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Introducticn

The tests described in this report were carried out in order
to investigate the fatigue life of the Vulcan pressure cabin and
ivs asscciated structure, The object was to simlate as closely
as possible all the loads which would appear to influence the
strength of the pressure cabin, These include both ground

manoeuvring and flight conditions,

1o Conclusions

The service life of the pressure cabin has been shown to be
more then adequate to meet the 3900 hours flying required by the
M.0.5. The structure will withstand 2100 pressurisations to the

maximm differential pressure of 9 p,s.i.

In terms of fliying

hours this should be well in excess of the 1ife required since
short duration flights would not approach mexismum altitude.

‘The life has been quoted in terms of pressurisations, since
it is basically the differentiszl pressure as opposed to
and undercarriage loading which has been the primsryy cause of
all the failures, The pressurisation cycle is assumed to have
been completed if the differential pressure during = flight

exceeds 6 p.s.i.

guat

These conciusions have been reached after consulitation with
the Royal Alrcraft Establishment and are based on the atiainnent
of a 1ife for the test specimen which is five times as great as

that for which the aercplane is guaranteed.

Since the flight

cycle included de-pressurisaticn to combat level an adjustment
has been mede to take account of this when estimating the 1life

in terms of pressurisations so that

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

5

The safe 1ife quoted is subject to certain stipulations

as follows -

1)  Modifications are carried cut to *the canopy, cockpit rail,
meibers 35k, 367, 368,

405, & L49 before the aercplene enters service,

and front pressure bulkhead to Hod,

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

Tem Test Life Safe
No, of flights |Pressurigations

Rear cockpit rail top member LAL8 1200

Former 302 attachments to cockpit rail 448 1200

Rear canopy release unit housings 5028 1510
i 0.2 pressure release valve support .

I structure 5167 1550

ressure bulkhend access door skin 5577 1675

Stringer brackets (Front Bulkhead) 5641 1680

Rear canopy release unit sealing boxes 6365 1910

e+ s, = x=a




Conclusions. Contd.

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

Them é_ fast Life E Safe :

No. ‘o Flights éPressurisations;

Front pressure bulkhead access door frame 1786+ ; 1440+ é
Attachment of Formmer 316 o cockpit zrail L7864+ é 1440+ %
Cenopy attachment lugs and dowels i L7786+ g 1440+ §
Stringer bracketz (Rear bulkhead) % 5950+ § 1790+ %

After 2100 pressurisations there is a vossibility of fatipgue cracks
developing in the skin pe rticularly round the creds entrance door and the
atbachments to the front pressure bulkhead, TFinal failure occurred at the

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

ALl the failures on the nodified structure are fail safe since
the cracks were observed whilst the specimen would still react the
full differentiel pressurs,

2, Loading conditions,

Ltz

2.1 General.

At a meeting at A, V, Roe on 23rd Novewber 1954 representatives
of the R.A,E, expressed the opinion that the programme of applied
loads should be bhased 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, enginc testing etc, They therefore
suggested that flights of 2 hours duration would be appropriate.

As the nosewheel is mounted onitthe rear pressure bulkhead It was
decided that, as well as gust inertias Guaring the flight, the
undercarriasge reactions during ground mmnoeuvring should be applied,
It was agreed that these grourdreactions should be based on the mean
value of the teke-off and landing weights to simplifly the loading.
This value was estimated to be 140,000 lbs,

2.2 Undercarriage loads

Little information on the magnitude and freguency of under-
carriage reactions during btaxying was available so a lerge muiber
of nosewheel acceleroneter readings were taken during texying,
take-off and landing of Vulcan prototype sircraft. These
indicated that, whilst the freguencies were high, the magnitudes
of the reactions were very low and little 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 sinulabed engine runs against the main vwheel brakes which
apply twice the normal static reactlon to the nosevheel, Also
two opposite side loads of 0,5 times the normal static reactlon
were to be applied during ench taxy run, and drag and rebound
drag of C.B8g during the landing.

