¢ Yes.

9891 Data control, nine eight nine.

DATA COMTROL: Go shead, nine eight nine,

9893 You might ask the Learjet 1f they've ah, had enough
yat, sh, T think we've given them s much as they
expected. Would you mind checking that?

DATA CONTROL: Nine eight nine, the Learjet said they're stil}
taking pictures and they'll let us know when they
get through,

9893 Data, nine eight nine was wnable on that oae,

601 (CCTTON): John, he sh, this is Joe. He said = I heard hinm say
ah, 18 bdack there atill doing some good and wants about
fifteen wors sminutes Lf possible.

This 15 nine eight nine. Roger, why don't ve have 2
fuel check emd confirmation from the formation members?
Start with BARTENDER nine seven.




n913:45

0914:08

0914:12

0915:10
0915:24
0917:25
0918:20
0918:24

0920:02

0921:24

1 0922347

0924:48

0925:05

0925123

. 0925:31

PARTEHDER 07:
989;

BARTENDER 97¢
9BG:

989

813:

601 (HOAG):

DATA CONTROL:
601 (COTTON):
INTPIL {CROSS)

(Wi TE)
(CROSS)

207 (WHITE):

207 (CROSS):
17:

11

207 (1)

207 (WHITE):
DATA CONTROL:
207 (CROSS):
207 (WHITE):
DATA CONTROL:

207 (CROSS):
DATA CONTROL:

INTPIL (CROSS)

{WIIITE)

813:
207 (WHITE):
11
11

RAPCON:

207 (WHITE):
207 (WHITE):
INTPH (CROSS)

601 (COTTON)1
207 (WILTE):

£01 (COTTON):
207 (WHITE):

-/

This 1% TARTENDER nipe scven. ['ve still got

forty minutes,

Ah, Roper, you're OK for fifteen more and return to
Mugu?

Nine seven affirm.

Rog.

Kine eight nine's OK,

Eight one three llkowise.

Six oh one is fat.
Two zero seven's 0K,
flow's tank five, Carl? Did it stop at nine point
zero?

1'11 take a check on it in Jjust & minute.

Maybe you better po up a bt.

1'11 cheek this fuel {f you want to take it a
minute, Al.

ve're goinp to have to climb a little bit, 1 guess -
either that or everybody prop your card up on = the
cowl there.

Eight's feeding in normal scquence.

Edvards Approach Control, ah...

{Carrlcr keyed)

-, do you want to fly?

Turning left.

Two zero seven, is tank eipht feeding now? (Mot on INTPH)
Al. (Also recorded on INTPH)
Come again, two zoro scven,
Ah, yes, this is Data Control.
now?

Affirmative, tank eight 1s feeding proparly.
Rog.

Is tank eight feeding

They must have had that Learjer full of film or they'd
he out of husincas by now.

Yes = - - le was stcrting there hut he's up hare now, = =
This hole s getting smaller and smaller too.

We must be helping that cumulus activity along
with all this hot air.

Yes.

Yen,

Thank you.

Two zero scven. Traffic. Two zero miles east of your
position, orbiting Three Sisters two four zero, two
seven zcro.

Roger, thank you.

We got a contrall out there - but, I don't ah, It
locks 1!ke ho's hipher than that,

Probably ==== ==,

Loarjets Lesr - Another four minutems the Learjet aaid.
Thanks Joc.

Looks 1ike that guy's coming down the corridor, probably
a fifty-eight, don't you think?
Yes.




0925:40

0925:42

0926:06

0926:26

0926:28

0926:40

0927:09

n927:23

0927:28

0927:28

0928:02

—

117

DATA CONTROL
207 QVUITE):
RAPCON:

207 (WHITE):
RAPCON:

207 (WUITE):

{HOAC) :
(COTTON) :

(I1OAC) &
(COTTON):

{HOAG) :
(COTTON):

{COTTON) :

(HOAG) ¢
{COTTON) 2

(HOAG) :
(COTTON) :
(HOAG) @
(COTTON) :
(I0AC):
{COTTON) :

(NOAG) :
(COTTON):

(Two carrlers keyed simultanecusly)

Two zero seven, the learjet says nbout thirce more
minutex.
R, Zeke.

Two zero seven, he's off your left wing nov ah,
below the clonds.

Roger, thank you.

The B fifty-efpht’s speed run {s nov one five miles
cast of your position westhound three zero zero or
above.

1 have hin, thank you.

{One carrier burst followed by a longer carrier,
one second maximum duration, sounding like a live
microphone In an open cockpit)

(Twe or more carriers on [requency with resultant
hererndvnnad

Mid-air, mid-air, stond by for = - - -

You pot the verticals, this is Cotton, you cot the
verticals - = came off left and right. We're

stayin' vith ya, no sweat, now you're holding good, Al.

Joe Walker ran into him and I think he's had Lt.
The B seventy went upside down, it's rolling now,
the left wing = =

Baflout, bailout, bsllout -

Bailout, ballout, ballout.

0K, the B scventy is spinning to the right -
Something came out. It looks like - -

Locks like a censule came out. Tt's spinning to
the right, the nose s alightly down.

No chute =
- - - s¢e no chute yet, The main gear is down, the
nose pear is up.

Chute, chute, pood chute.

There's o chute, there's a capsule {paune)
Therc's one chute.
B seventy wing up here to our ripht.

The B seventy wing is to our right. We're at fifteen
thousand fect. The B scventy {. golng down. 1 seec
one chute, one capsule.

The left one,

The sirplane’s In a flat spin. The airplanc {s stable
in a flat apin sliphtly noae dowvn, Most of the left
wing Is rone, Cot several pleces around us, There's
a hurning plece to the northwest., The airplane is
f1at. We're staylng slear of the capsule.

NDTE: Mounitoring of the original volee tape from the
n-70 shows the last intelligence {s thec sentence
ending with - "I'd sy a third of the left wing
{s gome.™ There is gpproximately 15 fnches of
burned tape. This amount of tspe {s equivalent
to 14 scconda of recording. The telemetry data
resdout fixes the time of fmpact at 0928:15.8,
One piece of burned tape rcvealed garbled
verbage when pulled through a recorder tape head
by hand feeding.




601 (COTTON):

601 (COTTON):

DATA CONTROL:
601 (COTTON):

601 (COTTON):

DATA CONTROL:

601 (COTTON):

DATA CONTROL:

601 (COTTON):

DATA CONTROL:

601 {COTTON):

DATA CONTROL:S

601 (COTTON):

We pot to watch that winp, lete.

The airplone impacted. Watch the wing, watch the
wing of the alrplane and be careful of the capsuvle,
And, Zeke, Zcke, do you hear us?

Afflrmative, go shecad.

Reger, OK, now there's pleces coming down, there's
a large plece of wing. We are now down at at, ten
thousand. Therc Ls a capsule = wve ore not surc
which capsule but Pete lloap says he s almost sure
1t's the left capsule. Pete sald he checked, the
hole is on the left side and it was out. OK.
(0929:05)

Now we are - I uh - squawk cmerfency on our IFF to
make sure they got us, Tete,

Eddie RAPCON, nine eight nine.
Joe, you're coming in a little weak and intermittent

nov.
Six zero - correction, nine efght nine. We have the

position marked on our radar,

Nine eight nine, Roger. I was trying to follow the
uh F one oh four position. He's a little bit, ah
he would be about ten miles northwest of the ah,

B seventy.

Tell that Learjet to get out of here. Zeke, tell
the Lesrjet to please get out of here,

RAPCON, mine efight nine.

Nine efpht ninc, soy again.

Requesting vector for the base and sh, get the
Learjer out also.

Nine efght nine, moke the hesding two six rero.
Position three five miles eant of the base,

Nine eight nine, position of the crash?

Ve arc cireling it, Frank. We aro at ten thousand
ah, and 1f you can plet on rader, we are circling.
The capsule {a still coming down and ah, -

There's still lots of pleccs flosting down here and
I'm trylng to stay clear of ‘em,

The crash, the smoke is ahi, at an altitude of
approximately seven thousand feet 2nd it is burning,
looks 1ike the nose iz pointed to the west, looked
like it went down flat = = - (09139:57)

Joe, can you - - =

- = = capsule {8 wiry near it, coming down, the

capsule is zh, no sweat on the capsule. The wind
ts blowing from the = from the east genexally and
the capsule i{a going to como close to & = our big

plece of wing.

Rog, Joe, can you give me position on the ground
of the crash?

Now we ah, ve don't have a uh = We don't have a
whale = llow much fuel we pot, Petel! Pete says we
have plenty of fuel for f{ftecn or twenty minutes.
We have to bo careful sbour pleces that were still
falling. The capsule {» uh, coming down now.




0931:54
0931:55
0931:56

0931:57

fig32:13

0932:15

DATA CONTROL:
601 {COTTON):
DATA CONTROL:

601 (COTTON):

DATA CONTROL:

601 (COTTON):

Joe, can you = ~ -~
= = = phout to touch.
Joe, can you give me & position of the capsule?

- = - {g = yet, let's sce. Rclarive to Three
Slaters, we're routh of now - - Three Slsters to
the north of us and it touched down on & peak.

Underatand, On a penk south of Three Sisters.

~ = -the capsule's down at this time, That's at
uh, about uh. thirty, thirty-two minutes after the
hour the capsule touched down,

NOTE: The remaining commmication during the emergency
ta reletively routine alr/ground and air/eir
conversatfon during launching of snother T-33
snd helicopters to Mr. White's position, the
B-70 crash site and the F-104 cockpit section.




FAA CHRONOLOGICAL SUMMARY OF TLICHT

1416 CHMT Alr Force 20207, a North Amcrican B-70 departed Edwarda AFR on a local
VFR flight plan to performa a flight test mission and return to Edwards
AFB.
)
1418 CMT Alr Force 20207 wos radar-identificd 8 miles north of Edwards VOR;

flirht following and traffic {nformation were provided throughout the
remainder of the flight. The initisl portion of the flight the air-
craft remalned in the area near the sirport and performed airspced
calibration runs over the alrport.

1502 CMT NASA 811, on F-104, departed Edwards AFE on a local VFR flight plan to
perforz a mission with the E-70 and return to Edwards AFB.

1504 CMT Alr Force 20207 departed the airport area to make a supersonic flight
from a point approximately 30 miles northeast of Daggett VORTAC to 25
miles southwest of Edwards AFD at Flight Level 310.

1510 GMT NASA 813 wos radar-identified 6 miles cast of Hojave, California and
requested a radax vector to the B-70.

1520 CMT At Force 20207 completed the supersomlc portion of the test flipht
and proceeded toward Mojave, California to rendervous with several
other aircraft for a photography missioen.

1526 cHr NASA 813 wan radsr-vectoted to the B-70 formation nnd wos instructed to
resume normal navigation,

1627 GMT An unidentificd voice on the B-70 flight teat frequency reported a mid-
alr. Further conversetion on the Erequency verified that the 3-70 had
been involved in 8 mid-sir collisfon with HASA 813,
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ENCAPSULATED 1004

Per LA Spec. 0308-041-L

PART NAME
Pressure Initiator
Delay PSI Initiator
Stab, Boom
Cartridge
Parachute Cartridge
Stlblll:ltiéﬂ Parachute
ImB:SE {1:gger Extractor
Attenuator Blader
Attenuator Inflation Device
Cas _System
Door Seal
Shell Seal
Inline Reducer
Pressure Reducing Valve
Convenience Disconnect

Encaosulation System

Mech, Iaitiator

Inertial Reel

Restraint Harness

Seat Retract. Thruster
Cap. Disconnect Upper Half
Mech. Initiator

Gas Generator

'FPoot Position Valve

_.Toot Posttion Valve

Press, Initistor

Door Uplnck Extractor

Door Closure Thruster

Door Dampar Cylinder

PART_NR

INSTALLED

2037-09 4 yra
2037-06 4 Yre
59252-001 4 yrs
59252-418 5 yrs
OA-Al5 5 yme
GlD-21-212 & yra
257-735026-41 4 yrs
4A~-1263 5 yrs

4A=-1442-1 J yrs

5-13649 4 yrs

§=-13650 4 yrs
258-160A
FR717-Al

GU=-114-A1

2037-01A
0103136-0
1101152-0
20291
257-735730
2037-01A
257-735600
2381121
2381118
2037-04A
276-1350%1
2022

257-735552

MAX TIME

IRSTALLED
AT

1964
1964
1965
1953
1963
1965
1964
1962
19564




TLICHT CONTROLS, PNTUDRAULICS AND MLCHUANICAL LINKACE REPORT

1. Tclemetered data indicates that the XB-70 aircraft was flying in a straight
and level condition at time of initial impact,

2. The pilot of the XB-70 noted no loss of primary hydraulic power prior to
impact; it is assumed that both primary hydraulic systems were performing in a
nomal manner,

3. From the telemetered data, elevon motion on the L. H. wing continued for
zapproximately 22 seconds after the loss of the L, H, vertical stabilizer,

4. From the telemetered data, elevon motfon continued on the R, H, wing for
approximately three seconds after the L, K. wing tip was lost.

§. Data indicates that the control functions of the XB-70 were operating in a
noxmal sammer on initisl impact with the F-104 until loss of the L. H, vwing
section and hydraulie power,

6. The left-hand vertical actuvator was broken at the point where the rod end
enters the piston xod, The actuator appeared to be in its proper position and
intact.

7. The right-hand vertical actuator appeared to be completely intact and in its
proper A/V position. The rod end on this actuator had not failed but was free of
its structural attach point ot the vertical.

8, The XB-~70 Ship #2 had no history of Flight Control problems prior to the
-gecident.

9. BDBoth X8-70 control columns were broken free and were on the ground near the
crew compartment wreckage, The columns can be individaully stowed Iin the forward
position for crew ejection from the aircraft. They can be manually etowed by
pressing a foot lever near each column or by a ballistie charge actuated by the
encapsulation and capsule -ejection procedures. The column stowage mechaniem is
located on 2 torqus tube under the crew compartment floor, Both control columns
were broken free from the torque tube and the torque tube was in several pieces,
The pilot's control column wes found in the full forward position which would be
ttmi:ibowed position and the co-pilot’s control column was found in the full aft
position,

-10. The X8-70 wingfold hinges were in the 25° position at time of collision with
the F-104 and were in this position after ground impact.

1l. No data is available to establish when the XB~70 main gears dropped out of
the aircraft. The nose gear romained in the up position {ndicating that the
crew members did not initiate a geax down command.

"Group Leader Directorate Aervapace Safety
CS=14




Per P. SPEC LA0308-041L dated 1 Apr 66
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ITEM

Co-pilot's Rocket Capsule
Cartridge -

Rocﬁet Motor

Dis. Lower Half

Mech, Initiator
Hatch Jettison

Mech. Initiater
Hatch Jettison

Press Initiator
latch Jettison

Press Inftiator
Hatch Jettison

Delay Pressure Initiator
Ejection System

Pressure Initiator
Ejection System

Hatch Remover Co-pilots

Ratch cartridge

BALLISTICS USEABLE LIFE SUMMARY

P/N

1720-12
1720-48
1720-88
257-735732.

