
REPORT ON ACCIDENT 

TO 

AVRO ARROW I 25201 

Classification cancelled/changed to ...................... .. . 

ON 

.June 11, 

at 

MALTON 

UNClASSlFIED 

P. Martin 
Project Engineering= Arrow I 

1.70520 

F •• Mitchell 
Project Designer - Arrow I 



NOTE 

This Report is in two parts. Part Ij contains details 
of the accident and the investigation into the cause. 
Part II will detail the damage to the aircraft resulting 
from the accident, and will be issued when the aircraft 
has been fully stripped and examined. 
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1. INTRODUCTION 

The accident occurred at Malton Airport at 15029 on 11 June 
1958 when landing at the completion of Flight #llo The 
accident was due to the left-hand landing gear not being 
fully extended when it locked downa As a result the wheel 
bogie was not parallel to the aircraft's line of flighto 

The pilot was unaware of the landing gear malfunction during 
his approachs as the cockpit indicators showed the landing 
gear DOWN and LOCKEDo Observers who were in radio contact 
with the aircraft were unable to see that the final extension 
and turning of the leg had not been completed. The Sabre 
chase plane had returned to base prior to the accident, due 
to fuel shortageo 



2o HISTORY 

2.1 Air©raft 

Air©raft Type= Arrow l 

Serial Noe - 25201 

No. or Flights= 11 

2 

No. of Flying Hours - 11 hours~ 30 minutes 

No o of Flying Hours sinee Last Periodie Inspection 
- 3 hours 9 5 minutes 

Nose Whee l Steering= Not fitted 

2o2 Landing Gear (Main) 

Manufacturer - Dowty Equipment of Canada Limited 

Type - Tandem Bogie 

No. of Landings Prior to A~©ident = 10 

No. of Landing Gear Fun~tions = 155 

Last Ground Function Check= Prior to Flight 11 - Eight 
Gr~und Fun~tions of June 9sl958 

Last St~ip Examination of Landing Gear - Prior to Flight 10 

* New Brakes and Pads Fitted Pri~r to Flight 10 

* The brakes were equipped with revi~ed l inch thick plates 
compared with 3/4 inch of the normal brakes 9 giving a 
kineti© energy absorption ot 7.5 x 1~6 tt. lb. compared 
with 5.6 x lOb ft. lb. 
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3 •m:nAL 
3. ACCIDENT DETAILS 

3ol The Landi ng and Caus e of the A~~i dent 

The pilot selected landing gear when in the circuit for 
landing and as stated in secti on 3o 2 9 the cockpit indi~ 
cators showed DOWN and LOCKEDo The air~ratt touched 
down on the end of runway 320 (Ref. Fig. lo) Figure 2 
shows that the LoHo l eg extension and turning had not 
been completed pri©r t o t ouchd©wno The partial extension 
can be seen and that the whe®ls were not in l ine with the 
aircraft 8 s l ongitudinal axiso 

Immediately after touch down (Figo 3) 9 the aircra.ftSs 
weight caused the l eft-hand l anding gear to turn further 
and ass wne the position which it would normally o~cupy 
when stowed in the l andi ng gear bay (Refo parao 3o3)o 
The dr ag chute was then deployedo Figure 6 shows smoke 
©omi ng f rom the left-hand t ires 9 due t o their misalign­
ment with the a1rcraft 0 s patho The aircraft ~ontinued to 
swing t owards the left-hand side and ~orrective brake 
a~tion had no effec t in arr esting the swing. The pilot 
then considered that the dr ag ©hute may be causing the 
swing and jettisoned the ©huteo Figure 7 shows the air­
craft 1n various pos i t i •ons until 1 t left the runway o 