Page 2



2.3 Gust Jlocadings
During the "fiight" the crew's nacelle floor and the
retracted wndercarriage wers vo be leded 2L times to the loads

corresponding to the effects of a 10 £%, per sec, gust, This
gust is considered to be the nmost damnging from o fatigoe point
of view and the frequency of its occurrence was based on R.AE.
knowledge of the gust spectrua for a typical Vulcan sortie.

2ok Aerodynemdic Loading

The acrodynanmic suction on the canopy at ¥ = 0,9 increases
the loads on the canopy catches to something of *bc order of 1,15
times that due to cabin pressure olone, This was considered fo
be an emount which would significantly affect the fetigue 1life of
the attachments., This suction was to be applied as a steady
load during the flight,

neh

2.5 Pressurisation Loading

During an operational sortic the maximum cabin pressure

differential of 9 1bs/sq._A. at cruising altitude wiil be reduced o
to epproximetely 33 ibs/sq.in. in combet zone and then increased
again to 9 Ibs/sq.ln. for the return flight., These pressures

&2
ver

_,.:

e to be reproduced in the test progrome,

6 Swmary of progrorme of losads

L,

The following is a suwzery of the sequence of loads which
was finally accepted as being wost representative of an average
Vulcan flight.
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Description of

Specinen.

The specimen wes o structurally complete Vulcan pressure
cabin which is of circular section approximately 8 £t.6 inches
diemeter and 14 £, long. The structure is comprised basically
of channel section formers rolled top hat section stringers and
a DD 687 skin. Practically the whole of the top of the cabin
is cut away for the conopy and cockpit reil structure whilst the

botton of ths fuselage beuvween the two heavy keel longerons
conprises the borb aimers! blisters and crewds entrance door, (see Fig.1)

The front pressure bulkhead is of o dome shape 7 .3 inches
spherical radius Formed of eisght segments of 20 swg.DTD,H10 Aluminium
Alloy joined bv 20 swg, DID.610 butt straps In the centre of the
bulkhead is an opening. 2 £t. dlameter, fox access o the radar
in the nose. This opening was framed initially by 4 magnesiun
21loy (spec.DTD 88C) forged ring bui this was later choenged to
spec DID. 440 aluninium alloy of o thicker section as a result
of the tests (see fig 2 ) The opening is covered by an inmvord
opening circular door formed fro: a fluted DD, 610 skin edged by
z DTD,88C forging.

-3
=
;
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car pressure pulkhead consists of a flat skin reinforced
orward face (inside the cabin) by horizontal top hat

stiffencrs and on the rear face by vertical top hat stiffeners rivetted
%o the bulkhead skin., At the bottom of this bulkhead on the rear

face are the two nosewheel pivet forgings vhich are bolted through

the bulkhead to the aft end of the wvressure cabin keel longerons,
Running vertically up the bulkhead from these two forgings are two
heavy extruded channel diffusion mewbers which carry the nosewheel

drag link bearings approxinately on the verticel centre line of

the fuselnge,

on th

electrical
plugs and sockets, Flying control rods and pressurization velves

were present ond were in some cases blanked with thelr correci ittings
and in the others with Llight alloy plates, 411 the kets for the
internal fixed fittings and the trim scheme were fitied.

To simmlate the correct fization at the rear vressure bulkhead
a further 11 fect of fuselage including the nosewheel bay and Muiber 1
Tuel tanks as far 2ft as Former 75 were added.

The specimen,less canopy windscreen and bonb aimer's window
was pressure tested during nomal production first to 9 Yos/sq. inch
and eventuzlly to 12 lbs/sq.inch,
A1l the magnesiumalloy components in the cebin were protected
by the standard dichromste treatient to Specification DIR, 911 which
was followed by two coats of chromate rich primer. Yo prevent corrosion
due Lo the presence of water 3 further coats of bitursstic paint
were applied after assenbiy.

Description of Test Rig.

