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Introduction 

The tests described in this report were carried out in order 
to investigate the fatigue life of the Vulcan pressure cabin and 
its associated structure, ‘The object was to simiate as closely 
2S possible all the loads which would appear to influence the 
strength of the pressure cabin, These include both ground 
manoeuvring and flight conditions, 

1, Conclusions 

ihe service life of the pressure cabin has been shown to be 
more than adequate to meet the 3900 hours flying required by the 
M.O.S. The structure will withstand 2100 pressurisations to the 
maximum differential pressure of 9 p,s.i. In terms of flying 
hours this should be well in excess of the life required since 
short duration flignts would not approach maximum altitude. 

‘The life has been quoted in terms of pressurisations, since 
it is Pasically the differential pressure as opposed to 
and undercarriage loading which has been the primary cause of 
all the failures, The pressurisation cycle is assumed to have 
been completed if the differential pressure during 2 flight 
exceeds 6 p.s.i. 

gust 

These conclusions have been reached after consultation with 
the Royal Aircraft Establishment and are based on the attainment 
of a life for the test specimen which is five times as great as 
that for which the aeroplane is guaranteed, Since the flight 
cycle included de-pressurisation to combat level an adjustment 
has been meade to teke account of this when estimating the Life 
in terms of pressurisations so that 

No, of safe pressurisations = No, of flights completed on test x 1.5 

5 

The safe Life quoted is subject to certain stipulations 
as follows :- 

1) Modifications are carried cut to the canopy, cockpit rail, 
mumbers 354, 367, 368, 

405, & 449 before the aeroplane enters service, 
ana front pressure bulkhead to Mod, 

2) The following items are Lifed" and must be changed after 
they have completed the number of safe pressure cycles given, 

Them Test Life safe 
~ No, of flights | Pressurisations 

Rear cockpit rail top member bA LS 4200 

Former 302 attachments to cockpit rail L448 4200 

Rear canopy release unit housings 5028 1519 

| D,2 pressure release valve support 4 
| skructure 5167 1580 

ressure bulkhead access door skin 5577 1675 

Stringer brackets (Front Bulkhead) 561k 41680 

Rear canooy release unit sealing boxes 6365 1910 
bra cscanes = = 



Sonelusions, Contd, 

Listed below are parts, which having been replaced or modified 
during testing, have not completed the total number of flights but, 
not having failed, have a life of something in excess of the figure 
given in the table, 

Them - Test Life 2 Safe | 
No, o Flights | Pressurisations - 

Front pressure bulkhead access door frame 1786+ : 410,04 

Attachment of Former 316 to cockpit reil 4.7864 4hhO+ 

Canopy attachment lugs and dowels i 1.7864 | qh0+ | 

Stringer brackets (Rear bulkhead) 5OLO+ | 1790+ | 

After 2100 pressurisations there is a vossibility of fatigue cracks 

developing in the skin pa rticularly round the crews entrance door and tne 

attachments to the front pressure bulkhead, Final failure occurred at the 

latter position (Plate 22) and this governs the life Limitation, 

ALL the failures on the modified structure are fail safe since 

the cracks were observed whilst the specimen would still react the 

full differential pressure, 

2, Loading conditions. 
pene 

2.1 General, 
At a meeting at A. V. Roe on 23rd November 1954 representatives 

of the R.A.E. expressed the opinion that the programme of applied 

loads should be based on an average flight plan and not purely on 

an operational sortie i.e. account should be taken of other flights 

such as circuits and bumps, engine testing etc. They therefore 

suggested that flights of 2 hours duration would be appropriate. 

As the nosewheel is mounted ontthe rear pressure bulkhead it was 

decided that, as well as gust inertias diwing the flight, the 

undercarriage reactions during ground manoeuvring should be applied, 

It was agreed that these grourireactions should be based on the mean 

velue of the teke-off and landing weights to simplify the loading. 
This value was estimated to be 140,000 lbs, 

2.2 Undercarriage Loads 

Little information on the magnitude and frecuency of uncer- 

carriage reactions during taxying was available so a lerge number 

of nosewheel accelerometer readings were taken during texying, 

take-off and landing of Vulean prototype aircraft. These 

indicated that, whilst the frequencies were high, the magnitudes 

of the reactions were very low and jittle fatigue damage to the 

pressure cebin would result. However, in order to simulate these 

effects to some degree, it was decided to apply a limited number 

of representative loads to the nosewheel, These were to include 

two simulated engine runs against the main wheel brakes which 

apply twice the normal static reaction to the nosewheel, Aliso 

tio opposite side loads of 0,5 times the normal static reaction 

were to be applied during each taxy run, and Grag and rebound 

drag of 0,S¢ during the landing, 
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2.3 Gust loadings 

During the "flight" the crew's nacelle floor and the 
retracted undercarriage were to be laded 2k times to the loads 
corresponding to the effects of a 10 ft, per sec, gust, This 
gust is considered to be the most damaging from a fatigue point 
of view and the frequency of its occurrence was based on R.AE, 
knowledge of the gust spectrum for a typical Vulcan sortie. 

