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(ziulr of 'ateria1 

on Deconber 151;h, 1341, twc rieti21lio specimens 

that  bac  fractured in service were received from 	A. C. 

Tialfercia;.:1 1, cf the 7ationn1 Rasearcl-;. Council, Ottawa, Ontario, 

l'or exaninatione a.r.e of 'Jae  saip1e.wae froe a steel tubin6 

that had functioned as Fi. spar mber on Cessna-Crar,e 

Aircraft 7664. Tbo Other' VeaS f7..'.om a magnesium-allcy hinge 

C.;  T.' 
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(OriLdn o: 	 con':,Td) 

that had been fastened to 	elevator of the sa'.7:e 

aircraft. T.T.is aircraft had failed in servie. 

The ?rob.:.(.m. 

r71-, 	elevar mechanism had been sent 

to the Na,;ional Research (.oun(dl.  Ottawa,  '07  J1.7a . ..; Çoilmander 

A.  2. Brl';tor, of the Depp.rtnent of National  Defence 14.ir 

Services) ,  Ottawa. The spar  iron  h5.ch  the - tool seci:ren 

had  been 	cen  ran the  J  mtn  of the t;wo elevators 	ne 

elevators ha i  been supoer'ted  b -j  a  centrally located steel 

hinu ar four :-Junosium-alloy h'f,nes e  two at the oL-tside 

and ',;wc  ::Lt the centre of each of the  two  elevators.  The 

specnon  hal  "Jeen cut fron one of t'-_ -„esa 

Ï7.1Dth  steel spa  and mulTesium alloy hines were 

broken,  t:.:J.o  fomer almost 	the contre e  the  latter in 

the 	portion  just  rmov'Dd  ron  the  base,  The problem 

was  te dernine 	 2:T.ret..  The  shape  o:r2 

te hal2  uf  vr ji  uas stralCut  the  other 

bent,  Incated  th  at fall= had occLrred 2i:rst in the 

hino,  a one  would  n; t;  tt a failure in the  centre 

o2 	snu'  v:culd  bow it nblit  the  point  of  failure in the 

event  tha  failure was 	 b7  plastic defortis:ru. 

The ‘3Viar`AC(3 $  hmever,  Is no'7,  too coclusive„ as th eendin 

may have  eeolu  L -rodured  nhe :he  2.par  hit the round  after 

the accident. 

Thse laboratoles nad  previously examine d  a 

section  0:: a spar .: -com  a Oosna-Crane aircralt vdiicN. had 

failoï in a similar fashon. The examination (Report of 



Spar fracture. Spar fracture. 
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Investigation 7o 9 1106, October 9th, 1941) indicated 

that the steel was in i::oed condition and that it was 

unlikely that the failure had been caused by alternating 

stresses. 

The Cessna-Crane aircraft that had crashed 

were only tvo out of five hundred that were in service. 

As the remaining aircraft are still flying the problem 

is one of some moment. 

Macroscoolc  Examination: 

Figures 1 and 2 show the nature of the steel 

specimens rece ived, the photographs beins approximately 

to size: 

IlL;u . • 	 re 2  

In a letter dated December 15th, 1941, Ur. 

Halfereahl Lndl.cated that he had made a thorough 'study 

of the fracture exhibited In these photographs. 	Conse- 

quently, no further examination vas made. 

The hine fracture is sLown, approximately to 
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(Macroscopic rixamination, cont'd) - 

size, in  Figures. 3 and 4: 

Fireu-e 3. Ini-urt. 4 

Hi nge fracture. 

(.P3proxinately  to size) 

Hinge fracture, 

Figure 3 shows the location of the break, while 

Figure 4 shews that the fracture, apart frarr, a small bruise 

at one end, has a  uniform  apnearance. 

ChaLlical AnqIgs: 

The followin table  rives  the analyses of the 

steel and ;J.F.gnesium alle,y, as well  as the composition  of 

various comparative materials: 

(Continued  on  next page) 
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(CLe-Aicr.l Anal .ysis„ cast, 	- 

leaarupse, Yolealum J 	Chromium, 
cent 	per cent 	_per cent 

Spar 	 - 	0.31 	-.)e 5 ..1 	0.1B 	1.10 

S.A.E. Y.4130 - 0.25-0.35 	: 110-0.60 	0.15O,25 	0.00-1.10 

,Y1FItin1:Lmi Allou 

Hinge 

1,7anane9e, 
oer cent 

D.11; 

Silicon, 
ner cent £___ 

0.5n 

cent ;7;(,Jr  cent 

Dow "i:,e1.;a1 	 G 0,2 J 

1330.-4:1_ 
Allo 	,r . .3-C.7 	2,0-3.5 	0.7.5  nîn. 	0.30 max. 

