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Abstract 
e=roacaogoeies 

This investigation deals with the 
impact rroperties of'C.D.P. track pins as 
affected by (1) lccation of cut from the 
ingot, (2) austenitic grain size, and (3) 
heat treatment. Variation in heat treat-
ment, between different producers, is shown 
to be the most significant factor. 

-------- 

Origin of Material and   Obit  of Investleeion: 

On September 14th, 1944, Dr. C. W. Drury, Director 

of Metallurgy, Army Engineering Design Branch, Department of 

Munitions and Supply, Toronto, Ontario, requested (Recuisitior 

No. 841, Report No. 22c, Test 31) that an investigation be 

undertaken to check the perforrlance of SAE 9255  C.D.P.  track 

pins with respect to metal from top  and bottom cuts of the 

ingot, The steel was produced end selected from various loca-

tions in the  ingot by Atlas Steels Limited, Welland, Ontario. 

One lot of 16 pins (Lot No, 1179) was heat-treated 

by this company and similar lots, of 18 pins  each, were  sent 
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(Origin of blaterial and Object ofInvestigation, çcnt1d) -

for heat treatment to (a) Cockshutt Plow Company Limited,

Brantford, Ontario.,' (Lot No 0 1180)j, and (b) Steel Company of

Canada, Swan.sea tiJorks, Toronto 3, Ontario, (Lot No. 1181).

It was agreed that following heat treatment all three lots

would be submitted to these Laboratories for impact testing,

also that spacimens would be out from each pin after quenching

and submitted for the purpose of determining the austenitic

grain size.

Locations in the ingot from which the rod was rolled

are not known but are indicated throughout this report by the

numbering system used by Atlas Steels Limited.

Chemical Analysis;

The chemical analyses of the two heat s from which

the pins were taken are as followa;

Heat Heat Heat No. Heat Nop Heat No.
No . No . E, 2601- E2601- F2683 -

k;26CI. L2683* Tl-A** Tl-(;** Ti-S..^.^.. _...._^._- ^ ^
- Per Cent -

Carbon - 0156 0.58
Man6anese - 0.80 0.82
Silicon - 2.03 2.06
Phosphorus - 0.016 0.016
Sulphur - 0,018 0.019

Analyses supplied by Atlas ;teels Limited.

» Check analyses on one pin frcm each lot.

Hat Treatment:

0.56
0.82
2.11
0.015
0.02.2

0,36
0,79
2.11
0.015
0.017

Oq57
0.86
2.12
OQ023
0.017

The heat treatment given each lot of pins was

reported as follows:

Atlas ^teels Limited -

Pins heated in cas;, iron chips, providing a dry
neutral atnosphere, at I625° for -,", hou.-; quenched
in Iiouvhtonos #2 oi1 at 70° F.^ dravrn at 900° F. for
1 hour.

(ConL inu.ed on next page)
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Pasb 3 - 

(Heat Treatment, cont ,d) - 

Cockshutt Plow Company Limited - 

Pins heated in double chloride salt bath, deoxidized 
with bori e  acid,  18-  minutes at 1625° P,; quenched in oil 
at 104 °  F.; drawn at 890° for lid hours. 

Steel geete2:m_slf_92.PLLM - 
Pins heated in furnace of the following approximate 
atmosphere: CO, 25 per cent; CO2, 208 per cent; 

nilo 

%.11enchin3 temperature, 1650°-1700 °  F. 

Drawing temperature, 890° P. for 1  hours. 

Cuenching medium, 011 at 155 °  F. 

Austenitic  Grain  Size: 

The austonitic grain size was determined by drawing 

the "as quenched" specimens submitted by the different heat 

treaters, at 600 °  F.  for 30 minutes, and then etching suitably 

polished specimens with Vilelles reagent. The results are 

shown in Tables II and 

ImIct Test: 

Impact testa were carried out on the standard drop 

impact testing machine. Twelve blows of 400 foot-pounds was 

the maximum number given to any pin. Results are shown in 

Tables  1,  II and 

(Tab1I  11 and III) 
follow, 

(  on Pa  G22. 4  and 5.  ) 
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45-47 
43-45 
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Drop Impact 
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Passed, 12 
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p  12 If 

E2&01-T4-0-1 
-2 
.3 

Passed, 

	

41-43 	45-47 

	

41-4 	44-46 
42 

6 

6 

12 
12 
12 

6 
6 

P2623...T1-C-1 
.2 
oar 

Passed, 12 
Broke,  11 
Passed, 12 

	

6-7 	 43-44 	45-47 

	

6-7 	 43-45 	46-4YÏ 
7 	 44-46 	45-46 

Passed, 12 
„ 12 
$ 12 

	

6-7 	 44-46 	46-48 

	

6-7 	 43-44 	46-40 

	

6-7 	 43-45 	45-47 

I f 

If 

2:ABLE 1.  1,CT   3Y ATLAS  ST„Ï.US LI=0). 