Sch Aerodynamic Loading 

The acrodynamic suction on the canopy at M = 0,9 increases 
the loads on the canopy catches to something of the order of 1,15 
times that due to enbin pressure alone, This was considered to 
bean amount which would significantly affect the fatigue life of 
the attachments, This suction was to be applied as a steady 
load during the Plight, ne 

2.5  rressurisation Loading 

During an operational sortic the maximum cabin pressure 
differential of 9 lbs/sq.in, at cruising altitude will be reduced to 
to approximately 3 Ibs/sq.in. in combat zone and then increased 
again to 9 Ths/sq.in. for the return flight, These pressures ge 
VEL pa

 e to be reproduced in the test programme, 

2.6 Summary of programme of loads 
Same 

The following is a summary of the sequence of loads which 
was finally accepted as being most representative of an average 

Vulean flight. 

Page 3



Ha
ce

 
ne
ta
 
c
i
n
e
m
a
 

te 
me

e 

a Sener OR ee ee Oe od 

APPLIED LOADS 

Lead, Extended Undercar 

a
e
 

L
O
 
O
O
 

O
O
 

ine
] 

NM
, 

23 } 

ad, 

25 | 

0-0,8¢} : 

0-0,8¢ | 

0~0. 58, 

1O-2g 

Note, 
a ih io tu 

Exte nded undercarriage. 
tetracted undercarriase . 

t 
ba
 

BA
 

inertia 1.0 ¢ = 3.0 
at re 

Cabin 

Canopy aerodynanic sucvion - 

thatr- the front nooks carry 0.5 t 
the rear hooks carry 

and the hinge arms carry, 

such 

Page 

0. 7-1. 3s! 

0.7-4.3s. 

0,7-4.3 

0- 0,52 0. 7T- “1.38 

RES he 

‘ote. 3g: 
O.7-+4.32 

O, f= a 28 i 

oO, 74 23 

O. 7m 1. 3g 

C.7-4.3¢ 

O, 7-17.42 

O.7-1.5¢ 

0,7-1.3¢ 

O.7-1.3¢ 

0.7-1.3¢2 

O.7 4438 

0. /-1.32 

O,7-1.3¢ 

iQ, Gmt. 38 

t 

ge 
i 
i] 

Fp OER te ete ee RS ee OR EO a ee ne ne 

al values are as follows:- 

57.2 inch 

tons 5,8 

ar pressure bulkhead. 

Og 
OQg = 

as a 
2G 0 

b
g
 

fa
 

constant 

1252 4% 
O,¢22 ue 

i +: 

0.71 23S ‘ 

0.7-1.5¢ | 

O. 7-145 

0, 71.32 C 

a a i a 

Go, /-1.45¢ 

joe g 

; 0.71.32 

[0.71.38 

; 0. 7-1.5E 

0. 7-1.3¢ 
10. 7-41.3¢ 

0,7-1.32 
/ 0.71.38 

10. 7-1.3g 

0,7-1.3¢ 

0.71.32 

j 0.71.32 
| O.7-1,3¢ 
0, 7-41.38 
'O.7-1.3¢2 

| 0.71.38 
0. 7@1.3¢ 

7-14.58 

O.7- 

{0.74.3¢ 

OO. 71.32 

0,7=1.38 
0.7-1.3¢ 

(0.71.32 

wr
 

ini
] 

g 

125001Lbs, 

9361bs, 
PRAY, 

_ extended Undercarriage ‘Rotracted Cabin ; 
No. Drag : Rebound, S4a6 Side . Vert. . Ufc. inertia 

ee eR Ee cn an Re SE ERE ee 
4 log O.7-4.3¢ | 

2 | | 0-0,5g | 0.7-4.3g) O.74.36 | 
3 | 0-0. 5¢) | 0.71.38" O.7-41.38 | 
h | | (0.71.3g | 0. 7~1.38 | 

| [O.7-1.3g 0.71.30 | 
°. 7-t.58 | O.7-1. g 

0.71 .3g 1 0.74.32 | 

at 

pivet. 

and 340 ton inches Bi, 

2.54. tons. 

ons. 

ons. 

tons, 

Aero 

Suction 

S
L
 

e
e
e
 

ee
 
e
e
n
 

CO
R 

ee 

i 

| 

| Cabin 

i Press, 

chef a ee, 

m
e
 
e
e
e
 

me
 
e
e
 

A 
ed

 
me

 
le

 
ll

 
t
e
 

a
o
 

A O
er
em
en
rn
im
en
ne
me
em
nm
e WN
 

st
ew
er
nn
tn
nn
n 

UO
 
e
e
e
 

fl
ea

 
CO
) 

me
et
 n

e 
ee 
ne
er
s 

no
re

 
ne 

nis 
cee 

ere
 

an
e 

Reve Ht 



Descripticn of Specinen. 

