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Exsmînation of a Sylinder -3arrel 
from a Chatah Arcraft Enine. 

A Ford o71inder barrel from a Cheetah aimcaft 

engine  va  à submitted on Mach 24th e  1943 e  by Air commodore 

A, L. johnson ?  for Chief of Air Staff e  Department of National 

Defence for Air e  Ottawa, Ontario. Zhe barrel had doveloped a 

circumferential orack through Us finned portion. This part e  

marked HS  414O6-5 	: ,e'r.)orted to have been centrifuelly cast, 

• PP1(%9I_of!_nntem 
Reauest was mado (let,ter dated Maroh 24th, File No. 

902-38-1(AMAE DAI)) 2or an e:xamination of this barrel in order 

to deterine, if ;.Dossible, tbo cause of failure. 
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Okteraloal 

. 	Drillings from thiz . casting we»o c.1".temoally 

analysod„ The re'Salts aro as fellown 
• 

Oabor  
Man a; EI:a (9 no 

Sulphur 
Ph.osphorus 
N k 
Ch:e oulum 
Dif o yb Onlira 

' 'J  opper 
. 	 . . 

, . 	 . 
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Macro-Exaeinat5., on- 

Magnaflux okaminatlon of the barrel revealed 

that the crackD  ,about 31. Inchon  ].on;  o  traversed the  fifth 

nnd sigth fin  from  the finnèd end of tb.là part,  This crack, 

'which wont throUgh the '1,1..7crol 	 l'howovor 9  progroun 

. an far as the outor edga of .either .  of thse finn ., Thin creek 

(indcatod by letterm) in shown In Flgure 1 and 2, 

A secUon coptainIng the  -Crack wan %lionovad and 

broken, The crack was seen to be of the  fatigue type • 

•It s nueleu2 (point E 0  Figure 3) between the fifth and sixth 

t...,Lns .. That to" h 0 euter wie..;a 	theJ nu F')1:70",t3 	::.zbough may  be 

soen fromJ,i.11,.gures 5 and 4 0  , 
ThIE3 b ar r 1. had a Velexe har (3.9. s? rum-Aber, of . 

itbo;iit 

Micrdstruoture 
, 	. 	. -. A specimn _for the mi•roscepe was removee Prom the 

,roUgh nei 	of-.' the f'ai1ue, 111.01)Xit 0 el in bake1it ,2  ond„ p 0 1 Î h (,) 

on a faoo approzimately porpondicewe to the direction oe 

araeklUgo 
' 

It wan found that the rough nucleus of th)  failure 

was 'actually a .ahrinkagstYpe defect, -  This le p4turad o  at 
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100 in F:ç.gu:.°e 5, Figure 6 is a uho'i:<3cral.csroMraph

of ^.^f1G7Lhs:z:t' ;^Jb:â`Okar,ey defe{3'i found in this ,.-iwe `s''r-rglon,

After an etch of `-.; per cent va.W4 acid in alr.,ohr., ).

was ^ ^^.^..t^.l.̂ '4 to this i3 ^^_'.,t a.fi ^^^r^! r ,, .';.. i.,4 ^ `tti^4ti,.^ `^ ec Ma t:T..^x th e t. :i2: °^ r^^^.^",v^^.^. U ; " 4^ ^ ^.

(:f9,o*od of fine pen-oi.l,té',°, f;mx?Yxfrt`] 1.;)f tC3mo=k so:S.'bi t`'^.'`1 ,+ o , <}St..{, nâ

structure la Â:Îh,..+Tfl^4 3 at a •ta..^i+r3 7^`.l.t..l^i4:^^'i:• ^.i^.^::. of ^ X1000 , 1.1:. t:^ .^ .^
tii

1"

'
i^î P

:.^.t^yt,l`t, ^ p

Tho We.1. in tCLih ba7:°ï°4.3l is WH;jY WRk2o

The t'C',^Wo^.^alti,tt_i1';`:t tŸ:-ils part do^'v;:i not follow the

SPt)Cg:l.1`.':4..C°.atio"t?. for SAE 4140 stoolfl Mae" W^'f.A

^wOtt^d he eWoC.i't^v^{ -_` 3 l'!t,.^^.:^.^-^7 s^;e- .r,-.^ u^ 0,026 per,t.. a m t o'vc'^a.a in r^ ,^, ,^ c''y ^t^.xi^,

spF'1(' i fi J^' 4,"..:L'lii{:3n 1 R +^• ^ i ^. ^ i t;^ L .^^.p The f3h4^i't'.^i.. ^: t3:C2^;;°:^.^! di...r ^.f.'^ C3'1^,^.:'.'?^z: a 4'^ .^..;^ C_:Â.r 1, ï^'.•",' E^S'a L 1' L^i'a

the klpfi'C3i3`.'led a?YI.o1int-,3 t:€:.-^ P:J,'.C,,Z':i so Uh'L•i?'; 7+.^1:.ie NCJal is 'v`.:^'rltl. .̂̂ ^.ll y

SAE 41 50 9'aVe 7° th m 1A.,"a This ^ C''^^a^a:j.^,^..^t be t;^^a.,;•r ^s evov„ If

hea
t .t. .<_.

