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ACCIDENT TO GAZELLES HT2 SERIAL NOS XX 415 AND X+ 859 op .
ON 1% JUNE 1977 05 SQUADRON

CRE:: XX 415 - ¥LT LT R HOWLEY RaF (K)
LT CDR G & H BAILEY RN (K)

Xi 859 - LT P BROMN RN (K)
C IRC UMSTANCES

1, Both aircraft formed part of the "Sharks' display tean and u
sart ir a formation flying practice in the dounts Bay areg atALSh “ere taking
the accident., FLT LT HOJLEY was {lying XX 415 in the Munber p ° tlm? 9f‘
and LT BRO.MN, X# 859 in the number six. At approximately 1251::11:* gosxt.lon
turn to port the two aircraft coillided and fell into the . 'Aﬁllét in a
ezircrew were killed. Two other aircraft in the formation inéur three

damage from collision debris, red minor
2. The sccident Investigation Unit vere called in at 15454 «

arrived at RNAS CULIROSE by 18004 on 13 June. #1d & toan

INVESTIGATICN

3, The details of the investigation are contained =t anyg. | o

an expeditious and highly successful salvage operastion ~ 4. Briefly,

« vas
and J9% of each aircraft was recovered and brought ashors b;o‘:gtiin:y DMS(N)

e All control and service systems in both aircraft werg extensi

examined and found to have been functioning correctly. 3oth g, nsively

to be operating correctly until impact with the sea. There was*e;lnes appeared
evidence of a bird strike on either aircraft. no available
5. It is concluded that both aircraft vere serviceable i, all

and operating normally until the moment of collision. fespects

REC OMEHDATI OGNS

5, There are no recommendations arising from this 1“"‘33‘313&‘510-\

E”) v

Cfficer in Charge ~IU

AMCLCSURES: AMMEX A - Investigating Officer's neport angd 'hctographs
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TECHNICAL IAVESTIGATION I4T0 AcUIDEMT TC GalBLLe HT2 SERIAL HNOS XX

D Lw Eii CF 705 LGUADRON ON 13 JUNE 1977 B. L
AAl

C IRC UMLTANCES

1. Gazelles XA 419 and X £59 were being flown on the afternoon of

13 June in conjunction with four other aircraft in a formation flying

practice of the "Sharks" display teanm, ahich is formed annually from
instructors of 705 Uyusdron. The occupants of XX 415 were FLT LT R 1O LEY RAF,
pilot and LT CDR & 2 H 3alile¥ RN, passenger., LT ¥ BROWN RN was the pilot

of X7 853. At the time of the accident the aircraft wers carrying out the
second practice of the sortie over Praa dands (0.3. Sheet 203 MR 580275).

2, At approxinately 12344 the format;gn we3 in a left turn at 250 feet

and B5 . nots, having compl-ted some 2707 of a full circle towards the beach
from the seawards direction., he dispesition of the aircratt in the formation
being as shoun in FIGURE 1. .t this point X 415 and As 859 {numbers L and

6 in the formation respectively) suftered in flight damage and subsequently
fell into the sea., There were no survivers, tne bodies of all three zir

crew being recovered froz the ses scee time later,

3. The assistance of the acclieant [nvestigation Lnit was requested at
154,54 and an investigating tea: were flo.in to Juldrose, arriving at 18004
the saue day.

OH WITE IVeoTicaTION

[ Ilmmediately al'ter the accident, divers of 771 Squadron were despatched
to the scene and, after recovery of the bodies, vegan locating and identifying
the wreckage. It lay some ¥ nautical zile south of Praa Sands in approx-
imately 60 feet of water. CThere were tive zmajor portions of wreckags,

namely two fuselages, two engines, and a wain gearboX.

Se a3 the salvage vessel wus not jue on task for the recovery until

15 June and bad weatnhsr precluded any further diving cperstions on 1L June,
the investigating teax commenced interviews with the surviving zirzraw of
the formation. The remaining aircraft of the formation were closely
inspected for debris damage. The meteorclogical observations ta.en at the
time of the accident were collascted. ..s the formation flying was being
sarried out on a orivate Jquairon frejuency there was no record of any radio
transmission excest for a LAYDAY call froec the formation leader after the
accident zt 12444,

£, sietoorological Ubservations
. oo
wind 2007 14 kts gusting to A0 Xnots
Vigibility £ km
rresent weather Huze
Cloud a Lu st 1300%, g Scoat 2800, B/8 s at 8000!
JFE 1007 bs
QiR 1011 4bs
Teaperaturs . 11,706
Humidity 35
Sea State slignt to aoderate
Swall ,;horg, iow, confused
sea Tewperature + 15°C
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7 LT -Xa‘l 856 - rio 5) reported that .... 'after an uneventful
practice at Culdrose the team began a second practice at Praa Sands. .fter
gn initial figure of eight over Praa 3ands we turned towards the beach, the
turn was_quite normal, if anything slightl% gentler than rormal, at about

307 - 40% of left bank. Approximately 2707 of the turn was completed and we
were about to level out. I was formating on the left skid or o 4 (XX MS).
Suddenly there was a 'puff' of .shite material s3ibly perspex, coming away
from lie 4 or do 3, I neard o 3 (XX 391 - LT& call over the radie -
'my canopy has gone but I am still in control'. At the same time I saw Ne L
shaxing violently in pitch and roll ard I .ms aware of a loud ncise. I could
sse the left hand crew member veing thrown about in his seat. It then
dropped siightly, rolled left towurds me and yawed nose right, I called
'Sharks break' and rolled left. navin, checked that the airspace in front
Jas clear T looked back at Mo 4, the aircraft sppeared to be breaking up,

the tail cone was drooping. I thought I saw o tsilcone separated from an
sircraft falling fin first. I then lost sight of the aircraft as I continued
to roll lert. =t no time can [ reczll seeing Mo & {X. £593).

