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9rig3.n 	Material and objcct of InvestiFetion: 

On january Eth, 1944, the Department of  National 

Defence, Air ';,crviccs, Ottawa, aubmitted  a broken pieton head from 

a Canue aircl.art oleo le,u, P.Y0R. 93.  Accompanyinu corres-

pondence statod that the )1ane, alter test  flights on December 

28th  and 29th, 1943, waL; etorsd ln the open, that it wat towed 

into 	fliuht hangar on the a2ternoon of  December 20th, and 

that 1:i1ure cocurred rhlio it was sittin€ in  the hangar. 

It 7i:iu stated 	those pluton  heade are made from 

tnbini-, which is received from  Olevcland s  that they 

are ftïly machined and oune by Ciaadin Vickers Limited, and 

the.t  the matepil is preumed to be '1à2 X4130 or its National 

Emergency eitilvalento 

A letter (File  No )38 1K-l-5  A=  DA X‘  dated 
January 6th, 1944, signe:: by 1.rie, Commander  Ao  J.  Smith for 

Chief of Air Itaff, requeeteC that  an examination be made 
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(Origin uf 1.ateritl and  Oct; of Invflstigation,  cont , d) 

and a report  submittol. 

eopy cf  -)rt-,winë)  No4 610J , showim,  the position 

o2 the broken piston head, war, also received. 

• General Exunination: 

The broken ploten head was examined  visually and 

representative  photograeilm  taken (see _Figure  1) 4  i1n interesting 

detail of  the break nay be: seen. The dark zone extending  about 

half way  thrcmg,11  the run frer. the outsiele 1.?. evidence  that a 

crack existed  in tie: fart befors failure occurred. 

abree  micro tonsile bas wero  prepared  for  the nouns-

field tensometer. 	iunc care cut in the loneitudinal  direction  ' 

of the  tubing. Vickers hardness n - ;lbers 'Jere also  determined. 

Those data  are prosonted in IMble 19 

TAI3Li.: I. 	- 

Ultimate  tensile 
strength,  p.s.le  - 

Yield strength,  p.3.1. 
Elongation,  per cent 
Reduction  in  area, 
per  cent 	- 

Vicier  s  hardness 
number  

• • 
:14,000:L13,0C(,:C16,u0C: 
2CO,U00:;.1.)0,000(.),000: 

: 	11 : 	18 : 	18 : 
• • • • • 52 	• • • 	50 

119£2!2-92.1-AlL21i2L1.: 
A speciren ran prepared for vicroccopic examination. 

.'lgure  2  is  a  ,IlotamicroGraph trÈ:en  at 1‘)C diameters to show 

ne  unetched ar.pecrunce of tho surfme of this specimen.  Note 

the inclusions. Agurc 3 la photomierocraph taken at a 

magnification  of 00 diâncters to  show the structure developed 
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(Vicroscupic "c:xam1nat3on„ contld) 

by etching in 2 per. cent nital. T1-ds is a normal structure 

for tempered martensite. 

Chemical  Anal  sis: 

A  sample was obtained for chemical analysis.  Special 

precautions were observed to avoid  contamination from the chramits 

plating on  the outside surface. The results are  given  in Table II 

TABU II. - CHUIICLL ANALiSIS. 
Specified, 

Obtained 	SAE X4130 
.For  cent - 

Carbon 	0 .37 
Silicon 	- 0.28 
Tan3anese - 0.77 

- 1.18 
ioly-adenum  -  0.23 
-:J121.phur - 0.018 
Phosphorus - 0.026  

0.28-0.33 
0.20.0.35 
0.40-0.60 

0.80.1.10 
0.15.0.25 
0.04 max. 
0.04 max. 

This is in accordance with the chemical specifications 

for ME 4132  steel. 

DiscUssion  of nosults: 

Visual ;.xamiration  - 

It is evident,  from  the appearance of the fractured 

surface, that there was a crack in the piston head before 

complete failure took  place,  probably before it was installed in 

the aircraft. This crack cou/d  have  been caused either by 

quenching or by welding (it is understood from the drawing that 

there is weldinil Cone  on  this part in the vicinity of the 

failure). 

Threo ways in  which the  crack could have been pro. 

duced are suested: 

(1) The stresses sot up during welding might have been 

sufficient to produce the  crack. 

(2) It Is stated in  Drawing  No. 8103 that the  parts  are 

heat-treated after welding.  Then,  if the  stresses - caused by 

1 
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(Discussion of  Results, conttà) 

welding were not high enough  to  produce a crack, they still 

might have  been high enough  for the cumulative  effect of these 

stresses  plus the stresses  caused by  thermal  shock  of  putting 

in a hot  heat-treating  furnace to  produce a crack. 

(â)  The crack might  have  been  produced by the stresses 

set up during euenching 

Of  these  three causes, the most likely  is the third. 

If the crack had been present before  or  during  heating for 

quenching, the surfaces of the crack might have  been scaled, 

unlees a  controlled-atmosphere furnace was  used. It  le, 

 therefore, more likely that  the crack was formed  during 

quenching, 

Another  possibility  is that  this is not a quenching 

crack at all  but,  /*ether,  a fatigue  crack. However, In view  • 

of the fact that the ;plane made only twe flights before failure 

this might  not be very probable 

Mec:aanical  Tests  - 

It  ia evident,from  the  mechanical uroperties of the 

steel, that the heat treatment produced the  required tensile 

strength. 

Yicrosconic Lxaminatior  - 

The  steel  is not as clean as  some  steels  examined 

by  these Laboratorieao  Howevar,  it is not  th3t,ght that it is 

sufficiently dirty  to  cause  failure. The  microstructure  shows 

 that the  heat treatic:ent  was  satisfactory. 

Chemical Aqnly_118  - 

The  chemicul  analysis Is  that of a  4132 steel, not 

a 4130.  This eleans that the carbon  content is a little higher 

and would have the  tendency  to make  the steel more susceptible 

1.1» 
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(Discussion of 'ziesults, cont:d) - 

to cracking from sudden changes in ,temperature. However,  it  is 

• considered a vcej remote poesibility that an  increase  of 0 004 

per  cent in  the carbon content above the maximum specified,  in 

the range  of 0,3 to 0,4 per cent  carbon, would be  sufficient  to 

have a marked effect on the sensitivity  of the steel  to  cracks 

from thermal etresses. 

CONCLUSIONS: 

1. The steel w as  properly heat-treated to produce 

the required mechanical properties and the proper microstructure. 

2. The steel appeared to be of an acceptable quality , 

3. The'railure started at a  crack produced at some 

stage  In the manufacture of the part, 

1114111.•••■• 

•Recammendationy 

Tt  Is recommende(U that adequate magnaflux inspection 

be use to detect cracked parts before chromium  plating.  - 
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per cent nital 
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SHOWING STRUCTURE. 
UMW IBM 
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LieL: 

.1110TO1PLAPU,  ABOUT  ACTUAL SIZ,2 40 
 SM;ING FRACTUUD PORTION OP PISTON HUL), 

Note the presence of two distinct zones in the 
fracture &  indicàtinG that failure took place 
in twc staGee. 
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