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Metallurgical Examination of Two Broken Steel Studs 
from a Snowmobile Rebound Chain Assembly. 
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Source of Material and  Obàect of  Investigation: 

On March 19, 1945, Mr, W. J. Washburn, of the à.rmy 

dalgineering Design Branch, Department of Munitions and Supply, 

1872 Notre Dame Street W., Montreal, ,- ,tiebec, submitted for 

examination two broken steel studs e  part No. 39227 N.D., frcm 

a rebound chain assembly No. n-38487 of a snowmobile bogie 

arrangement. 

In a letter accompanying the material it was requeste 

that the broken pieces be checked in order to determine, if 

possible, the cause of failure, and, also, what mie;ht be done . 

 to eliminate future breakages,  .  Copies of the prints B-38487 

and F-307551, .iving the details of the assembly and also the 

material specified, namely SAE 1020 steel, were also enclosed. 

For purposes of identification the broken studs wIll 

be referred tc ,Lo Sples Nos, 1  • '.nd 2. 
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Macro-.Examinatin2 

Figure 1  Is a photouaph  showing  tho  fractured sur-

face cirthe two steel studs. Inc  surface of Sample  No  I ' 

was rusted, so that no special significance could be  attachctft 

to the fracture.. Sample No.  2 had a duplex fracture„ and 1-L.Le 

failure appeared to have originated at  the  base  of the thread' 

(at "An  in Figure 1). 

''.1 1-11rr% 1 

(Approxi:lately 4/5 actual size). 
ealee• 

yzed lar)act Teets:  , 

A  sinLlo-notch Io d  specimen was machined from 

each samplo and'tested in tha Tinius Olsen 120-foot-pound 

impact testing machine. The followinu  values wore obtainer 

sanplo 
Nc 	Ft-lb. 

Figure 2  is a photoirrap4 sharing the  fracture  of 

the Isod specimens. The fracture  of Sample  No 1  was  :K.e.11-y 

coarse. However, Sample No.  2  appeared to  ce fine-i;rained  at 

the.outer.surface and coarse-graf.ned towards the  centre . 

seam was observed in  the centre  of  Sample  No  2. 

=.Continred  on next  pa.e) 
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Hardnees  Tests: 

The bardnes cir the steel studs wrw determined  b7 

the Brinell hethod p  usin a 3 : 00U4iloc.ram load. The fUl.J. 1-:7 

vall.tes  were Libt; -,ined: 

;..)ample 	Lrinell 
Hardi,e...., ss Hurler 

1 	
,n, 

187 

Chenical 

A  chemical rUlalyS13  VE", :nladc on the  twc sample 

sinitted. 	bo results U-itained and the comDosition spec!,fed 

for  the steel are Cven 	ti?.e 2011ov2.nc table: 

.  U:. 1020 	S.111.r.p1e 
,7.-)oc, ific ,, t 4 (›n  ..::.Q.......1--- 	- - 

'or Cent  - 
NO.  2 

• 

a.r.ben 
ar1L-,aneee 
nlicon 
:;uiphur 
Phosphorus 
Chromium 
NIckel 
rol7bdenum  

r, , . 1 0.2b 	3.14 	0.1C 
U,)0-0.6G 	0.95 	C. 59 
0,13-0.30 	O‘OL 	0„14 
0.05 max. 	0,2E9  

0.299 	0.194 

Ncre  detected. 
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X100, unetched. 
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Microscoec Lxamination: 

'Epecinens of  the  stels adjacent  to the  fracture  lirJ 

mounted in bakelite, polishe ,1„ and ounined under the micL.c.l. cps 

in the unetchod condition 	ho  inclusion content of thcse 

was quite high. Sample  No  I was feund to contain - shrinkauc 

cavities, while.slac was observed in Sample No, 2. These  (1. ,efeçt 

are illustrated in Figures 3, 4 and 5 Flaure 6 illustratml 

u crack typical 	sveral found at the base of the  thread  in 

Sample No. 2. 
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SiLl.,.:PLE  NO.  2. 
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(Microscopic ii;xamination, contt 

The nital-etched str;:ictures of :ples Nos. 1  and 2 

are shown in Figures u and 

fine  grained. The structure 

rospeotively0 	he teels arc 

consists  of pearlite, the iron- 

iron  carbide constituent (the dark etching material), and 

ferrita, the iron constituent (the light etching material) 
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MIND 

iscuL:sion of Results; 

The .  chenleal composition of  the  two  broken  stool studs-

submitted did not conform  to  that of the 	102O steol spccifled. 

Sample No.  1  had  a chemlcal ccemocsition sinilar to that of an 

SA1  X1112 steel ),  a froe-cuttinc cteel e  except for  the phcapàoru,s 

content which was nuch hiher than is normally present  in  hie. 

sulnhur free-cutting ateels Samoa.°  No  2 had  a  chemical c=p-

sition similar to that  of  an S'A. 1020 steel, except for  tho 

phosphorus content  which  is oxcoedingly high. Tho sulphur is 

also above the uprer limit 0 c.f:he composition would indicate thGt 

this steel might  have  bc ,)n made by an acid  process from  Mc:a- 
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(Discussion of Results, contâd) 

phoepbcrus ecrap. In the aci proeees the sulphur and phon-

phorus cannot be eubstentially removed fren the eteel. The 

mlorcecopic examination allowed that  the  phosphorus  was all  ir 

solution and, from tho high impaet test result obtained,  it 

would seee that the high phospberus  content  had not greatly 

affected the eteelts toughnees. As a rule, however, phosphorus 

lowers the impact properties and should be kept down to the 

lowest limit comercially possible for any even class of  ebeel, 

The photomicrographs show that steel Sample No. I 

had a high sulphide inclusien content, as would be expected  in 

a  higb-eulphur, free-cutting steel. In addition, Sample  lie, I 

wan found to contain ehrinkage cavities. Samplo  No 2 wae 

made from seamy etock in whiah slag inclusions have been 

entrapped in the rolling operation. 

The use of free-cuttinE steels for the manufactura 

oP parts subject to high impact streeees Is not recommendeO, 

on account of their low impact rropertics. The poor leepact 

strength of Sample 1;o  le  therefore, would account for its 

premature failure in uervloe. `ehe duplex nature of the  fracture 

of Sample No. 2 indicatea that it failed by fatigue. The  to  

a hiEher strength steel and a reduction of  the  amount of  thread 

to juet enough to take the threaded bushing and two  lock nete 

would probably overcome elmilar failuree. 

A nickel nteel of SAL' 2320 cumpoeition, quenched  .Lle 

oil from 1450° F. to 1500e F. and tiaespered at 1100° F.,  or e 

chromium-wmolybdenum steel of  SAE 4130 cOmposition, quenched 

in water from 1575 °  Fo to  1625° F. and tempered at 1100°  F., 

ia recommended end should  cive  ieeroved service <  The lowere 

carbon steal would be erefereble as it is more easily welded, 

Both steele have blEh impact pronerties at room  and  sub-zero 
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tomperaturw9 and  can be raadile welded, If the alloy steels 

are ungvailbizy it 	thought that a normalized SAE 1020 ra91 

mhould Prove satitefactuey for tbe$e studn o  provided  the  stool 

Is proparl-cifreade and  the  thread on the steel la reduced tiD) the 

minIwum vequirements as umentcd abovoo 
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