2C9 n  r- 	 • 

elestM. 	 0.5  max. 

Hardness  TeW;s: 

alferdahl had ..e.ds  a  survey oà:' the 1-„ardness 

oï  the  veti.ed  steel section and reported  1.7f.cic:3  h.dnesses 

of 203 	the 	and ;.70 în  the  Intermediate zone.  The 

mai;nestr.71 .: 	wus  fond  o  have a hardness of  70, as 

determ:.nd.  b .jthe  Vickers =thed,  us  ilv a 	 load. 

Microscoo _   

Fiy-ure 	tt.e stel structure  is s' -.,ovn at X.1000 

maLpificationt hc  tructur is finely pearlitic and con-

tains  sol -£  ferrite. 

5 on next 
) 
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(Microscopic Exaninat,ion, centtd) - 

Fi—ure  5 

X1000 e  etched in 
2  pe72 cent nital. 

* 	 STEEL STRUTURE.• 

Figures (3 and 7, at X100 and X250 magnification 

respectively, Fhow  the  structure  of  tho nauleslum aile 

MAGNESIUM ALLUY. 
. f ee  q:r.UCHAN'Tle .. -----±"  Diethylene 'glycol - 75 per cent) 

Nitric acid 	- 	1 	u 	) , 
( 	 DisUMed  water 	 -  24 	y.t 	 ) 

These figures show. that the alloy is a sinele phase e 

(Continued on next pae) 
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(Microscopic ..i.xamtnl,tion, conttd) - 

all constituent bi..ng in solution. 

'Î UX3S  3  and  9  shoïr respectî ve ly  

treated and hoat-treated-and-aged structures for an alloy 

of approxio:.ately the  sue conposition as the metal ln the 

hinGe,  these  photomicrographs being taken fror A. Beck's 

THE TUCHNOLc.= OF  MAGNESIUM AND ITS LLIdYS  (London,  1940) 

Figures 57  and. GO, on Pages 50 and  51. 

Discussion of  Results: 
armeneamenesx eletwreore...an,..w.umrev.,,,,ege lee.nexeenee, 

Macrrcucr..c 7xariint1. on  - 

In so far as 4,;:le .teel  is  concerned -i;he f1u1 

does  not  r.l.pear to have been caused by alternatin strs , sses, 

as there &  s  a fair anourit of plastic deforntion nt the 

point  of failure. This alsO was tnuo cf JuL(71 steel specien 

that had been tak:en from the spar of the oth , r ureckvd 

Cessna-Crne  nircra2t. The lack  cf cii.tcrtion  In  tte 

maEnesum-plioy  hine failure  is  consistent with the 

assumption  that it failed in  fatigue.  One  would,  :however, 

expect  th:/t a fracture produced  hi  alternatin stresses 



7  per cent, 

Tensile, 

95,;)DD 

ElonLp.tion, 
oer  cent 

(Discussn cf 	 c.on::»d) - 

would  rot  be of  such  uniftrm appararce. 

Chel-dcal Ara*7s;s - 

Cicial analysis onfIr:Itot 1, that  tbe 

i7Jer 	type r :.)orte.J, nulely e S A a i4130 steel and 

Dow Alley  E, 

fiardness Tests 

Hardnesses reporte  t for  the  ste d l. are t -i. -Icao tLat 

would  be ex9ected. In welded 	X4130 steel. This steel 

would be expected to  have 	followin physical proorties: 

The hardness of  t.L. J-no.:7Tesium ailoy is  ths.t  which 

is obt&i,:::,d after  a beat-treatme-àt and aileinz. The Idicro-

scopic ernation, 	no .id ind.icate that the 

hine had  on]'  been iven n  ,“pluticu heat-treatnent. It is 

probable, then,;  toit  the urlr ,- ness o -2 the 1»,rt -nn.s 1zeen 

increased  scnei-;ht 'ey  the oc Li workin  that  accompanied 

faiier: 	ihe folicic  t 	nst ph;ical properties 

for th 5s  .i1  ()y as .:1.ven  by 	 ard the  Dow 

Company, as well as  the  dote-•.ls  of  the heat tratments that 

confer tbizse properties: 
e  — 

AND AGED 
Dew 	A.S.T.. 