The specimen wes a structurally complete Vulcan vressure 
cabin which is of circular section approximately & ft.6 inches 
diameter and 14.7%, long. The structure is comprised basically 
of channel section formers rolled top hat section stringers and 
a DED 687 skin. Practically the whole of the top of the cabin 
is cut avay for the canopy and cockpit rail structure whilst the 
botton of the fuselage between the two heavy keel longerons 
comprises the borb aimerst blisters and crewb entrance door. (see Fig.1) 

the front pressure bulkhead is of a dome shape 7 ft.3 imches 
spherical radius formed of eight seguents of 20 swg.DTD,610 Aluminium 
AlLoy joined by 20 swe, DID.610 butt straps In the centre of the 
bulkhead is an opening. 2 ft. diameter, fox access to the radar 
in the nese. ‘his opening was framed initially by 2 magnesiuin 
alloy (spec.DID.88C) forged ring but this was later chenged to 
spec DID. 40 aluminium alloy of « thicker section as a result 
of the tests (see fig 2 ) The opening is covered by en. inward 

opening circular door formed fron a Tluted DID, 610 skin edged by 

a DTD, 880 forging, 

oo
) 

p
a
 

t o 8 ear pressure bulkhead consists of a flat skin reinforced 
orwerd face (inside the cabin) by horizontal top hat 

stiffeners and on the rear face by vertical top hat stiffeners rivetted 
to the bulkhead skin, At the bottom of this bulkhead on the rear 
face are the two nosewheel pivet forgings which are bolted through 
the bulkhead to the aft end of the vressure cabin keel longerons, 
Running vertically up the bulkhead from these two forgings are ‘vo 
heavy extruded channel diffusion members which carry the nosewheel 
drag link bearings approximately on the vertical centre line of 

the fuselage, 

on th 

electrical 

plugs and sockets, flying control rods andi pressurization valves 

were present ond were in some cases blanked with their correct Mttings 

and in the others with Light alloy plates, All the kets Por the 
internal fixed fittings and the trim scheme were fitted. 

to simulate the correct fization at the rear oressure buikhead 
a further 11 feet of fuselege including the nosewheel bay and Phaasber 4 
fuel tanks as far aft as Former 75 were added, 

The specimen, less canopy windscreen and bomb aimer's window 
was pressure tested during normal production first to 9 Ibs/so, inch 

and eventually to 72 lbs/sq.inch. 

All the magnesiumalloy components in the cabin were protected 
by the standard dichromate treatment to Specification DITD.911 which 
was followed by two coats of chromate rich primer. To prevent corrosion 
due to the presence of water 3 further coats of bitucastic paint 
were applied after assenbiy. 

Description of Test Rig, 

To simplify the loading arrangements the specimen was 

mounted upside down and cantilevered from Former 75 which was 

polted onto one end of a rectangular frame composec of steel 

joists end channels with the weight of the specisen anc dummy 
undercarriage counterpoised by lead weights, All the inertia 
loads were applied by means of Inrdraulic jacks attached to the 
test frame end the whole rig was assembled in a water tank and 

submerged,



mn 
Description of Test Rig. Sont'd, 

selected by means of 2 uniselector switch operating electro~hydraulic 
volves which supplied their respective jacks from a Pluctuating 

pressure supply. 

The sequences and combinations of hydraulic loading were 

This same switch also selected other valves controlling a 
supply of water to the specizen for pressurization purposes. 
“hen the cabin pressure reached 91bs/sq.inch 2 pressure switch 
reversed these valves to allow the cabin to depressurize.. 

The whole operation was completely automatic and continued 
until failure occurred, 

fest history and procedure. 
Testing was commenced on the 20th June 1956 and after 163 

flights had been completed, the starboard canopy side window failed, 
This was due to the inner pressure bearing toughened glass becoming 
delaninated from the vinal interlayer and allowing the cabin pressure 
to be applied to the combined vinel and cuter annealed glass, The 

result was a shear failure of the vinal around the peripherr of the 
frame... In practice the delamination would have been observed song 
pefore it became dangerous and the window would heve been replaced. 
4A new window of the sane type wes Pitted and testing continued, 

After 1063 flights the front bulkhead access door frame failed 
see Plate 2) but after exewination it was generally considered that this 