1^.^"
y, ,^ y

é^c'^.r3.e`it^:;l ^A:t"'or;1;étTi?".L`t't:.^^ '^V.iê;'l^â 3^Ç).^`4^^, ^^%€.. that :ïi ^Btis.:^i:t.°4.LeCA TOV

SAE 4140 sÜool, In the `w`,vwt of any X1'el€.^.k^,'!g, bz,1.ng 6m^ ( -as

is QuI$;o u.'.{"+.l :.L.1ztie.t^i^ 1n the C^_ ^tJK^^9:^ f.^^:^-, aC:rL:i s̀.%c_Yl'^:• ^.^.i-x,,, n, ^•! e ^1 of f ' C:C^I.lY^,r^,,.

quito The nd&eÎ, end t'.oji%ar t?ref3E7ï1.(:.^ :3.a'2 âhis

barx=el are probably tramp 2 1emmts{,

1\+1.at;?:°o :l°.td micro e.awa:i;1i13i?Li€ina di?fi?:1itç)ltj Sti';é,'Ztl that

the t.°.rai;kv of a fatigue liypeo originated at a oS'.1r:i..Y1kage-tno

WON Qrna.aaed by faulty casting toc.nic5'^^^^^) on the a?.achined

surface between two fins,

The }:1oita'Ü 'C+rea'3`.:•mn û a7,'.Go.i'dé,;'.d this UliâSd;3p bfii.r3;°4',.^.,

y€.^Edl1]I?w to be .^.^ki.tJ..E3fa{3to1.'yp In vâ.ew of its and st7:42.t6'.-

1`.iLlï't7 'ts'ï, was probably C^1^(^';lr"•!').?tJ. 1,R.'f3m 1 5000 k!'^ and drawn

at about 11000 F.

From al^,t. of the .'.`. CirL7'?,ti^>iï.?.; ^ it ?^^:àî1lCZ :, ta^3^s:Cl t ^:.^^ t^: '^ ! .'^ '1;^3C.

faâ,. li:l:a* e of th:`i. ^." par i, was broughtt,ug%xt abou t by a concentration of
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(DiScussion of Results., 'cont 7 d) -• 

stress'caused by a 'shrinkage-type-defect on , the machlned 

surface,of.this-cylindor barrel. : . 	. 	- • 

- It is understood that this part has been Machined 

from a , centrifugally cast sleeve that is radiographed•before 
• 

the machining operation. Such inspection practice is of 

course„ desirable because it eliminates the machining of 

bad castbk,s. It might well  not a  however, show up defects 

which in relation to  th-  thickness of the casting' are quite 

minor. However, these defects, if present in the finished' 

machined alepvc e  would then; In relation to the total thick-

ness of the finished article, be quite large. An X-ray of 

the maclOned sloevo, therefore, would be expected to reveal 

defects of the type responsible for this falluro. It is 

quite possible that a magnafluxing of the finished article 

would also have uncovered the defect. It is not unlikely, 

however, that such a small defect would pass magnaflux examina

tion, especially if an inexperienced operator were examining 

a number of sleeves. As the X-ray method gives a permanent 

record, when it is.used there is much . loss chance that defects 

will escape detection.. 
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Fleure  1 

CRACK OUTLINED BY VAGNAFLUX POWDER. 

(Approldeately to size). 

Flavr.e P 

CRACK OUTLINED 3Y UAGNAFLUX F ,_)WDER. 

(Apprmimatel7 2/3 size). 
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FiI1MFe 3 . 

Note nucleus at E. 

(Approximately twice actual size). 

Yielrq 4 4,  

Note roueness at  nucleus  -  of failurc. 

(Approximately 8 tirnes actual size). 
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Figure 6. 
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Firmr'c 

17. ) rv 

X100, unetched. 
Horizontal surface is fillet between fifth and sixth fins. 
Sloping surface (lower left of picture) is the fractured 
surface. Note shrinkage-type defects  at start of fracture. 
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•11F 
X100, unctched. 

Shrinkage-type defects present in the 
region of th c fracture. 

Figure 7. 

X1000, nital etch. 
MICROSTRUCT1W2 OF THE STEEL. 
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