2037-01A
2037-01A
2037-04A
2037-04A
2037-10
2037-04A

960100

Lot 243045-1

MAX INSTALL

LIFE

4

5

5

yrs-

yIs

yrs

yrs

yrs

yrs

yrs

yrs

yrs

yrs

yrs

yISs

ACTUAL

INSTALL

1965
1962
1962
1965

1965

1965

1965

1965

1965

1365

1965

1963
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I. Amh tora:

A, gﬁec{l‘?htor vith lines cm it Assy mo. 1011515-3-1, ser. Lo.:
3

1. Seals were soft amd plishble in thit-iccx-iatw and mnppum
defects wvere motad, : ST ’

- The piston in this lmturnlbottmdmmthahﬁrauh
~end of acaumlatar, iniiceting that. lvdnnne ynlmv , WBA lolt
before air pressure,
3. mtﬂrl AW B, 101.1915-3-1, ”"x, ma 6531532

1. &mmcoobduthismtwmthhﬂmmnu
5 —lm. No apperezt defects othm-onrenohd

'2.- m-;:\ht-miathhnemtwnl llnbottmdmontha
memm

"y
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- AFFIC UR f66-299

: AFFIC UR #66-300

. AFFIC UR §66-301
., AFFIC UR 166-302

_ AFFTC UR 166-303

'_'-,'-,'.'..-'The following U.R.'s were submitted on the XB-70 escape Eystem:

{Confidential)

Method of Initiation of Ejection
Ballistic lose Leskage

Tripping Device for Actuating Altitude Warning Light

Method of Initiation of Inflation of Attchuation Dag



s/ 170414 $0:79 Flight time; 64%:30 ground time: 1. 1% Jan 05 12t Grd Hun
Tngine Jo, O
2, 17 Jul U9 Plrabl Flizht
Insmctions:
A. 12,9 lir inzp caopleted at 4:30 24 Sop G5
B, 25 hr insp completed et 20:35 22 Dec 65

C. 35 hr insp completed at 35:12 18 May 66

2J-393-585C (Installation of new bearins reotoiner bolts in the
inlet end transfer gearbox assy) 26 Feb 65 Routine

2J-J93-620 (Replacement of the main fuel control) 15 Feb 66 Routine

23-J92-621 (Replacement of feedback arm at the 10th stape of
the canpressor) 1h Jan 66 Routine

27-J93-624 (Replace nozzle area control P-7 with P-8) Routine

"
-
4

23-792-625 ({Modification of compressor rotor assy) 15 Apr 66 Routlne
27-J93-626 (Replacement of thermocouple harness) 15 Apr 66 Routine

Exhaust llozzle No. 6 S/N 553 - Outstanding TCTOs:

23-J93-573 {Inspection of afterburner bellcrank and actuating
1link) 15 Sep 63 Routine

2J-J93-60D (Modification of the primary nozzle ascy) 1 Mar 6%
Noutine




("\.
O

S5 LTSN0T
Znzine Lo, 5

TCTOz CPEL

LW}

2h:2y Flight time; 200:05 Cround time - 1. 19 Sep 62 1st Grd Run
2. 21 Sep Oh Fles' Flipht
Insnections: i

A. 1295 hr tnap completed 19:16 hrs” 22 Feb 66

B 2% & 4% hr Incps completed 29:59 hrs

2J-092.527 (lodification of stator actuator ascemblies)
15 Jan 63 Routine

33-J92-549 (Modification and replacement of transfer grarbox
azsy) 30 Aug 63 Routine

2J-J93-460 (Reploce idle reset solenoid valve) 15 Sep 6% Routine

2J-J93-585 (Inctallation of new bearing retalner bolts in the
inlet and tronsfer gearbox assy) 15 Feb 64 Routine

2J-J93-G01 (Replacement of hydraulie tank} 1 Apr 65 Routine

27-393-653 (Replacement of self alipning washers in the camprezcor :
stator assy) 1% bec-Gh  Routine . -

2J-J93-(15 (Modification of hydraulic tank) 1 Apr 65 Routine

27-J92-619 (Revork of the 2rd stoge blades of the compressor
rotor) 15 Sep 65 Routine

27-J93-620 (Replacement of the main fuel control) 15 Feb 66 Routine -

27-J92-62: {Replacement of fcedback am at the 10th stape of ;
the comprecsor) 14 Jan 66 Routine -

2J-J93-G22 {Pamping of the fgnitian unit) 10 Feb &6 foutino
2J-J93-62h (Replace nozzle x.xrcn'control P-7 vith P-0) Routinae
£3-393-625 (Hodification of compressor rotor assy) 15 Apr 66 Routine '
23-193-626 (Neplacement of thermocouple hayness) 15 Apr 66 Routine ‘

Exhauct lNozsle No, 5 §/M 562 - Outstanding TCTOa:

2J.J93-578 {Inzpection of afterburner Lell crank) 15 Sep 63 Routline

~

2I-J62-60D (oification of the primary no:sle ascy) 1 Mar 85 Routing:

2J-J92-810 {l'odification of exhaust duct ascy) 15 Jon 65 itwutine



S/ 270504

Engine Lio. &

TCT0s OPEU

h8:50 Flight time; G2:%6 ground time - 1, 20 Jan 63 lst Grd fun
2. 20 Aug 65 First ¥lipht

Innpreljons:

A. 12.5 hr inzp completed at 6:31 15 Dec GY

N M he insp completed ot 26:10 30 Mar 66

€. 35 kr inzp coepleted at L0:25 2h May 66

23-J93-560 {Replace idle rezet solenoid valve) 15 Sep 63 Routine
23-J73-570 (Inspeztion of fl2 stage twbine dizc.) 1 May 63 Routlne

2J-J93~581 (Modified CIT sensor & campressor front frame)
31 Dec 63 Routine

23-393-508 (Inspection of alterburner flamcholders & spacer
ringz) 24 Apr G4 Routine

2J-J93-601 (Replacement of hydroulic tank) 1 Apr 65 Routino

2J-J93-608 (Peplacement of self alipning washers in the compressor
stator assy) 15 Dee G4 Routine

27-J93-619 (Reverk of 3rd stape blades of the compressor rotor)
15 Sep 65 Routino

2J-J93-620 (Replacement of tho main fuel control) 1% Feb 66 Routine

2J-J393-621 (Replacenent of feedback arm at the 10th stage of the
compressor) 1b Jan 66 Routine

23-J93-622 (Daxping of the ignition unit) 218 Feb 66 Routine
2J-I403-6h (‘nop].nco nozzla arca control P-7 with P-8) Routine _
27.J93-625 (Modification of'.comﬁrcséor rotor assy} 15 Apr 06 Routine
2J-J92-626 (Replacement of i;hcmocouplo harness) . 15 Apr G6 Houtlm

Exhaust Nozzle MNo. b S/H 559 - Outatanding TCTOs:

2T-J93-550 (Moditication of exhaugt duct) A Jan Gt Routine
2J-J93-578 (Inspection of afterburmer bell ecrank) 15 Sep 63 Routine
23-192-60m (Modification of tho primary nozzle mszy) 1 r €5 Rowtlne
2J-J93-G10 (Modification of cxhaust duct assy) 15 Jan 65 Routine




M) B Y ARE
Iic. 2 Enrine

TCTOs OPEN

h3:40 Flight time; 9300 ground time - 2. 27 Oct O 1ot Grd Ren
2. 106 Feb 65 First Flignt

Inspoctions:

A. 125 br ircp completed at 11:04 5 Jun 65

B. 25 hr insp conpleted at 24:05 29 Dee 65

€. 25 hr insp completed at 35:36 25 Apr 66

27-393-G20 (Replaccment of the main fuel cantrol) 15 Feb 65 Routine

2J-J93-621 (Replacement of feedback arm at the 10th stags of
the compressor) 14 Jan 66 Routine

2J-J93-622 (Damping of the ignition wnit) 18 Feb 66 TRoutine
27-J93-624 (Replace nozzle area control P-7 with P-8) Routinc

2J-J93-625 (Modification of compressor rotor assy) 15 Apr &6
Routine

2J-J93-626 (Replacement of thermdcouple harnezs) 15 Apr 66 Routine
Exhaust Nozzle lo. 3 S/M 568 - Outstanding TCTOs:

2J-J93-609D (Modification of the primary nozzle assy) 1 jar 65
Routine




S
o/

5/% 170-556 €6:47 cround time: 1. 12 Jul 63 1zt Grd Run
Engine Ilo, 2
2, T ¥y 65 First Flight

A. 12.5 hr insp completed ot 13:45 B Fedb 66

B. 25 hr insp complete ot 21:35 27 Apr 65

27-J92-52T (Modification of compressor rear frome asty)
15 Jul 63 Routine

2J-793-519 (Modificatlon and repliacement of transfer gearbox
ascy) 30 Aug 63 Routine

2J3-J93-560 {Replace idle resct solenold valve) 15'Sep 63 Routine

27-J53-501 (Modified CIT sensor and compressor front freme)
31 Dec 63 Routine

2J-J93-585 (Instollation of new bearing retainer bolts in the
inlet and transfer gearbax assy) 15 Feb 64 Routine

27-J93-608 (Replocement of self aligning washers in the com-
pressor stator assy) 15 Dec 64 Routine

2J-J92-620 (Replacement of the main fuel control) 15 Feb 66 Routine

23-J91.621 (Replacement of feedback am nt the 10th stage of the
compressor)  1b Jen 66 Routine

2J-J93-624% (Replace nozzle-area control P-7 with P-8) Routine

.
B Lo TRV S PP S

2J-793-625 (Modification of campreasor rotor assy) 15 Apr 66 Routine

o

23-793-626 (Replacement of the;mocouple harnesce) 15 Apr 66 Routine

-

Exhaust liozzle Ho. 2-5/% 570 = Outstanding TCTOs

PR e

27-J93-6090 (Modification of the primary nozzle nssy) 1 Mar 65
Routine y

27.393-610 (Modification of the oxhaust duct assy) 15 Jan 65 Routine

B AR AR T R
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This i3 a brist murzmey of the engine inspectionz and outstanding TCTOs on air
wehiclz e, 2 as of O Juse 1906.

S0 A70-593 19:26 Fllgls time; 60:0/ ground time - 1. 13 Sep 63 First Cnd Run

o, 1 2npine
2. 12 Rov 65 First Flimht

Insuectionz:
—eLhions

A. 12.5 hr incp campleted at 10:43 3 Jan GG
B. & hr insp completed at 15:13 10 Mary GG
TCTO= OFEN

29-092-525 (Modification of compressor rear frame assy)
15 Jul 63 Routine

2J-492-527 (Modificntion of stator actuator assemblies)
1% Jon 63 Routine

2J-J93-560 (Replace idle reset solenoid valvo} 15 Sep 63 Routine

B - e o o R m o A e = =

27-733-561 (Modified CIT sensor and campressor front frame)
31 Dec 63 Routine

2J-J92-535 {Installation of new Yearing retainer boltz in the
inlet and transfer gearbox asszy) 15 Feb 64 Routine

27-3932-508 (Inspection of afterburner flumcholders end spacer
rings) 24 Apr 65  Routine

27-J93-603 (Replacement of self aligning vashers in the come
Preasor stotor ascy) 15 Dec 64 Routine

2J-J93-620 (Replacement of the main fucl control) 15 Feb 66 Nouting

1] .
P b ah e e o

2J-J92-621 (Roplacement of feedback arm ot Lhe 10th stage of the
compressor) . 14 Jan 66 Nouting

il L UL T O U RO R L S S U B

2J-J93-62h (Replace nozzle area eontrol P-7 with P-B) Routine
2J-J93-625 (Modification of campressor rotor azsy} 15 Apr 66 Routine
2J-J93.626 (Replacement of thermocouple harness) 15 apr 66 Routine

Fxhaust Norzle Ko, 1 8/N 597 - Outatanding TCTOa 5

2J-J92-55h (Modiflcation of exhaust duct) 31 Jan G% Routipe ;

20-393-578 (Inapection of afterburner bel*erank and actuating o
link) 15 Sep 63 Routine

2J-392-610 (Modification of tha exhauat duct n3asy) 15 Jan 65 Rwutine -
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PROPULSION REPORT

Review of the telemetered engine vibration data concerning the XB70
Flight #2-L6 indicates the YJ93 engines were eperating in the 90 to 95%
engine speed range during the 15 to 20 minutes Preceding che mid-air
collision. Within the 30 second time period preceding the collision,
engines 1 through 6 were running %%, 914, 93%, 93%, 9% and 9% respectively.
Engine vibration levels were 2 mils or leas,

- iaea s

tma w4

Engine operation following the mid-air collision was within the sbove
ranges up to a point approximately 20 seconds later at which time Col, Cotton
in the chase sircraft reported the XBT70 rolling. Coincident with this report,
was an increase in vibtration level on engines 5 and 6 and a rapid decrease in
R/H inlet duct pressure level, The L/H inlet duct pressure alszo decrensed,
but at a slower rate and to a lesser magnitude. The engine vibration data is
telemetered on & commtated basis, f.e,, calibrate step, #1 engine, #2 engine,
#3 engine, ete., therefore precise engine response to this inlet duct pressure
decrease cannot be defined, Engines 1, 2, 3 end 4 continued operating down
to the point of impact. Engines 5 and 6 appeared to de windmilling at a
speed below flight idle gpeed durirg this period. All signals ceased at irpact. .

Examination of the engines in the XB7O erash wreckage showed positive
indication of engine rotation at the time of impact on engines 1, 2, 3 and &,
Engine #5 and #6 indicated low rotating speed at impact.

Directorate of Aercspace Safety
Office of the Inspector General
Norton AFB
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XB-70 #62-207 COST DATA

Yalue of XB-70 §2

Alv
(6) J-93 Lngtnes
GFAE

There was also $2.0M (acquisition cost)

NASA Instrumentation
L
GEORGE W/ DOLLINCER

Deputy Director

Directorate of Research Vehicles
Deputy for Systeps Management
Aeronautical Systems Division
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7 June 19566 661A-12335-166

Subject: Crew Assignment, YB-TOA

T0:

Alr Porce Plant Representative

In turn to: Joint Test Force (FITB)

Edwards AFB, California

In conformance with the XB-70 Flight Test Contract, #12395,
the Contractor is required to furnish the Joint Test Force
Director the names of assigned crew 48 hours-prior to flight,

The Contractor has assigned the qualified listed crew for
Flight 2.L5;

A. 8. Wnite, XAA, pllot and eircraft commander
¥ejor Carl Cross, AFFIC, copllot

NORTH AMERICAN AVIATION, IXNC,
103 ANGELES DIVISION

8/T Roy Ferrun, Manager
Flight Test

RF:JM

) D. MO
1t. colﬂnel’ US-AP :
Recorder

FOR CFFICIAL USE ONLY
(SFECIAL HANDLING REQUIRED: BEE AFR'127-4)
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. AIR FONCE BEXGULATION ' DEPARTMENT OF THE AIR FOLCE
NO, 53-2¢ - 1 .ot Weshingion, 12 June 1259
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2. This regelazion cstablishes pollcy a:..! Pesponsthlilty for the vsv. o _j:d:l;-.}’oru':nframﬂ by tese
naf 3 pllots of tha Natlorad Aeronnutics o Spuce Liminlytratlon (NASADY, | -
. i . N . '.‘ . . I

. H - et L. B
- Lo Silsslon of NASAL NASA fs wey Inde- =zl fying “techniques, . Provisions of ATR
pendent (overnment agency enpain: in cone. €0-15 rnd other AfriTorce flying repulations,
- tneling fundameatal soronnutient resedvch. therefore, 4o not apply.to NASA pilots, Alr
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civil ficlds of nyiation, which means {1 funes Jo-Foréa’riiles and reyalations on NASA ‘pilots
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DOT 55-3

DIRECTCRATE OFFICE INXSTRUCTICON DIRECTORATE OF FLYGHT TEST CPERATIONI
KR 55-3 DEPULY.FOR SYSTEMS TEST
Edwerds Alr Forcs Base, California

1 March 1966

Operations

FLIGHT? ERIEFING AJ!D DEERTIFING

PURPGSE: To establich s flight briefing and. dﬂhriating policy within the
Directirste of Flight Test Cperations,

1. Reaponsibilities. All pilots flying under ths supervision of the Direcior,
Flight Test Operations sre individually responaible for corpliance with
ayplicabls parts of this instruction.

2+ FProcemdures:

8. All pilots flying under the supervision of tha Director, Ylight Test
Operatiocns will bs individually briefed and dsbriefed for all flights by a
designated briefing cfficer,

b. V¥Whan dsemad to be physically ispossidbls or impractical to coanduct a
briefing before each flight, s pllot may be briefed. for several flights at
one briaﬁ.ng llom.lly & geparate briefing vill be conducted for each flight.

3. Exiefing o Debriefing Officera;

.oy, N
L LA
Tog ot PR

. Ll
L P .

a, Test Missions:

(1) Director or Deputy Director,-Flight Test Operatioms.

(2) cnles, rightor, Bomber-Transport or V/STOL Operaticns Division
concerned,

. ..l
- ..u!.l,'

(3) Branch Chiefs within esch niviaim cencerned.

(4) Directorate of t Test Oparaticns officer alterzite
sppointed by either 3.a.(1), ; or (3).above.

b. Burport Miseions: ) .
(1) Director or Deputy Director, Flight Test Cperations.,

| X

. Y015 0T eupersedes DOT 55-3, 1 Mar 1666
OFR: FITO
DISTRIBUTION: Eeach Divieion, Test Force, plus FIT anl FTO .
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DCI 55-3

(2) hdef, Fighter, Bomber-Transport or V/BTOL Operstions Division
cancerned,

(3) PBranch Chiefs within each Diviaion ccncerned,

(4) Directorats of Test Operations officer alternate
erpointed by either 3.,b.{(1), (2) or (3) adove, .

(5) Pilot of test aircraft being supported.
. Brie 82 ’

8, TFlight test Drograms conducted within the Directorate of Flight
Test Operatioms: The pilot will conduct or insurs that a satiafactery
flight briefing to all persomel iz accomplished for the Trirzary mission,
and, if required, the alternste mission. 7TTha pilot will bries the-super~
visor in accordance with Parsgreph 3 sbove on the conduct of the mission
and when deemed necessary any or all personnsl associated with the- f1ight
vill attend this briefing. The brisfing ¥ill inclids but will mof e
limited to:

(1) A resume’ of previous flights or of test plan, as 'a;"rpropxiate.
(2) A mmmary of the mission to includs speed, Mach nuxber,
altitude and maneuvers anticipated by the test wnd/or suppord Fllot, the
use of speciel or restrictsd areas, test aites, or raages. relative to
the mission, project classification and compmmication seeurity,

(3) rlight conditions relative to tests that may ba other than

" normal, i.e., ailsron yolls with chain, approved limit boundary tests..

() Normal flight safety considerations (hazardous-224ghts-zust
coaforn to Deputy for Eystema Test DOT 55-1).

