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Thls r"eport brnadly deals with the stati-c arld fatigue t€st
prograrnme. The general phil,Epilies behind the programrne,
and test results to riate.

The test progretnme can'ce brol<en into flve phases as follows:-

Phase I Prelirninar',r les r,qn Testing

Thls testing is not a contractual obligation but 1s required
by the Conpanv to establlsh the design. The nain aspect of
thls testing is the time element. It must be carried out early
in the deslgn stages of the aircraft. As a rezult the test
specirien are si:rriplified and us-ual}y dlffer in some respects
from the final artlcle.

Phase 2 Prcof of Conpliance

This series of tests lrri1I be conducted a}nast entirely on the
static test alrcraft and is engi-neere d to meet tbe requlretrtsntg
of Speeification I{IL-S-5710.

Phase 3 Possible Component Fatigue Testing

At this time no defini-te plans are rrade along these }lnea. At
present, lt is assullnd that speefunen fatlgue testlns sl.ong {_ttl
a sta tlc test qpecimen ntrich has been weLL strein gaugedr rr5.Ll
suffice.

Phase lr Fail Safe Testing

This type of testing is not an alternative to colponent fatlgue
testi.ng but it does in some respects reduce the need for
conrponent fatigue trsting. It is intended to use the remaing
of ttre static test article. Some testi-ng of thls type has been
completed, and 'iriIl be discussed later ln this r4ort.

Phase 5 Elevated Terperature Testlng

The growlng lr:portance of heat ln atrcraft strtrctures requlrea
mcs.e testiag and development of a research nature. Cfeep and
translent temperatures cBusing indrrced thermal stressas are
furyortant problems requtring e>rLensi're testlng coupled U"lth
theoretlcal analysls.
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PHASE 1 PF,EII}f,NAR.I DESIGN TES?ING

Bottr statlc and specimen fatigue testing ls done durlng thts
phase. i'.here the problem ls primarlly one of stablIlty or
tuck1lng, statdc tests have been used. hhere the probl€n ls
primarlly a probLern of htgh stresses and stress concentratlonst
fatlgue testlng has been used.

In some cases the first test specimen proved to be quitc
satlsfactory; however, 1n may of these tests developnent
rrcrk '*as requtred and the flnal test specilnen dlffered con-
siderably fron the orlginal. In the case of fatlgue testi.ng,
lf the orlginal speclmen were consldered lnadequate, netr_ and
redesigned specinen were ordered, blrllt, and tested. All specinen
changes were then incorporated into the alrcraft deslgn.

For ease of assessment this Phase
atrcraft corponents as follolre!-
Ftn and Control Surfaces.

ruSELAGE

Intake Drct, RT 08-21+2

A series of tests ,rere lnaugurated on the ncund portlon of the
.032 alundnum a1loy duct. Test speclren include 13t ft. of the
intake duct built to production standards by the Productlon Dept.
(See Fig. 1).
The intake duct |s subJect to high pressures and depressd.ons,
pressures in fIlght and depregslons during engine gfound ilD-llPr
fhe prrcblem of hlgh depressions in loag lntake ducts during engine
nrn-up has been a partLcularly dlfflcult foblem faclng aircraft
designers using J-arge Jet englnes., Ttre r*eight of ,zuch long largc
dlaniter duets ls very largg and a vely cloge assessmentr both
analyilcally and test rrlse was consldered eEsential.

Two identical speclmen were ordered and tested. The potnt of
initlal buckllng was the prfute obJective of tjre test and lt 1as
necessary to esiabllsh the difference betueeu a duct that had
been preisurized t, 10 psl., and one that had corle straight fron
manuficturi-ng. Inltlal pressurlzing blors the drrct round aJld

rerroves the worst of the flats and nanufacturlng dlscrepanciea.

It was proven that lnitial pressurlzatlon of the duct to 10 psl.,
dld ln iact raise the polnt of lnltlal buckllng to a satisfactory
level. The significant aspect here ls ln regard to panel Jl-utter.
If the parlels were allowed to buekle at too lor a polnt, they
rould alrnost certairtly corne aparb due to panel flutter.

of testing ls broken donn lnto
Fuse1age, Centre Section, Wlngs,

l,11tchell.
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teak rate,
?o substantiate the strength of the
under tfmit pressures.

3. To substantiate the strength of
undei ultinate pressuresi

lr. The fail safe character{.stics of
under pressune 1oads.

the
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FT1ASE 1 PRELIUINARY DESIGN TESTING (contd. )
r-/

\jr'-

As a resu}t of these tests it has been declded to pressurlza
each prcductlon duct to 10 pel.r Frtor to engtne rtDrlrPsr
It may be possibLe to dlscard thls proe ess tn favour of engtne
prograrmrlng durtng ground nrn-ups and take-offs cn later
productlon aircraft.

Other obJects of the duct tests a.re as foLLors:-

DATE
AI RC RA FT

duct

dtrct

the duct

The results and conclusi-ons are as follons:- 
:

.rl(a) The Leak rate uslng nornral r:tvetting techrdqpes i

'*as unsatlsfactory. As a resultl s'11 rlvett*rd
Jolnts ',rill" be glued on production and stetLe
test aircraft.

(b) The duct sattsfactorily withstood 1lnlt pr€s51],r€8r
A factor rias lncluded to take lnto account t&q
effect of tenperatures-

(c) the duct satisfactorlly githstood ultimate
pressures with a factor tncluded for terperatilrcsr

(d) i'aiI safe charactertstics (see Page 35).