To simplify the loading srrongements the specimen was
mounted upside dowm and cantilevered from Foxmer 75 which was
volted onto cone end of a rectangular frame coumposed of steel
Joists end channels with the weight of the speciien and dwmy
undercarriage counterpoised by lead weights, ALl the inertia
loads were applied bv means of hydraulic Jacks attached to the
test frame end the whole vig was assembled in a water tank and
submerged,
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Description of Test Rig. Cont'd,

selected by means of o uniselector switch operating electro~hydrauvlic
valves which supplied their respective Jacks fron & fTuchuating
pressure SUpPPLly.

The sequences and coribinations of hydraulic loading were

This same switch alsc selected other valves controlling a
supply of water to the speciten for pressurization purposes.
ihern the cabin pressure reached 91bs/sg.inch o nressure switch
reversed these valves to allow the cabin to depressurize..

The whole operation was completely subomatic and contimued
until failure occurred.

Test history and procedure.
Testing was camenced on the 20th June 1956 and after 163

flights had been compieted, the starboard canopy side window failed,
This was due to the inner pressure besring toughened glass becoming
delaminated from the vinal interlayer ond allowing the cabin pressure
to be applied to the cosbined vinol and cuter annesled glass, The
result wag a shear failure of the vinal asround the periphery ol the
frame ..  In practice the delanination would have been observed long
before it became dangerous and the window would heve been replaced.
4 new window of the sane type was fitted and testing continued.

After 1063 flights the front bulkhead access door frame failed
sce Plate 2) but arter cxcmination it wos generally considered that this

fadlure wae probobly coused moré b corrosion than by the high stress
level in the magnesiun alloy forging., In particdler the inner edge
cf the ring from which the failure comnenced was extrenely badly
corroded and apart fron the ultimate failure, a large mudber of
smallier cracks starting at corvoesion pits were evident. A4ssoclated
with this feilure was the jensile failure of one of the segoent
Jjoints in the front pressure bulithead which continued right out to
the fuselage skinndng and caused failure of six of the magnesium
alloy brackets attaching the fuselage stringers to the front
Yulkhead, xamination of these broken brackets revealed further

severe corrosion, and it was apoarvent that the steps taken to prevent
this occurring were insdeguate, 4= o resuld of these observations

a new door frane of basically the same design but with & larger edge
radius was coaoted with Araldite 985 and fitted into the bullkhead
which was repaired by replacing the two segaents adjacent to the
failure, ALl the stringer brockets in the pressure shell were
replaced br identical items treated with iraldite 985 and then
heavily coated with Bostik aftver assembly.

However, after 1510 flights the access door fvame failed agein
ond exemination showed that, notwithstanding the Areldite protective
treatient, the specimen was again badly pitted by corrosion and had
numerous smell cracks stariing at the inside edge of the ring. As
before one of the segient joints in the front bulkhead had failed
and two of the panels had to be replaced, The stringer brackets
were, however intacty

A new magnesiu alloy ring coated with Araldite was fibbed
in order that testing might continve but strain gauges affixed to
this ring indicated that at 9lbs/s¢.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 strasses of
between 2 and 3 tons/sg.inch could be induced in thesc points by
tightening the door clamping screws. Thus a total stress of between

o
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Test history end procedurs, Contd.

1% 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 1life could be expected,

After i§95w§£g§§ﬁs wro Tfailurcs occurred simultanecusly.
1) The port cenopy side window delaminated in an identical marmer
to the starboard window earlier in the tests., This was replaced,

2) Failure of the countersunk head tension bolts attaching the
port aft canopy catch lugs te the canopy struchure. A microscopic
examination of the bolts attaching all the four canopy lugs was
mads with the following cobservations

_ BOLT NUMBER (FRCM FRONT TO RETAR)

Lo e TR N 1S AR P i e R S

e | 1 2 3 z ki
o A T T -?.-,:uu“:.u.-_, -u;w:-..:-;-m-.u..-...ssuf'z:{cr-Xu:! R - T T N o R Ry ‘r‘.‘m.ft. P AT i AT KT i el 25 1

Port : Head broken off| Broken off at Broken off at ! Broken off%
; APt | from crack in start of thread, | start of thread, : at start
} %radius under crack mnder head, | crack under head, ;| of thread
1
! ! head

¥

. ? S et

3thd | Broken off at Severe crack Severe crack Mo visible

Aft | start of under head, under head, damage.