(5) " Responsidilities of chase plict vhen required, enginesr, radio
mtﬂr’ ata, ' . .

by Flght test programs conducted by Directorate of Flight Teit Opera-

- tdong plloty at deaiguated Test Forces, oontractor:and othér DUD/RASA
-Operatican; C SR

-

(1) conduot of thess flights will be in accordancs witd' procedures
established by appropriate Operaticns Bections, and; 1f daemed necersery by
the pilot, accomplistment of 4.a, above,

(] of test programs conducted by Test rorma,' contractor and

. ¢ Gther DAD/MASA Operaticzss
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" - an airborra cancellation and/or short mimsiom.

DT 55-3

(1) Attend the briefing or attain flight briefing by telrphane, ns
appropriate,

(2) Rebrief in sccordance with Parsgraphs 2 and 3 above to includs
& coxplets summary of the mission end requested responsibilties of the

support pilot.
(3) Erief for possibility of an alternate mission in the event of

5. Debriefinga:

8, The flight debriefing for test flights will ineclnds bub will not be
Umited 10 & history of the flight with particular emphasis on possible
Lmprovements of techniquea or procedures,

b. A flight debriefing for swport flights will not normally ba required
wlens; ’

(1) The contractor desires a flight dabriefing.
(2) An vmusual dncident bas occurred durifig the flight,

c. 7The Flight Test Engineer and cther ms!rb support persons deemad.
nacsasary by the dabria officer vill be presexnt at the flight detriafing.

-
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DO 55-2

DIRECTCRATE CFFICE INSTRUCTIONS DIRECTORATE OF PLIGHT TEST OPERATIONS
NR 55-2 DEPUTY YOR BYSTEMS TEST
Edvards Alr Force fase, California

25 Mareh 1966

Operaticns
SUPFORT, PHOTO, AND ESCORT MISSIONS

PURPOSE: To establish a policy within the Directorate of Flight Test Opera-
tions regaxding suppert, photo «nd sscort missions, '

1. Scope, The procedures established by this instruction are applicabh to
all support, photo and escort flights performed by pilots under the euper-
vision of the Director, Flight Test Operatioms, )

2. Responsidilities, Divisiom Chiefs end/or appropriste Alreraft Commanders
R . are responeible for individusal pilot cczplience with applicabla parts of this
;- instruction.

T7. 3. Csnersl, It is the policy of the ATFTC that all flights in the. categories
. listod Delov will be accompanied by an‘escort aircraft, The asaigament of
.. escort aircraft and pdlots to thess flights will be ma2e on a priority basis
=*7. wnd every effort will be made to avoid delaying the flight requiring escort.
},. 8. Al flights on ressarch eircraft, ’

b. All f2ights on aircraft of wmusual or radfcal desisp.

Y

'
- T e e —
AT . D Veva .
)

c. The first £light on all new modal sireraft,
d. ALl flights on "one of fts kind" aireraft.

e, All flights on eny test aircraft vhich ere deems? harardous in nature
or those wiich require observation from another alrersft to cbtain deta,

£, As desired by the syplicsbls contractar.
b, Proeedures:

y 8. To insure maximm sa!i2ty while performing sséort missions, the follov
*. . ing procedursp will be adhered to: :

. (1) Applicsble provisioms of DOI 55-3, Flight Eriefing and.Debrie’-
ing wvill be rigidly followed., Any in-flight devistions frem the pre-brisfsd

This DOI supersedes DOT 55-2, 9 Nor 1965--
CPR: FTIO
DISTRIBUTION: Each Division, Test Force, plns FIT and PTO




DOT 55-2

xission profile wvill be verbally coordinated with the escort pllot prior to
initiatiom, .

(2) Escort aircraft pilots will not Ily belov 500. feet above tha

runvey on takeoff, pick-up or landing escort wmlesy the rlssion reguirements
dictata a lover altituds,

(3) Redio contact vith the ezcortsd atreraft vill be.checksd
Periodically and after every frequency change during the f1ight.

b. The escort pilot will essist the escorted pilot in any way which will
enhanve the conduct of the missior, Detalls should be clnrl:.d:ucua_ed end
arranged prior to flight., Escort pilots vill normlly reley information
requested by the escorted pilot, maks rsdin checks apt answver raldir-pldvisories
Af agresd upon during the preflight briefing, He will advis¢ when the escorted
aircraft is' observed to deviate arpreciably from Yriefed maneuvers;. loses a

- portlon of its airframs or stores,. approachas conflicting treffis,. strays
: Fpace, or ary 'wusual. occurrence, in the:best dnterest

attantion vill be given to assare that efcart n.i:cm.f.‘t
a8 are not excesdsd and that in.riight reEponsia
4 and understood.by all pilnts in the £11cht,
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AIR FORCE H.IGHT 7!‘1’ CEHTEI (A.‘FSQ .
UMTED STATES AR FORCE (P} Y P
ESNAnDS LR FORER BAME, CALIFOMNA .
: oo . sarn

SEAM, ORDERS . . .. 21 pecember 1963

pr=192 . . : .. "

1. STAYP ASSICIMENT: COLOGEL JOSEMI ¥ COTTON,. 102324, this 3, is relicved
frus prevent dy and assigned primsry dy as Direcr.or, 1-70 Test Force,
‘mporition nr 05511 and DA¥SC 2711, effective 18 Dec 63, do change in funetion
coca, ‘sequence code or prograsm elgment code, (EICD) . .-

2. Tha following nemed officers, lq AFFIC, AFSC, this stn, arc relieved from
present dy assigmment as Students(Pipeline) Aerospace Rosearch Pilot Course
and ar3lyoed prinary dy (Peranent Party) as indficated effeptive 21 Dec 63,
‘Directed Jy assignment Pilot Utilization Fleld until 20 December 1966 in
accordance with Chapter 6, Part One, ARl 15-11, Active oy Jve Conmitment
until 20 Dcccmber 1967 {n sccorcance with AFR 36-51, (Fue)

CAPTALY 10 ::‘: 1 BELL, J06%0A, ansipned primary dy aa Insf:tu.- , "tabiliey
" Braach, rxper -Test Pilot Division, USAY Acrospace Research Pllul: sehwol,
Function code 57000, sequence code U500, position ntr ClOJ, pres,ram element
eode (LD, aad DAFSC 1345, (FTTE)

CAPTALY FIANL 1) l-‘lmzr‘.:?., 22407A, onslipned primary «dy .. Instructor, Terformance
Branch, Ixper Test P'ilot Divicloa, UGAF Acrospace leseavcl iilor Sclwol,

. Function codu 5700V, scqueace code U495, poal:iou ar uloy,’ v irea alowent

code 670 and DAFSC 1345. (FITE)

CAP'I'AIIE PRARL I LIETH=N, JB, 25155A, assigned primary dy as Instructor,
Acrospace Restarch Pilet Division, USAF Aerospace lesaarces #ilot fchool,
Function code 57000, sequence cwie 0435, position nr 023¢, pvograw’element
coda 660 and DAFSC 1345. {TTA) .

3. The follnwing natwed of€icars, liq AFFIC, APSC, thin ~ - are: relieved frow
present dy sasiprucat as Stuwdents (Pipeline) Aeraspace Juscavch r'ilat Courge
Cand asslgned acbeary dy (Perammeat tatty) as Dailcatud, vfiect [ve 21 Deo 63,
(Directed dy assfmunent 241ot Heltizatfion Pleld watll fu ireemaber 1960, in
accoreancuy with Chapter 6, "arr .me, AFH Jo~11. Active - .2¢ Comitment
until 20 Decenber [Y67 In accoraance with AFR J0=31. (@107 (0F0) (FTVR)

CCAFTALN HICIAGL 3 foddh, 249350, assipnod priuary dy as :\1-.:' rle ‘ut Oificuer
danued Upacueralt Operatioas Sr, FLIpht Test Weratlons oy, sitvetoraty of -
Flight Tust. PFunctlon cour 57eul, seauenss code 1022, porjtion ar. U176,
procranw elaaeut cnde 600, any dAFSC 1341, (FLIFOi)

CCAMTATH JN{IS S INMI, 2222UA, ssatgped prluary dy as Experimental Flt Test
A ticer, Plobter Peoject’ u.l'lca. Directorate of Jlioht Test, Functlon eade
STUSY, reguande cole JILN, .ushlmt nr Clou, progres cluaeal cede obu aad

WGC 1345, (F0Fa)




Ter Cwhar,
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E . .- ‘q . . . * : . .
WILLIAM A, muuoz&?. Tjor, USAY DISTRLWUTION: X

Chief, Career-Control branca 2-FTA 2-¥TP 1-FTIZA ) )
DC5/Tersonusl . 1=FTLV 1~¥7TC 4=FICCAI-FTY S=-FITP 1-FIEL .,
' 1-FTEM 2-FTF 1-§TFL 1-FIFEd 1-FIG 1=FTil
1-FTIPL I-FIL. 1-PTU 4-FTHSD-4 1-F10
3-FIER 1-FTP 2-FIT Q-FTPHX G-FTPAQ 25-FIINW -
2-RIEP 2-RPEi 1=-RTV(RTPID) 1~Cach Individuul.

=Y, ] gt LA *:f“"rq‘-‘*‘

. G s
50 P=132 ki AF FLT TESK CINTIR, LDUARDY AYD, CALIP:® 27 becember 1963

4., 7The following named officers, ilq LAFFIC, AFSC, this atn, Are relleved |
froo prasent dy sssigument as Students (Pipeline) Aerpspace ltesearch IMlot -
Coursa oud assigned primary dy (Permanent Tarty).as ind{catéd, effective
21 Dec 63, Directed dy assignment Pilot Utilfzation Field untll 20 December -
1%v, In accordance vith Cliapter 6, Tart-One,: AFK 35-11, hctive dy Sve )
Coemitrant until 20 December 1967 in sccordance with AFR-36-5L, (FIT)

(ri70) (TR . R

CATTAL? LACIILAG HACLIAY, 20150A, assipned primary dy as Exper Flt Test :
‘Heicer, Hanmed Spaceceraft Operatious Urancli, Flipht Test Uperations Diviston,. j
tHrectorate of FPhIpht Tast. Function code S7000, swqience code 1022, o }
pesicion nr U177, prosrom clewent code 640 _aml;l)M’!l.'_,‘?Jﬁ‘._ (rTroF)

. T e ‘;;.‘ .;‘ . . o
CAUTALR BOBIRT £ PALSOAS, 45251A,: assigned. priuary Jdy’as éxperlmental Fifphe '=.
Tes¢ 1ifficer, Hanned Spaceecalt Oparationd Dranch, i-‘llnht.-'l'ci«t,ppeq'q_:ions-
Uivision, Mrectorate of Flight Tect. Fuiction code-57000, requence’code o
1022, position ur 0332, programa element coda: 660 and DAFSC.1341. (FTFUF): . |-

ik
m o
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CEPARTMENT OF THE AIR FORCE

ADQUARTERS MO0 BPECTOR OEMERAL CGROUP COMD ULAP)
he 'MORTO! AR FORCE BASE, CALIFORNIA %

" sPeciAL omoER 22 June 1966
H-13

1. 5o much of para 1, Special Order M-6, this Hqs, 28 Fed 66, ss amended by para
1, Special Order M-8, 1 May 66 and para !, Specisl Order M¥-10, 26 Hay &6, relating
to appointment of Security Officers and Alternates in the various organizational
elements, is further amended as follows:

PRIMARY " ALTERNATE

AFIIN-E MAJOR JAMES K McCORMICEK add
COLONEL HARRY W LANE delete

AFIIN-P LT COL CHARLXYY J ADAMS add
LT COL CHARLES E REAMES - delete

AY1IN-8 LT COL PAUL D RORERTSON - add
LT COL WILLIAM A ¥ HILL - delete

2, So much of Special Order ¥-12, this Hgs, 21 Jun €6, ralacing to appointment
of members to the Afrcraft Accident Investigation Board (XB-J0A SN 62-207, and
F-104, FASA 813), is amended to include:

GRADE RAME & APSN DUTY/GROUP ORCN & STATION

*CIY GEORGE W BOLLINGER B-70 Program Office  ASZV, Wright-Patterson
AYB, Ohio

: -,.. -: I'OR‘ MW
U, L. womar, owo, w4, usar

Chief, Administrative Services . DISTRIBUTION
D

Brrength dhesagh Vigilaace




S0 M-12, Hq 1002 1G Gp, 21 Jun 66

GRADE
*MSCT

"MICT

NAME AND AFSN
LESTER E SCHROYER,
. AF36475194
EDCAR E HALLEY,
AF15612433

~

DUTY/CROUP

Materiel

Materiel

ORGN & STATION
AFFIC, Edwards AFB,
Calit
AYFIC, Edwards AFE,
Calif

DISTRIRUTION
D
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HEADQUART ERS 10010 INSPECTOR CEMERAL GIOUPg&CCW USAF}

RORTOM AIR FORCE BASE, CALIFORNIA

SPECIAL ORDER -
H-12

21 June 1966

In accordance with the provisfons of AFR 127-4, the following named personnel,
organizations and atations indicated, are sppointed members of the Alrcrafe
=+ * Accldent Investigation Board to investigate the major aireraft acefdent involving

© [ 'XB-70A.SN 62-207, and P-104, MASA 813,
the approval of;th@ individuals® organization commander:

* VOTING MEMBERS
i

" CRADE

coL

o _NAME AND AFSN

DUTY/GROUP
WILLIAM R GRADY, FRA58}

President

. . coL HENRY W RITTER, FR13847 Coordinating

Coordinating

R

FITZHUCH L PULTON Jr,
: FR36417
HAROLD E BRANDON, FR11353 Operations

ROBERT P BROCYMANN, FR30393 Cperations

RICHARD M CHUBB, FR49677 Life Sciences

RAY C GORDON Jr, FR16097 Materiel

VERNON.H SANDROCK, FR26525 Materie}

NON-VOTING MEMEERS
Technical Advisor
& Inflight Impact

SYDNEY D BERMAN

" ‘ELDON D MORTENSEN,
e FRS52289
‘DONALD R’ BELLMAN

Recorder
Coordinating

ERY
PR ey P4

LT COL™: - _TEREMIAR CREEDON, FR34363
UL COL. - RALPE'N RICHARDSON,
C L FV782011
.. ROBERT'E MATEJKA, FRS9702
"- VERNET:'VU.POUPITCH

ARTHUR- G SMITH.

Operations
* Life Sciences
‘Life Sciences
Materiel
Matertel

L en

- RORZRT. D NACLE . Matertel

S«'uﬁl through Vigilasce

Asterisk indfcates orders published with

ORGN & STATION
1002 1G Gp, Norton AFB,
Calif
1002°.1G 'Cp, Norton AFB,

. Calif

AFFIC, Edwards AFB,
Calif

1002 1G Gp, Norton AFB,
Calif

1002 1G Gp, Norton AFB,
Calif .
1002- 1¢ cp, Norton AFB,
Calif

1002 1G Gp, Norton AFB,
Calsf

AFFTC, Edwarde AFB,
Calif

1002 16 Gp, Nortom AFB,
Calif

AFFTC, Edwards AFB,
Calif

NASA, .Edwards AFB,
Callf

1002 IG Gp, Norton AFS,

‘Calif

AFFIC, Edwards AFB,
Calif .

ATFTC, Edwards AFR,
Calif

1002 1G Cp, Norton Ars,
Calif

1002 IG.Cp, Norton AFB,
Calif |

1002..1G Cp, Norton AFB,
Calig’
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PERATIONAL STATUS FOR MONTH OF__lrsAlE 196 j:

213

NTH

T Number Flight Tima Type Pilot Commenta -
Tokeoff:__ jpmon o o o DLedbac | rcr
Lead: e ks

) = | Tetall XN [ : .
‘Tokaoizt (:a AL2s g aciie 2

] Land? LIoo, 2
0 / Totaly T e -d ) Y

Tekeorsy PR T2 Adeals
Lerd: L om a= ‘ .
Totaly . . ELE) X‘% ]
Yekeoztl A0 ALty Llians 7
Land: ) L
| Totals; . X2 -
Takaott:
Lands
“Tetals - o~

'fakanffi

-Land:y

Totads

Takeofzt

Lands

.Total:. .

faKoorst;

“Lands

Tutnlr

Taxeoffs

1. Land: -

~ Total:.

1 Landy s
t Totals .. . -

Takeorfs ' -

'~_:T_Ei_?ka . .

Land: ) .

Totalr.

. J-Lends

“Takeoths

:Tordlr..-

CdakepEEs. .

~Lands~.

LAt kYT,

Takqoffl

Landt

=} para1 i
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OPERATIQNAL STATUS FCR HOUTH OF_ s A t 156 i,‘

AIRPLANE | 15 & No. 917

Number Tlight Time Type | - Pllot " CGomments

Takooff: 1A10 . Aot boavs | L1 !,g,,‘,.; IR

Land: 2 ] - : 7] . . . .