Ilarnesiun Fuselal'e lE&-IeleLfn Shear nt!!:?!1.

the large area of relati.vely 1o'ri sbressed sldns on the fuselage
fo:mard. of Sta.l+85 ls most efficiently covered by a 1or denrtty
material, Magnesium uas the obvj.ous cholce br&the ntagneslun
would sti]-l be r.equlred to mrk to a hl$ degree of tenalon
fie1d. Very srlali (l/lZ dia.) countersunk rLvets have been used
to elininate the need for di:ry1lng. Magneslum ho,rever lncreases
the point of initial buckling and also increased tl:'e panel
flatness. Thi-s ts particularly important ln rcgard to the pan61
flutter problem. (See Figs. 2 & 3)
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miASE 1 PREIIHINARI DESIGN TES{ING (contd.)

A serLea of shear panel tests was tnaugurated,
folloring obJectLves l -

FREPAREO BY

OATE

AIRCRAFT,

3,
L...
l.).

To establish the point of lnitj-al buck11ng.
To establish ttre strength of ttre strinprs and
frames that act to carry tenslon fleLd loads.
to eetablish the Ilndt aLlowable of the panels.
To establish the ultinate strength of tire panela.
To establish a satlsfaetory r{-vet pltch.

Posltive conclusions are not possibLe at thls tlme, due
non-avaiIabllity of the proper magnesium sheet (ZE-I+I).
However, Bome results were attaj-ned as fol[owes-

1. The potnt of ln5.ttal buckliag T as attalned.
Inltlel buclcling on the aircr'eft rlll occur,
at s1ightly better than 2g.

3. . The stringers and frame strengtb taq establlc d

to the

'ras ionfimed, enabUng
to be accurately estlnated.
confirmatlon of the method

of calculation.
5, The very srraIl countersunk (l/lz) rlvets el .5n

pltch was found to be satlsfactory.

Tliis testing ts to be continued using the proper nagneslum, at
room tenperature and at elevated tenperaturec.

Maenesium Comprqssion Panel Teelg RT 08-379

1\o panels representing the upper eurface of the firselage were
msruiactured anC tested. fhe speclmen ',rere deSlgned to represent
three fuselage former Uays (fr. 33',) vith the strlngers supported
at Iln intervals by channels desLgned to represent the forrner
sti-ffness. The panels were identical except for a dlfferent
rivet pitch. 5e! rage 7 and Flg. 5 on Page 8.

fhe skln stringer, forner combination proved to be entlrely
satisfactory Nith the maxinum space of rlvets tested.

.as satisfactorY'
3" Itre method of caleulatLon' the }trcit load allo$able
l+. Ultimate strengtJ: enabled
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tr\rselare Former Stiffness Test RT 08-21+lr

Ilre stLffness of the fuselage formers ln the tenk area 1g
an furyortant parameter jn the fuselage load analysis and
rras fo!.llld to be very difflcult to analyse accurately. lttls
1s due to the corrplex shape of ttre former rrlt'h odd shaped
corn€r8. Page I shows the frame that was tested.

Test results en$led a method of analysis to be developed
that would glve reliable stress dlstributlons and stlffneeses.

F\selase Fuel Tak RT C3-169

ttre fuseLage tank is deslgned as a triple bubble with struts
balancisg the loads at the intersection of the per:lmeters.
This scheme ls discussed in the C-105 Stnrctures fieport.
Brd bulkheads are designed with vertlcal and hou.lzontal beams
supported at shelves and W the tank sklns.

A slngle tank specimen was designed and manufacturcd, incOrp-
oratLng the worst features of the flnal design. Ihe tank
sld-ns are .032 alur.inum al-lcy ',rith rlvetted Jolnts. Tar&
liners are useC i.n the actual aircraft.

the tank specimen ras subjected to a llrnlt ard uLtlsratc pressure
of 18.5 psi and 2?.8 pst respectlvely. The tank satlsfactor{-Iy
rlthstood both llnd.t and ultjmate pressure.

The tank uas then subJected to a cycllng pressure of fr^on 0 to
18.5 poi. After approx.. IO'OOO rycIes, craeks appeared ln the
tanlr door (See ATR 2)t57 /2). Doors !,rere repalred and t&roat
Nastrers added under the heads of the bolt to rcducc tbc bcndlng
stresses tn the flanges. At 251000 cycles failurc 1n
the top hat sections actlng as a bcan on thc

thls llfe wee consldered satlsfactory.

OATE

OATE
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FTIASE 1 PREIJ|"INAII DESIGN IESTfNG (contd. )

llindscreen & Pilotrs Canopy Glass
o

l

l

I

.t
Fl
:l

bffiNq1?ts
Prelinrinary tests have been requisltioned to evaluate ttre
effect of thermal shock on the wLndscreen and pilots canopgr
gIass. Troo types of glass panel interlayers vere proposed
- a vinyl interlayer and a silicon llterlayer. The sillcon
interlayer has as yet not been available, ed g'll teatfutg
has been on panels with a vi-rryI lnterlayer.

It is e:rpected that the sili-con i:rterlayer rrul.C he rrrre
satisfactory from a thermal shock poi-nt of vler. the vir1y1
lnterlayer has the rather bad characterlstlc of havllg a
large change in consistancy over our terperatu:re range. At
low temperatures it 1s very hard and at hlgh terperaturcg
it ls qulte soft. It is posslbLe upon freezlng a heatcd
panel for the virryl to freezc rrith the panels not ln t&c
equlIlbr1um state. Tlrls roul-d cause high 1ocal stresscs ln
the glass panels sufflclent to cause fracturing of the glasa.

Because of the r:npredlctable nature of glassr cycling of the
crttlcal thermal shock case ig mandatory.

The obJect of ttre test ls to set up the panel ln a repr€s€$-
tative manner and apply inslde and outside tenperaturea ln a
manner representlng the rnst cri!1ca1 therrnal shock c&s€r
This whole p:oceduie to be cyeled 2ooU tfuaes.