Pedluve WAS probcbly ceusod moré b corrosion than by the high stress 
level in the magnesium alloy forging. In particuler the inner edge 
of the ring from which the failure commenced was extremely badly 
corroded and apart fron the ultimate failure, a large mmber of 
smaller cracks starting at corrosion pits were evident, Associated 
with this feilure was the. tensile failure of one of the segnuent 
joints in the front pressure bulkhead which continued right out to 
the fuselage skinning and caused failure of six of the magnesium 
alloy brackets attaching the fusclage stringers to the front 
bulkhead, Lxamination of these broken brackets revealed further 
severe corrosion, end it was apparent that the steps taken to prevent 
this occurring were inedequate, As 2 result of these observations 
a ney door frame of basically the same design but with « larger edge 
radius was coated with Araldite 985 and fitted into the bulkhead 

which was repaired by replacing the two segnents adjacent to the 
failure, All the stringer brackets in the pressure shell were 
replaced br identical items treated with Araldite 935 and then 

heavily coated with Bostik after assembly. 

However, after 1510 flights the access door frame failed agein 
end exemination showed that, notwithstanding the Araldite protective 
treatment, the specimen was again badly pitted by corrosion and had 
numerous swell cracks starting at the inside edge of the ring. As 
before one of the segnent joints in the front bulkhead had failed 
and two of the panels had to be replaced, The stringer brackets 
were, however intact 

A new magnesiua alloy ring coated with Araldite was Pitted 

in order thet testing misht continue but strain gauges affixed to 
this ring indicated that at 9lbs/sa,inch cabin pressure, stresses(Pig, 2) 
of the order of 11 tons/sq.inch were induced in the edge of the ring 
from which the failures had commenced, Additional stresses of 
between 2 and 3 tons/sd.inch could be induced in these points by 
tightening the door clauping screws. Thus a total stress of between 

i) age 6. /13 Th



fest history and procedure, Contd. 

4% and 14. tons/sq. inch was being induced in material with an 
ultimate tensile stress of 18 tons/sc,inch so that an extremely 
low fatigue life could be expected, 

Arter 4605 flights two Lallurcs occurred simultaneously. 

4) The port canopy side window delamineted in en identical manner 
to the starpoard window earlier in the tests, This was replaced, 

2) Failure of the countersunk head tension bolts attaching the 
port aft canopy catch lugs to the canopy structure. A microscopic 
examination of the bolts attaching all the four canopy lugs was 
madc with the followings observations 

BOLE NUMBER @RCM FRONT TO REAR) 
Jee aap ga RI IERIE NG RSS AT MES A HRS Ra Le vs 

WG | 1 : 2 : 3 i 
oe oe eee oY pore EIS mR MLE mS RTE EERO EE EE Ren ae oy ad eo variant, 1 PS ASE ee, er ; et te i 

Port » Head broken of f| Broken off at Broken off at : Broken off 

; APt | Prom crack in start of thread, ; start of thread, ; at start 
} ; radius under crack under head, | crack under head,; of thread 
! 

i | head 
t — setsa neat 

Stbd : Broken off at severe crack severe crack No visible 
Art ji start of under head, under head, damage, 
~ - | threa 

a . : 

Port | No visible Slight crack Slight crack No visible 
Pwa : damage, under head, under head, damage, 

sis ee rancursitee ae arc SNE - 2 wow ermernenntnereteencm eas sem reo we an ececer niente anel | 
: Stbd | . . os i 
| Bea No visible damage 

| i 
Fea eae 2 acme eR WEDGES OREO gu a Tae eo aC fame raced frome rman — 

neb. These bolts were standard High Tensile Steel bolts. 

The two forward canopy locating dowels had also failed and Plate 
3 shows a photograph of these dowels toscther with the broken bolts 
from the two rear lugs, also shown in this photograph is the port 
aft locating block in which the 2 B.A. bolts attaching it to the 
underside of the cockpit rail had failed in tension probably due to 
the fact that, when the lug bolts failed, the Locating dowel was 
withdrawn from its socket and, on releasing the load, did not return 
directly, ‘his was borne out by marks on the edges of the socket, 
and the failure is thus secondary to the lug bolt failures, 

411 these items were replaced by identical components pending 
design modifications. 

ther inspection of the specimen revealed a crack across the 
upper surface of the starboard cockpit rail immediately aft of 

former 302, Two rivets attaching the top decking to the diagonal 

eross merber in the immediate vicinity of the crack had sheared 

(see Plate 4). On the port side there was a 2" long crack in the 
underside of the cockpit rail in the corner of the cut-out for the 

periscope sextant about ). inches aft of former 502 (see Plate 5). 

The brackets attaching former 316 to the underside of the cockpit .. . 

rail om both ports and starboard side were cracked at their inboard 

edges (sec Plates 6 & 7). 