5. Iy -g 319 = 8o 5) LT (D -orfirmed that .he prblem occurred
approxizately 270 around the last bend of the 'figure of eight'. to.sever,
his first intimation of truuble .23 a series of loud bangs 'like 2 machine
gun, but louder' and his aircratt shuddered. He rolled right and es he did
30 he haaxdb’l‘& call 'Sharks break', et the same time noticing holes in

niz canopy. hortly afterwsrds oharks leader called ou thne radic ' hat's
aupened?!, there .as e pause so LT& said 'y canopy has gone but ]

can still fly'. de then flew straight to Cul.rose and landed,
7. Jue to the

avparent discrepancy in uhe chronological order cof events
as restliled by LT hand Ll‘h all the surviving aircrew of the

formaticn seam were interviewed. It was generally sgreed that the s@juence
3% events Jere as described by L namely & series of very ioud,
rapid bangs followed by LT call of 'Sharks oreak' followed later
by LT* call about his canopy.

10, Civilian Jitnesses The accident wa
general _ublic, mostly holidaymakers, in Praz “ands irea, ~f™er the
accident they were intsrviewed by CDR. {Conmander Flying Training,
RNAS CULDROSE) and LT @ {705 Squsdron Instructor). The majority save
similar svidence of observing s ccllision ocetween No 4 and No £ in the
tormation, wost probably le £ nitting wo &, trne zinority ttought o 4 sight
have "Puiled up' and struck No ¢, 1l agreed that the tail of o 4 appeared
to tail shortly after the impect,

oserved by a4 large numper of the

5 o
the

INITIAL INSPoCTION OF ATHCRAKT
1. The remaining four arrcraft cf the formation wers inspected for debris

saage, the results were ao fellows:-

g

a. ) ~ocub snprowanetely Zoew loong was soted on o th
nose of the left hand sain ge.rbox vowling., o demt was visitle cn the
right nand side of tne fin and thers were soratenes cn the tail rotor
drive shaft and resr serve control rod. ‘here was u saall hele in

the outbourd {ice of upoer right hand vertical stabiliser.
onratches lere noted Lthe wnderside ot the rad moin rotor blade in
the wrea or the trim tab, and the upper surtace of the vellow blade.

[19
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There was no avidence to suggest the nature cf the objects that had
caused the damage.

b. XX 391 (No 3) There was no significant debris damage to this
aircraft other than holes in the canopy and lert and right rear doors.
Close inspection revealed that an object had entered the cockpit
through the left rear dcor, pieces of shattered parspex still belng
present on the fioor of the cockpit and the rear seat. .he object

then struck the rsar door forward support frame and separated into &
pizces, two portions breaxing through the front left panel of the
canoyy, one through the right front panel and the fourth through the
right front dcor. From measurcment oetween the entry hole and the
impact mark on the port rear door frame the angle of gntry was calculated
to be 14 2! to the vertical plane of the door and 15 31' below the
horizontal plane, i.e. very fine on the aircraft's port quarter. A
szall apount of m=tal shavings recovered from the cockpit .ere analysed
by sakl and found to be or a material consistent with the lead/antimony
anti-node balance weight, contained within a Gazelle main rotor blade
leading edge, a number of these having been found on the sea bed near
the wreckage. It wus considered that an item of this pature has the
necessary density and would pessess the ensrgy rejulred to producs the
damage noted.

c. €7 835 {(Leader) and Zd 1% (Mo ¢) There sas no significan
dan.ge to these alrcraflt.

SALVAGE

2. The salvage of the vwreckags wJos carrisd out on 15 June by virector of
warine services (Di3) divers working from PamAs ¢INTaAIL, the iavestigating

tean being present on board. A3 stated ia paragraph L, the .ureckage was in
five major parts. .hen they waore rocoverad from the ses bed it could bem

seen that the majority of both airframes had been recovered (PHOTO 1). The
PINTAIL then sailed ror veveongort and the wreckage was off loaded on 17 June.
The reccage wis transported by road to Lee on oolent for detailed examination.

DETATLED INVESTIGATION

VIoUAL 24andinTION OF B0TH aIRChaIT

13. On arrival at Lee on Solent the remains of the tve aircrart were placed
in a hangar in apyroxinately the same position as they had held in the
formatiocn, namely XV 859 (Mo %) to the rignt of, and behind XX 415 {No &)
(PHOTOS 2 & j). The results cf the visual exasination are sum:arised below,

tiw XX 415 (No 5} The wreckage 5 recovered was found to conaist ol the
pain fuselage 7ith tie rear structure still attached, altheough badly damaged.
The main ge.rbox, tcether sith main rotor head and blades, had detached
from the airframe aad were recovered separetely 2 was the engine. The
aircraft was subjected to detailed cxamination folleows: -

a. Crew Compartment Thlis was badly demaged, all v-_-spex panels and
the roof panel were wissing. The access doors .ere saverely damaged
with the exception of the left front door nich had been Jettisonned
prier to the aircraft imvscting the sea. [he lover structure and
instrument panel were intact but badly damnged. Tt was noted that the
bettery access panel situzted in the nose oF the aircraft had been
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deformed around the battery by water impact. The condition of the
front of the ailrcraft w8 consistent witn a high speed water entry with
the aircraft 1o a nose dovn attitude,

b. Seats and dernesses Both pilots .eats hud been detached from
the cockpit floor, they .ere recovered separately. The left hand seat
had torn out of the cockrpit decking in the aresa of its right front
mounting and the lerft seat adjustment slide had failed in an upwards
and rearwards dirscticn. ihe right hand seat front mountings had both
torn out of the decking and the anti-g retaining bracket had railed.
Ihe seat pan was badly distorted. the harnesses were intact and in
reasoneble condition.