Alttlough sone prelilrinary shock tests have been carrled out,
the proper terperature cycl:lng has not yet bcea sterted.

Glass Panel Strensth ?ests RT 0B-I+BP

In order to eval-uate the glass paneL var{abillty factor, tto'
panels were tested r:nder equll:lbrlrrm tenperature condltlons,
one at roonn tenperature and one at a case representlng the
25Oo F bor.rndary lryer tenperatuzre.

In l-leu of Anerican requiremelts the test requtrementa of
AP'.9?0 Chapter 725 have been used as a gutde. AP.970 requlree
a varlabillty factor of 3 for tempered gIass.

Ml

OAl-E

OATE
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PI{ASE 1 PRIX,IMINARY DESI0N TES?ING (contd.

Test rezults are as follons lrhere variabllity factor !s the
test falling pressure dlvided by 2 tlnes the rcrklag pressure
of 5 psl.

At Room Temperatures
Fa1l1ng pressure -
Variabillty Factor LZ

At ELevated Telryeratures
FaiJ.lng pressure = 3! Psi

ro11ed sectlons a:'e used.

The measured stlffnesses agreed
and aLloved the calcuLatlons of
on a sound basls.

fire prlme pul?ose of thle test ras to corrfirm ealCglations
rug.idirrg ihe- sti-ffness of the llght frameso As e:plalned ln
tfrE C-fOi structures report, lt is necessarXr, due to the dis-
tortion effects of the wing to have an accurate estlnate of
the frane stiffness. ttte structural aln for these franes vas
to kery the stiffness as 1ow as posslble, conrpatlble rith stattc
load requlrernnts, and ttre a1losab1e stresses as hlgh as
possible. Thls li partlcularly difflcult utrere 1lght gage

very well ulth calculatlona
lnduced stresses to Proceed

The secondary purpose of thls test was to check the stablllty
of the former il-.nges. A def].gctlqn of 1.63t' rtas achleved
before failqre of ifre frame which wgs far short of the 2x

deflectlon requlred. The serte-s of tests conducted clear\r
sho,^red the lnportance of good mrlcnanship. Altl:ough the 2rt

d.eflection is theoretlcally possible lt nas declded to use

the 1.63rt test result as a practlcal lfualtat1on.
Frames '*ere alte red accordingly.
Photograph on Page il+ shows a test set-up.

;l
,l

AIRCRAFT

c_105
F.P. l,lltchell
CHECKED BY

L7 psl Ref. ATR 25L5/?

r 3.92

Ref, ATR z|LSh

Variability Factor - 
=35 , - 2.9? \,
2xb

This appears satlsfactory alt|ough lt "ri11 
be necesgaly to do

some t-ests on production t11pe panels. Pbotograph on Page 12 shoxa ",
fa1led glass pariel. \
ctr]rrRE sIru.QN (sta. lr85 lttl \

Stf&eeg-ql Llstr! Eqlmelg RT oB-3BL \\
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Llsht Frane Stablllzins BT 08-lr5ll

tr\.rrther tests were conducted .on tbe light frame sections to
evaluate the rollLng of the flanges caused by ttre radlus of
the frame. Ttrj-s efiect of nrlling of the flanges I€duees I

ttre stabilitY of ttE frare.
met, tbe ultimate failure of
the obJectLve.

The light frames were altered to show a posltlve margin uslng
test risults. photograph on Page 17 shows the test set-uP.

Majn Frarne Stebil-izing RT 0B-LB5

As in the above test, the rolling effect of the frarne flanges
causes loca1 st*ressee and reduces the stabllity of the frare
booms.

A specimen representing a sectlon of a heaqy nachlned ffarae
was marnrfactured and subJected on test to a bending moment.

From tests, a faj-ling stress of Lr5rOoO psi Has attalned. Thll'
very closely approximated the calculated crippllng stress.

No design changes nere requfed. Photograph on Page 18 ahorre
test set-up.
Slde Sld.n Strear Panel Tests BT-O8-21|3

fhe sld.e skias aft of Sta.h85 are Irore hlghly loaded than the

Although 1l.:nlt condttions uere
the frames feIl about 108 belou

\

skins fonrard at Sta.lr85. llot only are the panels e
heavler gauge (.05t and 'c6L, - 75sr e1ad) but the
ratio of the panel is very large. Ttre loads ot1 the 

'

are quite severe on this type of panel. teatlng ras

mrch
a6?ect

edge nenbere

pri-narily because of the edge member- Tno typee of edge
were tesied - an angle extraslon and a tlpped rolled seetLon.
Both edge members proved to be satisfactory, alloring the slcln
to work up to a noninal shear floqr of J1r000 pai. One panel
fal1sd prematurely, dr.re to exeesslvel-y large rlvets attachlng
tl:e ski:r to the edge rnenbers. Flg. 10 sho$s pan€I tested.

Sld,e Skln Access Door Shear Test RI 0B-L76

This test ts furttrer to ttre side skln shear panel tests. It
uses the sarne ri-g a:cd the sane size Pil91, but the p"t'91.-.
incorporates a scre'*ed on access panel (approx. 10tt * 10tt)'

PT?I PARFD EY DATE

F.P. ltltchellAI RCR A FT:

c-105 CHECKEO 3{ DATE
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1!:e qpecirnen to be tested riI1 incozporate a short sectlon of
the longeron and part of the fra.ne. Results shouLd be
appllcable to all llght frame Jolnts at the 1o'*r longercn.

For:uer Jolntof

As above.