~ | threa ;

_ ; e . : : .
Port | No visible S51ight crack Slight crack No visible
Pwd  damage. under head. under head. damage. 7
S — . . S S— con s s i e v s s et

. s ;
;o Bthd i X .. {
D Fed : No visible damage !
! i
L S e PR MTE TR TR (IR R A T, M1 LT R M A M T O S st

Nebe These bolts were steandard High Tensile Steel bolts.

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

431 these items were replaced by ddentical components pending
design medifications,

ther inspection of the specimen rovealed a crack across the
upper surface of the starboard cockpit rail immediately aft of
former 302. Two rivets atiaching the top decking to the diagonal
cross meriber in the immediate vicinity of the crack had sheared
(see Plate 4). On the port side there was o 2% long crack in the
underside of the coclpit rail in the corner of the cut-out for the
periscope sextent about k inches aft of Tormer 302 (see Plate 5).
The brackets attaching former 316 to the underside of the cockpit .. .
rail on both vort and storbonrd side were cracked at their inboard
edges (sec Plates 6 & 7).

Strain gouges were affized to the top surface of the port
cocknit rail in the exact position of the crack on the starboord /reil

t
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- and procedure. Cont'd.

radl and thess iﬂdicatei uhuuq‘with g Iba/sq.inch cebin pressure

and aerodynamic sucticn the canopy, o sbtress of 22,5 tons/sq.inch

ToS 1n§uceﬂ in the Dosvtlon from Wnlch the starboard rail had cracked,
Full resulis and gauge wositions are showm in ¥ig. 3, This stress

is high due to the aforementioned crack on the underside of the rail

{(Plate 5). The stress on an undamaged section ig given in report
B

C.798.

During & roubine inspecticn aiter 1862 Flights it was noticed that
the port cockplt rail had cracked on the upper surface in exsctly
the sane position as the storboard reil had. It is considered th
this crack occurred after approximately 1820 flights as 1t passed
through one of the strain gesupes which cea .sed to read about that time,
Exanination of the access door I in the front pressure bulkhead
revesled three well developed cracks and. rather than risk further
serious damage to the bulkhead, the ring was replaced agaln

o)

y) J

On ?11 3t 20(9 bubbles wero obssrved to be coming from the
centre of the crew's entronce door, and a visual cxamination showed
severe cracking acros0 the outer wagnesium alloy door skin (See
vhotograph Plate 8) ince this skin wos not considered to be load
carrving during the orlc“nal stressing caleculations, it was decided
not to replace it

Further foilures observed alter fll_bt 2075 wicre -
Y .o . . P - .
ij 4 delamination failure of s cond port cancpy side window

which was replaced.

four dowels

ii) Failures of both port side cenopy locating dowe 1
i i at the base

iy

1
1liet redi

o

were replaced by simdler items with larger f
of the pin.

iii) Two of the bolts atbtaching the port rear canopy catch to the
canopy structure were slack and a microscoplc examinavion showed
that both bolis had ora cks in the stert of the threads., However
theze bolts were refit

iv) ‘There was a 1 inch long crack ruming forward and outboard
from the outboard forward corner of the cabin skin cut-ocut for the
starboard entrance door hings t was thought thet this wass due to
over-opaning the dcor and the crack was located with a 3/16% dia,
tear hole.