Ca Central 3tructure This wzs intact although the transmission
support panel had detached from the iorward bulkhead and had bLeen
deformed rvarwards, the bulkhead nad been pmshed inte the fuel tank
area. The front gearbox scuntings had been torn out of the transmission
decking, the remains :f uue gearbox rear supports wvere still a:ctached,
haviag failed in teasion approximately widuay between the gearbox and
transzission decking, The right hand centre section skin panel had
detached, expcs.ng the interior of the fuel tank, the panel being
recovered separately. {he panel hud 2 series of parallel striiie marks
vilein corresponded .i1th worits on the ror sectlon right haad side,
this indicating the warks .od been wede before detachment cf the
panel., ihe morks wers conglstent wite light sontect oy 2 sharp waotel
ovject, There 'ore el A parks st oan angle inclined upwaris tovards
the cain rotor disc (+HOTC 4).

d. dear structure  Jite rear structure was badly 1e“*ed and buckled
on tne rignt hand side betusen the second 2ad third frames, 1t a3
virtuaily d=tzched 2t the tnird Trame by tearing consistent .ith the
tail hpvirg soved to the right, The whole structure was still attached
to the fuselsge by toe yaw contrel cables, tne rear cerve hydraulic
yipeiinea, and tne comnundcztion aorial leads, & series of black
stripes weres visible on the 'dayglo' ralnt within the damaged area
(PHOTC 5). “omsarisen .ith the black nmaterial trom which the skid
of' the gazelio tail fin is made shoed 2 marked similarity in the
sitch of (e saterini to disposition of the strizes (SHOTC £},
The left s.d rignt nend stadilisers were intact out the fin vas vadly
demaged, the Tensstron uas alsc seversly damaged, the orizontal drive
shaft had feiled at <he toiri fraoe and had been pushed foruard
approximetely 7.5 sm.  The vear serve control rod hud foiled in

int to the rear juadrant,

tension at iis atiac.ment ¢

e, sain Gearbox sud dotor Head bwxamioation snc ed that the gearbox
had becn torn off rearuards, ail threo jerve Jacks uwere 3111l atia
te the gearbox casing. On ¢ zain rotor heed it was noted
that Lhe non-rotating stur ere undamaged as +as the
rotating scar assembly. imation showed the spherical
seuring to be 1o good Jhe droep stop riday had dewached
Trom 158 3Uu 0rts “he rotatin. star. The red wain
rotor ciades pllic ixiled 10 tension tas toe bisde had
turned compl-tely cver, ' eocouwad ot te turaed.  fhe flapping
HLOEE RS vpnz@f o rlaoping (C'am.ng) storp Uroaan
of " nad the oil rissing.  che droop .top had also failed.
The blue olade w5 still intact buy bedly bent, the
tlaoning ,lng out tne flepoing stop pad tailed
and towe i sadly sarked,
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The yellow blade pitch change rod was intact, the spindle bearing in
good condition, the droop stop and coning stop had both failed. The
0oil reservoir .as missing. The flapping hinge was in good condition,

f. uain Rotor Blades The red blade was measured and found to have
lost O.4 metres of the blade tip; it had split open along the complete
length of the tmailing edge. There was a large impact mark on the
underside approximately mid-way along the length of the blade which

had broken through the leading edge. The drag damper was still atuached
and appearsd undamaged. [he blue blade had lost 1.3 metres of its

total length at the blade tip. The .hole of the underside was completely
nissing exposing the inner core. Small fragments of the blade underside
iiere recovered awongst the {loating wreckage after the accident. The
dra; damper vsas intact and was undamaged. The ysellow blade wes measured
and found to be 4,735 natres, hoving lost a small amount of its full
length of 4.8 metres. ~[he leading edge abrasion strip .as still

at ached but badly damaged, thers .as an area of damage vhich appeared
consistent sith an impact with another blade leading edge approximately
at right angles to the blade span. ihe blade .a3 split open along the
7hole length of the trailing edge out the cemntours of the blade were
still basically zntact. The arag damper was still attached and in

good condition.

Ze Bngl e As stated earlier the engine haddtached from the
airframe and was found some distance {rom the main wreckage. The
mouating frames weve still intact, the drive to the gearbox had been
torn off &% the coupling. There .as an area of deformation along the
vhole length of the engine at the three o'clock position. %“he en_ine
was taken to Kolls Royce, Leavesden, for strip examination (paragraph
23 refers).

15. X4 859 (Mo 6) The wreckage a5 recovered consisted of the usain
fuseluge with rear structure attached, snd the main gearbox sith rotor head
and blades. The engine had detached from the airframe and was rscovered
separately. Close examlruition of the .reciage revealed the following:-

fe Crev Commartzent 7Th.s 3 badly Jamsged, =211 perspex ponels

hud broxen and the roof panel was missiug. he bat ary access panels
in the nose urea, the air _atake, and the iastrument pancl .ere intact
and in remariably zood coundition. The loger structure was basically
intact. sn area of deformation consistent Jith water impact @s
obsurved 04 the external panels of the lower structure.

b, Seats and Jdarnesses Both pilovus seats were still attached to
tie vockpit decking, the lott hand seat .as oadly damaged, the seat
back being torced do'm over the seat pan., [he right hand seat was
less dasaged although exhibiting an impact murk on the lert hand edge
of the szat back. The harnessss of beth seats ere in ro.asonably
good condition. Those in the rignht hand seat sho.ed impact marks in
the area of the pich release box consistent wiith the occupant being
thrown to the right at impact,