Ionsercn Jolgt at Sta. lr85 - Fatlzue Test BT 08-268

This Joi.nt is the stnctural attachment of the lower longerun
between the nose fuselage and the centre gectlon. Ultlnate
design Load for thls Joi:rt is 116r7L0 1bs. Jolnt ls made up
of stepped tltanir:m spIlce plates attached to 75 ST extnrslont.

Fatigue tests are eonsldered necessary to properly assess ttrls

AL,.Ro .4/RCR.t/-,, /./tu//ft1)
MALION - O\TARIO

TECHITIICAL DEPARTMENT
FREPAREO 8Y OATE

c-105

.AIRCRAFT

STHJCTLE.AI, TESTS
F,P. }{itchell
CHECXED BY OATE

PEA$ 1 PnEuuIJABY DEsIoN rEsnLIG (contd.) 
..Sgfid

Ttre obJect of test is to assess ttre effeet "f .d}tY;
panel on the overall stress dlstr:lbutlon. Ttre stralns ln
the door wtLL be less than tJle sl-de sklns due to rllppage
in the bolted jolats. A1so, the effects of load cyctlng
ou the straln distrlbutlon ls to be obtalned.

Representattve edge nembers are used.

ftrglne Intake Drct (Floatlne Asserbly) Rf 08-319

The aims and obJectives of th5.s test are ldentLcal to the
frrselage intake duct tests. The test speclren 1111 bc :

is auggestba tnat thls test could very reaL faIL dthfn tbs '{,.

"cope-if 
Phase l,lo. 2 testlng. i:i,;, 

,r**j,.at
Fatl.nre ?est of Lisht Fonner Joint ', ' :

Both the healf and JJ.ght llanes arrg gut by tlr lorsr loagcrulre
?hls has caused a rather dtfflcult detall problen ta ip1lc1ry
frarc shears and bending moments across the Jolnta. tAaq1
offsets and flange Joggles reduce the fatigue streugth" 

"

Fatisue

joi:rt.

/conti- atoaaaa
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LHAsE 1 PnELrltiNA-E DESTGN TESTING (contd', 
-rgffiS

fatfnre Test on lving to iLsela E-9}fi}-l'ring to !\rselase HLnp 
"rgHBEbr- 

-

Ttre problem of a hlnge ceJrylng ehear load is that due to
adveiee tolerances tf,e load atitrlUutl-on on t6e lugs riIL
be unevsn causing some lugs to be oYBrgtresscd.

severaL sections of hlnges nere nenufactr::ned to drarlng
tolerances ard fatlgue tested in a nacbine. Tltre hingee
proved to be satisfactozy.

Enplne &rroud Test RT 08-560

at:,:-RT N(l

the engine shroud is zubJect to rressures and depresstons
in f1i;ht, and at the sane ttre it rrtll be dlstorted tn shapc

by the-flexing of ttre wing and centre Eection frames,

The section of shroud being tested ls 56n long aad fe red*ffi
;;-.OiB C. mroy 'ri- th frgfrt stiffeners. Ttre stlffenera s;,trl
very shallow in depth due to qpace lLlultatlons'

Ttre stabl3.lty of these stiJfemrs rhe6 nrbJected to arcti.m
lrhlle afstortea is critical' The rnanufacturJ-ng tolerancoa
couLd. also have a signlfi-cant effect.

ftre test r"l.g ls so desLgrred as to +p1y pressures gnd fl;
tortlons ln a representatlYe l[8rl[€ro

Upon compLetion of suction tests, the ryeclry" yrII It --,tlskd tb cyclic varLatlon of pressr*e (L8.0 psi to O) a5d

defleetions.

I
!

I

1

l

I

It r,muld be well here to briefly describe the problem'

The use of nrnltipost stiffenlng results 1n greater stnrctural
effielency "u 

oppo.ud to ord.ina:7 longltudl"+ry stljfened
sheet or ln*ttinll stiffening rfien tle tnitlal coillltions
reql.,fre that the covers ,tnrsl wi-thstand load ln bottr dlrectlons
iJl'the plane of the cover as well as sttear. the posts are
obviousiy also well sulted in helplng to conbaln preesure

i

"ldl;l
:l

Multlpost Stlffene{

normal to t"he covefo
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PrrAsE 1 PreLII'fINA.qY DESIGN ?EsriNG (contd.) UffiffiffiBffiltB
Siace, in a well designed posted box, the compression coYer
will buckle w-ith longitudlnal nodes along the strllgers,
thls type of constmction behaves up to buckllng the same ae
a rultlweb box. The main difference between the two ls their
behavlor:r after buckllng. Even when the buckllng stress is
1ow, wtdch infers a lt:iS pealdng stress over the stringer, lt
1s ouite practlcal to have a posted stnreture behave as well
as a rnultiweb stmcture, slnce the failure w111 alnost alrays
be one of local i-nstabl1ltyr or stringer effecttveness ful
contalning the sldn buekll-ng.

In order to have the skin and strtnger l-n a conventloaaL
strlnger stiffened sldn lork to the hig[er stresses, xtticb
i-ndicate higher effi-ci-encies, the strlnger :rrwt be very robust,
be very closely spaced, and have a reaeonably short columt length.
tl:ls type of stlffeningr then, r"equlres that a great deal of the
bending material works in one direetion onJy, and aleo
rather large cutouts ln the ribs to prold.de for the strLngera.

The bebaviour of the post stlffened sirln can be predlcted
buckllng uslng IIACA TN 311.8. the post-buckllng behavlour
roughly checked considertng the follord-ng points;-

1. Reduction of buckllng stress due to interactLon
of shear and d:ordrrlse stresses wlth the Longitud,naL
stregses.
Compression stabillty of the stri-nger-skln colunn
between posts urder the peaked stresses after buclc}tng.
Iocal stability of the elements of the strlnger, paytng
particular attention to bending stresses due to norrual
pressure.