-
H
A

A further najor failure of the pressure cabin occurred during
flight 2217 when the differential pressure dropped instantaneously
5 los/sc inch ©to zero, (n inspection two major failures were
found :

?1rstly a delamination failure of the starboard cmpoqy side
window which left the toughened Flass intact but sheared the vinal
tal

interiayer for more than half of its circumference,

Secondly the port side of the cockpit rail had Tailed completely
at station 302 (see Plate 9) and had frachured the bracket attbaching
Tormer 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 joinc. 1ac bracket atitaching the diagonal cross
merber o the cockpit i o ﬂactuweé across 1ts bend radiuvs and
this member had its othﬂr attachnents o the rail torn out {see Flat
10,

Page B, /on



Teat

19

history and procedure  Cont'd

On the starboard side this bracket had failed in an identical
marmer (see Plate 11) bub the remainder of the atbachments, and the
rail itself, were substantially intact except that the rivets
attaching the rail to the fuselage skimning were very severely
strained, two being actually sheared off,

The port canopy side window had two large areas of delamination
covering approximately hall of the window area and was replaced
(see Plate 12).

The strength of the cockpit rail and canopy attachments now
becane the su ’ject of z more detailed investigation and exsensive

strain pgauge test nf; of a production pressure cabin and canopy
has been reported in Test Report Nuwiber D,C,798,

Ls a result of these tests the following modifications were
incorperated in the fatigue test specimen before any further testing
was carried outb :e~

1) The front pressure bulkhead access door fraue was replaced
by a solid secticon ring in alwiiniwm 2lley spec.DID, 410 (Vulean
Mod.lNo, 354 .

2) Retaining clamps were {ithed to the canopy and cebin side
windows to prevent the pressure besring toughened glaSS from
beconing displaced in the event of delardinotion.

3) The canopy lugs and attachuents to the Canopy wers completely
redesigned to eliminate tension bolts, (Vulean Hod.No.367).

L)  The canopy dowels and sockets wers replaced by redesigned and
strengthened items (Vulcan Mod,lo. 507)

5) . ihe rear top merber of the cockplt rail was replaced by a new
memiper in DTD, 546 aluxiniwn alloy having a more gradual contour and
a deeper flange (Vulcan Hod.No. 368),

§) The disgonal cross mewbers at the rear of the cockpit rail
wers redesigned so ’c;hat uhe_l.l” top flanges were conbimicus(Vulcan

Mod ¥o, 368) .

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

8) The attachnents of former 302 4o the cockpit rail were replaced
by identical liems,

Prior to recommencing the ratigue Jcest:l_pg a large number of
stress nmeasurenents were nade by means of electric resistance
strain gauges ot various points on the canopy and cockpit rail
and, as a reb;ul G, ther modifications were incorporated as follows:-
1) A reinfo rcj;ﬂg; angle was fitted to 't‘qe cockpit rzil =%
station 330 to ewbrace an existing culb-outd {?od, LOD)

2) Tne reinforcing channels in the dia go a2l cross menbers
GYRTE e}s:'benaed to e:m:fhce the cut~cuis
wmechanism, (Mof.L05).

3} The rear top member of the cockpit rail was reinforced
by two 16 swg. ‘alubes in stainless steel specifica '2: n £,V,520,
(Mod.No-b,-l:S) . These teste nre described ond resulis tebulated in
Test Report No.Addsndun 1 to D,0.798.

Page 9. /Patigue



t history and procedure. Contld.
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cesting was recommenced on April 11th 1957 and a
further 2811 flights were completed before the resr canony release
unit housings failed (see Piote 13;. These camponents arve DID, 683
forgings and had not been changed since the comnencement of the tests.
Zach one had thus completed 5028 flighits, Since there were no

&}
completed relecse units svallable fron Production: the housings oniy
were replaced by new iteas,

[ 6]

bulihead access door feiled alongntwo of the siiffening flntes

(see Plate 14). This iten is made from 20 svwg, 5,72 alwiinium

alloy and, although the stress level 1s generally very low, the
forming of th ner process hed evidently
introduced serious sitress raisers and residual stresses,
modifications were incorporated at this stage but a new door skin
was Titsed to allow the tests Lo contimue, 4 general inspection

of the specimen at this stage revesled no further damage.