Co Central Structure Tie forierd bulkhead was badly damaged and
detomed forvards on ity left hand side. The major part of the left
nand sidn panel .az cissing expesing the iaterier of the zain fuel
tank., Jome irregular iwpact uarks ere visiole on tae loser part of
tie panel (PHOTO 7). ‘he left hant sidd had browen completely through




and the front portion hal been fcrced upwards over the transmission
decizing. This, the u2tor deformation along thne left hand side of the
lower structure, aad the lack of dumage tec the nowe structure .as
consistent with = high speed ater entry in 2 straight attitude, left
wing low with the aircraft pointing approximately 307 te¢ the d.rection
of flight. The transmission deciilng and the main ge rbox ' ere intact
out badly damaged.

d. Rear sStructure Thils was virtually Jeuacnea from the remainder
of the airfreme vy an arca of danage between [rames 1 and 2 consistent
with the recr {uselage tezring to the right, It had aiso dstached Jrom
tne transportation joint by the shearing of almost all ot the rivets,
it wes 5till atuiached to the win strucuure by control ,aoleq, tail
serve hydraulic pipelines and communication aerial leads. (he fin .as
i roasonsbly good condition with only light damage to the upper
fairing. The fenestron duct sho -ed evidence of a ksavy blow to the
base of the fin in an upuards d.rection, foilowed by distortion to the
right. Damage to the tail rotor nlodes and cuts in the skin of the
duct showed thot the damage occurred winlst power was applied to the
tail rotor (FHOTO 8). Ihe wail rotor drive shaft and yau control
cables weye intuzct up to frane 1.

e. Main Gearbox and sotor Hesd {he goarbox Jas still ac.ached to
the transmission deciking and a2ll thres servo jacks sere attached., The
aain rotor head sphericel Sesring and aszicuth star assesblies .ere in
good condition, The droeoy stop ring had broken free znd was lying on
top o the rotating star. Whe red b e piteh change rod was intact,
pboth flepsing and spindle bDearings Jere oper‘tlve. The f'lapping
(coning) stop had 1ziled and tns oi* rescrvolr .as wisging., ‘The drag
damper had failed in tensicn at its atuuy nent to the blade sleeve,
The biue blade Ditcn change rod el fuiled in tension, the blude
twvieg, turned completely over and ammed. <fhe flapoing hinge wzas in
go0od conditron, the flapning Ston had been fourced inamrds vut .as still
intzet, the oll reservolr uns m.ossing. Jhe drag damper haz t iled in
tension at its attachment to tne blade sleeve. he yellow olude pitch
change red uas intuct +.d the [lappiag nilnge and spiadle rere still
ope.utive. Whe {lapping stop ond reservoir .:re intact out the stop
w..s badly o rked. The drag .53 still attached to the blade
sleeve, cut badly cracied o' the satfachment arms.

f. dain Rotor Blales The red blade was macsured and found to have
lost 0.9 metre .t t%e blwde Leading and trailing ed;es uere
split opern but the tue tlade chord Jas undamaged.,
The blue blade 5how, it ZA g“' arity in duwage to the red, it
nad lost 0.2 metre i iL 1lov blade was alsc in

i

sisilar condition, it knd lost 0.4 netre o: i,s tip.

ge Ensine 43 stated e+rlier toe engine had detached from the
sirframe and was found lying very close te the sain fuszslage. The
supsort frame hud faniled at  heir attachmernt to the eazine crsiag
<nd the complete gimoal rirg ozether Ath a portion of tne cluteh

assenbly housing uzs missiig Mhe oagine a3 tewen to Aolls lcyce,

beavesden, for strip examiniton (paragraph 73 refuers

aAnalysis of the .esults of the visual sxasinstion JDespite considerable

secondary damage to both sirframes, some salient {eatures relevant to the
accident sere noted as follovs:-
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a. 415 (No i) ZThers was 2vidence of lignt blade tip contact,

probably by the 'nib' on the extreme end of a blade tip, on the
right hand centre secticn, It .uus considered that the wost likely
sequence of blade strikes was upsards and into the mein rotor disc.
wo main rotor blades had suffered damage to their undersides. 4All
three coning stops had falled, showin_ that at some time during the
zccident, or the descent to the wator that folloued it, ithe rotor
disc had 'cone up'. The ovidence of heavy contact bz..een the base
of the fin of X7 899 and tie re.r section of XX L15 would seem to
explain the evidence of most witnesses that the tail had failed in
flight. It iz considered that, following the severe damage to the
main rotor blades, an excess in torque at the tail rotor aculd exast
for a short periced of time, this would aorwally have che efiect of
yazing the aircraft nose lelt., le .ever, in the case of an alroady
weakened rear section it is considored probable that the structure
would fadl to the right insctead,

b. X 8599 (Ho €) +he irregular contact tmris on the left hand skia
panel of the camtre section would appear to have been caused by a
flailing rotor dlede tip., It uas signifiﬁant that th dn mage to the
cain rotor blades was ”~n£1ﬂvd to tne blade tips and tpe dam* e to the
drag damper indiczted Uiz .es Jld beenr subjected to heavy
decelerative forces in

There was 1o evidence to sugsest which aircraft had woved sut of foraation
and struck the other, It .uas decided, tnerefore, to esanine all systenms of
both aircraft for evidence of any wallunction that wpay have cassed the
accident., The results of these ewsninations are givea below.