L. The effectlwress of ttre s13{nget as a sh€ar pancl
stiff erpr.

up to
can be

2,

3,

Horever,
by test.

1. the
11{

2. the

ttrse ctrecks ar"e only 4pro:rdnrate and rarrst b€ corrobor&tcd
The tests prtove the fol-loring polntat-

r{.b spacing ls sufflclent to have the theory of
1118 apply.
, stlpport glven by the posts and tcnglon cover

continues to be sufflcient after buckJ.lng.
3, The torslonal stlffness of the stringer and ttre

berding stiffrress of the post are satlsfactory to

/contlnued .. ........

prevent torslonat- instabitity cf tbe strd-nru$]
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EIA,SE 1 PRtrIMINARY DESICN TLSTING (contd., 

ffL' ffL'H:%:,'"fl,::tl ;H,lL"*:}s:u " HU€ffi
The post stlffaned boxes that uere tcsted were capable of
rorklng to an average pure comp:ression stress of !01000 pal.
These bmes had an equivalent skin gauge includlng slcin,
strlngers and posts of .2116 inches. A comparable skln havlng
an equivalent gauge of .25L, inehes 'ritn ordy longtiudlnal
stiffenlng was found by previous testlng to be capable of
worklng to a stress of lr2r0O0 psi. Thls shows an increaee ln
efficlency ,of :..?#..

Ihe posts do not in themselves improve the shear carrying
capacity of the dcin but sine this type of sttffenlng a1Lous
Less longitudinal stiffening, Inore material for the same reight a
can be put ln the skin, thus i-lryroving the shear capaclty. t';

Three outer wing boxets were tested witr varyLng comb
applled torque and bending to fu11y evaluate the
effects. During these tests the posts 'rere reduced
ft also became apparent that the stringer sectloa couH be
s1lghtly reduced and a fcurth box using a reduced area stlffener
xas tested and found to be satisfactory.

Tr"lo inner wiag boxes
pressures. Results
development work was
2l+ shows a box being

have been t ested ,rith and rit'hout fire1
from both panels '^rere satisfactory, and no
found to be neeessar:y. Photograph

kurer & Outer !*ing Compression Tests &T 0B-23O

Preceding the fu1I box beam tests, several compression panel
tests were mnducted to closely evaluate the colralu stablllty
characterlstics. Data obtained from these tests alded the
design of the box bearns. Fig. )2, Page 25, ghonc the
skln buckle obtained.

Ele vator ltiffness and tlnlt Ioad Test BT OL+9?

An elevator and traillng edge mount,ed on a fle:dble beent

representing the wingr was manufactrrred prinari.ly for eoatnol
system testing.

Ho..rcver, it was tnportant to carry out load tests befonc the
system testing to check the load dLstributton ln the elevstor
links. ff the load dtstrlbution was unsatlsfactory it rcu1d
invalldate the control system testlng.

I

I

:l

I tr' .,fRT No
I

Ij :-.ri:rr r.,o
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The tests were resumed and the
arpng the Llnks r,ras considered
carried out rith the 'ring bent
deflected. Photograph on Page

A3-l types
.lrlng have
obtai-ned.
to shear.

DATE

DATE

PHASE 1 PRII,IUINAXY DESI0N TESTING (contd.)

In the lnltial serlesof tests lt was found, fron rtraia
gauges, that the i:rboard link was rnore heavl\y loadcd than
lt should be. Thla was rnst u:rsatlsfactoly fron the point
of rlew of bear{"ng wear.

I?re lnboard steel lever tras reallzed ta bc mrch too atiff,
being rather hurriedly designed for the test speelrcn. Ihlc
srtra stiffnees tn this lever bad the effect of lrcreaslng
ttre load 1n the iuboard l-ink. Stre lever !.aa relrorkcd to
remove the excess naterial, and a s1lght1y rerrlsed aercdytamLe
load dlstrlbution was also used. ltris revlsed dlstrLtnrtl-on
eatered tn some tip Ioss, which helped to reduce tbe load
leve1 l-n the i-sboard 1ink.

i

I

I

I

I

I

I

I

I

I
l

I

;I
?l
_t

&e 1!nlt 1oad. strengttr of the elevator, trd.l{t'g 6dge and
linkage, proved to be satlafactory.

Alleron Stiffness & Llmit l6ad ?est m OB+r7

the sane tests eB tdere carrled out on the eLevator YIJ.L ba
conducted on the aileron and aileron tral[ng edge.

The ',ring torque box ls fastened by a multltudc of faateners.
The perfonnance of these fasleners, eepecially in regard to
deformation under 1ldt loads ts of the utmat fuportanee to
the eatlsfactory structural performance of the rrlng. AtY
undue bolt sJ-lp or Jolnt deformation couLd caus,e pemanent
set to the ring of a severe nature,

The test r1g was designed aa a large clrcular plate rith the
Joint being tested at the periphe:y, Tttis type of test set
up app119s pure shear to the Joint.

of fasteners and Jolnts ueed on the lnner and outer
been tested, and It-urlt and ultinate allorable loads
This data ras used to slze all the Joints subJeet,-

i)EEPAREO FJV

STRUCIIJRAL TESTS
F.P. Mltchel-l
CHECKED BY

eqffiffiqu

resultJ-ng load dlstributLon
satlsfactory. Tests were
and with elevator neutral and
27 shors the test set-aP"

this d.ata ras used to slze all the Joints subJee_|r*4ft\

..,,.ofr"i,i*1iffi''t" + t$ug
/conthuh']...."'t'''



9e +aaqg

.1



.tL/?o ..1 //?c/?1t/ /./L//r1D
RF.soRT No

SHEET NoMALlON ONIARIO

TECHITIICAL DEPARTIIIENT
T.JREPARED BY

STRUCTUFJ.L T},STS

IT{ASE 1 PHEI,IUf}IAF"f DIS:31; TESTI}r''G (contd.)