When t he l ef t-hand wheel str uck the soft ground 9 the air­
craf t swung violently t o the left » ~ausing the landing 
gear t o collapse due to the ex©essive loads imposed on it. 
Figures 12 and 13 are aeria l phot ographs taken shortly 
after the a~© idento The ski d ma.JC"ks shown on Figure 14 
are those made by the l eft-hand landing gear at the touch= 
down po1nt 9 and indi~at~s the i n©rease 1n the spread of 
the t ires ~ as t he bogie is twi sted further out of line, 
due to t he increasing weight on the l anding gearo Figure -
15 indica tes the point at whi©h t he l eft-hand tires burst. 
This o©©urred at approximatel y 3/5 of the total distance 
which the a i r craft travelled (app~oximately 49 000 fto)o 

Phot ~graphs taken of the left-hand l anding gear s~ortly 
after the a (rn ident are shown in Figures 17 9 "18 and 19. 
Figure 17 shows the retrac t i ng chain b~oken off~ and 
protrudi ng f~om the dust covero 

Instr umentation records have been analyzeds and show 
that the t ouchdown speed was 170 knots TAS and the rate 
of des cent was five t o six .feet per secondo The drag 
chute was str eamed at 150 knots TASo 



3.2 Pilot 0 s Statement 

On June 1 1 9 1958» at the end of Flight No o 11 9 I se l ec t ed 
landing gear DOWN.· on downwind l eg atlfjl!e~d of a~R.r.,ox = 
imately 210 knots IoAoSo I.andi ng ge ef'al~~~t°ft 
normal arrl the indicator was showing IJil<ll ~ ~ft~! U 
The approa©h was carried out at apprgx1mately 170 knots 
~.A~S~ At t ouchdown 9 slight change or direc tion to the 
l eft was noti ©eable and nose whe~l went down shar plya 
The drag chute wae streamed immedi a tely because a short 
l anding run was 1ntended 9 but wi th the de~rease or spe~d 
the air~raft was turning s l ~wly t o the left 9 and full 
opposite br ake was not enough t o maintai n a straight runo 

Suspe~ting strong ~rgss =wi nd or f aul t y dr ag chute 9 jett1~ 
son of ©hut e was ~a.Jr>ried out at appro~imately 50 knots. 
This a~tion had no apparent etf e~t 9 and the aircraft l eft 
the runway at approximatel y 30 kno tae When the left-hand 
whee l stru©k soft .v muddy ground 9 t he ai r craft swung vio= 
lently t o the l eft and th~ l andi ng gear ~ollapsedo 

3o3 Details of landing Gear Des i gn 

.r--- The lamicti :ng gea:ri ©ons is ts ©f a mailrll l eg wh1 <eh is braced 
by a rear dr ag strut and a tele~©opi~ down l o~k strut 
{Ref. Figure 20 )o In order t © pe:rmit adequate fuselage 
ground ©l~ar an©e on l andi:ng 9 th~ l ~ngth or the main land= 
ing gear is su~h that in its fully ~xtended position the 
l e.g would. not f it in the whe~l we ll.v on retra~tion. A 
mie,~hani:Em has therefor e beten in~©r porated in the main leg 9 

whi~h dur!ng retra~tiona dr aws t he sho©k absorber into 
the main l anding gear strut» thus r~du©ing the leg length 
appro~imately 8 in~heso At the Bame time th® wheel bogie 
is turned t hrough approximate l y 40Q so that the wheels will 
lie flu~h with the wing ©onto~r wh~n retracted 9 sin@e the 
wings al"e set at 4=1/2° 1n©id~n©~ t o the stati~ ground line. 
During the ~xtension ©y©le the l anding gear is lengthened 
and the bogie rotated SQ that the whe@ls will be parallel 
with the a1l"@raft 0 s l ongitudinal uiso 

Turning ia a©©omplished by means of two ~am tracks on the 
main l eg barrel and two rol lers on the extending unit. 
The main IQ)leo is attached t © the ahol"tening gear9 therefore 9 

the ©>l~i !Q) is a~tive whether the e:ittenai~n is up or down. 
Figur e 21 shows the main leg details and. Figure 2~ shows 
the Bhort ien:!ng m•e©hanism deta113 l o©ko The duet @CQlver 
is Bhown on Figure 23. 