Strain gauges were affixed to the top surface of the port 

cockpit rail in the exact position of the crack on the starboard fread 
£ 
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rand procedure, Cont'd. 

radii and these NEES that, with 9 Lbs/sc. inch cabin pressure 

and aerodynamic suction the canopy, a stress of 22.9 tons/sc, inch 
TOS induces | an the nosition Pron which the starboard reil had cracked. 
Full results and gauge positions are shown in Fig. 3, This stress 
is high due to the eforementioned crack on the underside of the rail 
(Plate 5), he stress on an undamaged section is given in report 

Bt 0,798. 

During a routine inspection alter 1862 flights it was noticed that 
the port cockpit rail had cracked on the upper surface in exactly 

the sane position as the starboard reil had. It is considered th 
this crack occurred ai'ter approximately 1520 flights as it passed. 
through one of the strain geuges which cea ‘sed to read about that time. 

Examination of the access door f in the front pressure bulkhead 
revesleé three well developed cracks and. rather than risk further 
serious damage to the bulkhead, the ring was replaced again 

rv 
1 at 

On Pli ENS £012. pubbles were observed to be coming from the 

centre of the crew's entrance door, and a visual cxanination snowed 

severe cracking across | he outer “agnesium alloy door skin (See 
photograph Plate 8) ince this skin was not considered to be load 
carrying during the oviginal stressing calculations, it was decided 
not to replace it 

Purther feilures observed after flight 2075 were :- 
aa . oa . . nos ~5 . 
1} A Gele:vination failure of S gond port canowy side windor 

which was replaced, 

Four dowels ii) Failures of both port side cenopy locating dowe i 
i i at the base 

— 1 

illiet redi 
a 

were replaced by similar itens with larger f 
of the pin. 

iii) Two of the bolts attaching the port rear canopy catch to the 
canopy structure were slack and a tMilcrosScoplic oxatinavion snowed 
that both bolts had ora CS in the start of the threads, However 
these bolts were refit 

iv} There was a 1 inch long crack rumming forward and outboard 
from the outboard forward corner of the cabin skin cut-out Yor the 

starboard entrance door hinge t was thought that this was due to 
over-opening the door and the crack was located with a 3/46" dia, 

tear hole. 

- Hy 
A 

A further major failure of the pressure cabin occurred during 
flight 2217 when the differential pressure dropped instantaneously 

5 tbs /sq. inch to zero, On inspection two major failures were 

found = 

Firstly, a delamination failure of the starboard canopy side 
window which left the toughened glass intact but sheared the vinal 

fal interlayer for more than half of its circumference, 

Secondly the port side of the cockpit rail had failed completely 
at station 302 (see Plate 9} and had fractured the bracket attaching 
former 302 to the rail, The.rail had also pulled away from the fuselage 
skinning locally around this area shearing about 50 of the 1/8" dianeter 

rivets forming the joint. nn bracket attaching the diagonal cross 

member to the cockpit i a Peactured across its pend radius and 

this member had its other attachments to the rail torn out (see Plat 

40}, 
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Tesi u history and procedure Cont'd 

On the starboard side this bracket had failed in an identical 

manner (see Plate 11) but the remainder of the attachments, and the 
rail itself, were substantially intact except that the rivets 
attaching the rail to the fuselage skinning were very severely 
strained, two being actually sheared off, 

The port canopy side window had two largeareas of delamination 
covering approximately half of the window area and was replaced 

(see Plate 12). 

The strength of the cockpit rail and canopy attachments now 
became the su bject of a more detailed investigation and extensive 

strain gauge test ing of a production pressure cabin and canopy 
has been reported in Test Report Mwuber D.C.798, 

As a result of these tests the following modifications were 
incorperated in the fatigue test specimen before any further testing 
was carried out i- 

1) The front pressure bulkhead access door fraue was replaced 
by a solid section cing in aluwiniun alloy spec. DTD,10 (Vuilean 
Mod.No, 354). 

2) Retaining claws were fitted to the canopy and cabin side 
windows to prevent the pressure bearing toughened glass from 
becoaing displaced in the event of delartination. 

3) The canopy lugs and attachments to the canopy were completely 
redesigned to eliminate tension bolts, (Yulean Mod.No. 367). 

1) The canopy dowels and sockets were replaced by redesigned and 
strengthened items (Vulcan Mod,No. 367). 

5) .€he rear top member of the cockpit rail was replaced by a new 
member in DED, 546 aluciniun alloy having a more gradual contour and 

a deeper flange (Vulcan Mod.Mo. 368) . 

6) The diagonal cross meters at the rear of the cockpit rail 
wers redesigned so that - their top flanges were continicus (Vulcan 
Mod No, 368). 

7) The attachments of former 316 to the cockpit rail were replaced 
and strengthened by the addition of a gusset plate (Vulcan Mod.No. 368), 

8) The attachnents of former 302 to the cockpit rail were replaced 
by identical items. 