Static & Fatip.ue Tests - Skin Spllces l1? 08-276 t1p

It rras realized early in the design sbages of the rlng
that the abillty of the skin lap Joints to take chordlrlse
loads was very much in doubt. Early fatigue tests of
typlcal Joints confirrrd or:r fearsr ed as a result a
prograrure was set up to fatJ-grre test var{-ous tlpes of
Jolnts uslng various types of fastenerg.

As a result of these tests, design allouables were obtalned
*iich when used to stress ttre Joint, would give a satdsfactory
fatigue li.fe.

The C-lO5 S'r,ructures Report glves a nrcre detaile d descrtptLon
of t34pec of joints tested and the resulting '(-N eunres. thle

?7

OATE

report does not ho'*ever go 14to the effect on the Joint of
various fasteners. Repoit 7/o5N/9 glves fuIL detalls of
this serles of tests.

Statlc & Fatig.ue Tests of Transport Jol-nt Br 08-261

A fattgue test speclnen wjJ.l be deslgaed ard manuf,acttFedt
representing a 5o rrldth of the transport JoLnt. lkc spe$J.@
wlIL be designed for testing ln a fatlgue nachLngr .

No testirg has as yet been carled out.

Thls is in l1ne 'rith the baslc po1lcy to peclmea fatliSuc tect
crltical Jolnts.

Fatlsue Tests of Elevator Llnks RT OE-252

Seven l1r&s rrith bearings wilJ. be fatlgue tested ln a fatlgtc
machlne at rcom taaperature and at elevated temperatures.
Tne pu-rpose of thls test is to assess the fattgue strength of
the lug bearing comblnation.

Engine Mount Fittlngs - Fatigue Testing

Dre to the crltical natr:re of faLigue in engine rmunting
structures mcst of the fittdngs u'i11 be machine fatigue tested.

I

I

I

I

i

I

I
I

I

I

I

I

I

I

i

I

;l:l
-t

F.P. !,11tche11
CHECKED 8Y
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PHASE } PRILII'f I.iARY DESICN TESTIIIC (contd.)
i1

Sorne of the llnks due to design requlrements ln connectioa
rith englne rerooval cannot be designed to adequate fatlgue
standards. Feti$re testing 1n these eases vl]-[ be necessarJr
to establlsh a replacenent llfe. lfltere the flttlng ls nob

ead-ly replaceabll, it obvioucly rmrst rneet the requlred
standlrds. Several flttlngs riLl be tested but slnc€ no

results are available at thls t!ne, the teetg rrlll aot be
enumerated here.

; i: r'l RI Ncl

SHEET NO

DATE

DATE

Strensth Test of trplcal G:ter irlne Elb qT CB-5L5 & 08-551

Thls test com.olles 'rith the requ'lrenents
Para. L.5. It has been lncluded in thls
sj.nce lt is requlred to substantiate the
the maln aircraft stnrctr.rral tests.

Tests are required to assess the effects
splices, rlb cut-outs for equipnentr md
regrirements.

ELn Posted Box RT 0B-2LI

several posted boxes representing the fln torque box were
manufactured and teeted in ttre same rtg used for tJ:e tnner and

outer wing torque boxes. The s-oectmen represented Ln a'11

respecta In" .ctul fin boxl i.€., ribs, strLngera, eldna ard
po"i", The skj-ns were not exactly representatLve glnce ttre
itn Uo* usee taper rolled sklns. Horrcver, two cldn gauget

- -6?) . -// ffi-!- t-j-1*..^1 'l *laa mra
were used - .IBIJ and .155. Thj-s eovers falr\y weLl the nore
crltlcal- area of the fin. Considerable developnent Hork dld
take place to obtain the nost efflelent comblnatlon of
stringers and post. Photograph on Page ?9 atrows a fln box undcr
9ofr oi ultlmet; load.
tr:lnal bo:<es tested proved to be entlrely catlsfactory.
Int-eraction of shear and bending moment 'ras consldered

of Spec. l'f,L-S-5|]O,
phase of testlng
deslgn preeeding

ruN

Five ribs have been designed ineorporatlng the lmrst
features of both the inner and outer wings.

of
to

stri-nger cut-outs,
corrply rlth thc

satlsfactory,
i

i

i

;1

:l

CHECKED BY
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Fln Rlb Shear & Eendin€ Strength Test RT 0B-L96

T'ro specinen representi:rg the range of fin ribs were tested
in ord.er to cornply ,o.ith the requirenents of MIL-S-5710,
Para. L.5. and to cireck the cnppling of the web rrj.th ttre
stringer cut-ruts and rib lightening ho1es. The fln ribs
are :r:uch less rcbust than the outer or inner r,'i-ng ribs and
much nore susceptible tc panel erippllng failures.

The ribs satisfactoril-;r ',rithstood the deslgn l1mlt and
ulti-raate.

Fail-ing loads '.rcre ryproximately BI nigner ti"ran expected.

Rudder Stiffness &' Lirrlt Load Tests

this fest is similar to the strength tests carrled out on
the elevator. Agaln it was a matter of using t}le control
system test set-up for prellminar-v structural tests. Duc
to the time element these tests may be card-ed out on the
actual static test alrcraft. Thl-" is consldered to be
satisf actory.