Af%er & totel of 5577 flichts the skin of the front vressure
S

™,

During a routine inspection alfter a total of &
serious cracking was obscrved in the rear cockpit
the new porticn of the rail fitted in line with Mod, 368 af
2217 flights and had thus completed LAL8 flights  The cracks,
which were almost identical port and starbosrd, ran from the
Torward corner of the rear canopy catch cuit-out to the irnboard

edge of the rail and sinmilarly fraz the rear corner of the cut-out
to the outboard edge of the rail (see Plates 15 & 16}  “hen this
portion was dismantled 1t wes chserved that the steel sealing boxes
on the underside of the rail had also cracked in the front inboard
and 2ft ocutboard corners (see Plote 17).

There wes a crack in the edge of the cabin skiming on both port
andd sterborrd gides Just aft of the rear canopy catches and running
from the edge of the skin to the first of the 1/L inch dia, rivets
atE i A

aching the diagonal cross ucmber (see Plate 15),

The anpgle brackets atiaching Former 302 to the underside of the

cocxplt rail hed cracked on both port and starboard sides. The
centre of the Tlange atbaching to the rall and

were continous fron the inboard edge to the second of the three boltbs
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The rear cockplt rail, former 3
rear canopy catch sealing boxes were replaced by identical itenms and
T t 12

testing was recomnenced, Aftex
cracks were observed in the entrance door hinge cut-oubs and it was
decided to make a thorough inspection of the entire specimen. The
paint had to be removed o render the cracks visible,

This inspection revealed the following damage -
1) The rivets in the fairing strip around the pariphery of the
bomb aimers! blister, in the region between former 330 and 358
were severely pulled and one rivet in each side had actually shesred

3¢
off, Failure of several others appeared lmninent,

v

2) There were clrcumferential cracks in the fuselage skinning
between the aft row of the two rows of rivets atitaching this

skinning to former 372 (front pressure bulkhead)., 211 the cracks were
in the region above the centre line of the aircraft and the sum

total of their length wes approximately 1k inches.

The cracks were as Tollows: -

Page 10. /tbove
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Poxrt Side.
Above the skin joint at stringer 7 the first two riveis were
completely sheared and between stringers 7 and 8 there wes a 4 inch
crzck. See Plate 18.

Directly in line with stringer 9 there was a 1% crack and
directly in line with stringer 10 a 1/2% crack.

Beitween stringers 10 and 11 ——wee- a 3" crack.
Between stringers 11 and 12 —w=—w— 2 15" crack.
See Plate 19.

Starboard Side.

Above the skin joint at stringer L7 the first two rivets had
conpletely sheared and there was a 1%" crack in the skin,

Below the skin joint and between stringer 47 and 48 there was
a 24" crack.

ppint =g
the front pressure bulkhead on the port side had failed., A1l the
bracket +to siringer rivets were intact but on each bracket all
three legs were broken off, These items ars magnesium alloy forgings
and had been replaced after 1063 flights when they were severely
corroded. Although there was some evidence of corrosion this time
it is not known to what extent this accelerated the failures anc
consequently the stringer brackets should be censidered to have a
fatigue life of 561k flights.

3) The stringer brackets atiaching stringers 8, 9, 10 and 11 %o

4) There were rumerous small cracks 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 coracks in the corners of the cubt-cuts Tor the
entrance door hinges. These cracks ran forward and outwards from
both hinges for a distence of approximately 3% inches (sec Plate 20).

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

out for the bomb ainerst blister. These cracks ran alt and outboard.
Plete 24 shows the crack in the port side with the rear fairing removed
from the blister,

7)  There was 2 swall crack in the af't cutboard corner of the cabin
skin cut-out for the starboard cancpy hinge arin.