Totall Vi1 X1 . ‘-

Takeotf: Qns Jirathyaln -
Lond: 10w, |

D95 | torass Tto 1Y =% '

Tekecff: F15 Tldas o, AT

Land: 1A~ -

Totall 715 X -1 ' >

Takeotts {n VY R T

[.and: 2 Ye) . S N

Toralt. Y= LA

Takeofr: [ 9 5~ TN ]

= G| landr __ Zos— - R
D9¢ | Tosas: Liseh. X 2 U TSR
| Takeaff: 8'52‘ (zt.ﬂ -1 B | - ..-."- - F' .

2+ | Lands I02s T
1399 | Toral: RS Y-‘-} T | S .
o . MU f fedd S

* .. M

Takectf: Qp o

land:  Jod o> ! )
Total: [/ns }’._(} L - ETE
Takeotfr: (™5 | Jalaglian t - e S
.Lands . TR Y N
-Total: . ,:uo * X“Q LT . M e T A
Takeofi: &us™ . 1) DL AEAAS . ) .
Tandy  jra= . — = m———

:-’-l .Totals I.’Qo .t ’-¢. . ' N . -

Takeofts IR
Lasict RTT-Y-N S
_Total: 170 Y-
.} Takeoff: Qo< R DY
-| Land: s ‘ S B
Totals 11570 1M —l‘}z
T | Takeoffs Q15 <
| Thnds itoa -
“|.Tetals s )Hl o
| Takeotf: " ;
“Land?
Total:
- Takaozft
{:land:
Total:
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. OPLRATIONAL STATUS FOR IONTH OF_/4 &E&E 19557

(‘I ATRPLANE_F /) % yo. X557 713

] Flt.
Jate|-Number Flight Time

Takeoff:

Land:

3 ? 4— Totall '
akeoff:

Land: .

Toralt

Takeoff:

Land:

Total:

akeoff:

. Land:

Total:

Takeotl;

Lands

Totals

Takeoffs
Landi
Totalt
-Takeoffs .
Landi . . -
‘Totaly - - ;
- |lakeofrt L L i
.. Landy Lt
‘Total: ] .
Takeoftt -
Land: '
Totals - S
.+ | Takeofrt . o
Landy - : -
.. Total: L
.- | Takeofr: . .
' Landi. - . “ie
Totalt “ .
Tekeoizrt
i) Lands
o251 Tetals
‘ ~lakeoff:
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OPERATIONAL STATUS FOR MONTH OF py A R@, 13 1966
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FLICHT CONTROLS, PNCUDRAULICS AND MLCUANTICAL LINKAGE REPORT
r-1n04 IOCKNEED SN 683C - 40SB NASA 813

CONTLNTS

1. AILERON CONTROLS

b.

g.

Cockpit
Cable System and Pushrods

Servo Components
(1) Hydraulic Oil Sample and Filter

Functional Test and Tear Down Inspection of Servo Valve
Afleron Actuator and Surface Pogition
Afleron Trim System

Aileron Auto-Pilot Actuator

2. STABILIZER CONTROLS

Cockpit

Cable System and Pushrods

Servo Components

(1) Hydraulic 0il Sample and Filter

Functional Test and Tear Down Inspection of Servo Valve
Stabilizer Actuator

Stabilizer Trim System

3. RUDDER CONTROLS

Cockpit

Cable System and Pushrods

Servo Components

(1) MHydraulic Oil Sample and Filter

Iunctfonal Teat and Tear Down Inspoction of Serve Valve
Ruddor Actuator

Rudder Trim System

4. FIAP SYSTIM

b.

Flap Positiona

(1) Actuator Condition
=104 Control Surfaces

5, HYDRAULIC SYSTEM

Component Analysia

6. SYSTIMS - GENLRAL .

7. FLIGHT RECORDS




g. Safety wires 0.K, except those on filter caps, which were cut at
Ldvards AFB to obtain fluid samples.

2. L. H, Alleron Servo (no manifold)

a. "Soot” on wnit but not in fire unless tv a very minor degree, Plastic
tubing on wires not melted.

Can mova valve, input lever and biss spring moves to returmn spool.
"Soot" on torque paint,
Safety wire all in place.

"Neck" on syncro house 1s broken off, f.e., no feel epring.

£, Syncro shaft bent; therefore pulled spring from modulating piston at
side of "wilkie" button.

3. R.H. Alleron servo (no manifold),

a. Crank chamber hroken from valve and not with unit. Linkage from crank
chamber also missing. Spool broken. Pin to mod piston non-existent and clevis
is bent.

Broken spool can be moved manually,
No burn damage.
Safety wire and insp paint 0.K,
Holder for feel spring is in place but no spring.
Synero springs In place.
"3" "0" rings in place.
Rudder servo.

2. Consisted of manifold, valve and rib. No visible damage,

b. Safety wires 0.X. 2 valve mounting bolte were loose or partially
removed, This occurred at Edwards.,

Hydraulic Testa:

1. Rudder serxvo.
8. Operation of yaw SAS within normal limits.
b. Servo valve 0.X,
¢. No noticeable leakage at 3000 pei.
Stabilizer servo,
2. Disconnnect cyl rod guida

b. With hydraulfc power the valve controlled cyl's 0.K. Also in
phase visually,

¢. Servo transfer valve null at 0.5 m.a. which is 0.X, Controlled
smoothly. Bias adjustment for modulating piston travel without hyd pressure
ves 0.K,




d. No cxternal lecakage at 3000 psi.,
3. L, Il, Atleron Serva,
a. Attempted hyd operation but internal seals were damaged by heat.

b. Input levers not parallel na witnessed by fact that "teat lever and
pin could not be installed,”

Disassembly Inspection

1. Rudder servo.

8. Opened crank chamber, Found all pins in place. Witnessed duul pin
retention.

b. MNo further disassembly requested,
2. L. H. Alleron servo,

a, Disassembled to remove spool and modulating pisten, Spool was smooth
in rotation and axial stroking.

L., Witnessed double pin retention.
3. S5tab servo.

a. Opened valve crank chamber. Witnessed double pin retention. All
pins O,K,

b. No further dieassembly.

F-104N SN 4058 Functional Tests:

1. Aileron Mech-Hyd Assy. PN 793218-7 (L.H.); Servo Valve PN 683754-SE SN
1251, 668421-1 Valve SN 54367. This servo valve assembly was X-rayed.

2. Assembly badly burned, no pressure operation posaible.

J. Stability augmentatior not operable because the transfer valve was bummed.
4. Cperation of servo valve spool was nommal,

5. Excessive leakage due to buined packings. No pressure operation possible.

Valve Disassombly

1. Valve Incorporates dual pin retention. (Ref. T.0. 1F-104-2025),
2. Pins were properly flared,

3. Valvo epool operation nomal and free,

The servo valve PN 783754-SE SN 1250 from the right hand wing, was broken off
the manifold and the crank housing wes broken off the valve body. It was not
potaible to test this valve; however, the valve spool operated smoothly by finger
-pressure,




e. Aileron Actuator and Surfact Position:

The aileron actuators werc damaged; hovever, both ailerons could be
operated freely by hand at the trailing edge. The allerons, stabilzer, and
rudder surfaces are free to move to any position within the limits of the
actuating cylinder stroke when there is no hydraulie pressure.

£. Allerovn Trim System:

Both aileron trim jackscrews were broken and failed in tension at tho
thread root. The trim motor drive unit actuator position was determined frum
the limit switch position, The trim position was determined from the limit
switch position. The trim position sas less than .50 degree from neutral trim.
Total trim travel is + 5.0°.

g. Aileron Auto-Pllot Actuator;

This unit is located just inboard of the fuselage side web at the root

of the right hand wing at approximately fuselage station 495.0 in the fuel cell
area, .

The actuator was badly burned by fire and was broken from ita mounting
bracket, The actuator piston rod w&s broken., This actuator is electrically
controlled by an electro-hydraulic servo valve, The actuator was bumed and
could not be operated or functionally checked,

2. STADILIZER CONTROLS

a. Cockpit:

The cockpit section of the fuselage was separated and was lying on the
left side and had been exposed to intense fire. Remains of the control stick

and rudder pedals were found in the ash debris. Remains of damaged instruments
and switches were found,

The pitch controls in the cockpit area were damaged and consumed by fire
but all remaining observable connections were intact.

b. Cable Svstem and Pushrods:

The dual cable system through the fuselage was damaged and was subjected

to fire, The cables were broken, but all remaining observable connections were
intact.

The bell cranks at fuselage station 603 were broken and the pushrods aft

vere flattened. Cable and pushrod cunnections to the belleranks were found
intact,

¢. Servo Components:

The servo components in the vertical fin were not damaged and the connec-
tions to the horizontal stabilizer were intact, except for the {nput linkage at
the lower end of the fin.

llydraulic oil samples were taken from the filter cavities for analysis,
The filter elements were visually inspected for contamination. None was apparent,

d. Functional Test and Tear Down Inspection of Sorvo Valve:

F-104N SN 4058 Functional Tests:

1, Stabilizer Mech-llyd Asay PN 782073-7; Servo Valve PN 668424-5J
SN 0222; Transfer Valve PN 668421-1, SN 54378. This servo valve 2ssembly was
X-rayed,
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2. Assembly was undamaged except for bent external valve arms.

3. Operation of pitch stability augmentation system was within limits.
4. Operation of servo valve nommal,

S. No noticeable leakage at 3000 psi.

6. Operation of stabilizer actuating cylinders normal and smooth.

Valve Disassembly:

1. Valve incorporates dual pin rptention.
2. Pins were properly flared.
3. Valve spool operation nermal,

e, Stabilizer Actuator:

The stabilizer actuating cylinder and manifold assembly was virtually
undamaged and the actuators operated normelly by means of the mervo valve.

f. Stabilizer Trim System:

The trim jackscrew was broken from the drive motor and gearing at the

- first thread. The position of the jackscrew nut indicated a trim position of 3°

leading edge down,

Lockheed Aerodynamics calculated that for the existing aireraft configu-
ration, weight, speed, altitude, etc., the nomal trim position is 2.7° leading
edge down.

3. RUDDCR CONTROLS

a. Cockgit:

The rudder pedals and support structure were severely damaged and had
been subjected to fire, but all remaining observable connections were intact.

b. Cable System and Pushrods:

The rudder cable system from the cockpit to the aft cable quadrant (vhich
is single) were destroyed except for a few cable strands., The remaining connec-—
tions were intact. The rudder travel limiter was in the de-energized (unlimited)
position. The input pushrod and linkage system wae virtually undamaged and all
linkage connections were intact, as were the connections of the actuating cylin-
ders to the rudder.

¢. Servo Components:

The rudder servo components were removed and samples of hydraulie oil
were teken from the filter cavities for analysia, The filter elements were
visually inspected for contumination. None wes noted.

d, Functional Test and Toar Down Inspection of Servo Valve:

F=-104N SN 4058 Tunctional Teste:

1. Rudder Mech-Hyd Assy PN 784149-3; Servo Valve PN 783753-3F, SN 610;
Transfer Valve PN 663421-1, SN 54341, This servo valve assanbly was X-rayed,

2, This assembly wes virtually undamaged,




o

3. Operation of yaw stability augnentation system wes within normal
limits.

4. Operation of servo valve was normal.
5. No noticecable leakage at 3000 psi.

Valve Disassembly:

1. Valve incorporates dual pin retention.
2. Pins were properly flared.
3. Valve spool operation was normal.

The rudder actuating cylinders were not damaged., All cylinders operate
smoothly by hand with no evidence of binding or other malfunction.

e. FRudder Trim System:

The rudder trim actustor was recovered intact and apparently undamaged,
The position of the nut on the jackscrew indicated a rudder trim position of
.18° right rudder. Total trim travel is * 4.0° .

4, TIAP SYSTEM

All flaps were found to be in the up (faired) position. Both leading edge
flaps were latched in the up (faired) position, but the mctuators were broken.

Both trailing edge flaps were found in the up position. The left hand flap
actuator was partially broken loose from ite mounting structure,

All the flap actuators are irreversible electrically driven screw-jacks,

The boundary layer control system, which is supplied by engine bleed air,
1s operational only when the trailing cdge flaps are in the landing (full down)
position.

1-104 Control Surfaces:

The aileron and flap surfaces were found securely attached to the wings.
The empennage consisting of the damaged vertical fin, inboard section of the
left horizontal stabilizer, the right horizontal stabilizer and the rudder were
“'soparatod from tho fuselage, The rudder was slightly deflected to the right,
The:rudder hinge connectiona were sccured, The upper half of the rudder vas
deflected to the right and compressed dowmard and forward starting from the
top aft corner of the rudder. The skin on tha rudder on the right si{de near the
lending edge vas compressed. The left finboard stabilizer section 18 to 24 inches
in length was attached to the vertical fin. The damaged right horizontal stabi-
lizer was attached to the vertical,

S. HYDRAULIC SYSTEM

The Number 2 system reservoir and a fragment of Number 1 were damaged and
had been subjected to fire.

The hydraulic equipment located on the engine access door was deatroyed and
vas consumed by fire.

Both hydraulic pumps were recovered and examination revealed the following:




Engine Driven Hydraulic Pump
P/N 55032 §/N 71502

American Brake Shoe Company
#1 Nydraulic System

Case fairly intact, Deep slice on bottom of pump from a narrow sharp edged

object. Another smaller slash mark was noted on the forward end of the pump body
and one on the remains of the rear gear case. All marks were on the eide of the

punp next to the engine.
Al bearings were found free and fn working conditionm,

The pump was not rotating at time of impact.

The cylinder bores and pistons showed no evidence of scoring and some fluid
remained in the pump.

Engine Driven Hydraulic Pump
P/N 55032 S/N 71483

#2 Hydraolic System

Case completely broken open exposing piston skirts and one gide of entire
pump up to the head end.

The hydraulie pump was not rotating.
Schedule arm was jammed in full flow position.
Pistons and cylinders were not scored.
Head bearing was siezed.
1. Both accimulators were examined and revealed the following:
a. Accumulator system §2; Assy No. 1011915-3-1, S/N 281623,
1. Seals were soft and pliable and no defects were noted.
2. The piston was bottomed out on the hydraulic end of accumulator,
b, Accumulator, System §1, Assy No. 1012915-3-1, S/N 6431832:

1. Seals were cooked and the teflon rings were melted. No other defects
were noted.

2. The piston was alse bottomed out on the hydraulic end of accimulator,

The plumbing in the fuselage was largely consumed by fire or destroyed.

The F-104 hydro system has a 10 micron nominal filtration capability, defined
as capable of removing 95% of particles from 10-20 microns in size, and 100X of
particles 25 microns or over {n size., The filters installed in thia system were
designed and manufactured to conform to Mil F-5504 specification.

6. SYSTEMS - GENERAL
All uplocks, latches, etc. were in the normal position.

The main landing gear was in the retracted position.




7. FLICHT RECORDS:

Suries and perfodic inspection records 829, 761 and NASA Intex-stages
workshects on aircraft I-104 S§/N 4058, NASA 813, msintenance records from
1 Dec 1965 to 8 Jun 1966 were examined and no significant flight control
discrepancies were found.

Vondf Y. I

VERNET V. POUPITCF, GS-14
Flight Controls, Pneudraulics and Mechanical Linkage
Group Leader, Directorate Aerospace Safety




U. Pertinent Discrepancy llistory:
1. Uncleareu_“xscrepancics {AFTD Form 781)

a. Date discovered - 31 May 1966 )
VYhen {n XAV mode of autopilot, aircraft oscillates in roll about
plus and minus 5 degrees. Symbol - red diagonal,

Date discovered - 3 June 1966
Drag chute deplovment 1 overdue. Symbol  red dash.

Date discovered - 6 June 1966
Request flipht check of OMNI - NaV equiprment. Unable to fully

check our system on ground with present test equipment. Syrbol -
red dash.

Date discovered - 7 June 196§
25-hour post flight due. Symbol - red dash,

Mr. J. A. Walker had signed the exceptional release on the AFFTO
form 781, Part II, prior to the flight on b June 1966.

Cleared Discrepancies.

a. Date discovered - 22 April 1965
Pilot complained of extreme sensitivity in pitch axis during
high "Q" condition. Error indicated in scheduling from air data
computer. To compensate for this condition, the pitech rate pet on the:
AFSC omputer has been set to a leyer value. Symbol - red diagonal.

Corrective Action - 25 May 1965. Reset pitch auto gain in ADC
computer Mach Channel, made full ground operation O.K.

Date discovered - 22 April 1965
Both R/H elevator protective cable covering worn from rubbing.
Symbol - red dfaponal.

Corrective Action - 7 May 1965
New cables installed,

.' S e A

Date discovered - 19 April 1965

Pi=ch attitude signal from LN-3 jerky, particularly in rumns.
Symbol - red diagonal.

4
T

Corrective Action - 26 May 1965
Renaired pitch motor and shaft in LN-3 adapter in LAB.
*ade drift run operation O.FK.

e Bl - ey
* :

NOTE: A functiomal check flight, IAW T.0. 1-1-300 was accomplished
to complete the 2rd periodic Inspection on 27 May 1965, and
was signed off 0.K. by J.A, Valker.