*
,d,'| t;

DATE

OATE

F.P. I'lltchcl1
CHECKED BY

;l
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PHASE 2 PEOOF OF CO}PLIANCE
''u. -

Most of these tests w-il1 be carr{-ed out uelng the firI-l
aircraft statie test specimen. Ttre purposes of thesc
tests are as fo]-lows:-

corply vith the requfements of 1trL-S-5710.
substantiate load dlstrlbutlon.
confirm stiffnesses and dlstorted shapes.
confirrn 1ltdt load requirements.
conflrm uLtimate loed requirements.

the C-lO5 aircraft rust be tested ln the proper environnent
1.e.1 it nrust be a conrplete aircraft. Tbe i-nteractlon
effects and the integral nature of fuselage, centre sectton,
rrl-ng and fln absolutely dlctate this poJ-lcy. There can bc
no satisfactor'/ component testing as lre were able to do

integrlty in line rith the nequlrenents, the inltlal tests
have been slm'plified i.:a order that some testing rlMe
completed before lnltial fltght triala. These lnltlal testc
as d.escribed in the follo'ring text are planned to cLear the
alrcraft for inltlal fttght testing only.

Teets are descrlbed in the pla.nned order of procedure.

Hain U/C Sorins Back Statlc Test RT O8-d+6_
A large area of the ',ring around the r:ndercarrtage cut'out 18
critiial for the uldercalTlage sprisg back case at well as the
Ianding gear 1tse1f . Alttrough ln irryortance this test ls
geconlary to the rol1lng pu11..out case, lt ls def{nitely
requft'ed before fHght. Since the aircraft rlggl"rg for the
R.P.Oo cBS€ will- support the aj-rcraft for the ladlng caset
thls test does not serlously dlsnrpt the R.P.O. cas€. A stx
week set back of the R.P.O. c&s€ esti:nated, is ecarsldered
satisfaetcry.

Approxinately }Lnit load w'i1I be appUed, and etra19_ gluga
riaahgs, and 'ring and r:ndercamlage deflectlons tilLL bG

recorded.

Complete proof of compllance tests rlIL be conducted at a
later stage in thls prograrnreo

CATE

OATE

I: (}R'T NO

StsIET flo

AIRCRAFT

?o
To
To
To
To

1.
2.
3.
L.
c).

l
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:l
;l
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PHASE 2 PRCOF 0F @I'FLIANCE (contd')

See Reporis 7/Afioh Issue 2 - Maln l/C statLe Tests- 
?/O5Cf /B Test lPads R.P.3. Case

Since the above referenced reports record in detail the tcstst
lt wiJ-} be sufficient here to dLscuss only baslc phllosophlea
of the test.

The nost difficuLt analyblcal pr"obler,r is the lnteraction of
rlngr centre section, and fin. this area of stnrcture then
repibsents the greatest threat to stnrctural j-ntegrlty, and
thlrefore mrst be tested first. Also a test of thls nature
straLns the conplete stn:,cturr to a reasonabf.y high factpr of
lts deslgn Ioad. For exarple, parts of the tlirg YIU onJ"y be
loaded to about SOfi ot }!nlt load, but this 1s stlal far better
than testing the spretrlc caseE wtrlch rould test the rings to
linlt load, but 'ould not 4p1y arry l-oad to the f1n.

final aerodynardc R.P.Oo c88€ rag not

get some testlng done ear1Y ras

Cockplt and F\rel ?enks n111 be

fniate ducts w111 not be pressur:lzed.

Alrload dlstributton over the fuselage snd centre seetlon rl11
not be rnII represented. fhls is only slgrrlficat in the
stnrcture aft of Sta. LB5 and below the ring uhere the effect
of alrload dlstributlon and lnternal plessures are slgnifLcant.

Synrnetrtc Cases (LtAt foaa tests)

It ls planned that two syrmetrlc cases riII be tested follorrt'ng
the R.P.Qr CgS€. Cases wlll be a pltch case and . pg-pltch cass
rrlth dlfferent centre of gravltles.
plannlng stage.

A rmrltitude of deflection and stra:Ln
recorded.

These tests are Ln the detall

gauge readings 1111 be

simpllffing assunptions were made by
to obtaln a bU&oced alrcraft. To

the prirue rntlratlng force.

pressurized.

srarEl' No -- -yz

AIRCRAFTT

RoILlru PuIt-Or:t Case RT 08-21+5

A completely balanced and
available. Again certaln
the aero*ymmlc departrent

i1

MrtcheLL
CHECKED 8Y
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STRUCNJRAL TESTS

Sufflctent automatic recording equlpment has been ordertd

i

PHASE 2 PR0CF OF CCI'{PLIANCE (contd.)
sEcsffi{fr$

,l ::IfiH$fl0

At/:R0 ,t/t?C/?1Ft t/.1'//r/, i

mlnor nature rri1l be carr"l'ed out on the
the ultimate load test such as tihe follorrlngl-

to allow us to analyse completely the full set of strsll
gauge rBadings between each load Level essumlng that re
rrllL actua1-ly test one load 1eve1 a day.

Alrcraft Drrop Tests RT 0B-2L7 & 0B-2L5

It ls pr,oposed that flnal proof of eompltqce + regard
to ttre und.ercarz'i.age - stmctr.r:e corblnatlon rrl}l be dercr-
strated W drop teits of the complete alrcraft deslgned to
represent the actual- deslgn rate of velocity.

Irhe nrcst diffleult anaLytlcal problern in regard to the
r:ndercarriage ls ttre problem of ffna:nlc goupltng of the
undercarria[e '"'i-th tfrl ving stnrcture. If ]re lrere to etatde
test the gear-wing we vould have to apply calguLated loads
that nouLd not be checkec. The obvtous angtrer ts to drop
the gear rhlch '*.1I1 check the lynamlcs as }rel1 as the gear-
wing strength.