vaaueyJ 	val-LeE 	values ;; values 

	

W„000 	34„000 

	

19,000 	16„000 
5 	 r.› 

Tensilc, 	p.s.i. - : 3S,0C‘2 	$2,000 
0.21; Prcof, p.s.i.- : 12.U(h 	11,000 
Lion„.;atie -à,  per  cent; 	11 	 7 

brinell hardness  
Endurance linit, 	. 

posi. 	- : 1,D,DOC 

: 	70 

e  1,-2.7.ad  F..t. 133 ° C. for  ari:roxirutely 1G h -Durs .n. ---If. (:-.Dlerfi rapIdly. 
C.--■ 01  E'  d 7--.3. -n;d1.v. 	ar'l „ — —  _  ,-  ., e  • A_ 

then* roheated  at aproximately 
210°C.  for  8 hc,urs. 



r,lseus3Inn of Fes17:it3, oe -Jttd) 

,UerostriT.cture  - 

otruure  of.tbe  stal  la normal  for K41U) 

stool.  Ii  is  also appiled to  the uelded areas exar,line. 

The  ii24. 1um-allo srucf.tur 	that poduced b-,/ a solution 

neu'o-trec4tment 	n;.siuc1i 	this  tretment confers bottr 

ductiln .J• •nan the  solutlon-nd-ceins treatment wt'nout 

lowerin  Une 2atiTae stren.  perce.ptrply, it would seen 

tbut the  Id:47;e  :c.terial has  r3e6ived  the best possible heat 

trentmen_ Tnc  sinule-phano rAt€rial  would also be expeted 

to :.u2ve 	curc)sion rcistance 

, ..!".11. 	 : 

W)  clef:Jot was cunc in tbe  stoel tubin. 

far:1  a  iyarioraic  ï:,tandpoint„ the nenesiw 

alloy apared to 	in 	stDtisctor7 oondition. National 

Res(--;rch 	-,;!cic, however, reveale  wAt  may )ove ben 

a fatiutu  crack in  tfris riotni  anc'  sllowed elso that the netal 

Tnar  the  port of  

S';res2 	 1:ts  :eported at  the oonfersnce 

held at 	 Ooncll in Ottawa on ;January 6thp 

124 e  wo 	 design mets the airworthiness 

bine Joe .ot„ if consideration be 

	

iVCn  to 	 arc liable -;:o be applied 

no.metac: 7, 

follo 	factors 1.ndicate 

	

the 	 2ai1ed before the steel s)arl 

1„ 11-r  was  (kr,  defect ruund in the steel, and defects 

:n steel 	o 	easily reconizable. 

:72ro 7:as  E,()1».0 cuiunc:  of minor de.Lcto  in the 
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iJanesium-alloy hinue. 

3, 

 

st: 	&1i ficzi)e! showed that the steel spar 

haf a much lar.er  fnetlr of safety  and  there is 

• ason o  annum  that this  npar  wold  b sub- 

• L  e. tc 	 D 	nirr  stress that the Lines 

4. 	

• 

Lend ln 	spar  rIkmber is  the type that  nould 

';;.e rroduol  if 	himsc  -riad  failed first. 

Althouch it has .:1.)t  boon definits17 provel s  it 

is  cor.cicd, t*;:ien, that a :le:LEnasiuri-alloy  hf.nze failure 

(which.  !n': y;lbably  was  rinuced as a result of heavy 

• alteruat 	stresses or. a  stress suddenly  appiled)  was 

respunsie  for tqe  crasb.,  2t  inay  be wondered why  -:.cr.c; 

failures 	,7eI not  3.01  enco -,:.ntered in  other Cesana-Crane 

aircraft 	::ai  be 	 castnzs in the  two w7.,ecked 

airc:raft  ie. ti  only dc:cc.tive ones  -oroduced.  It is more 

probable, .o-,vevr., that  be  broken castins were submitted 

to an um.suTilly 501.i 3 
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