17. X4 4195 (Ho &) Flying “ontrols Jhe rly

5 controls systems .ere
sugjected o detailed examination as opllous:

Ui

ae Collective The collacstive -itco lever assembly .was badly
damaged but both levers uere still attached to the connecting shaft,
There was a feilure in the {orwurd eye end of the semi rigid rod
between the connecting shaft and the mixing unit, lhicroscopice
examination of the fructurs fuce showed characteristics consistent
7ith an overlead failure.

k. tyeiic The cou-pilot's cyclic piteh vcntrh iever .as found to
oe gtill atfached to 1ts connectin haf ots lever had broken
off but was 5811l retained by elec sl 1. ated inside the
tubular section. he loft nand inter-ccanacting rod hai fractured

due te an overload bending :allure,

Ce Fitch and Koll Channel actuators Both stibility and augmentation
system (SAS) actuators had fmiled in overload at the tubular secticn
and the roil channel actuator oo bent.,  The actiators and

asagnetic brakes wers remcved o vesting \pars 25 refere),

d. waoerel aosd Longituding
cyclic linkage ascenbly and pect
stops vers Latact althouzh severs "hacmering' of the Zor ard stop
and right nd stern o3 obsarveua, aixing undt was completely
detached {rom the airframe znd ba )ent; ”1; bell cranks .ere
operative and all Jenrings iarse : ‘he vertical
sontrul rods were hoved : Lo n““oc, at the
eye a2ndd to the control )eii”"axng o the transpigsion

and wizing Unit The
likage was intact and voth

e
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e, Control Bellcranks and Servo Jacks The bellcranks had all
broken free from the cross tube but were still attached to the servo
jacks on the main gesrbex. The right hand servo jack pilots input
lever had sheared and the pilot valve had been »nulled out of its
sleeve. The serve jacks were removed for strip examination (paragraph
19 refers).

f. Yaw Control Jystex The rudder pedals .ere still present and
attached to the connecting rod, the whole rod being bent rearvards

on the right hand side. Lhe yaw damper connection to the connecting
rod had failed in overlcad, the ye. dazper, yaw damper suiltch and yaw
actuator wore removed ror testing in conjunction .ith the otability
augmentation System. [Phe forwerd guadrant .as intact but the right
hand nylon stop wes sissing. Toe yau control cables .zre inspected
for correct routing and damage, there wers no unserviceabilities. The
rear quadrant was intact but the cennecting rod to the tail rotor
rear servo had itailed at the eye end connecting the rod to the
quadrant. The frocture was characteristic of an overload tensile
failure and entirsly cornsistent :ith the damage to ths tail rotor
agsenbly. The tail roter reur sservo was removed for testing in
conjunction witn the primary serve jucls.

18.  f 859 {No £) Flyinz Ccntrols The flyiag control systems ware
closely examined as follows:-

a. Collective Both collestive piten lcovers were intact and still
attached to the connaectiag rol, The seri-rigid rod to the sixing
unit was still intact,

b Cyclic The cyclic pitelr Lavers were intact and still connscted
to the cross shaf't, the fervard bellcerank was in good condition.

Ce Pitch and Roll Chinnel sctuaters rhe pitch and roll actuators
of the SAS were still attached ulthoush badly bent, they and the
magnetic brakes .ere removed for bench testing (paragraph 22 refers).

d. Latersl and Longicvudinal Stop Assembly and vixing Unit Both
stop assemblies vere intact und no "hammering'! of the stops uas
obs . .rved, Une rod ot tie la L system had iailed vet.veen the stop

asiembly and the mixing unit, the rracture .ace sheowing characteristics
of an overload bending i{a2iiure., The pixing unit was int.ct but badly
buckled, all vellcrurks und bearings were in reascnable condition.

The vertical control rods woro badly bent and all three eye ends had
failed in overlead at theiyr atuachment to the control belleranks.

8. Cuntrol Jellcranks and serve Jaeks The bellcranks on the
transmission decuing we.:s intact and all rods were still attached to
their respective sarvo jacis. 21l the primary servo jacks were still
attached to the geurbox, althoush badly bent. They were removed for
rig testing {para 20 refers),

f. Yaw Control oyster “he ruldder pedals and cross shaft .ere
undanaged. The yaw dumper and switch viere undamaged and .ere removed
for testing i: conjuncticn with the yaw channel actuator (paragraph
22 refers). The yov oortyol zables hed failed approximately 15 cm
behind the foriaid gquadrars, wicrostopic examination shoved the
failure to be due tu tensile overload. The remainder of the cablea

’
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w:re checked for correct routing and dsmage - thers were no
unserviceabilities. “Yhe rear guadrant was undama ed 25 a5 the
connecting rod to the tail rotor rear servo jack., The rear servo
Jacii was removed for rig testing.

19. XX 415 {No &) servo Jachs The main serve jochs and rear servo jack
of XX 415 were taken to A and AEE Boscombe Down vhere testing faClllleS
ware available. Due to extensive secondory dacage only oue aog2rvo jack
and the tail servo jack proved suitavle for rig testing. The remainder
igre subjected to strip examination, the r2sults .ere 25 follows:-

a. weft Sarve Jack ser, do., A48-T-413% This jack .as found to be in
a2 s.itable condition for rlg tssthg “he Jactk runge of movement was
found to be correct at 2.5 cm., The force required to aove the

pilot valve .ith hydraullc pover on was in 1i 1ts of 0.4 lbs. VWith
hydraulic pressure off, the losdl rejuired to move the serve Jack
zannually wvas within liuits ot 7 lbs, The by-pass valve and input
lever lock operated a4t 110 usi on hydraulic sressure decrease -nd
unlacked at 200 psi on hydraulic pressure increase. The Jack velocity
was correct at 1 second ser strcke, The jack vas stripped to provide
a suitable comparison .ith the remsinder of tne servo Jacis.

b. gight bervo Jack cer. do. G4B8-T-88, The piston of this jack
was too badly bent to allos rig testing., It wus then subjscied to
strip exemination. The nain piston was oent al its lo.er atiachment
but no scoring of the plston wus evilent, ihe osiston ssal was in
good condition and no defects were found within the wain cylinder
vore. The upper and lo 2r end cags ukich sacured the oistesn witnin
tue jaca body vere 1n gooa ¢ adition as were tus 1s. ke [ilots
iaput lever had sheared from the rutaining tolt and the iict valvs
nad beun foreibly uithdraim from che pilet valve sloeve, thure was
some evidence of corrosion on the valve and it esxhibited a bright
score mark at its Purthest end consistent itn forcible reeoval from
the ilot valve sleeve :nd and cap., .he by-pass and input loever lock
asseably was in good condition. [here uas ro evidence of »re-ilapact
aolfunction.