Drop testing the gear al-one w111 give completely lncorrect
rezults since the flexibility of the wing carmot be slnrl"ated.

The aircraft rril-1 have to be dropped at least three tlnes to
cover the fuIL rangp of cases. 'rvtreel-s 1J,iIL be spun-up to
properly r4resent the spln-up cases. Steel plates or
lq"i""fl"t irgr be used to obtain the proper coefflclent of
frlction.

l4ar:y tests of a more
test artlcle before

Cockpit Proof-!, Ultinate Pressure Test RT 08-28

It also may be possible to do some cycllc pre8$u\e testlng
between the main ai-rcraft static tests.

Td1 Parachute Llralt Load Test

A slrpLe load w111 be ppl:led at erltLcaS- anglec.

Dive Brake Test m OB-e55

Ihls test need nct be done on t&e statlc test aLrcraft.
-;sftw{lE
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PHASE 5 ETEVATED TEI,IPERATURE TESTTHG

r.:
tsu

Thls phase of testlng r.d1l contlnue to be npre lrryor-bant
as thl speed range oi ttre c-La| A/C ls extended. A

sonsideribLe alrpunt of testing rt11 be necessary to clear
the alrcraft t,o Mach. 2, but a much larger amorrnt of
research test5-ng rriI1 b; req*lred to clEar the AfC for
hlgher Macb. numbers. fhe effeet of creep and lnduced
stresses due to tra:nsient tenpenatrrree rri}l require close
atterrblcn.

transient Heating of Wtng l\re1 Tank !{o4el RT OB-357

This ls the flrst of this type of testlng. The torqtre box
to be tested ls sd.milar to the statlc Est irvter wlng bo:GE.

The cbJeetive is to deterrnine the heat fLow through tAe
and the resultlng thermal effects'

I{eat C 11 be applled under very cloae tltre contrcl and
te:raperatr"res and stresses meazured W ttre use of contl
trace therrnocouples and straln gaufleEo

.*!
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MALfON OIiTARIO

TECHT'llCAL DEPARTIIIENT

c-105 SIRIJCTURAL TES?S

PH0OF OF COMPLIANCE (contd. )

'r'Jel1 Pre ssr:rizatl on

Gear xilI be retracted and doors
l.lheel weLl riIL be pressurized to
apply representatj-ve loads on the

sr{Etrr No _- 3!
trRSPARED FJY

AIRCRAFT
i F.P, !{itchel*L

CHECKED EY

Main 0ear Door Strength & Stiffness RT 08-258

Need not be carrled out on the statlc test aircraft.

Need not be carried out on the statlc test alrcraft.

Rmo Strens'th & Stiffness Test

Thls test nust be earried out on the static test peclncn. -.
rq.r"r and opposite loads riIL be 4p11ed tr each rgnpr cockplt
ri1l be pressurized.

l,taln Aireraft ULtimate Statlc Test

No definite plans have been mad.e for tJ.is test' ft t.[11 ncrt

be carried out untll some flight test data !s avallable. thla
obviously places the test at a much later date'

also arlsed';hether it would not be better to faiL
by repeated. loads rather than by a single ul'tlmate

The vrlter would advlse this latter appttach. Horever, slnce
ttris would be a maJor deviation from the peclflcatlonal re_
woulci have to obtair: complete rrritten agreement fron the R'C'A'F'

&se Oear Door Strength & Stiffness RT 08-2<9

The question
the alrcraft
1oad.

i

.1
il
-l

.#qFg'{iP
closed and sealed lf neceBsarf:
a very low value. Thl's rrlL1
structure over the l&eeI relf.
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DATE
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STHUCTIIRAT TESTS

M}fCNENT FATICUE TESTING

The undercarriage ls
that riJ.l be fatigue
of detail and the use

F\:.rtler
w"ilI be

'" oltV'
the only ltern und.er the e*.strnff |ian
tested. Thj.e ls due to ttre couplexltilr
of a super hlgfr heet treat steel.

A singLe gear w111 be tcsted. Development tests nray be
necessary depending on the results of the ftrst tests.

ItlASE Ir

com-Donent fatlgue testi-ng on the aircraft stnrcture
consj-dered follcwing ttre static and f1lglt tests'

FAIL SAiT TESTING

fhe C-105 a/C uses the fail safe concept as mnch ae posslblcr
the basic concept of fal1 safe stnrctr.re 1g to desigu a
structure in such a way so that ary darnage ulIL be localtsodo'
Redrrndant stnrctures are gerera]-Iy good faI[ safe gtnrctureSo
In pressure vessels, snal1 aspect ratlo panels rtI-[ tend to
Ioca1lse cracks preventirrg disastrous nt.lpsn.

Thls ccneept ts ne,r, so that very ltttl€ eryerleuce 19. tn harrl.
It is planned to use the nremnantstt of ttre etatlc tect artLcle
to conduct testing of th:is tSpe and to gatn nuch rreded
experlence along this 1lne, as well .as to fuprove the fa1l
sale characterlstlcs of the C-105 A,/C

fntake Duct : Fail Safe Test

The only test conducted to date of a falL eafe natrre BAE on
a section of lntake duct ttrat had been used for pressunD end
depresslon tests.

The test consisted of pressurlsing the lntake drrct to lrJdt
pressure and flring 50 calibre bullets through the duct at
strategtc polnts. ILre pressur€ in the duct receded ln a
satlsfactoly way and no disastr.ous fallure of the..4uCt occured.

the photograph on Page i shows the danaged duct.

RT 08-2L2

;i
.l

/contlnued

SHr.--E'l No

F'F}gT'ARED P,V oA l-E

DATECHECKED BY



g6 leoi{s




