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OTTAWA 	June.11, 1945. 

REPORT 

of the 

ORE DRESSIV  AND METAUURGICAL LABORATORIES. 

Investigation No. 1887. 

Metallurgiaal Examination of Broken 
Traok Reinforcing Cleats from 

Armoured Snowmobile. 

Origin of  Material and_OUtp_Lof  

On April 17 0  1945, three broken armoured snowmobile 

traok  reinforcing cleate (see Figure 1) were submitted  for 

metallurgical examination, under Requisition No.  693, A.E.D .B. 

Lot No. 586, Report No. 10/ 0  Section D,  Test  No. 29, by  the 

Division of Metallurgy, Army Engineering Design Branch, 

Department  of Muleitiorm and Supply, Ottawa, Ontario. 

The requisition, dated April 14, 1945,  Pile  No. 

17/D/T 29 0  contained the  following information: 

"Cleats (Dwg. No. A-32006), made from No. 14 Gauge 
(0.074 inch)  Steel, SAE 1060 or optional SAE 413(4  NE  863C, , 

"Part to be heat treated, quenched  in oil, and dre:wn 
to Rockwell C  42 plus or minus 3." 

For  purposes of identification, the  cleate have  been 

assigned  the numbers  1, 2 and 3  (see Figure  1). 

(Continued on next page) 
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(Orien of Material and Ublect of invostiultion, contid) 

Ft e- urP 1 

BROKSN AftLIOURED  SNOWMOBILE 
MICK RiUNPURUNG CLEATS. 

(ApprJximately 1  actual size). 

Chemical Analysis; 

The results of the  chemical analysis are  comliared vitb 

the specifications  for SAE  4130 steel in the  following  table!  

Sample 	Sample 	Sample 	Specification, _ 
.ii'LE 4130,, 

-Per cent.. 
Carbon 	- 	0.25-006b 
Manganese 	- 	o,se 	0.6 	0,53 	C.50-0,80 
Silicon 	- 	0.24 	0,2 	0.28 
Sulphur 	-  0,016 	0.022 	0.019 
Phosphorus 	- 	0.018 	0.01'd 	U013 
Nickel 	- 	Trace. 	0.24 	'Utioe. 
Chromium 	- 0.45 	O.K. 	0.83 	0.50-0.80 
Molybdenum 	- 	0 .22 	0.18 	0.19 	 . 	0.15-0.25 
Vanadium 	-  Mil. 	Nil. 	Nil. 

• Hardness Tests: 

Hardness tests ,Yere made on the three samples,  uslrg 

• a Vickers  hardness"-,ester with a 3:) -kilot;ram load, The,  resutt  ire  

given  in the following table: 

U;ontinued  an  next page) 



(Hardness Tcsts, conttd1 

PaLO 3 o- 

HARDNESG 
1111•11111••■■•■•••■•••••■•• 

Vickers 	Rockwell  "C" 
(30-kg. load) 	Lconverted)   

	

Cleat No.  1 	 467-473 	46.5-47.0 
ti 	2 	 499-523 	 49-51 

It 	3 	 602-618 	 55-56 

The epecifted hardnesa was 42  15 Roek.well "G". 

e.1.21212ULE : 
PhotomicrographEi (Figurcle2, 3, and 4), taken at 

X1000 ma t::.ification,  show the microstructure  of Cleats  Nos. 1, 

 2 and 3 respectively.  The  structure  in all three cases is 

martensite, with ferrite evident in Figure  3. 

121-£M.11-2.. 

X1000, nital  etch. 

CLEAT 14()  1, 

Martensite. 
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(Microscopic Examination ;  couttd) 

CLSAT NO, 2. 

Martensite and ferrite. 

Figure  4 

.(1 ,XO ;  n1tP.1 etch. 

CLEAT biCÇ, 

karr,ensit3, 

Discus»ion and Conclusion3 

The.chenical .2„aalybe-u Indicate that the cleats were 

made from SAE 4130 utael, The high carbon content of  Cleat  N. 

(Continued on  next  page) 
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(Discussion and Conclusions, c  ontld) 

would classify this  steel as SAE 4140  rather  than  SAE  4130. 

The hardness values obtained on the three oleats, 

varying from  46à to 56 RockWell  "Cn,  are  considerably 

higher than  the 42 Rockwell "C" specified  and indicate a 

too low  draw temperature, or an absence of drawing after 

quenching.  It is almoet certain that Cleat No. 3, the hard-

ness  range  of which was 55 to 56 Rockwell  1t0", was not tem-

pered and  was placed into service in the "as quenched" condi-

tion. 

Because SAE 4130 steel has lower impact atrength 

at high hardness ranges, it  la  thought that failure resulted 

becauae of the brittle condition of the steel. 

The complete absence of decarburization means that 

the steel would have its full fatigue strength. The hap-

hazard location of the failures also indicates that failure 

was not by fatigue. 

SAE 4130 steel may be quenched in either oil cr 

water, but the former ie recommended because of the increased 

toughness. The minimum draw temperature uaually recommended 

for this steel after oil quenching is 800° F., and the result-

ant hardness is 37 Rockwell "C". Lower draw temperaturea can 

be used but at a sacrifice to toughness. 

In summary, failure resulted because of the exces-

sive brittleness caused by either the complete absence of a 

draw after quenching, or by drawing at too low a temperature. 

Recommendation: 

It is recommended that the  SAE 4130 cleats be so 

heat-treated  as to produce a hardness of  37 +3 Rockwell "0". 

This may be accomplished by resorting to the following heat 

treatment: 

Heat at 1600° F., 

Quench  in  oil, and 

Draw at  8000  F. 
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