Ce Forward Jervo Jacic (3er. : dqd _-9‘”\ As stripped the sack
revealed no pre~imp: .ct nbno rmalltle in. erxlly. However, sovere
brinell ng and corvosion of the lnput  lever lower ivot bolt

&
{AF 1010-0901 to U904-14 Thay 20-21% ?i' 1 ltﬁm B) was coted. It mas
conssdered that this brinelliing and ¢ cryritic operaticn of

the sivot could lead to serve Jjach {parajraph 25 refaers).

The 1aput lever from the twn other Lare ins no
evidence oi brinelling .as fuund,
d. Tail dervo sen do. 675-T-202 .5 alr.ady stated this scrvo

was in a suitable condit:on for rig testink., [t oroved to be within
specification for range of vovenant, 5 and input lever lock
operation, also sanual i SLlot ~oad test, It uma ncted
that .he input levax raAgo o} vement stop (ab 1017-0001 o
1A Chap 20 Fig 2 roint A) wms bent a1ad the lock susher =t the
eye-end wWas seve.ely hammered. ‘he riston vod s oent at ¢
sthere it passes througs the viil rotor ze.rbox, the dazage boing
sntirely consistent .itn distortion en ine rod dus to lmpac
causing tension oo the inout lover stop and forcing the locok
agarnst the body of the ssrve jack.
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20. Xi 879 (No 6} nain and Teil oervo Jacks None of the main ssrve Jacus

of this aircraft was capable of rig testing., Ihe results of tne strip
examimation were as follous:-

a. Front dervo Jack .er. no. Gh8-P-66 The piston rod wras badly bent
but the piston and seal wer: both in good condition. he cylinder bors
and end caps were unmerked., The input lever lock and by-pass were in
gocd condition, There was no ecvidence of gre-impact malfunction,

b. Left Servo Jack ser. Mo f4o-2-345 Again the servoe jzck had a
badly bent piston rod. A4ll seals and internal bores were in good
condition and there was no evidence of pre~-accident malfunction.

Ce Right servo Jack Ser. Ho. €48~P-48 This serve jack was found in
a similar condition to the other two. There was no evidence of pre-
impact malfunction.

d. Teil servo Jack der., No, G75-R-18C ihe tall sarve jack was

tested on the hydraulic test rig and was found to be within specification
It was observed that the lock washer securing the sye-end of the piston
rod at the input levar end had ¢3il-d 2t the securing lugs and had
rotated through approxizately 30°. .he lock washer was remcved and
closely examined, the aecuring lugs hed failed due to viilsting of

the piston rod which had occurred whsh tne rear servo jack wus being
removed from the tall rotor zearbox by the lnvestizating Lozm, It was
not considered significnnt to the iccident.

all three main servo input lever pivot bolts .ere removed and exanined; they
all exhibited signs of vear vith the very early stages of brinelling evident
as noted in paragraph 19c above.

21. Hydraulics 4s neither aircraft ims to cost Mod 3302 standard there

was no warming facility for hydraulic system fuilure on the centralised
sarning pansl, and therefore no possibility of confirming hydraulic system
serviceability at the time 2f the azcident by microscopic examination ot the
ouldb filament. The hydraulic tanks from doth aircraft had broken off the
front of the gearbox at the mounting flange tc the power pack., The hydraulic
tanks had been recovered separately, they were suojzcted to close exzmainstien,
ne defects were observed, +‘he hydraulic poier o cks uere removed tc theck
the condition of the 'weak links', they were bLoth intact., On removal of the
serve Jacks from both aircraft salt umter under pressure was found in <he
hydraulic sressure pipe lines to the jacks i.vlicating that the uyiraulic
umps had comtinued to operate for a sbort perlod 2f or aydraulis Sank
rupture and immersicn in the sea,.

22.  dxaminction of Sad Iastailations The rollcoaing components of both
:iveraft Jere removed for exaninetion and peosible otandard serviceability
Tests (US7) at i AEE Boscombe Jowmn:-

Goa Hotl, oitch and vyaw computers
b, Acll pateh and yau actuaters,
T Hoil and pitch magn.tic brakes.
d. alrspeed switches
@, aydrauiic damper acotiu shanne s switen s
f. Juntrel suitch Loxeas.
~ 40 -
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Damage due to water impact was mirimal. 3Salt water corrosion damage was
eyident in all components. Insulation resistance was low on all components.
Ultrasonic cleaning and drying was carried out on the computers, actuators,
alrspeed switches and comtrol switch boxes but failed to restore the
insulation resistance to an acceptable level (meaningful SSE's .ere therefore
not possible)., w~trip examination oi the computers shoved the printed circuit
boards, gen:ral wiring and chassis to be in rsasonable condition; their gyro
spin motors, ho.ever, did not run .hen put on test and were found to be
seized by corrosion products. oirip examination of the actuators showved
either the actuator motors or linear gearing to be seized by corrosion
products. The adhesive, fixing the stationary pick off strip, of the feed-
back potentiometer, to the actuator arm barrel, had failed on all items.