8) Two of the rivets atiaching the upper diaphragn: of the support
structure for %he D,2 pressure relomse valve had sheared at the
attachnent to the pilots floor, This diaphrags was replaced
originally after 1510 flights when damage occurred which was thought
to be secondary to the door frame Tailure,

g)  There was a crack in the inside skinning in the bottan of the
cabin on the edge of the lap joint just aft of former %46 aboul 24
inches fron 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 1/4 inch long

and extended from the edge of the cut-out to one of the rivets attaching
the skin to the blister longerons, Strain gauges were Tixed toc a
oroduction aircraft in the positions of these cracks and the measured
stressés are shown in Appendix I.

Fage 11,




Zest history and procedure, Contd.

Before recommencing tosting the skin cracks at the entrance
door hinge cutouts were patched with plages of 15 gouge specifice
ation L.73 material., The extent of the patching can bee seen on
Plate 20, The four broken stringer brackets on the port side were
net reploced as they had foiled completely. The redundant holes
were plugged with bolts and rivets as appropriate ‘o effect a
pressurs seal.

After a further 22L flights hod bosr 138
total to 6901, =on inspoction of the specinen vwas carried out, This
was principally o make note of the rate of propogation of the
skin cracking discovered after £677 flichts., No new cracks were
discoversd and with one exception the cracks noted after 6677
fiights had not increassed in length, The exception was the large
orack at the port forward corner of the crews entrance door which
hed incressed from 23" ofter 6677 ©lights to 3",

sén completed, bringing the

A further 102 flights were completed, bringing the total to
7003, when a major failure sccurred. The circumferential crecks
in the fuselage skin at the Front Fressure Bulkhead had merged
together so that a continucus crack sbout 36" long ren from
stringers 7 to 14 on the port side, 4 photograph of the failure
is shovm on Flate 22, The skin cracks on the storboard side of
the Front Pressure Bulkhead were no worse than afiter 6677 flights,
The large skin crack at the port forward corner of the crews
entrence door had increased to 347, 2ll other cracks were no
worse than when Tirst discovered ofter 6677 flights.
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APPEIDIX T,

VI L PRIE A,

FEASUREINT OF STRESS ILIVELS !

T i 4 e epATames de P

T TATICUE CRACKS.

= r i

Introduction: -

Tn order to determine Tthe intensity of stress in the cabin
skiming where cracks were discovered in the fatigue best specmaeng
strain gauges of the electrical resistance wire type, were ceented
to a production linc pressure cabin and the gauge readings noted
during the routine pressure {esting of the cabin.

The areas to be investigated wers -

(1) The four corners of the crews entrance door.

(i1) The skin cutout for the entrance door hinge.

(iii) The front and rear end of the bowb aimers blister.
(iv) The skin cubtout for the canopy hinge arm.

(v) The seradinstion of the cobin skimming to the front prossure
bulihead former.

(vi} The flutes pressed inte the front pressure bulkhead access door
skin,

4 carcful notec was made of the position ond direction of the cracks
in the fatigue test specimen and the g'uugfc.,, were camented to the
production line cabin so that the strain _.ﬂ.cﬁ.snf:mg grid of the gauge
was ot right ,ng;'l cs to the line of tho crack.

Pigs. & to 13 show the positions of the gauges,

Test Results:~

-

auge readings obteined have been tebulated in Table
o

Fron the plotied results, the s*i:ret“s ‘-E: cach gouge position for
G p.s.i cabin pressure has been calculat cnd marked on Figs.h to

13.

fHith rogard to gauge nubers 18 a d 19 vhich aecasured the
bending stresses indvuced in the fluted portion of the Front Pressure
Bullthead lLccess Door, the gauge roo Gings were Tactored by 0.60

efore converting to stresses. This was because the active clements
of the gouges were not in dircet conbact with the metal surfaces
but removed fron the:n by a leyer of cament and the backing poeper

of the gouges which together total aboubt .012%, Since the door
roterial wos 20 swg. (.0367) the active clements of the gouges
wers spprecisbly further fron the Noubral Axis then the citrenc
fibres of +the door material honce the factor,

Geuge nusders 11, 12 and 13 showed o conpressive
rose to a moxivmn idwey between stringers thus indicat

skin was in bending. This was vrobably duc to bellying beﬁmcr
formers, togother with skin bending due to the noment fros the

offset load from the front prossurc bulkhead,

i
in

tre S“ i r"l:;_ch
!

