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OTTAWA 	December 4th 9  1943. 

R?,PORT 

of the 

ORE DRESSING AND METALLURGICAL LABORATORIES, 

Investigation No, 1548. 

Examination of Two Broken Piston Connecting Rods, 

• 

grlellecquest and Object of  Investigation: 

On November 1st, 1943 0  two broken connecting rods 

were submitted by Dr, C, W, Drury 0  Director of Metallurgy, 

Army Engineering Design Branch, Department of Munitions and 

Supply, Ottawa, Ontario, for metallurgical examination as to 

cause of failure. The accompanying request formwas entitled 

Requisition No, 602 0  AEDB Lot No. 389, Report No, 13 0  Test 

No, 53. The connecting  rode  were stated to have been made 

by forging. 
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Macrosconic :::xamination; 

One•cennecting rod was fractured into two pieces, 

While the other was broken into three parts, Figure 1 âà0118 

one of the conJectin .e rods "as received". 

The rou7;nnes of the surface indicated that the 

pieces had been snotblasted 0  

In over  case  the  fracture was fine-grained. 

Chemical  /11 sis:  

Carbon 
Kenganese 
Silicon 
Sulphur 
Phosphorus 
Nickel 

Per cent 

0.35 
0,76 
0,12 
0.041 
0,022 
0,03 

Mardness l'àeasuleeeents: 

lieednees measurements made on the Vickers tasting 

machine s  usinc  i 10-111orani loads 	results of 297 V.H.N, 

for one connectini: rod 	203 V o ti,N„ for the other. However »  

on • the• hurde.r ceneecting rod values  as  low as 213 V.11.N. 

were reccrded clese to  the  edge, 

Incro-Exemination: 

The steel of both connecting ro(1s s  when examined 

microscoplcally as lonr:itudinal and  cross sections in the 

unetchod oonditon»  appeared to be clean. 

In t)7.‘e case of the softer connecting rod »  the 

structure consists of ferrite and tempered nartensite, as 

shown in Pigure 2. 

In the case of the harder connecting  rod e  ne 

evidenee cf martensitic structure could be found and the 

transforntion products arc typical of those formed at the 

Ari  rance of the "S"  curve. Figure 3 shows the structure. 

Ferrite 'pas found in a lamellar distribution Ln the  centre  of 



- Page 3 - 

(Micro-xamination, con0d) 

the specimens  (cf. Figure  4)  and in larger  patches  at the 

edge (c.fe Figure 5). On the eame  specimen, bad surface 

irregularities were observed, as  +shown in Figure 5.. 

Discussion of Results: 

The macroscopic examination did not reveal any 

point of importance as to cause of  failure. 

The chemical analysis shows that the steel used in 

making the connecting rods is  SA T; 1035, which is  a  common 

composition for that  type  of part. 

The hardneas measuraments have shown a difference 

of hardness for the two connecting rods submitted. An 

explanation as to these different hardnesses is already 

available from  a simple metallographic analysie. 

The softer connecting rod has been quenched from 

a temperature well under the  Ac3  point,' as  is shown by the 

composite structure, ferrite-temperod martensite. The harder 

connecting rod also  shows  ferrite, but both the mode of 

occurrence of this ferrite  and  its  association with products 

of the Ar e  range  show that althoue the steel has reached the 

Ac3 point the  velocity of  cooling on quenching  wae  too slow. 

Moreover, the steel was decarburized,  and the considerable 

amount of ferrite present at the  edge 13 especially objection-

able. 

The irregularities at the surface are also a 

possible cause of failure. As shown by the distortion along 

these irregularities, they have apparently been formed during 

the shotblasting operation. These irregularities are detri-

mental stress raisers  in a part subjected  to fatigue streasing. 

Farts, such as connecting rods, *hich require mostly 

fatigue strength should have a uniform structure, obtained by 

a proper quench-and-draw treatment. No decarburization should 
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(Discussion of Results, contld) - 

be present, in order to prevent the formation of ferrite  (soft 

constituent, at which fatigue cracking might easily start). 

•••••••• 

CONCLU3ION1  

The failure or the connecting rods is attributed 

to the ferrite precipitation resulting from improper quenching 

practice (i.e., quenching from too low a temperature, in one 

case, and too slow a quenching speed, in the other). Another 

detrimental feature is the presence of surface irregularities, 

developed by improper shotblasting practice. 
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10 1.-rure 1 

sowiro A CONVECTING ROD AS RECEIVED. 

?it,urr..4 

X500 9  picral etch, 

SHOUING TH2. Cjb-u3ITE 
•ZELIFERED litARTENSITE-FEURITE 

IN TH5 
COWIECTING 

X5009  piers'  etch °  

3HOWING THE MICROSTRUCTURE 
OF THE hARDER CONNECTING 

ROD. 
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I:r.he 4 Figure 5, 

X500, picral etch, 

slioaING CON3IDERABLE 
AMOUNT OF FERRITE IN 
HARDER CONNECTING  ROD, 

emall 

X10000  picral etch, 

SHOWING OD2: OF ,-' ,JUT-nENCE 
OF  FERRIT;:1-; IN TL- HARLER 

CONMCTING ROD ( Y Fi'iOM  EDGE), 
«MRS 

ure  6, 

picral etch, 

SURFAI; IRTIEGULARITIES 
IN HAJXM C-M.UTINC 

:te  th distortion of metal. 
•••• 
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