When the mai n gear is released tr©m the wheel well by the 
up l (Oi©k » the spring (FigUJr>e 2f2 ) s t~t s extending gear and 
at the same time t,h(!! hel i ©al ©am tra@k turns th~ 1'.9J©g1e. 
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(Continued) 

In the initial stage of l anding gear lowering» the spring 
is the main extending for ce» but as the l anding gear extends, 
the spring load de©reaaes and gravity pull ~ompletes the 
extensiono The l oad on the spring 1n the fully extended 
@©ndition i s 10 lbe and in the fully ©losed condition the 
load 1s 600 lb. When the extension is complete~ a further 
spring (Figure 22) pressing against eight lock segments 
pushes them into a groove in the lo~ko A chain attached 
to the lo~king barreL1 pasrsiea up to the top of the leg and 
around a spro~ket which is fastened to a dust cover on the 
lego When the landing gear is retra~ted>the efte~tive 
length of the ~hain shortens;thus pulling up the inner 
barrel of the main leg against the springo A telea~opic 
r od fixed to the inner barrel a~tuates a mi©ro-switch which 
signals that the leg is fully d©wn to the cockpit indicator. 
This swit©h only 1nd1©ates that the leg has extended. A 
further swit©h is fitted to the side stay which is actuated 
when the side stay; whi©h is te l es©opic 3 has locked» signal­
ling the co~kpit indi~ator that the landing gear is locked 
in pla©eo It should be noted that the p1lot 0 s indicator 
only shows •green" if both mi~r o-switlClh~s are actuated. 

Strip E'ltamination or the Port Und~r©a.X"riage leg 

The left- hand main landing gear was sheared due to the 
extreme loads imposed on it when the aircraft slewed in 
the soft grounde This caused a considerable amount ot 
secondary damageo Since the reason tor the extension 
mechanism malfunction was unknown» it was decided to take 
radiographs before stripping the lego The radiographs 
are shown in Figures 24 and 250 Figure 24 shows that the 
extension locks are outa but that they have pushed the 
end cap off their retaining barrel, moving approximately 
two inches past the fully retracted position. This» how­
ever, could also have oc©urred before the landing gear 
collapsed, due to taking the full weight of the aircraft 
during the landingo Figure 25 is a radiograph of the leg 
in the vicinity of the turning cam tracks. The stripping 
ot the landing gear was undertaken at Avro by Dowty Equip= 
ment of Canada Limited, 1n the presence of observers tran 
Avro Engineering Departmento Photographs of the ~~ioua 
stages of strip and details or individual parts were takeno 
Figure 26 is a view or the top or the leg and shows the 
retra~tion chain outside the moveable dust covero The 
marks on the dust cover indicate that the chain may have 
been trapped between the dust cover and the top of the 
main leg forg1ngo The gear was stripped, therefores to 
determine if anything could have caused the chain to 
slacken, lo~se its tension s o that a fold in the chain 
became jammedo If this o©~ur~ed~ it ©ould stop the leg 



3a4 (Continued) 

from fully extending against the partially extended spring 
and the weight of the gear o 

Figure 27 shows the end of the leg with the dust cover 
rernoved 1revealing the ~ha1n and idler apro©keto In addi= 
t1on 9 this photograph shows that a sec tion of chain is 
jammed between the spro©ket and the end cap>and the spro~ket 
mounting lugs h~ve a lso tailedo However9 the Jammed chain 
coul d also have been caused by se~ondacy damage due to the 
extension me©han1sm being pushed tw~ 1n©hes past the fully 
retraCJted posi tiono. 