P

E

Date discovered - 26 August 1965

Piteh oscillations occurred at 550K, 2800 feet, inducing +6 and -5G
on aircraft., Dampers engaged and autopilot off at time of incident.
Was flying in wake of another aircrafr at the time. It is believed
that wake turbulence activated kicker causing pitch oscillation.
1000 1bs, internal - enpty tips. Symbol - red X.

Corrective actfon - 22 September 1965
C/W WO #30, chanpe stabilizer actuator servo and re-rigged, and
500-hour post-flight inspection,

Date discovered - 26 Aupust 1965
Structure post-flight inspection required for above condition
(see Item d) per T.O. 1IF-104C-3. Symbol ~ red X,

Corrective action - 20 September 1965
C/W WO 730 (See Item d}.

L etk e




ITI. F-104N_ (NASA Bl1})

A, Inveatigation wan made of the following records, forms, and documents, to
determine whether maintenance or Inspection laadequacien caused or contributed to
the accident.

1. AFTO Form 781, Part 1 and Il.
Afrcraft Flight Report and Maintenance Record

2. AFTO Form 781A
Maintenance Discrepmncy/Work Record

3. AFIO Form 7B1B
Afvcraft Inspection and Maintenance Status Record

4, AFTO Form 7B1D
Calendar and Hourly Item Inspection Record

AFTO Form 781E
Accessory Replacement Record

DD Form 829 Series
Historical Record - Technical Instruction Complisnce Record

Production Inspection Record Book (NASA-LAC)
Periodic Tnsrection #3 (600 hour)

NASA - FRLC Flight log
NASA = FRC Interflight Worksheets
NASA = FRC Interflight Worksheet Carry - Forward Forms
NASA - FRC Part Removal and Installetiom Record
NASA ~ FRC Work Order/Technical Order Jo~
NASA = FRC Accessory and Time Compliance Log

14, NASA - FRC Calendar and llourly Inspection Record

15. Supplemental and Specisl Records = NASA

B, Pertinent Alrfrome Data:

F-104 N-10, Serial Number NASA 811, (lLockheed #4058) was delfvered to the
NASA Flight Research Center (FPRC) on 22 October 1966 with 4145 hours on the alrframe.’
This aircraft was never assigned a2 USAF serial number. This alrerafr vas basicslly -
tha F-".04GC with the wespons system removed, additiona’ ‘uel tanks installed in the
gun and aomunition bays, and tho Mli-97 autcopilot and LN-3 navigational aystenm
installed. The last periodic inspection (13) wvas complated on 2 May 1966 with -
alrframe time of 601.4 hours. Terlodic inspections were accomplished under comtract °
by Lockheed Alrcraft Corporation. Tha last flight of this aircraft was the 409th
since delivery and the alrframe had ace»mulated a total of 627.7 hours, There were
22 aircraft technical orders not complied with, which are llacad under TAD K., A
25 hourly postflight was due prior to last take-off, and aircraft was flown on a
red. dash status symbol,

C. Pertinent Engine Datat

Tha J-79-CE-11A enpgine, Serfal Number 411-722, had accumulated a total of
©.227.8 hours. Lost {nstallation war accomplished on 2 May 1966 with 26.3 hours )
ac¢crued since installation. Prior to this installation a 200 hour periodic inspecti
was accomplished., Periodic inspection was accomplished under contract by the Ceneral.
Electric Company. There vere ten engine technical orders not complied with, which ar
listed under TAS K, :
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Pertinent Discrepancy listory:

Uncleared Discrepancies (AFTO Form 7B1)

b.

C.

Date discovered - 31 May 1966
Yhen in NAY mode of autopilot, aircraft oscillates in roll about
plus and minus 5 degrces. Symbol = red diagemal.

Date discovered - 3 June 1966
Drag chute deployment {s overdue. Symbol - red dash.

Date discovered - 6 June 1966

Request flight check of OMNI - KAV equipment. Unable te fully
check out systcm on ground with present test equipment. Symbol -
red dash,

Date discovered - 7 June 1966

25-hour post flight due, Symbol - red dash.

Mr. J. A, Walker had signed the exceptional ralease on the AFFTO
form 781, Part II, prior to the flight on & June 1966,

Cleared Discrepancies.

C,

d.

Date discovered - 22 April 1965

Pilot complained of extreme sensitivity in pitch axis during

high "Q" condition. Error {ndicated in scheduling From air data
comnuter. To compensate for this condition, the pitch rate pot on the
AFSC Zomputer has been set to a lover value. Symbol - red diagonal.

Corrective Action - 25 May 1965, Reset pitch auto gain in ADC
computer Mach Channel, made full ground operation 0.X.

Date discovered - 22 April 1965
Both R/H elevsator protective cable covering wormn from rubbing.
Symbol - red diagonal.

Corrective Action -~ 7 May 1965
Hew cnblea installed.

Date discovered ~ 19 April 1965
Pi+rch attitude signal from LN-]) jerky, particularly in tums.
Symbol - rad dlagonal,

Corrective Action - 26 Hay 1%65
Repaired pitch motor and shaft in LN-] adapter in LAD,
! ade drift run operation O.XK.

NOTE: A functional check Flight, IAW T.0. 1«1-300 wvas accomplished
to complete the 2rd pericdic inspection on 27 May 1965, and
was sfgned off O.K, by J.A. Walker.

Data discovered - 26 August 1965

Pitch oscillations occurred at 550K, 2800 feet, inducing +6 and -5G
on aircraft, Dampers engaged snd autopilot off at time of incident.
Vas flying in wake of another alrcraft at the time. It is believed
thot weke turbulence sctivated kicker causing pitch oscillation.
1000 Ibs,. internal = empty tips., Symbol - red X.

Corrective action - 22 September 1965
C/W WO #30, change stahillzer sctuator servo md re-rigged, and
500-hour post-flight inspection.

Date discovered = 26 Aupust 1965
Structure post-flight inspection required for above condition
(see Item d) per T.0. 1F=-104CG-3, Symbol -~ red X.

Corrective action - 20 September 1965
C/W WO 130 (See Item d).




f. Date discovered = 30 September 1965
1-1=300 check flight due flap rig, aileron, rudder and stabilfzer
servo replaced and vigged. Symbol - red dash.

Corrective actiom - 30 September 1965
0.K. = J. A, Walker,

8. Date discovered - 30 September 17635
Autopilot roll bias to right approximately 1/2 magnitude as to
left previocusly. Sywbol - red diagonal,

Corrective action - 31 January 1966
Fabricated and inatalled a biss compensation box per W.0.
F-104N~813~0=-17 and sketch 1691,

h. Date discovered - 11 September 1965
¥ Excess yaw damper cycling after fuel load comes down to 40001,
Symbol - red dlagonal.

Corrective action = 30 September 1965
Bled yaw damper thoroughly.

i {. Date discovered -~ 3 November 19465

Aborted take-off at 170-180 KIAS due to what was felt as lack of
proper longitudinal control power. At this point had in full aft
3 stick and the 1ose was barely starting to rotate. Symbol - Red X,

. Corrective action - 3 November 1965

H (1) Hade airspeed check

' (2) Wheels rotated

: (1) Checked Flaps

; (4) Operated flight system hydraulically for full throws
(5} Nose wheel height 0.K,

{6) Illydraulic system bled

J. Daste discovered - 3 November 1965
Re~uest flight check for nose wheel 1ift off problem (See Item 1.)
Symbol - red dash.

Corrective action - no date. .
Took weight off nosc gear at 150 KIAS, rotated at 180 KIAS and was
airborne at 195 XIAS., All seemed quite normal,

NOTE: Seme pilot flew aircraft for corrective action in item §,
that wrote discrepancy in item 1.

Corrective action ~ 27 Januvery 1966
Changed the LN-) computer and ran biasing checks and statfonery
i inertial run and shuler run, !

f-; k, Date discovored = 2 Decerbar 1965

- APC light {lluminated after electricsl outsge after start,

1. APC ground check 0.K,, but light still on. Suspect i{ndiceting

By syatem. Symbol - red diagonal.

& Corractive action - 7 December 1965 .
ig Replaced No, 2 end 3 APC trelays, ground check 0.K, OK J,A. Walker.
K 1. Date discovered - 11 January 1966

? Oxygen regulator feeds oxygen with selector on normal on ground.

i Symbol - Red X

?, Corrective action = 12 January 1966

4 Replaced repulator and teated with M2 Testor,

f‘ m, Date discovered = 7 Dec 1965

z Inertial platform drifts continuously 1 mile in 2 seconds with

H heading on north. HAV HODE, Symbel - red diagonsl.

sy
o



INFO:

| NOMENCLATURE & TYPE

CATAPULT:
XM10E) (M10)

INITIATORS:
M27 (125)
w27 (T25)
M27 (T25)
M27 (125)
M27 (T25)
M28 (T26)
H30 (T33)
M32 (T35)
M32 (T35)

THRUSTERS 1
M1l (xM11)
M1l (M1l)
M13 (xM13)

- M1$ (TL7E4)

L _"ammu ACTUATORS:

PN 1000-3

CARTRIDGES:
MR I, MOD 3
M I, MOD )

'FLICHT CONTROLS:

‘Qi-'.‘SQrvo Assy, Mech Hyd,
* Steb.

Servo Assy Rudder

Servo Asay, Alleron LH

Servo Asay, Afleron RH

batnernr, APC

(LN-1) computer).

SERIAL
NR

- ——

067

01?
324
251
380
354
073
0100
0114

0208

008
024
M-140

297

955

None

None

222

610
1251
1250

Sil

n. Date discovercd - 10 December 1965
Due to the above squavk (see item M) it is requested,
auto-pilot be kept {n standhr until LN-3 systex is chanped

Symbo) - red disgonsl,

E. Pertinent Accessory Recplacement Record

Corrective actlon - 27 Jsuary 1966
Above gquawk has been corrected and the autopilot may now be used

in tho normal manner.

REPLACE_FVERY

3 yrs

3 yrs
Iy

3 yrs

3 yrs

3 yrs
3 yrs
3 yrs
4 yrs

4 yrs

3 yrs
3 yms
3 yrs

3 yrs

3 yre

after Instl.

sfter instl.
after instl.
after instl.
after instl.
after instl,
after instl.
after instl,
after Iinstl,

after instl.

after instl,
after inatl.
after instl,

after instl.

after instl,

1 yr sfter opening

1 yr after opening

500 hours

500 hours

500 hours

500 hours

1000 hours

FEPLACFMENT

INSTALLED AT DUE_AT
6 Sep 63 6 Sep 66
5 Sep 61 S5 Sep 66
S Sep 63 5 Sep 66
5 Sep 63 5 Sep 66
5 Sep 63 S Sep 66
5 Sep 63 5 Sep 66
5 Sep 63 5 Sep 66
6 Sep 63 6 Sep 66
6 Sep 63 6 Sep 67
6 Sep 63 6 Sep 67
5 Sep 63 5 Sep b6
5 Sep 63 5 Sep 66
5 Sep 63 5 Sep 66
5 Sep 63 6 Sep 66
6 Sep 613 6 Sep 66
29 Sep 65 29 Sep 66
29 Sep 65 29 Sep 66
495:25 995:25
§95:25 985:25
495:25 995:25
495:25 995:25
495:25 1495:25
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SERTAL REPLAC™™NT
NOMENCLATURE & TYPE NR REPLACE EVERY INSTALLED AT DUE AT
OXYCEN SYSTEM:
Regulator, Oxygen Demand 408502 FEvery 9 wonths 11 Jan 66 11 Oct 66
Hose, MS 22055 (AN 6003) Yone Tvery 2 years 6 Oct 65 6 Oct 67

(All Rubber, Oxygen)

F. Additional Data:

¥hen performing [unctional check flights IAW the requirements of Section viI,

Part 1, of 1F-104G-6, NASA pllots utilize the
as a guide during flight and record discrepancies in the aircraft AFT0 Form 781A.
A check flight list s not completed for cach FCF and filed with the atrersfr historical

tecords.,

V7

VERNON M., SANDROCK, Hajor, USAF
Group Leader, Maintenance Records Group

3 Atch:

1. Memo, Carry-over item 16,

to those concerned fm E.J.Bronner
2. Memo, co-pilots circuit breakers
from D,H. Unnerstall

3. Memo, Carry over item 16,
prior to Plight 46, 10Juné6, fm
E.E.Allton

Functional Check Flight List (1F=-104G-6CL-1CF)



DATE

5.Aug. 63
17 Mar. 64

23 Dee; 64

15 Peb. 65
10 Jan. 64

_25 2 65

27 Oets 65

30 Sept. 65
15 Jan. €5

.22 Jul. 65
. ZT Jul. 65

5 Sept. 65 .

- _ﬁ"Sept.,GS
. l"- 7 Fva 66
230 Ma.r 66

2. 22 Apr. 66

-1_.‘21!4.1: 65
B al-hy 65
hHayGG

7,10 May 66

AIRTHAFT T.0.'s ¥,C,W on F-104 #asA 613

7.0.

1P 10%-2002
10k-2011

1F-10h5-524

1r-10L-2038
1F-104-2008

1.1“-i0h-2059

- 1P-204-2069

1F-2105-2C4%3
1F-10L-2037

17104882

1P-104-2057
1F-10%-9%0

. 1F-104-2068

1F-104G-540
1P-104.-937

©1F-104-2089
" 1P-104-970

 1P-104-2051
. 1P-104-2097

l’xf'-lollf%T
1F-104-953

{R)
(R}

© 1F-104-95T7 (Safety)

TITLE

Redugtion of ZIxterior Light Brightness
Modification of Nose Wheel Steering
Control Clrcuit

Revision of Alrcraft to Weapon Electricsl
Stub Table Accesr Daor

Modification of Tacan/IFF Antennae System
Inztallaticn of fwo Inch Standby Attitude
Tndicator

Molifiecation of LOX Filler Valve nuns.e
Fastenings

Installation of External Positive: Etop on
Texrperature Control Panel .

Modification of FHI-U Indicator.
Installation of 1I¥-3 Inertial Nsﬂga’ion
System Power Provisions

Installation of Lock-Asserbly An-estor
Hook Ground Safety. .

Re~routing of P &ntenme Cable Harnees
Tnaoection and Rework of Stator Plate. and
Lining Ascemblies

Installation of Revorked Outer cyllnder of
Nose Landing Gear Strut Asrembly: :
Inatallation of ARC System Emergency. Disconnect
Relocation of Arrestor Hook Presstre Lage - .-
Rework of Horizontal Stabllizer Trin Actuator
Modirication of Ejectlon Seat D-Ring: L
Inatallation in C-2 Ejentinn Séat. -
Installation of Three Lawp Fixture
Inspection of Engins Dnargu..; ‘Nocele ]
Closure System -

Replacement of Main L/G Door and Ground-Atr
Safety Microswitches

Replacement of Pressurization Eyeten

Sonic Choke.Flow Limiter.

Replacenment of Flungers in External
Stores/Special Weapons Jettisom. Switchea

- ENGINE T.0.'s N/C/W J-79-GE-131A SN k11 722

2,'3?-79-1058
2515938
| 25-379-961

(R)

{r)
(r)
(R)
(r)

o -FOR OFFICIAL USE ONLY
BECIAL P.ANDIIHG REQUIRED el ACCOWCE WITH AI’ 127 h

. Englnes’

Replacement of A/B Fuel Control, B/% 105R698P1 e
by P/ 105R659P9 on S79-GE-11A Enaine: L

Modiﬁeation or«mnr. and '.{‘rs.nsrer Cearbox
on J-79-GE-1IA Englnes . * -

Replacement of.Stage 1 through W Compreasor -
Vene' Brusties and Spaces om'J=79-08l-11A Engings. "~
Modification of the No, 2 Béaring Area on C
J79-GE-11A Consortium J-79-11A Engine
Rework of-Turbine Casing. P/N 108R25863 to, ,
/N 1O03RLTUGS on P/N 109m7k06 -on, J79—GE-IJ.A N



s Nfafe Se79-CE-1IA 5N Bi1.TE2 - Cont'd.

PATE # TITLE

T, 31 Aug. 65 23-579-973 (R) Modification of Main Fuel Comtrol
Throttle Gearbox
¢-¢-.1'79-10u. R) Installation of Imprcved ISV Bearings
~73-1021  (R) Replecrsmnt of Tranafer Gearbox Alternator
; - ed Zeal
% +10 Peb, 66 2r"75-10%6  {R) forension Proircilon of Compressc: Retos and
R Stsior Components on J-73«Z~11A Frnurine
- % Feb, €6 25~179-986  { Installation of MoMfied Hafn Fuel
T . Contral LOSS1L

FOR CFFICIAL USE oRLY

2.