Prior to recommencing the Yatigue testing a large number of 
stress measurements were made by means of electric resistance 
strain gauges at ate points on the canopy and cockpit rail 
and, as a reaule &, ther modifications were incorporated as follows:~- 

1) A reinfo oreing angle was Pitted to the cockpit rail at 
station 330 to embrace an existing cut-out (Mod, 105). 

2) The reinforcing channels in the dia agone al cross members 

Were extended to enjerace the cut-outs 

mechanism, (08.405). 

3} The rear top member of the cockpit rail was reinforced 
by two 16 sie. plates in stainless steel specifica tio nP,V.520, 
(Mod No t,9) ». ‘These tests ore deseribed and results tabulated in 

Test Report No.Addendum i to DO. 798. 
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t history and procedure. Gontid. 
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testing was recoumenced on April +1th 1957 and a 
further 2014 flights were completed before the rear canopy release 
unit housings failed (see Pinte 13). These components are DTD, 683 
forgings and had not been changed since the commencement of the tests. 
Hach one had thus completed 5020 flights, Since there were no o 

completed release units available frou: Production: the housings only 
were replaced by new itens, 

w
 

bulkhead access door Peiled along ‘two of the stiffening fintes 
(see Plate 14). This ites is made from 20 ave, 72 aluuiniwa 
alloy and, although the stress level is generally very low, the 
forming of th ner process had evidently 
introduced serious stress raisers and residual stresses, 
modifications were incorporated at this stase but a new door skin 
was Pitted to allow the tests to continue, A general inspection 
of the specimen at this stage revealed no further damage. 

After & total of 5577 Slights the skin of the front pressure 
s 

icant 
During a routine inspection after a total of 6 

serious cracking was observed in the rear cockpit 
the new portion of the rail fitted in line with Mod, 368 af 
2217 flights and hac thus completed 1148 Flights The cracks, 

Which were almost identical port and starboard, ran from the 
Torward corner of the rear canopy catch cut-out to the inboard 
edse of the rail and sisilarly fran the rear cormer of the cut-out 
to the outooard edge of the rail (see Plates 15 & 16) “hen this 
portion was dismentled it was cboserved that the steel sealing boxes 
on the underside of the rail had also cracked in the front inboard 
and aft outboard corners (see Pinte 17). 

There wes a crack in the edge of the cabin skimming on both sort 
and Sterborrd sides gust aft of the rear canopy catches end running 
from the edge of the skin to the first of the 1/k inch aia, rivets 
atG ial “t aching the diagonal cross member (see Plate 75). 

The angle brackets attaching Former 302 to the underside cf the 

cocxplt rail ned cracked on both port and starboard sides. The 
centre of the flange attachine to the rail and 

were continous fro the inboard sedge to the second of the three bolis 
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The rear cockpit rail, former 3 
rear canopy catch sealing boxes were replaced by identical items and 

ra t 42 testing was recommenced, After 
cracks were observed in the entrance door hinge cut-outs and it was 
decided to make a thorough inspection of the entire specimen. The 
paint had to be removed to render the cracks visible, 

This inspection revealed the following demage :- 
4) The rivets in the fairing strip around the periphery of the 
bomb aimers' blister. in the region between former 330 and 358 
were severely pulled and one rivet in each side had actually sheared val 

off, Failure of several others appeared linminent, 

W 

2) there were circumferential cracks in the fuselage skinning 
between the aft row of the two rows of rivets attaching this 
skinning to former 372 (front pressure bulkhead), All the cracks were 
in the region above the centre line of the aircraft and the sina 

total of their length was aporoximately i4¢: inches. 

The cracks were as follows:- 

Page 10. /Sbove
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Port Side. 

Above the skin joint et stringer 7 the first two rivets were 

completely sheared and between stringers 7 and @ there was a } inch 

crack. See Plate 18. 

Directly in line with stringer 9 there was a i" crack and 

directly in Line with stringer 10 a 1/2" erack. 

Between stringers 16 and 14 0 --s8e8-< a 3" oxvack, 

Between stringers i1 and 120 -ee--- a 13" crack. 

See Plate 19. 

Starboard Side. 

Above the skin joint at stringer 47 the first two rivets had 

completely sheared and there was a 12" crack in the skin. 

Below the skin joint and between stringer 47 and 48 there was 

a 23" crack. 

> 

the front pressure bulkhead on the port side had failed, Ail the 

bracket to stringer rivets were intact but on each bracket all 

three legs were broken off, These items are magnesium alloy forgings 

and had been replaced after 1063 flights when they were severely 

corroded, Although there was some evidence of corrosion this tine 

it is not known to what extent this accelerated the failures anc 

consequently the stringer brackets should be considered to have a 

fatigue life of 5614 flights. 