Figure 30 shows the dust ©ove:ir' 9 ©hain and t op or the extend= 
ing gear after they had been withdrawn from the leg forgingo 
Figure 30 shows the fixed portion of the dust ©over a long 
with a part of the forging whi©h was torn out by the ©hain 
being looped between its moveable pie©e at the left top 
corner o Fi gure. 31 shows the ©hain marks on the dust ~overo 
Figure 32 is a close-up photograph of the fixed part of the 
dust cover showing part of the forging biroken out at the 
extreme right-hand ''side o Figure 33 shows the piece or chain 
whim.had been broken off and damaged the dust cover. It 
should be noted that the chain breakage could have been 
caused when the l&ming gear was sheared in the final stages 
of the ac~1dento 

Figure 34 shows one of the two cam tracks; the rollers ini 
the bottom are brokeno This is seconiary damage, due to 
the extending portion ot the leg being driven beyond the 
fully retracted pos1t1ono 

Figure 35 shows the bearing retaining 
The ma:rks on the barrel indicate that 
and the dowel had s ~ored the barr~l o 
the bolts was in the order of 350 lb o 
this high loading could be attributed 
the final breakage or the leg. 

clamp and the barrelo 
the band had rotated» 
The torque to releas~ 
1no However 9 some of 
to twisting during 

Figure 36 shows the shortening mechanism extension spring~ 
which is almost ~oil bound. This is due to the locks pas= 
sing beyond the normal retra~ted pos1t1on 9 forcing off the 
end cap and then :t"orcing the loc:king segments out at the 
t op of the cylinder~ A metallurgi©al ~heck on the spring 
showed that it was according to ape~it1~ation9 although it 
had a permanent set of about 1=1/2 in. 

Figure 37 shows the left-hand l andi ng gear extension micro­
switch and Figure 38 shows the left-hand tireso 



3,,5 Possible Eleictriieal Maltun~ti iQlns 

The elie©triic al system was examined t © determine what mal­
f'un©tions ©ould ©ause false indications. 

The landing gear positi©n indi©at©r is wired in series 
through both the leg extension and the side stay switches 
to gro wnido The warning light in l anding gear seleietor 
lever is wired by positive supply through both swit©h~s 
in parallel. If a short had o©~ wrried between the ©g©kpit 
1nd1ieator and the leg e~tension swit©h» the indi©atg~ 
would gnly have shown DOWN 9 and wo uld not have shown the 
neutral and up positions,, 

If there had been a shox-t lbetweien the UP extiensi11:m switch 
and the side stay sw1t©h» the indicator would have shown 
DOWN» with onl y the down lo©k swit©h a©tuat~d,, However» 
an una©tuated side stay swit©h would have given a wa:rning 
signal t© the sel~cc t or handle light,, Therefore» 1.f no 
signal had been given t o the sele~t©r handle warning light» 
it would indic ate that the positive supply through the 
una©tuated position of the side stay switches( had also 
failed,, 

If the ©o©kpit 1ndi©ator had b~en wired in~orre©tly so 
that it bypassed the extension swit@h and was wired to 
gr©und 9 when only th® side stay swit©h was a@tuated 9 the 
extensi©n swit©h would have giv®n a warning eignal if 
unl~©kedo This would o@@ur unl~s~ there was also a fault 
in the po~itive supply line t o the s~l~©t~r lever lighto 
Failure of the sele©to~ lever light ©ir©uit breaker9 or ~f 
the filament would have to o©© wr" at the tim~ or down lo©k» 
othel"Wise the absen©e of the l ight during the down actua­
tion period would probably have b~~n n©ti©ed,, I.f the 
sel~~tor lever light had been wi~d to the a~tuated side of 
either micro-swit~h 9 the light w©uld have been on9 prior 
to takeo.ff',, 

The foregoing circwnstan©e wguJLd. appea:ir' to redu©e the 
possibility of wiring faults being the ~ause of false 
1ndi©at1ono However 9 if the l~g ~~tensi~n swit©h operat­
ing me©hanism could be adjusted to a©tuate the awit©h at 
all times» or if' the me~hanism shcnild join in the a©tuated 
positi©n 9 regardlesB of gear p~sitio:n9 the side stay would 
be the ~cmtrolling teatu!"e f ©'lr' biQlth down l~©k indi@ation 
and lever Wa:K"ning light; from the indi©ati©n aspe©t.9 the 
landing gear would appear to be ©perating satis.fa©torily,, 
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3.6 Electrical Che~k on the Ai~©raft 