The 'as found' positions of the actuator rod assemblies were as follows:~

e Ll 41 No L

#id Position As Found Total Travel about 48 Found
(mm) Position (om) ¥id Fosition {(mm) Iravel (mm)
Pitch 12,5 1.4 + 3.5 1.1 retract
Roll 12.5 9.8 + 4.5 247 retradt
Yaw 13.0 14,0 * 8,3 1.0 extend

b, Xi 8 No 6

Pitch 12.5 10.0 ) 2.5 retract
Roll 12.5 13.0 + 4.5 0.5 extend
Yaw 13.0 ) 13,0 + 8.0 wid

The alrspeed switch brackets showved signs of impact damage. Both switch
covers Jere removed, tne switches then cleaned out and oven dried. No
defecis were apparent although the solder on the aneroid capsules had melted
during the oven drying period. The pitot orifice of XJ 859's s.ditch was
completely blocked with corrosion products. The hydraulic damper actuator
yaw channel switch assemblies .ere seised by corrosive action. The wmicro
switches operatedi satisfactorily «~hen the piston assemblies vere dismantled
for iaspection. Uo other defects were found. ‘he control switch boxes
vere intact but all switch toggles had been bent upwards. The SAS engage
switch of' XX 415's switeh box did not hold on correctly, othervise all
svitches vere operable, The suiich positions as found .iere as follows:-

X4 415 (No 4) = SAS sngage, roll servo - OiF
Pitch and yaw ssrvo - ON

X7 859 (o 6) -~ All ON

Damage to the 3AS components was wholly consistent with impact and subsequent
salt water immersion. Iic evidence .as found Lc suggest any pre-asccident
nalffunctions or defects in the 3A3 installations fitted to either aircraft,
The circumstances of the avcident preclude any pesitive identification of

the condition of the respective .ad lnstallations prior to impact. The
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evidence of the ‘'as found! position of tlie actuator arms and control switches
sugLests that in both aircraft the 5AS was engaged during the flight and
romained operative until each alrcraft impact with the sea.

23, Engines Brth englnes were taien te nolls Rogee jmall Lngines
Division, Leavesden, ror strip exanmiration. The results .=re as f{ellouws:=-

a. Astazou Ser, Ho. 4151 ({% 415) The engine was subjected to
ciose external examination. There was an area of damagze to the oil
tank, external pipelines in the area between the nxial and centrifugal
compressors and the turbine shrouds. The damage 4as cenfined to the

3 0'clock pesiticn on the engine, «nd appeared consistent with water
forming on impact. The engine support frame was still attached, having
failed in overload at the alrframe connections. The gimbal ring was
present, disconnection »t the ge.rbox naving cccurred at the attachment
2ins. The aain fuel pipelines hud failed in tension at the airframe
attachment. ihere was severe ‘chevwing' of the gimbal ring and the
torque transmitter bloc. consiztent with high rotational speed at the
time of disconnection frow the gsarbox. hen stripped, the three
turbine discs snowed evidence of tip contact with their adjacent
turbine shreuds, The rub on each shroud had occurred .t the
approximate & O'clock peosition and showed evidence ot nigh rotational
speed on impact. there was some 2vidence of slight toreign object
damage to tnree bledes ol the axdal compressor and approximately ocae
third of the first stuge Cifluser vanes .ere bent in.ards and rcarwards
by the ingestica of vater, The fuel contrel system was stripped and
found free of defects, Jhe [uel cut-off wvalve was found in the open
position. In discussion with zolls xoyce it .ias considered that the
evidence noted during ti2 strip investigzation was consistent with the
engine boconing de.ached from the alrirame immediutely pricr to or at
vater impact, whilst still rotating at high speed.

b. astazou ver. No. 208, (XW859) . hen subjected to external
examination it was noted that the exhaust duct was badly crushed,
the free wheel output shaft hed detached at the clutch and a large
section of the clutch housing had broken away; the engine mounting
frames had failed at the fiziag bolt to the engine casing. OStrip
exacinaticn revealed several biades ot the axial compressor to be
bent ageinst the direction of rotation and vanes on the first row

3. tor were bent roorvards and imwards., fhe axdal ccmpressor sheft
had sheared at the rear vhere the driving sleeve locates with the
splines (4P 101C-0901 to 0904-1B Chap 40-81 Fig 16, items 1 and 2),
The splines were tuistes off in the direction of rotation. The
splines of the centrifugal shaft had also tuisted (iter 7) within the
driving sleeve {item £} but had not sheared. The failure pattern
was consistent with rapid arrest of the axlal compressor shile being
driven by the turbines. <~he [uel control unit was stripped; ne
defects .c.e found and the fuel cut of ¥ valve s found in the open
positicn., It was consiucred that the demage to this engine was
coasistent with hign speed and high pouer beinpg leveloped by the
en:ine at uater entry.
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2he dircraft History he re evant letzils of the airerefis! ristory
was as follows:-

a. X 415

ool E AL ARE GCUAS enaRaS

19.11.75 Nil Constructed UHL, Yeovil

2€.11.75 3.15 Tiaaslerrad to xaal  wOUGHTON

8.1,76 [ Iransferred to 705 sawdron

1.7.76 212.35 Torue lialson shaft (lo Wal 527
renoved - loose rivets,
Shalt Mo inB 15 fitted.

2.8.76 AR Clutch er. dc. Wal 471 removed - worn

' Sluteh Ser, No. WA 162/R1 fitted,

7.5.77 573.35 wain rotor blade Szr, lo.
removed - in flight tracaing
Blade cer, No 825 fitted

problem,

13,5.77 540, 30 sosident occurred,

Fell sl Tonasbtructed HL Yeovil
17.2.73 5.05 Transferied to sl Culirose
12,370 10,15 Transferrred to 705 .Juadron
15.5.75 120050 T2il ervo ser. Jdo. =127 renoved -

Servo Ser. lio., R=180 fitted.