3) The stringer brackets attaching stringers 8, 9, 10 and 11 to 

im) There were numerous small oracks across the rivet holes in the 

pressure cabin skin at each of the four corners of the crews entrance 

door frame (sce Plate 20), 

5) There were cracks in the corners cf the cut-outs Tor the 

entrance door hinges. These cracks ran forward and outwards from 

poth hinges for a distance of approximately 34 inches (see Plate 20). 

6) There were cracks in both rear corners of the cabin skin cute 

out for the bomb aimers' blister, These cracks ran aft and outboard. 

Plate 24 shows the crack in the port side with the rear fairing removed 

fron the blister. 

7} ‘There was 2 small crack in the aft outooard corner of the cabin 

skin cut-out for the starboard canopy hinge arn. 

8) ‘Two of the wivets attaching the upper diaphraga of the support 

structure for the D.2 pressure relowse valve had sheared at the 

attachment to the pilots floor, Yhis diaphraga was replaced 

originally after 1510 flights when damage occurred which was thought 

to be secondary to the door frame Failure, 

5) There was a crack in the inside skinning in the bottom of the 

cabin on the edge of the lap goint Just aft of forner 4416 about 2h 

inches from the centre Line of aircraft on the port side, 

10) There was a crack in the port front corner of the skin cut-out 

for the bomb aimers' blister. This crack was about a/b inch long 

and extended from the edge of the cut-out to one of the rivets attaching 

the sicin to the blister longerons, Strain gauges were fixed to a 

production aircraft in the positions of these cracks and the measured 

stressés are shown in Appendix I, 

Frage A. 



Zest History snd procecure, Contd, 

Before recomnencing tosting the skin cracks at the entrance 
door hinge cutouts were patched .ith plazes of 15 gauge specifice 
ation L.73 material, The extent of the patching can bee seen on 

Plete 20, The four broken stringer brackets on the port side were 
not replaced as they had failed completely, The redundant holes 
were plugged with bolts and rivets as appropriate to effect a 
pressure seal, 

After a further 22h flights had beer 1% 
totel to 6901, an inspection of the specinen was carried out. This 
was principally to make note of the rate of propogation of the 
skin cracking discovered after 6677 flichts. No new cracks were 
discovered and with one exception the cracks noted after 6677 

flights had not increased in length, The exception was the large 
orack at the port forward corner of the crews entrance door which 
had inoreased frou 24" efter 6677 flishts to 3", 

sgn completed, bringing the 

A further 102 flights were completed, bringing the total to 
(003, When a major failure occurred. The circumferential cracks 

in the fuselage skin at the Front Fressure Bulkhead had merged. 
together so that a continuous crack ebout 36" long ren from 

stringers 7 to 14. on the port side, A photograph of the failure 
is shown on Plete 22, The skin cracks on the starboard side of 

the Front Pressure Bulkhead were no worse than after 6677 flights, 
The large skin crack at the port forward corner of the crews 
entrance door had increased to 34", all other cracks were no 
worse than when first Giscovered after 6677 flights. 
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ASPEDIX I. 
Ae Me, Rn EA 

SEASUREENT OF STRESS LEVELS - ON CMR ta i peerrare iran +4 
~ BAPICUE CRACKS. 

oe ans 

introduction: ~ 

Tn order to determine the intensity of stress in the cabin 
skinning where cracks were discovered in the fatigue test specinen, 
strain gauges of the electrical resistance wire type, were ceinenced 
to a production line pressure cabin and the gauge readings noted 
during the routine pressure testing of the cabin. 

The areas to be investigated were := 

(i) The Pour corners of the crews entrance door, 

(ii) The skin cutout for the entrance door hinge. 

(iii) The front and rear end of the bob aimers blister. 

(iv) The gictin cutout for the canopy hinge amn, 

(x7) The tersination of the cabin skimming to the front pressure 

bulkhead former. 

(wi} The flutes pressed into the front pressure bulkhead access door 

sicin, 

& cavcful note was made of the position and direction of the cracks 

‘in the fatigue test specimen and the gauges vere cemented to the 

production line cabin s0 that the strain » neasuring eeic. of the gauge 

was at right -_ es to the line of thas crack. 
Pigs, 4 to 13 show the positions of the gauges, 

Test Results:~ 

4 

auge readings obteined have been tabulated in Table 
oe 

From the plotted results, the stress .. cach gause position for 
G$p.s.i cadin pressure has been calculat ond marked on Figs.4 to 

13. 