PROPUTSION ANKALYSIS REIORT
I'=104N AIRCPAFT SN 4058-813

1. Engine Analysis:

a. J79-11A Engine SN 411722, which was installed {n the aircraft at the
tine of the accident, was examined in detail. Thiz examination revealed the
engine was not rotating at the time of ground impact. No evidence of any
mechanical failure or malfunction was noted which would prevent engine rota-
tion, The bearings showed no evidence of operational damage, and appeared
to have been adequately lubricated throughout their life. There was no
evidence of compressor or turbine blade or stator failure. The FOD which wae
present in the compressor was not sufficient to cause blada failure or blade
to sta~or irterference. It is therefore evident that the lack of rotation
result v the following conditions which preceded the ground impact.

1. Aircraft inflight breakup which interrupted the fuel supply.

2. Tumbling of the fuselage section containing the engine which
resulted in a lack of air flow through the engine.

b. Impact and fire damage prevented bench checking of any engine fucl,
lubrication, or nozzle system compenents. Examination of these components
did not reveal any evidence of operational failure or malfunction.

1. The main fuel control and nozzle area control throttle inputs
were found at a setting of 45 degrees. The 45 degroe setting corresponde
to an engine specd of 89 percent RIM which {s reasonable for the flight
conditions known to exist at the time of collision. The afterburmer fuel
control throttle input was found at a setting of 35 degrees. This difference
in settings was probably caused by a resulting tension in the teleflex cable
due to separation of components upon ground impact.

2. The exhaust nozzle actuator rods were found at a position
corresponding to an approximate nozzle area of 350 sqQuare inches, This
nozzle area is further confirmed by visual obsexvation of nozzle, nozzle
feedback cable position at the nozzle area control, nozzle position indicator,
and the nozzle emergency closure valve. This position is not consistent with
a normal engine shutdown which leaves the nozzle in an open position. The
probable rcason for the nozzle being in this position is actuation of the
cnergency nozzle closure system due to Separation of the cockpit from the
remzinder of the aircraft. This is further subatontiated by the actuation
of the tail arrestor hook and drag chute. The norzle actuator locks were
engaged, which ia a normal function when the nozzle emergency closure system
is activated. Further, the engine can safely operate in the idle to military
RPY range with the nozzle in the emergency locked position.

3. Foreign object damage was evident on all stages of compressor
rotor blades. The turbine stator vanes had typical metal splatter-as the
result of foreign object damage. The vanes would have to be hot to make the
deposits achere. Dased on their bright appearance, it is evident the deposits
occurred during aircraft breakup. This is evidence that the engine was opera-
ting at aireraft breakup,




4. All outstanding engine TCTO's on this engine were reviewed to
determine if any engine failure could be attributed to non-compliance. It
vas found thst there were no failurcs in the arcas to which these applicd.

¢. In the 35mm movies taken from the Lear Jet a streak was observed
coming from the exhaust of the F-104 approximately 2 mins and 30 secs of
film time prior to the explosion (based on 24 frames per second film speed).
This time does not include stops made by the cameramen. The streak lasted
for three frames vhich is 1/8 of a second elapsed time,

The streak was first noticed on the 16mm copy of the 35m master and
appeared to be a streak of flame, A 35mm copy of the master was thep
observed and the orange flame color appeared te lighten.

The following possible causes of the streak were considered:
1. Discharge of carbon bufld-up
2. Water in [fuel
3. TForeign object damage
4. 1Inlet ice ingestion
5. Hydraulie, lubricating oil, or fuel leak
6. Afterbumrmer light
7. Compressor stall or surge
8. Mechanical failure within engine gas path

The firat four causes could not be eliminated as possibilities by
exanination of the engine or by known engine operating characteristics and
reamin as possible causes. Item 5 is not possible since the streak only
appeared once which would require a leak that subsequently stopped. Also,
a leak would not fill the complete nozzle area. Item 6, afterburner light,
18 not probable since the power required for the known flight conditions
1s approximately 90X and an &fterburmer light in this range would reguire
large rigging error, Item 7, compressor stall, is not probable aince no
transient flight conditions were occurring at the time. Item 8, mechanical
failure within the engine gas path, was eliminated by engino examination,
It is urknown {f the streaking reoccurred prior to collision.

2, Afrcraf. Fuel System Analysis:

8. Due to the extensive firc and impact damage, it vas impossible
to bench check the fuel system components, However, the following factors
must be considered in an analysis of the fuel system:

1. At a power setting of approximately 90 percent and an altitude
of 27,000 feet, the fuel system can supply the fuel required by the engine
i1f all four boost pumps are inoperative.
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2. In the pictures following the collision, there appears to be
unburmed fuel coming from the tail pipe area of the F-104 fireball, This
would indicate that the system was supplying fuel to the engine.

3. 1In the teardown of the engine, molten metal splatter was found
in the turbine section. This would also indicate that fuel was being sup-
plied to the engine.

3. Conclusions:

2. No evidence of engine or aircraft fuel system malfunction was found.

b. Available evidence indicates that the engine and aircraft fuel system
were Punctioning normally up to the time of aircraft breakup.

c. There is no evidence to indicate that the engine or aircraft fuel
system contributed to the accident.

4, Recommendations:

a. None.

Gtbins A

- ARTHUR G, SMITH -

Directorate of Aervspace Safety
0ffice of the Inspector General
Norton AIB




LLECTRICAL, CIZCTRONIC AND DATA ANALYSIS RCIURT

EITCTRICAL SYSTIMS

I. The XB-TOA was equipped with twe <0 KVA, 440 vol1, 3 phase AC generalurs
driven iy coustant speed drives (CSD) attached to engiues 3 and 4, They are
normally operated in parallel. Automatic switching, v means of a bus-t{e relay,
permits one generator to fumish the entire elecirical load in the event one of
thes fails. furither Lackup s provided by an esergency AC generator driven Iy a
hyéraulic molur at constant speed. Thia pgenerator is capable of Purnishing the
elecirical load necessary to sustaln [light. Transformer-Recrifier (T-R) units
are provided for furnishing DS power.

2. The I'-104X was an 1'-104C (MAP) wodel cunligured ta MASA requirements. The
standard electrical power supply consisled of two variable frequency, 20 KVA gene-
rators, 208/115 volis, 3 phase, directly driven by the engiue, Regulated 400
cycle AG power was derived from a hydraulically driven generator. Ulach 20 KvA
generator fecds the Nr 1 and Nr 2 busses individually. Autowmatic bus-tle provis-
ions enable Loth lusses to be energized by one generator If the other falls.
Further provision 18 made to enzble the 400 cycle regulated AC load to ba ener-
gized by an unregulated AC generatlor in the event the regulated AC generator ar
the lydraulic motor failg, Unerjency AC electrical power and hydraulic power ia
provided by a ram air turbine (RAT) which can be extended into the slip stream hy
pulling a "T" handle localed on the lower R portion of the instrument panel. The
FAT is not retractable after Leing extended. T-R units connected 10 each AC bas
furnish NC power with bus-tie capabllity to provide necessary I¢ power from one
T-R unit, Imergency DC power §s provided by a battery.

3. The components ol the B-70 electrical power source were still concealed in
wreckage 2t the lime of writing this report. lowever, there Is no question
regarding lts integrity up 10 the lime of impact wilh the ground alnce there
was no intermption of felemetry transmission up o hat Llime. Telemetry dats
reduction slwwed 1that emgines |, 2, 3 and 4 were rutating aluve {dle speed up to
the time of impact. The last air/ground communication with the B-70 began at
0926:06 and ended at aboul 0926:20, The mid-air colliaion occurred at 0926:24.
The history of this B-70 Right, based on all comunication and telemetry data
indicates total nomal integrity of the B-70 electrical system.

4. All generators of the [-104 except the RAT generator were recovered. The Nr
1 generator vas geverly burned, but showed no evidence of bearing faflure,
mechanical digplacement of tlie arwature, exciter lield or output winding. 7The
brush lengths were satisfactory. The name plate was destroyed to the exient

that no ugefu) Information was aveilable. The Nr 2 generator escaped severe
lreat damage. The nameplate data was: [fendix Mfr's P/N [X-28023-3, Style b,

S/N R-2776, Freq. 320 - 480 cycles, Amps. 55.5, 3-phase, PT .75 - 1.0, RIM 4R00 -
7200, Contract Order Nr AT04/606/12598. These generators are rated at 20 KVA.
The Nr 2 generator was identiffed by legille mmbers on wires still attached to
the generator terminals., The bearings were free to rotate and contained adigquale
lubricant, There was slight evidence ol rotational scrolling of the exciter
arnature and the rotating liled of the AC generator. The Lrush lengths were
satisfactory. The light scrolling conld have occurred by damage sustained at
collialon time or during the break-up of the airplane before ground Impact. Since
the engine was not rotating at fmpact, the same would have to be true for genera-
tors driven therefrom. Induction of foreign objects into the pgenerator cooling
system subsequent lo collisjon cannot be ruled out. The amount of scrolling,
however, {s not suffluient 1o have caused the generator to ga off the line.

§. The constant speed AC generator snd hydraulle molor assemhly sustained con-
giderable mechanical damage and moderate heat damage, The hydraulic drive assem-
bly showed evidence of adequate drive of1 before the accident. Mechanical and
heat damage prevented rotativn of the gencrator bearings. There was no evidence
to indicate fatlure of thls assembly Lefore the collision,
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v. The associated AC power conler components have nol leen recovered to date.

7. There was na evidence ta indicate laflure of the AC or DG puwer producing
systems ol the I'-104 airplane.

EIZCTRONIC SYSTEMS

. AN recoveced partions of the B-70 electronlc system were inspected. There
were 1w airbome digital recorders and one analog recorder, the tapes of which
were destroyed Ly (mpact and fire, The cockpit cawmera [ilm survived in iis
entirely Imt the end of the rcel occurred at 0839 hours or 47 minutes belore the
collision, The developed film substantiated crew manipulations, Instnmenl read-
ings and reports by the crew during air/ground comsunication. See Atch 1, XR70A
NO. 207 TLIGHT %), 4b - 8 .JUNE 1966. The left column contzing Elight noles a3
recorded on the ground. The right colunn contains substantiatior rumarks as
fndicated Ly roview of the Film,

9. Although there were times when air/ground communications requived rep-ats on
the part of wither the ground statlon or formation erews, there was nothing abaor-
mal or unusual. Repeated monitoring of all available voice tapes {ndicated that
there wera mo communfcation failures or misunderstandings as a result of commimi-
cation deficiencies. Alr/ground VP communiecation involvicg the Learjet were not
recorded (123,15 mea.) The UIIT frequencies used durirg the photographic portion
of Lle mission were 216.6 mes, primary, ard 351.4 mes. altermate. The B-70 crew
only was bricfed to use 351.4 mes. The other crews were briefed to use 316 6
only during the formation. Cdwards Data Control acted as relay between the Loar-
jet and the formation. The T-38 crew listened to the Learjet transmissions by
tuning 123.1 mcs. on the VHE omni receiver. No airplane in the fermation had the
capability to transmit on VHE except the Learjer.

10. The last kmown transmission from Mr. Walker occurred at 0922:47 or 3 minutes,
39 scconds before collision: ™We must be helping that cumulus sctivity with all
this hot air.," Mr. Whire replied: *Yes." One tape containad a second "Yes™
reply lollowed by "Thank you." 1The rapidity of these last two utterances pre-
cluded fdentification of the speakers.

11. The F-104 cockplit section beginning with the radome attach point back to a
station immediately aft of the reat was found severely c¢rushed and burmned. There
wvar no useful Infoimation to be derived from the instruments. The UhT control
penel was severely crushed and burmed. The control knobs were still in evidence
although partially melted. By comparing knob positions with o serviceable article
the manual Frequency selected was 316.6. The last mode selection matched the T/R
(Transmit/Receive) pasition.

12. The second keyed carrier immediately bifore '"Mid-air" transmission, and which
sounded like a microphone picking up noise from an open cockpit, could porsibly
have resulted from the last action on the part of Mr, Walker pressing his micro-
phone button. No other member of the formation remsmbered actuating their micro-
phone buttons at this particular time.

13, 1he emergency radio beacon {ustalled in the capsule was a Teleplionics Model
40023, 1t worked as desipgned, transmitting a signal on 243.0 mes. after automatie
operation of the power switch by the parachute mechanism. It was heard by a pilot
ongaged in another mizalon. 1t was twiwed off by rescus personnel after belng
advised of 1ts operation. Durlng the emergency, there was an apparent lack of
knowledge of the existence of the beacor since it was not menticoned when efforts
ware being made to locate Nr. White.




I14. The inteprity of the aivrborne voice recorder, cockpit camera and telemetry
Lransmitting cquipment Is considerad a pood cxample of attalning necessary data
from crashed atrcraft. The woice recorder was not housed in 3 crosh-resistant
pickage.  The tape survival may Be atiributed to its location in Lhe forward
ortion of Lhe extremely laug fusvlapge which provided (solation from the el
fire. The flat ground strike, with little movement In any direction could also
have contriluted to the tape survival.

14. There was no evidence to indicate a failure of the electrunic¢ system of
cither aircraft.

DATA 3¥STIME

16. Reference is made 1o Atch 2, TRANSCRIPT OF AYR/ZROUND COMMUNICATION AND
JNTERPHONE GONVERSATION DURING LAST FLIZIT OT XB-70 NR 20207. Pacific Daylight
times given therein are accurate to within plus or winus one second for the air/
ground communication. The accuracy of times given for interphone conversatiun
(INTUN) ave considered to be within Plus or winus three seconds. The air/ground
communication times were d:rived from playback of the original tapes on ths Ampex
recording equipment {n [dwards Data Control. Time information on the tapes is
Accurate to lutermational Radio Instrnmentation Group (IRi+) standards ard dgi=
tal time display progresses with tape movement. Times for the fnterphone conver-
sation were dubbed in by use of an =lapsed time Indicator, timing From a known
starting time of un air/pround comounieation sequence,

17. Siuce there was no evidence of questionable occurrences that were recorded
on the voice tapes earlier in the flight, tha transcript was begun #t a real time
of 0908:54, at which time Mr. White fnvited Major Cross to take control of the
airplane. Mr. White is believed to have taken control again at 0918:20. Mr.
White's testimony indicated that he was controlling the afrplane at the time of
collision., The transcript was ended at 0932:15, at which time the capsule was
known to have touched down (given as 32 minutcs past the hour as oliserved hy
Colonel Cotton).

4. 1hero were some interplions eequences Uit were garbled tu the extent rhat
Lrouseription was impossible. The corresponding Limes are given to indicate
interphone conversatiou but without the trunscri ption. The garbled pertions,
a8 well as those portifons that could be transceribed, sound noimal and unexcited
prior to collision.

9. Exam{nation ol segnents of tape [rom the orighal vaice lape of the K-70
after return from the FEI on 25 June, showed approximately FIfteen Inches of over-
heated tape. This e equivalent to 14 seconds of recording time at 15/16 inch per
second. [t is estimated that one-half of the damaged tape contalned intelligence.
One piece, with leaders attached to each end, vae manipulated through a recorder
head by hand feeding. It contained garbled intelllgence, The romaining pleces
were Lalioved too badly dumaged to retain magnetle properties.

20. The Il was fumished with the end of the B-70 volce tape (together with
damaged picces) beginning with Mr. walker's last known tranemission at u922:47.
This transmission had already been transcribed from recordings of air/ground
conmunication. 1t was gleo clrar on the original portion returned by the rut
but this sequence was not Included in the transcript furmished by the lptier.
In the tape analysis, it wos found advantegeous to re-record elow moving volce
tape ou & recorder that operates at the highest speed possible. The playback
at the higher speed enabled greater readability in past instances as in this
case. The FBI reply and transcription {s Atch 3.
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ueyesting Organlration (Syabol and/or lame) Hone of TPnGme Ne

Renuestor
FTUM-1 (&4 Hangar) Major Sandrock | 8-2647

Saple, Test or Project .

Hvdrcullc Fluids from AJC F=1n4& 1813
wor. Required

4+

fetermine contazination,

TEST DATA

RESULTS:

A, Particla Co;ant:
f1 Seab, Act, (&,5-m{1lliliter sample)

A Particla Rance Count
z Over 179 microns 6
’ 50-100 . o Lt:] .
215-50 " - 113 ’
o 15-25 " 124
ot 5-15 " 12,088

. E ribcn 5

‘E: ) 'rhu Ilr;u: ‘particles are mostly Tesizous: (pluti:). Ong retal pnrticle
. vu.275 microns in Iength. Smaller particles are metal and ctrbm wvith l few
b panlclu et smd, -

NOTE! Thll {3 the least contaminated of the fuur ux:.-,:les. " The nomal . y N
i urrple size. for hydraulic fluid ts 100 milliliters-(cublc centiueten), upproxi-_' .
; mately 20X ‘more than this sample to giva more representative. Tesults, - 'Any. par=’
 I.ticle greater.than:100 micrens classifies:the: fluld ‘s outside the’ pro:uremn: 3
} spectftcation; SNSRI, - the fiitérs used provide 0-mictor nominal: , -
 f1leration’with removal of 1003 of all particles over 25 mitrenwi-- On this Sasts
none of :hl !'our hydr:uuc fluid umplel vas vithin the use; apectﬂcntion.