=
4

41,

48 the longitudinal fdension in the cabin skin betwcen
stringers is calculabed ot 2.0 tons/sq.inch the stress on the inside
face of the skin at gauge nusber 12 positlon is in the oxder of
10 tons/sc¢,inch.
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FAILURE OF ACCESS DOOR FRAME IN PRONT PRESSURZ BULKHEAD {1063 FLICHTS)

PLATE II_




FAILURE OF PRESSURE BULKHEAD SEGMENT JOINT

: SECONDARY TO ACCESS DOOR FRAME (1063 FLIGHTS)

5 PLATE IIA




a &

" PORT FWD. LOCATING Pi

STARBOARD AFT BoLTs STBD. FWD. L OCATING PIN

FATILURES OF CANOPY CATCH BOLTS AND DOWELS (1605 FLIGHTS)




CRACK TN STARBOARD REAR COCEPIT RAIL UPPER SURFACE {1605 FLIGHTS)

PLATE IV

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

- PLATE V



CRACK IN PORMER 316 ATTACHMENT TO COCKPIT RAIL STARBOARD (4605 FLIGHTS)

PLATE VI

CRACK TN PORMER 316 ATTACHMENT TO COCKPIT RATL PORT (1605 FLIGHTS)

PLATE VII




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

PLATE VIII




FATLURE OF PORT REAR COCKPIT CORNER OF COCKPIT R.IL (2247 FLIGHTS)




Diagenal
Cress

Member \,,,

Crack
Neted
Aftsr
1605
Flights
(Plate V)

Fermer 302

VIEW ON UNDERSIDE OF PORT COCKPIT RATL (2217 FLIGHTS)

Diagenal

Porward

Pormeyr 302

REAR CORNER OF STARBOARD COCKPIT RAIL (2217 FLIGHTS)




PCRT CANOPY SIDE WINDOW AFTER 2217 FLIGHTS

SHOXING TWO LAnCE AREAS OF DELAMINATION

FLATE XII




REAR CANOPY RELEASE UNIT HOUSINGS AFTER 5028 PLIGHTS

PLATE XITT



FRONT PRESS BULKHEAD §
ACCESS DOOR SKIN |

5577 FLIGHTS

|

i

ACCESS DOOR SXIN AWTER 5577 FLIGHTS

PLATE XIV




MODIPIED FORT COCKPIT RAIL (MOD 368) AFTER L1LB PLIGHTS.

NOTE FUSELAGE SKIN CRACK IN BOTTOM RIGHT HAND CORNER

AFTER 6365 PLIGHTS,

FATLURE IS TDENTICAL ON STARBOARD SIDE.




i
i
f
S

VIEY OF PORT COCKPIT RAIL (MOD 368)

FROM INSIDE CABIN AFTER 4148 FLIGHTS,
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CRACETING

ONTINTRTY
BT

270 ST
pie L 11

OF CANCPY CATCH

ZALING BOXES APTER 4948 PLICHTS,

PLATE XVIT
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NOTE SIMILAR CRACKS AT AFT CORNERS,

THESE PATCHES FITTED OVER CRACKS

SHOWN IN RIGHT HAND PHOTOGRAPH.

AROUND ENTRANCE DOOR.
6677 FLIGHTS,




CRACKS IN PUSELAGE SKINNING AT REAH END

OF BOMB ATMER'S BLISTER. (6677 FLIGHTS)




CRACKS TN PUSELAGE SKINNING AT REAR END

et

OF BOMB ADMER'S BLISTER, (6677 FLIGHTS)




PAILURE OF CABIN SETHNING AT PORT SIDE OF

)

FRONT PRESSURE BULXHEAD, (7003 »LIGHTS),
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