13.6.75 125,50 ain rotor head ser. 0. 142 removed
iaw 0D i (H) 1292372 JUKE. sotor
head ser. Ho. k377 fitted.

e 7.76 310,10 Terque liaison shaft  er. A 33
renoved - suspect cracks at iadow,
Hew shaft JaB 9 fitied.

17.1.77 St i S xstazou 4073 removed
Aastzzou LOHL Titted.

10.3.77 530, 30 Yail rotor hub ser. ro. k133 removed -
blades ercded. .uo .ar. do. w418
Citted,
Lu5.77 €51.55 salu rotor blade loading edge strip
&Hlﬂﬂuuflu{) - all vlades removed.
ain rotor viades sor. os 108,
T and ¢n fitted.
-
7 [ .
2507477 Tluton =0 517 ramavad - vorvn,
- AR AN atalled.
13,6.77 w70, 50 Lioldent
- 13 -
unddw'\t’\d
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25. servicing

a. Ex B15 (o 4) =~ documentation chec. revealed no discrepancies
all servicing wvas xn date and the aircraft had been certified fit for
flight by authorised personnel, Tnere sas some history of 'vertical
bounce' i.e. short term longitudinal instability, and rotor disc
vibration in flight during ths last 17 flying hours. It iz considered
that the brinelling of the forvard serve i1nput lever lover _ivet bols
could have caused instubility of the servo jack tnus producing vertical
bouUnce.

b. Xii 859 (No 6) Ho significant discrepancies in the servising or
documentation was found. J{here was nc histery »f lon: term derscts,

AIRCRE ! SURVIVABILITY AND alRC.Ud'T Skl OXGHINESS

26, The accident was non-survivable, all three aircrew .ere killed
instantly as a resdlt of the imnact with the sea. The failure of the pilot
seat ati.chmeant in XX 415 and the sevare danmsge to the left hend seat of
L9 559 was entirely consistent sith the high decelursticn orces 4o hich
the structure of sach air.raft was subjected on impact.

DISCUSSICON

27. As stated in paragraph 4, the evidence exhivited by both aircraft
indicates in flight contact between the t.o airecruft. The light strike

aarks on the sturboard side of X 41% uppear entirely consistent wsith contact
oy the tips of undamaged rotor blades and vas almest certainly the initisl
contact point. Thne seyuence of atrikes wos most probably upvards and it was
noted that the angle of the strixes was such that the main rotor blades of
L0 859 uould have eventually coantacted the underside of the .uain rotor blades
of XX 415, Tais wiouldd appear te be confirmed by the series of rapid bangs
aezrd by the remainder or tihwe formation and the early rslease of the aain
rotor blade anti-node bzlance uesight .nich catered the cockpit of X7 491,
This wnitial contact wwuld appear te hove been folloued very rapidly by a
second contact between the base o0 the fin of X4 459 and the starboard side
of the rear fuselage of X L4195, thus cuusing the =urly break up of the rear
fuselage. at some stage during this sequence the pert side centre section

of X7 85% ias struck by an objsct .hich sroduced irresular impach o
most probably a flailing btlade from XX 415.

28. The majority of the external itnesses £ the oninion that XV 857
Y£ell on' XX 4195 and then carried on past nin Lnto the sea, the Ureckage of
K 850 wms Tound approxinutely 30 metres 5. fter tne imoect with
K¢ 85% the nmain rotor blades of X Li5 appear Lo have been so severcly

damzged that they were no longer capable of supporting the aircraft, the
failure of all three flapping/voring stops probably occurring duaring the
asar vertical descent to the sea as described by witnesses. The idamage
ireurred to che maia rotor bludes of V7 B52 gas consilered sutiielent o

1

ne avidence z

21 position
e

cause loss of control., Lone of sean gave any indicstion cf
shich alrcraft actually noved -u urticiently te ceme lato
nwed been formating on

out ol it posliion in

itnesses

LI &

contact with tue other., The ilct of X7
4 not

(A

L 415 reported that he
the formztion, secaase
the valance of wrobability
overtaking XX L35,




N CJONFIDENCE
29. The severity of the secondary damage to beth alrcreft, together .with
the salt water immersion immediately after the accident precluded the full
range of rig testing on 343 ejuipment and hydraulic servo jacks. Hewever,
detailed strip examination o the systems cf Loth aircraft failed to reveal
any evidence of pre-impact malfunction. The brinelling of the pilot's input
lever lover pivot on the forward scrvo jack of XX 415 would almost certainly
account for the history of wvertical bounce which this aircraft sufrered
secasiopally in the 17 hours flying prior to this accident. It was aot
cons.dared relevant tc the accident but uas considered dorthy of investigaetion
by the manufactursrs (w00 FORM 760 Ser. ilo, alU/44s/77 refers). Ihe sarly
steges of brinelling sere also noted on all three lover pivet volts of the
servo jacks on X7 859, this aircraft having complceted a further 1388 cirframe
nours.

CONC LUSIONS

30, It is concluded thet during a tormation tlying practice of the
'3uarks! Formation Team, aircrzft scrial Hos XX 415 and X7 859 came into
contact and suffered damage winich rendered both aircraft uncontrollable
and incapable of further flight., Ho evidence of pre-accident malfunction
could be found in either aircraft.

R0 Ciadl NDATI ONS

A, There are no tecanical recommendutions rising from this investigation,

Lieutenant RN
Investigationg Officer
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