1? hq Servc {S-mlluhtu urnph)

?arucles \rere too numerous to :ouu: with predom.lnm:e of mulu: and .
* carbonaceous’ mterilla. Balance vare resinous, fibersiand sand, At leasr B2 '

4 pnrticl*s verc frelter than 100 micronx, Largest sestal particle waz 250 microns,
A S pid ; .
'bc,. :efr:ro': oil: (lo-r.iuiunr sarple)

Plrtiele: vers tod numerous to count.- Resinous particles and tyxi‘:hc:_;c'"'

b Ty w0 B

R LR T Ty
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LABOPATORY TEST FEPORT 3 pages <236
H
} oo vmm b r e n
-+ Sceuesting Organlzation (Syabol and/or Name) Nace of i PUnE e o
Lo Rocruestor !

.

. saple, Test or Project

' + Wori Required .

D N - - TEST DATA

T m ke mebde

: .flbeu predcruln:-ted. Sand was prevalent, Smaller particles vare mostly Finely )
: ; divided.metal md carbon, At lesst 91 metal particles were greater than 100 .
v m.!cron:; one was 750 x 50 micrens; one was 125 x 125 nlcronl.

#2 Stad, Act,

. Particles were too mmerous to count. This smsple comtained -less but more
.varied particulate matter than the other 712 system samples, ~More sand and resinousi - .
‘material was found, Lavgest metal particle was 550 nicronl; ‘several were over 200
’ rmicrcms' one was 400 x 75 microns, -

P T, Y.
.- i . oa

‘NOTE3 Both service carts aod the 55-gallon drum contazined particles in
“excess of 100 microns,

LA samples cubnltted in screweczp bottles were contm!nated somevhat with pnrtlcles Coe
-, *from the cap linar., The use of immaculately clesan bottles with polyethylene-1lined-..
_.caps, and at least 100 milliliters of samplae ($ 84 pollible).‘is the minimun umdnrtL
. sawpling procedure. The lsboratory can supply proper. sampling. cquipmnt -and .

s lkilled peracnnel for critical :mplu luch as.thesw,

O

Tt B Chcmicnl Contaminationt

.- By infrarad spectoscopy and pas chrou:ognphy the prevence of :richloroethylc:
("trike") vas established fn each of the four hydraulfc samples from the F-104,
*:Also, "trike" was found {n each of the reference iazplesisubmitted, f.e., l-gallon-
. ‘ean, . 55-gallon drum, service‘carts #4837 and-9520; Inqulry determined that-sarple -
i-‘contaigers vere [lushed with “trike"-beforexyazples-vare -taken, In aa‘effort-to
detemlnc whether “trike™ was present in the F-104 hydraulic iystem at thé time of
th "l:c(den:, 8 tecond sat: of reference samples from tha ctrts (wi:hou: tlushlns

I

Sy gty ase w 'ﬂ
4
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Page 3 of Report Nr, Tate

LABORATORY TEST FEPORT 1 Pages 226 !
i . { —
Reouesting Organization (Symbol and/or Name) ‘Nae of thbane N5 i
. : Raguestor

- Sample, Test or Profect

Jwor. Required

plus’ 10f31- of uAlrot.her i_éiat! 1le

halogenated solvent,

) TEST _DATA. - —

! ’ . :
) i Samle Finding- :
| ’ 1-gallon can ' No trichloroethylene,

b ' 55=gallon drum " ' . '

- § . « Cacts 1487 and #520 2 x 10-32 {vol,) trichloroethylene '

. :

i j

... A chemist was sent from the Rocket Site to the vreckage in the MSM Hangar to
» i-apsure petting unconcaninated (with trichloroethylene): samples- of hydraulic fluid
i from the same pointa-as before (F1 Stab, Act., 2 Rud, Servo, 12 Lt, Sexrvo 011

. and #2 Stab, Act), No more fluid was available from these. sources, The- chealist
. was informed that no part of the plane wreckage could be moved (tilted). to collect
- jore sample.by draining, However, ha did collect & few drope of hydraulfe fluid
. from the tight wing aileron system for analysis, ) S '

e

Re:ultil 2x 10’?1 {vol.) trichlorosthylane
- 2 x 10792 (vol.) parchlorosthylene

1x 10'-31 (vel,) ='a more volatile halogenated solvent,

J. MOTE$: 10732' (volime) {s squivalent to. saveral drops of" trichloroethylene par
or gallon of M11-5606 hydrsalic fluid, Tha boiltng point. of trichlotoethylens .
‘1B8°F{ that oF perchloroethylans 1s 249°F, Ualass) trichlércethylens vapor is: .

> problen-inithe:hydraulic systems at £14ght temperaturas, purging of-syatems -
hinitroren is:suprested until a test of the effluent purting gee-indicates s

o level: of-solvent: vapor,--Sarples subnitted’for contariniation analysis:
‘ba’inicontainers free of chemical contamination (Folventa, watat,: {nsoluble.
‘1aTuble pirtieulats matter), ' T - e

L I Y

-nlfhdjthqt.:hllum accutateiteport-of tast or snalysis perfommed-by R
mmlcal®d Marerials Srench, o ) s ot A, L,i .:.r_’-.: - '-F'“d ,b, i

S ;-ai'p.ffb?i'.a Wy " Signature’ of Aparoviag 0 F1E{a)

= |Naogcm o ' s , .Na-nt-, DRy EWp 4 :

LA D“.m’ : %\r‘z LY RESY

(g - [Thde 7 "

Y e Ching: © . Analytleal. © o oo L
_ Chemtcal & Matertala‘Branch/rf7. . .. I




TLIGHT CONTROLS, PNEUDRAULICS AND MECHANICAL LINKAGE ANALYSIS REPORT

1. The X8-70 wae in stabilized straight and level flight at the time of F-104
impact. Analysis of all available information fndicates that the mechanical and
hydro-mechanical flight control functions were operating in a nomal and satis-
factory manner prior to and during the impact by the I'-104, The XB-70 flight
control system is powered simultaneously by two hydraulie systems. Each of
these systems is capable of providing satisfactory control of the aircraft. Tele~
metering data indicate control elevon motion for approximately 22 seconds after
the loss of the L. H. vertical. Theso data prove that at least one of the two
hydraulic systems wes intact after impact and that the mechanical inputs to the
elevon surfaces from the cockpit were transmitted satisfactorily, With the loss
of the L, H. wing both primary flight control hydraulic systems would be lost in
approximately 3 to 4 seconds due to fluid loss through broken tubing along the
rear spar, With the loss of zll primary flight control power the XB-70 would be
uncontrollable,

2, CONCLUSIONS:

All XB-70 flight control functions both mechanical and hydro-mechanical were
operating satisfactorily in straight and level flight at time of P-104 impact.
Loss of a portion of the R. M, vertical and complete loss of the L, I, vertical
did not lose XB-70 mechanical or primary flight control hydraulic power, since
the elevons responded to pilot demand for approximately 22 seconds after loss of
the L. I, vertical. The power systoms and mechanical control functions except
for the vertical actuator surface attach points were completely operable after
impact. The primary loss of control of XB-70A was caused by the loss of required
vertical aerodynemic surfaces.

3. RECOMMENDATIONS:

None.

VM%M
VERNET ¥, POUPITCH,’CS-14

Croup Leader Dlrecéorate Aerospace Safety



FLICHT CONTROLS, PNEUDRAULICS AND MLCIIANICAL LINKAGE ANALYSIS REPORT
[-104 Lockheed S/N 683C-4058 NASA 813

1. Analysis of all available information and recoverable wreckage indicates that
the mechanical and hydro-mechanical flight control functions were operating in a
normal and satisfactory manner prior to impact with the XB8-70.

2. Aileron, stabilizer, rudder, flap system, hydraulic system, systems in general
and flight records were inspected.

3. Cockpit: The cockpit controls were o severely damaged and consumed by fire
that no significant conclusions could be drawn except that the few connections
remaining were intact,

4. Mleron: The aileron control is a double cable system and was demolished and
subjected to fire. All observable connections were intact and properly secured.
The cable atrands observable were frayed and separated in tension. Pushrod in
the R. H. wing was bent upward end forward at the inboard end at the connection
to the torgque tube., The right hand torque tube was separated from its mounting
and the bell cranks from the aileron cable and the autopilot actuator were
severed hy a force in the upward and forward direction. This occurred when the
inverted alrcraft impacted the ground. The right hand pushrod parted at the
point of wing breakage at wing station 91.C in a negative direction breaking the
aileron servo bell crank off near the connection.

The ailerons, stabilizer and rudder surfaces are free to move in any poaition
within the limits of the actuating cylinder stroke when there is no hydraulic
pressure., The position of the surfaces as found may not fndicate their position
at the time of the collision. Air loads could cause the surfaces to assume any
position when the hydraulic lines are severed. Thus, the position of the recov-
ered surfaces has little or no significance.

Both aileron trim jackscrews were examined and had failed in tension at the
thread root. The trim motor drive unit actuator position was determined from
the limit switch position., The trim position was less than .50 degree from
neutral trim, Total trim travel {s + 5.0 degrees. The aileron trim was in
normal position and wes not a causal factor.

The aileron autopilot actuator pushrod was severed and with the loss of
hydraulic fluid the position it assumes would not be significant,

5. %tabllizer Controlsa:

Cable System and Pushrods

The pitch control cablea wero broken in tension aft of the cockpit at the time
of separation of the cockpit section from the fuselage. The pushrods aft of fuse-
lage station 603 were flattened by impact of the engine. The aircraft impacted
the ground in an inverted poaition,

Stabilizer Trim System

The trim jackscrew was broken from the drive motor and gearing at the first

thread, The position of the jackscrew nut indicated a trim position of 3° leading
edge down.

§. Rudder vumtrols:

Cable System and Pushrods

The rudder control cables were broken in tension aft of the cockpit at
tha time of the separation of the cockpit section from the fuselsge. The rudder
cable system through the fuselage was destroyed, except for a few strands at the

FOR OFFICIAL USE ONLY., (SPECIAL HANDLING REQUIRED: SEL -ArR 127-4)




aft end at the connection to the cable quadrant, The cables were broken at this
point in tension Ly scparation of the empennage from the fuselape.

Rudder Trim System

The position uf the nut on the juckscrew Indicated a trim position of .18°
right rudder. Total trim travel is + 4°.

7. Flap Systen

The leading edge flap actuators were both broken in tension due to the impact
load on the top surface of the wing at the time of gound impact of the wings and
fuselage while the aircraft was inverted, The tension failure is evidenced by
the condition of both L, T, flap actuators. The R. H. leading edge flap actuator
housing was pulled apart by stripping of the large (approximately 3.5" dia.)
threads conmnecting the jackscrew nut to the main gearbox housing. This housing
vas broken from its supporting structure at the attaching lug.

The left hand L, E, flap actuator was separated at the connection of the aft
attaching lug to the main gearbox housing by breakage in tensfon of aix .25"
intermal wrenching bolts,

HYDRAULIC FLUID SAMPLES

+

8. lMydraulic fluid samples for analysis were taken from components which were
severed from the aircraft and were lying in ash debris. 1In all instances the
hydraulic lines were severed and expcsed to crash contamination. The very small
amounts of fluid samples were taken In every instance upstream of the unit filter.
The samples were poured into glass bottles washed with "trike",
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Samples of hydrsulic fluid were tsken to tha Rocket Propulsion Laboratory,
Pdwards AFB for analysis. Laboeratory Test Report Nr, 236 (TAB J) covers the results;
of test from sircraft F-104 #B13 and sample tests from the NASA servicing equipment.’

o

High particulate count of contaminants in the sacple fluid reported in the
laboratory analysis apparently was introduced when the lines were severed and the
components were exposed to fire and ground handling. Visual examination of the
fluid trapped in the components before it was poured into specimen bottles
disclosed no contamination. Presence of solvents as reported in the fluld from
the NASA servieing facilitfes mnd the components would not have deteriorated
the fluid to eontribute to the cause for the sccident. Presence of solvents
in hydraultc fluid over sn extended pericd might detericrate hydraulle component
"o" rings, This was not evident.




9. Autopilot and Afleron Systems - llypothetical Assunptions,

Assuming the autopilot was operating (considered very unlikely) and a mal-
function occurred, the following is submitted:

a. Assuaing an aileron sutopilot hardover signal someway was trans-
mitted to the autopilot actuater, then the stick force required to override
the autopilot actuator would be a maximm of 22 1bs near neutrzl, and 32 lbs
at extreme travel, The surface rate as & rcsult of autopllot actuation is 13
degrees per second. The surface rate obtainable by manual manipulation of the
control atick is 40 degrees per second. Hence, the pilot could sense and arrest
the tendency to roll,

1D, Stabilizer System

a. Assining a spurious atabilizer autopilot hardover signal caused actuation
of the autopilot actuator, the stick force required to override a nose up hard-
over would be a maximun of 25 1lbs and to overcome a nose down hardover would be
22 1ba, The surface rate of the stabilizer autopilot actuator is 8 degrees per
second, compared to 15 degrees per second manuazl rate. The pilot could in this
case also sense and arrest the tendency to pitch up.

11, Stick Pusher

a, Assuming either a legitimate actuation of the auto-pitch actuator due to
aerodynamic actuation of the angle of attack vane, or an inadvertent actuation
due to a spurious electrical signal to the actuator, the effect would be to nose
the F-104 down, The stick force to override the auto-pitch control system is
40~60 lbs and this condition is more difficult to arrest but at no time was the
aircraft prior to collisfon reported to pitch down.

12, Conclusions:

From observation and study of the available evidence in the wreckage of the
F-104 aircraft, it is concluded that the aileron, stabilizer, and rudder primary
control ayatems, the regpective trim syatems, the flap actuating system, the
hydraulic system, and the general systems, were Iin normal operable mndition
ath the time of the collision.

13, Recommendations:

None

o 1 o 7o,

Flight Controls, Pneudraulics and Mechanical Linkage
Group Lealor, Directorato Aerospaca Safoty




STRUCTURAL REPORT

1. The P-104 aircraft left horizontal stabilizer tip upper surface contacted the
XD-70 wing folding tip at the outboard aft end. The wing tip light fairing on

the XB-70 failed in an upward direction, the leading edge of the XB-70 wing honey=-
comb and leading edge extrusion adjacent to the wing tip also failed in an upward
direction,

2. The F-104 left wing contacted the XD-70 right wing [olding 1ip leading edge
approximately 30 inches inboard of the F-104 wing tip, and cut through the upper
surface of the F-104 aileron near the inboard end, The F-104 wing moving upwerd
through the XB-70 wing crushed and tore upward the steel honeycomb, Deposits of
I-104 wing paint were found on the lower surface face sheet of the XB-70 wing
folding tip. The F-104 left hand wing tip tank contacted the XB-70 leading cdge
fervard of the hole cut into the XB-70 wing. The forward portion of the tip tank
tore off, bending {nboard and upward with respect to the F-104 airplane. This
portion then separated and struck the leading edge of the F-104 wing and the
leading edge of the F-104 vertical. The remainder of the F-104 left tip tank
moved up through the XB-70 leadiny edge full depth honeycomb panel, rolled and
moved aft embedding several portions of the lower F-104 tip tank to wing seal
strip in the honeycemb at the aft end of the hole torn in the XDB-70 wing.

3. The F-104 empennage contacted the XB-70 right hand movable vertical at approxi-
mately mid-span, the upper portion of the XB-70 movable vertical failed in twisting
motion and bending aft. The F-104 right hand aft portion of the horizontal stabi-
lizer was bent downward. A piece of steel honeycomb and attached face sheet of the
XB-70 vertical and a portion of the F-104 right hand stabilizer skin was jammed
into the aft face of the stabilizer main span, There was also a small piece of
steel honeycomb jammed into the aft portion of the centerline rib of the F-104
horizontal stabilizer and another piece jammed into the outboard left hand tip
sectien of the horizontal stabilizer. The left hand horlzontal stabilizer was
separated approximately twenty inches outboard of the F-104 centerline, The entire
F-104 empennage failed in an upward and forward motion with & left to right motfon.

4. The upper left side of the F-104 fuselage behind the cockpit section struck
the leading edge of the left hand XB-70 movable vertical approximately at the hinge
line failing it from right to left with respect to the hinge point. The F-104
cockpit and radome nose section struck the upper surface of the left hand inboard
wing of the XB-70 just outboard of the left hand vertical and slid across and aft
on the wing surface at approximately & 30° angle to the elevon hinge line. Depos-
ita of paint, their relative spacing, along with depression on the upper surfaca
of the XB-70 wing match the left eide of the F-104 fuselsge and windshield mold
line. This contact crushed and tore through the honeycomb panel of the upper
cover in the XB-70 left wing. There was a two foot long crease in the XB-70 left
hand wing upper surface perpendicular to the other marks and extended forward and
outboard ending in a corner tear and cut in the aft inboard comner of the wing
folding tip hinge inboard fairing door number S33. The XB-70 forward inboard

- upper corner of the first elevon Just outboard of the wing fold hinge line was
flattened and had P-1204 paint deposits.