Figure 39 shows the schernati©s of the cockpit indicator 
for the main landing gearo It will be noted that both 
micro-switches must be ac tuated in order to indicate 
GEAR DOWN - LOCKEDe The working drawings were checked to 
ensure that the system had been ©orrectly converted into 
the aircraft wiring drawingso The drawings were f ound t o 
be correc te The harness f rom the l eft-hand l anding gear 
was then re=fitted t o the air~raft and circuit che©ks were 
made. The side stay mi©r o-swit©h was found t o be un= 
serviceable, and a new switch was installed tor the check. 
It is considered that the failure of this switch was due 
to the secondary damage s sin©e the p1lot 0 s indicator showed 
the gear to be l ocked down. This indication would be given 
if both side stay and extension micro-swit@hes are actuated 
and serviceabl eo (Refe Figure 390) 

The bulb in the cockpit under©a:irTiage se l ector handle was 
tested for continuity and found to be serviceableo The 
following checks were then conductedg 

1) UP was selected and all the micro-switches set to the 
UP positiono The indi©ator shows UP and the light in 
the handle flashed when the throttles were closeda 

2) DOWN was selec ted and the light in the selector handle 
changed to a continuous ONa 

3) The n~se door uplock switch was placed in the unlocked 
position» the nose indicator sh©wed unlockeda 

4) The nose door switch was operated for the fully open 
position» no change was noted in the position indicato~o 

5) The nose gear uplock switch was released» no change 
was noted in the 1ndicatora • 

6) Right-hand main landing gear uplo©k switch was released~ 
The right-hand indicator showed unlockedo 

7) Left-hand landing gear main uplock releasedo Indicator 
showed unlocked. 

8) Right-hand main landing gear leg extension switch was 
actuated. No change was noted in the indicator. 

9) The right-hand main l andi ng gear telescopic side stay 
switch was ac tuated. Indi©ator showed wheel down po~i­
tion 0 
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3.6 (Continued) 

10) The l eft main landing gear l eg extension switch was 
ac tuatedo No change was noted in .the l eft-hand 
1nd1~ator. 

11) The l eft main landing gear teles@opic side stay 
swit@h was ac tuated. Indicator showed wheel down 
positiono 

12) The nose down l o~k switch was a~t uatedo The nose 
indicator showed wheel down position and the light 
1nthe lever was extinguished. 

13) The nose door ful ly open switch was released. No 
change was noted in the indicator. 

14) The nose door up switch was placed in the closed posi~ 
tiono No change was noted in the indicatoro 

This compl eted the normal gear down actuation and indica~ 
tion. 

15) The l eft-hand main extension down lock switch was 
released and the indicator showed unlocked and the 
light in the lever was 111um1natedo 

16) The l e.ft-hand main extens1.on downl ock switch was 
ac tuatedo Left-hand indicator showed wheel down and 
the light was extinguishedo 

17) The ~oHo telescopic side stay switch was released. 
The indicator showed unlocked and the lighx was 
illuminated. 

18) The left -hand >~-- ,_ t eles~op1c aide stay was a©tuated. 
The indicator showed whee l down and the light ;tn the 
selector lever was extingQishedo 

The above tests proved that the air~rart wiring was correc t 
and the false indication must have been caused by micro­
switch maladjustment or jamming in the wheels down positiono 
If this switch was permanently in the actuated cond1t1on,the 
indication would be in order ioe. •wheels down• when the side 
stay was ac tuated and "wheels up" when the gear was retracted 
and the side stay micro=·swi t ~h r eleasedo 

It should be noted that the as~embly of the harness in the 
aircraft was not performed by the same crew who original ly 
wired ·the aircraft, and that a ll the 1dents were checked 
by Engineering staffo 
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3.7 Examination of the Right-Hand Landing Gear Leg 

The right-hand landing gear leg was removed from the air= 
craft and examined for any signs of trapping of the re­
tracting chain between the dust excluder and the main leg 
fittingo No evidence of trapping was foundo 



L 

UP 

GEAR 
POSITION 
INDICATOR 

+ 

DOWN 

EXTENSION 
DOWN LOCK 
SW ITCH. 