‘ith rogard to gauge nuicbers 15 a ne 19 which vacasured the 
vending stresses induced in the fluted portion of the Front Pressure 
Bulkhead Access Door, the sauge roe dings were factored by 0.60 
efore converting to stresses. This was because the active clements 

of the gouges were not in direct contact with the metal surfaces 
put removed fron then by a leyer of cement and the backing paper 
of the gauges which torsether total about .012", Since the door 
material was 20 swe. (,036") the active clenents of the gouges 
were sopreciably further fro: the Newtral Axis then tne extrene 
fibres of the door material hence the factor, 

Gauge mucbers 11, 72 and 73 showcd © compressive 

rose to a mnaxinun uidwey between stringers thus indicat 

skin was in bending, This was probably duc to bellying between 
formers, together with skin bending due to the moment frau the 
offset load from the front pressure bulkhead, 

iS 

ain 

tre ess 1 which 

Le, 

ae) 
an 

in% 48 the Longitudinal tension in the cabin skin between 
stringers is calovlated at 2.0 tons/sq.inch the stress on the inside 
face of the skin at cauge mitber 712 position is in the order of 

40 tons/s¢,inch. 
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FAILURE OF ACCESS DOOR FRAME IN FRONT PRESSURS BULKHEAD (1063 FLIGHTS) 

PLATS IZ 



FAILURE OF PRESSURE BULKHEAD SEGMENT JOIN? 

SECONDARY TO ACCESS DOOR FRAME (1063 FLIGHTS) 

yee PLATE ITA 



a & 
~ PORT FWD. LOCATING Pin 

STARBOARD AFT BOLTs STBD. Fwd. LOCATING PIN 

FAILURES OF CANOPY CATCH BOLTS AND DOWELS (1605 FLIGHTS) 



CRACK IN STARBOARD REAR COCKPIT RAIL UPPER SURFACE (1605 FLIGHTS) 

PLATE IV 

CRACK IN PORT REAR COCKPIT RAIL LOVER SURFACE (1605 FLIGHTS) 

- PLATE V



CRACK IN FORMER 316 ATTACHMENT TO COCKPIT RAIL STARBOARD (1605 FLIGHTS) 

PLATE VI 

CRACK IN FORMER 316 ATTACHMENT TO COCKPIT RATL PORT (1605 FLIGHTS) 

PLATE VII 



CRACKING ACROSS CENTRE OF CREW'S ENTRANCE DOOR SKIN (2075 PLICHTS) 

PLATS VIII 



PATLURE OF PORT REAR COCKPTT CORNER OF COCKPIT RAIL (2247 FLIGHTS) 



Diagenal 
Cress 
Member as 

Crack 

Neted 
After 

4605 
Flights 
(Plate V) 

Fermer 302 

VIEW ON UNDERSIDE OF PORT COCKPIT RAIL (2247 FLIGHTS) 

Diagenal 

Forward 

Permer 302 

REAR CORNER OF STARBOARD COCKPIT RAIL (2217 FLIGHTS) 



PORT CANOPY SIDE WINDOW AFTER 2217 FLIGHTS 

SHOVING THO LARGE ARHAS OF DELAMTNATION 

ELATE XT 



REAR CANOPY RELEASE UNIT HOUSINGS AFTER 5028 PLICHTS 

PLATE XITT



FRONT PRESS BULKHEAD § 
ACCESS DOOR SKIN | 

5577 FLIGHTS 

| 

ACCESS DOOR SKIN AMTER 5577 FLIGHTS 

PLATE XIV 



MODIFIED PORT COCKPIT RATL (MOD 368) AFTER 4148 FLIGHTS. 

NOTE FUSELAGE SKIN CRACK IN BOTTOM RIGHT HAND CORNER 

APTER 6365 PLIGHTS, 

FATLURE IS IDENTICAL ON STARBOARD SIDE. 



f : 
‘ 

VIEW OF PORT COCKPIT RaTL (MOD 368) 

FROM INSIDE CABIN APTER 4148 FLIGHTS, 



Vi aneus 
at ee ON UNDERSIDE oF SUEy 

cant CRACKING OPS TATE TY 
BD be ad knah at 

wir yee A 
Be we Pk 77 

OF CANOPY CATCH SEALING BOXES APTER 4443 FLIGHTS. 

PLATE XVIT





KS CRAG ‘4 
4 

coor 2 SE 



NOTE SIMILAR CRACKS AT AFT CORNERS. 

THESE PATCHES FITTED OVER CRACKS 

SHOWN _IN RIGHT HAND PHOTOGRAPH. 

AROUND ENTRANCE DOOR. 

6677 FLIGHTS. 



CRACKS IN FUSELAGE SKINNING AT REAR END 

Of BOMB ATMER'S BLISTER, (6677 FLIGHTS) 



CRACKS IN PUSELAGS SKINNING AT REAR END 
eras 

Of BOMB AIMER'S BLISTER, (6677 FLIGHTS) 



PAILURE OF CABIN SKINNING AT PORT SIDE OF 

cn
 FRONT PRESSURES BULKHEAD, (7003 PLIGHTS), 
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