5. The upper honeycomb panel of the XB-70 left wing in the area of fuselage
.-station 2084 was locally crushed and torn through, starting at the wing-to-fuse~
lage-stub joint extending outboard approximately five feet.

:RAY @, GORDON Jr
1t o1, USAF
Material Factora Group
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WIECKAGE DIACRAM POINT DESCRIPTION

1. B-70 Msin Impact Area
2. B-70 Ieft Wing Sectien
3. F=10% TFuselage and Engine
4. F-10% Cockpit Section
5. B.TC left Rudder Bection
6. F-10% Tail Section
7. F-104% Left Tip Tank, .f% Jeciion
8. P-104 Fuselage Tarke
9. F-104% Right Tip Tank
10, F-104% PRight Wing Outboard Bection
. 11. F-104 Air Conditicning Package
12, F-104 Fuselage Nose Cone
13, P-104 Nose Gear
‘14, Area Containing - B-70 Right Rudder Tdp .. - -. ° ...
B-70 Ruddsp Structure:: . ' U
F-104 Puselage, E-Bay Sect. -
F-104 Puselige Skin Structure -,
F-104.MigFe, Fuselage Stru.ctnre md;
Componanta Lo
15, Area Containing - B-70 Rudder:Structure asid
Misc. B=70 Pleces -
F-104 Puse Structure and:

Misc, F=104 Pleces .' '
including F-104 Out‘bo&rd nm Btab!.lizer 1.

16. P-10% Pilot's Helmet
17. B=-T0 Pllot Capsule

.27 FOR OFFICIAL USE ONLY, (SPECTAL EANDLING REQUIRED: Soe ATR.127-K)-; |
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PART NAME
Door Closure Sensing Valve

Election Systen

Mech, Initiator

Pressure Inftiator
Initfator Tripper Asscmbly
Initiator Tripper Assembly
Delay Pressure Initiator

Manual Control

Mech. Initiator
Mech. Initiator

Electrical Seat Aajuster

PART NR

257-735922

2037-01A
2037-09
257-735629
257-735649
2037-03

2037-02A
2037-01A

4130

INSTALLED
HAX_TTHE

INSTALLED
AT

3 yrs

& yr»
4 yrs
4 yrs
& yrs

4 yrs

4 yrs

4 yra

4 yrs

1964
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; !l‘n)teoff Checklist

¢ -Pata ON & — . Grousd Sth15d. LS to Eng
.~ =AMl Engines MIL B ' P AN R _Trir; Power. A
"-All Engires 85% " — . R R . ‘
-A/B Lites 2 Eng at a Tize

-_It‘:éuntdovn.& Brake Release |
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[F va | PP Engine - 10
. AIRCRAFT HISTORICAL DATA
I T { Aolt Y —
[t e hwet/ren, e . _NASA 813
A e d GLELY) 10 Oct 63
N Fotml Fight Harmre 622,17
¢ Aot Ovaviuned Dwty NIA
Owpsravlng Actiony Plams ond bopian) HIA
Mot Bisma Owavhand N/A
| Mers Siman Lont Pocindie Irogmation 26.13
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General Dynamics F-111 hitp/ home att net/~jbavgherl f111_1 hml

| 2-[21/6Y
air-to-ground stores. ol [17/67

s On December 21, 1962, the Air Force amended the Letter Contract that had initially
covered General Dynamics' second competitive proposal and initiated procurement of 18
F-111As (senal numbers 63-9766/9782) and 5 F-111Bs (BuNos 151970/151924). These
were to be exclusively research, development, test, and evaluation (RDT&A) aircraf.

Plans onginally envisaged using titanium for almost all the airframe in order to save
weight, but this proved to be too costly and more conventional materials had to be used.

Since General Dynamics lacked any experience with carrier-based fighters, it teamed with
Grumman for the integration of the naval electronics package and Grumman was to
assemble and test the entire F-111B aircraft. In addition, Grumman would build the aft
fuselage and the landing gear of the F-111A aircraft.

The F-111A mockup was inspected in September of 1963.

By the spring of 1964, AiResearch, AVCO, Bendix, Collins Radio, Dalmo Victor,
General Electric, Hamilton Standard, Litton Systems, McDonnell, Texas Instruments and
seven other major subcontractors had become involved with the F-111 project. An
associate prime contract for the F-111B's Phoenix missiles had been awarded to Hughes.
These major subcontractors were doing business with no less than 6703 suppliers located
in 44 states. The TFX project became a close approximation to the ideal weapons
project—one with at least one contractor located in each Congressional district. :-)

The first test F-111A (serial number 63-9760) rolled out of the General Dynamics Fort
Worth, Texas plant on October 15, 1964, 37 months after the OSD go-ahead decision, 22
months after the program's actual beginning, and two weeks ahead of schedule. It was
powered by YTF30-P-1 turbofans. Pending the availability of the escape capsule, it was
fitted with a pair of conventional ejector seats.

63-9766 took off on its maiden flight from Carswell AFB, Texas on December 21, 1964,
Dick Johnson and Val Prahl were at the controls. Although the flight was shortened to 22
minutes because of a flap malfunction, the results were generally satisfactorv. On its
second flight, on January 6, 1965, the wings were swept from the minimum 16 degrees to
the full aft 72.5-degree position. Durning early flight testing, the F-111A achieved a speed
of Mach 1.3. A second F-111A took off on tts maiden flight on February 25, 1965.

In 1965, a cost nse from an estimated 4.5 to 6.3 million dollars per aircraft caused the
Defense Department to cut the F-111 program sharply. A contract for 431 production
aircraft was placed on Apnil 12, 1965. This was more than 50 percent less than the
amount onginally planned. Eleven production F-111As were added to the extensive test
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and engincering program.

The ninth aircraft (63-9775) crashed on approach to Edwards AFB on January 19, 1967. —
The aircraft landed short of the runway due to the wings being accidentally swept in the
wrong direction.

The escape capsule was first fitted to F-111A number 11-(63-9777) -

6ofl2

The Pratt & Whitney TF30-P-1 turbofan was first flown on an F-111A on July 20, 1965.
The first 30 F-111As were equipped with this engine, but they expenenced numerous
engine compressor stalls, particularly at high speeds and at high angles of attack. These
necessitated a change to the 18,500 Ib.s.t. TF30-P-3 and to new "Tniple Plow I"
vaniable-geometry inlet ducts with larger arcas. This engine was later retrofitted in several
of the first 30 F-111As. These changes did not entirely cure the stall problems, but the
did help somewhat. Many fixes and many years of hard work were necessary before the
appropnate air intake geometry was finally found.

Movable underwing pylons were introduced from the fourth production aircraft onward,
and from the eleventh production aircraft onward a 20mm M61A1 Vulcan cannon was
installed in the internal weapons bay in place of two 750 Ib. bombs. However, this
cannon was rarely carried by actual operational aircraft, the space in the weapons bay
being used for bombs, fuel, or clectronics.

In the spring of 1967, a series of tests known as *Combat Bullseye I* were carried out
with test F-111As. They confirmed the superior bombing accuracy of the aircraft’s radar.

A total of 141 production F-111As were delivered from July 17, 1967. The electronics
package was known as the Mk I avionics system. It included a Litton AJQ-20 inertial
navigation and attack system, a General Electric AN/APQ-112 attack radar, a Honeywell
APN-167 pulsed-type radar, a Texas Instruments AN/APQ-110 terrain-following radar,
and Collins ARC-109 UHF and ARC-112 HF radio transceivers.

The underside of the central fuselage of the F-111A was occupied by a giant airbrake
which was forced open by a large hydraulic jack. Together with the main landing gear,
the presence of this airbrake precluded carrying any bombs or fuel tanks underneath the
fuselage. The massive main landing gear had two huge low-pressure tires which, together
with the long-stroke legs that are pivoted near the aircraft centerline, enabled no-flarc
landings to be made at high weights. The large airbrake helped to cover the main gear
retraction bay, and wasactually partially extended when the main gear was down. The
nose landing gear had twin wheels and was hydraulically steerable.

The Triple Plow I air intakes for the TF30 turbofans were mounted underneath the

0870472000 4:59 PM
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The B-37G was the designation assigned to sixteen B-57Bs that swere modified as night intruders for use
tn Vietnam under a project known as Tropic Afoon.

Late in 1967, three of the 3rd Bombardment Group's B-57Bs (52-1518, 52-1580 and 52-3860) were
experimentally fitted with a low light level television system carried in a pod undemeath the port wing,
Operational trials with this equipment took place in Southeast Asia between December 1967 and August
1968, mostly over the Ho Chi Minh Trail. The results of the trials were sufficiently encouraging that the
USAF awarded a contract to Martin and Westinghouse to modify 16 B-571s as night intruders under the
designation B-57G.

Early in 1969, the Westinghouse sensor system was installed in a new nose section designed by Martin.
The new nose contained a low kight level television camera plus a forward-looking infrared (FLIR) set and
a laser guidance system. This new equipment was operated by a specialist sitting in the rear cockpit. The
relevant information was fed by the system operator into the pilot’s cockpit so that he could select the
appropriate combination of weapons to attack the target. The laser guidance system now made it possible
to carry four 500-1b "smart bombs” on the underwing pylons. To compensate for the extra weight of the
sensor equipment, the wing-mounted 20-mm cannon were deleted. The modified aircraft were
redesignated B-57G, and they were easily recognizable by their bulbous "chins” that contained the low
light level television equipment.

The first B-57G was taken on charge by a reactivated 13th Bomb Squadron at MacDill AFB in Florida in
July of 1969. One aircraft was retained by Martin for various trials. This aircraft crashed in December of
1969 during an asymmelric approach, killing test pilot Robert Turner.

The 13th Bomb Squadron deployed to Ubon in Thailand with eleven B-57Gs in September of 1970.
When it armived there, it became part of the 8th Tactical Fighter Wing. Four B-57Gs remained at MacDill
AFB for conversion training with the 4424th Combat Crew Training Squadron. They went into action
over the Ho Chi Minh Trail. They used laser-guided smart bombs, often achieving an accuracy of 15 feet.
One B-57G was lost on December 12, 1970 while operating over southern Laos at night. The crew
successfully ejected to safety and were recovered. They believed that they had been hit by antiaircraft fire.
However, a Cessna O-2A FAC aircraft failed to retum from the same area that night, and it was
concluded that the two aircraft had collided in the darkness.

Operations with the B-57G continued until April 1972, when the 13th BS was withdrawn from senice in

Victnam and deactivated once again. The operation of these B-57Gs proved to be expensive, and the
aircraft were hard to maintain in the ficld. Nevertheless, the B-57G was one of the first self-contained
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USAFE operations. All RB-57D operations were under heavy security and very little information ever
leaked out about their early operations. They presumably carried out ELINT/SIGINT missions along the
East German border and over the Baltic. Since the missions were carried out under an atmosphere of high
secrecy, RB-57s returning from missions over the Baltic were often intercepted by RAF Hunters just to
make sure that they were not Soviet aircraft.

In 1958, the Central Intelligence Agency started sponsoring a program known as Diamond Lil, in which
Chinese Nationalist pilots were trained to fly RB-57Ds. In early 1959, three RB-57Ds were ferried to

Taoyuan AB on Taiwan. During early 1959, they carried out deep penetration reconnaissance flights over
the Mainland. They flew in Nationalist Chinese markings, being painted white on top and black on the
bottom with lettering stenciled in red. RB-57D "5643" piloted by Capt. Ying-Chin Wang was shot down
on October 7, 1959 by a People’s Liberation Army SA-2 missile, which was incidentally the first (or
among the first) kills ever achieved by a SAM. It scems that the pilot had made a premature descent while
returning to Taiwan. The program ended around 1964, when fatigue problems with the wing spars forced
the retirement of the two survivors, which were retumed to the USA. They were replaced by four
Lockheed U-2s, all of which were subsequently lost in operations over the Chinese mainland.

Wing failures gradually took their toll, and these had caused SAC to place several RB-57Ds tnto storage
by ecarly 1959. The 4025th SRS was deactivated in June of 1959, and the Rhein-Main based RB-57Ds
were reassigned to a new unit, the 7407th Support Squadron, which continued to carry out some
ELINT/SIGINT missions. Some of the RB-57Ds that had been operating with the 4025th SRS were
adapted to other specialist roles. Some were used by NASA for high-altitude flight testing and terrain
mapping, whereas four were assigned to the 4677th Radar Evaluation Squadron for calibration duties. Six
more RB-57Ds were used to monitor the last serics of American atmospheric nuclear tests which took
place in 1962. Three RB-57Ds were assigned to the 1211th Test Squadron (Sampling) of the USAF
Weather Service at Kirtland AFB in New Mexico and were re-designated WB-57D.

In 1964 53-3973, which was operating on test flights out of Wright-Patterson AFB, lost its wing at high

altitude over Dayton, Ohio and crashed into a school yard. Fortunately, no-one was injured and the pilot
was able to eject safely. This finally forced all the sunviving RB-57Ds to be withdrawn from service and

grounded. A few were rebuilt as RB-57Fs. =

However, this was not yet to be the end of the line for the RB-57D. In 1966, Martin received a contract to
rebuild the wings of eight stored RB-57Ds. These aircraft were fitted with clectronic countermeasures
equipment and were assigned to the 4677th Defense Systems Evaluation Squadron at Hill AFB, Utah for
usc in the tramning of jet interceptor crews. When fitted with ECM gear, they were redesignated EB-57D.
However, their service was destined to be brief. They were once again placed in storage in 1970, this time
for good. Most of them were scrapped. One RB-57D is on display at the Pima Air Muscum in Tucson,
Arizona.

The Bell X-16, the RB-57D's early rival, was never actually produced. Clarence "Kelly™ Johnson of
Lockheed had gotten wind of the Bald Eagle project, and submitted an unsolicited proposal on his own
which cventually edged out the Bell design, resulting in the famous U-2.

Serials of RB-57D:

53-3963/398a2 Martin RB-57D-MA
- 3963 was RB-57D-1, retired to MASDC
- 39864 was RB-S57D-2, to MASDC in 1972
- 3965 was RB-57D-2, to MASDC in 1972
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7271dgdistng SEA68A0052

http://wwa.ntsb.gov — SEA6BAOOS2NTSE Identification:jSEnﬁsnonszAj
15 CFR Part 91 General dviation IR, L o
Event occurred Friday, February 16, 1968 in SEATTLE, YA

Aircraft: BOEING 727, registration: H7270L ’

FILE DATE LOCATION AIRCRAFT DATA INJURIES F
LIGHT  PILOT DATA F S H/N PURPOSE

3-3500 68/2/16 SEATTLE ,WASH BOEING 727 CR- 0 018 HIS
CELLANEOUS AIRLINE TRANSPORT, AGCEA8, 7496 TOTAL HOURS, 648
DanaGE-SUBSTANTIAL TIHE - 0942  H7276L or- 0 8 0 1

N TYPE, INSTRUMENT RATED.

HAME OF AIRPORT - KING COUNTY TYPE OF ACCIDENT  PHASE OF OPERATION HARD
LANDING LANDING: LEVEL OFF/TOUCHDOWVH

PRCBABLE CAUSE(S) COPILOT - IMPROPER OPERATION OF FLIGHT CONTROLS FACTOR(S)

HISCELLANEOUS ACTS,CONDITIONS - GUERLOAD FAILURE

REHMARKS- FAA CERTIFICATION TEST. PLYT ALLOWED NOSE WHEEL TO TOUCH DOWN TOO HA
RD. DAMAGED UPPER FUSELAGE.

Page 1
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FTWG69A0080 Page 10of 1

NTSB Identification: FTW69A0030
14 CFR Part 91 General Aviation
Event occurred Monday, May 05, 1969 in ROSEDALE, OK
Aircraft: AERO COMDR 690, registration: N90OOIN

FILE PATE LECATION AIRCRAFT DATA IRJURIES FLICHT PILOT PATA
F 3ns/n PURPOIE

2 0 0 NISCELLAXEOUS COMMERCIALY ACE 3k
oo ‘NR00LN PX~- % 0O O TEST TOTAL HOURS. 22 IO T
PARACE-DESTROYED - 0 0 O IRSTRUNERT RATED.
DEPARTURE POIRT IRTENDEDR DESTINATION
NORMARLOKLA E3RAANAOKLA
TYPE OF ACCIDEAT PHASE 4F SPERATION
STALL: SPIN IN FLIGHT: #THER
PROBABLE CAUSE(S)
PIk.; IE CONMAND - FAILED YO OBTAIR/RAINTAIN FLYIRC SPEED
FACTON(S)
FILOT IN COMMAND ~ LACK OF FARILIARITY WITH AIRCRAFT
FIRE AFTER INPACT

REMARKS- EXPERIMENTAL TEST FLT FOR STALLS AND VNC. ACFT LOADED TO AFT CC. STRUCK TREES DURIAS SPIN RECOVERY

3-2434 LY/S/S ROSEPALE.OKLA AERS COMIR W0 -
TINE -

http://www.ntsbh.gov/ntsb/brief asp?ev 1d=6895&key=0&print=1 11/4/04