'v 'v 

E G 

D B 

LIGHT IN 
GEAR SELECTOR R 
HANDLE. 

TELESCOPIC 
SIDE. 5iAY 
SWITCH. 

'\7. V 

E G 

D B 

;:,CHEMATIC OF MA1N LANDING GEAR 
ELECTRICAL 5Y5TEM- COCKPIT INDICATOR. 

F l G. 39 

+ 



4. DISCUSSION 

4.1 Possible Reasons for Left-Hand Landing Gear Malfunction 

Test functions of gear in the aircraft and in the test rig 
at AVRO have not taken into account airloads on the gear. 
Air loads at a speed of 250 knots EoAoSo (which is the 
design limitation for landing gear down) can cause bending 
and friction in the extension gearo A restriction in the 
extension» before the full weight of the gear helps it lock 
down» can cause a release in the retracting chain tension 
loop thus formeds&if caught in the gap between the dust 
cover and the main leg fitting could prevent the leg fully 
extending and locking downo • 

The portion of the landing gear leg barrels on which the 
extension bearing moves» were chrome=plated to size on 
both aircraft 25201 and ori the teat rig. During landing 
gear function tests on 25201 prior to first flight$ the 
right-hand gear was found to be Jerky during extension. 
This leg was returned to Dowty and thebarrel was groundo 
The left-hand leg 9 however 9 was not ground» and it is 
posB:ll.ble that the tolerances were on the high s1deo Con= 
sequently,, ground functions,, without air loads ·were satis= 
factory» whereas during flight 11,, the margin may have been 
exceeded» and the chain Jammed.11 restricting the< leg exten= 
sion. • 

Dowty has stated that the bearing on the main barrel of 
the leg near the turning cam can cause high friction if 
the locking ba_n.d is too tighto The band is secured by 
two opposed bolts which are torqued to a valve of 50 in. 
lbs. and this figure is critical to the gear extensiono 
During the gear strip Dowty confirmed that the locking -of' 
the bolts in question was th~ griginal performed when the 
gear was assembled. However» it could be possible that 
persons stepping on the locking band when standing on the 
gear for maintenance purposes ~ould have tilted the band 
and increased the loading and consequently the fr:1ct1c:m o 

The ratio of the base to diameter ia very low (1=1/2 inches 
to 9 inches approximately )o .· 

4.2 Tests Carried Out at Dowty Equipment of Canada L1m1ted 

Tests were conducted at Dowty on a rig in which the fric= 
tion at the extension bearing was increaaedo The locking 
band bolts were torqued to 410 lbso inso instead of 50 lbso 
ins. The gear was then lowered 9 and it was found that the 

.~ retraction chain looped and jammed in the dust cover~ as it 
closed~ the length of chain jamming being about 5 linkso 
The tests were stopped before the gear was fully down in 
order to prevent damage to the gear. However,, on one occa= 
sion.P when 1 t was thought that the chain was clear$ the gear 
was let go and damage was caused to the dust cover similar 
to that shown in Figure 30. 



5. CONCLUSIONS 

The main landing gear failed to extend properly. The first 
malfunction occurred when a 98 hang upn kept the extension 
mechanism from lowering, causin~ an excess amount of chain 
at the upper end of the gear. (See Fig. 44.) 

This "hang up" cleared itself during extension, but the 
excess amount of chain had Jammed , maki ng proper extension 
impossible. Detail design of the chai n mechanism is such as 
to make Jamming almost certain if there is excess chain. 

The reason for the 11 hang up" is not positively known at this 
time, (see para. 4.1) , however , the two most probable reasons 
are as followsi 

(1) There is no confirmation that the 600 lb. extension 
spring is sufficient to overcome fri c tion within the 
full flight envelope, considering speeds, attitude and 
9 gu forces. 

(2) The gear that failed did not have the chrome plating 
honed to fight tolerance. This 1s the only gear in this 
state. Grincl1ng in the _early stages was not considered 
satisfactory in conjunction with the very high heat 
treat steels (260,000 psi = 280, 000 psi). 
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