Heat and 
Pin Ncso 

E2601-T1-A-1 
.2 
-3 

'222601-B1-A-1 
-2 
.3 

*601-T4-A-1 

.02601- 134-A-1 
.2 
-3 

E2683-T1-A-1 

•it  

Drop Impact 
Test,  400- 

	

ft-db. 	 

Broke, 5 
e 9  

ff 	: 

Broke, 6 
à 11 

Passed, 1":; 

Passed, 12 
Broke,  8 
Broke,  7 

Broko, 

AustenItic 
Grain 

-.4 .j  

E-1 

0 

'oe 

711 
C.■  4 

eità 

EARMSS, ,  
ncchti211, 80 

44-47 

44-46 

44-47 	44-47 
43-4G 
44-45  • 

43-44 	46-47 
4.5-47 
42-43 

42-44 	45-45 
44-45 
44-47  . 

42-43 	46-47 
43-45 
42-45 

a 

7 

44-47 

11••■•■■•••••••■•••••••■•••••••••••••••■■•••••••• 

All hardness  values are as Lubmittea by respective./  Leat treate- E. 

TABLe; II. - ======== 
Heat and 
Pin  Nos. 

11;2601-T1-0-1 
-2 

LCT 111.MT-TRATED  BY COCK:MUTT 	CO.  LIUITED. 

Auatenitio 
Grain 
Size 

6 	 40-42 	44-45 
5-6 	 11-44 	43-45 
6 	 41-44 	45 -Ç-6 

HARDNESS, 
tC 1   

.t.irface  Jere 

1:2601- 131-0-1 
-2 
art.> 

Broe,  11 
i'assod„ 

12 

	

5-6 	 41-44 	44-45 

	

5-6 	 43-44 	46-47 
6 	 41-42 	46-47 

2C Cl-34  0-1 

-à 

Passed,  12 
Broke, 11 
Passed,  12 

	

56-40 	42-44 

	

30-42 	44-45 
43-45 

■••■•••+■••■.101.1.10 



Heat  and 
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5-6 

5-6 
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6-7 
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4 

Paé,e  5 - 

TABLR III. - LOT HEAT-TRLATED 3Y STFuL COLPANY av 
si=eammœura 

----1171KwIlereââ_mnâmil, 
Drop Impact 
Test, 400- 
ft-lb. blows 

Broke, 7 
" 	6 

s 4  

Austenitic 	 HARDNESS, 
Grain 	 ROCKWELL 

- MOM 
Slut   

5-6 
5-8 
5-6 

Broke, 4 
ft  • 5 

, 5 

E2601-T4-S-1 
.2 
.-3 

E2601-B4-S-1 
-2 
.3 

E2683-T1-S-1  Broke, 4 
2 	"6 
3 	P %-e  

E2683-B4-S-1  Broke,  5 

	

-2n 	5 

	

tt 	3  4 

MI» 

Microscopic_Examination:  

Microscopic oxamination of specimens from all groups 

failed to show  any significant variation with  respect to Lepe 

and distribution of inclusion content. Moreover, the typo and 

distribution of  non-metallic inclusions were essentially the 

same as  observed  in  many previcus heats of  SAE 9255 steel for 

C.D.P. track pins. 

The cross-sections ()fetus from all lots showed 

uniformly tempered  martensite. Photomicrographs  illustratine 

the microstructures resulting from the three different heat 

treatments  are shown in Figures 1$  2 and Z. 

Examination  of the surface of pins from each  lot 
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(Microacopic  ïxaiiiation ccnb - 

dill net disoloae either partial decarburization or  cemenUte. 

figure 1. 

X10QC, etched  .L c. per cent nital. 

TYPICAL MaCRO5TRUCTURE OF 0.1),P. TRACK PIN 
Mf ATLAS  SMELS LTMITED.. 

re 

X1.000,  etched in 2  per cent 1)1t10 

'DY -21 CAI., MICR 0 ..3 TEW C TUR.3  O C D  0  .  TRA.CK  i IN  
F..EAT-'111.&17..:D BY"  CO1I'llTr..2  PLOW CO  LLT1T.D 
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(Microscopic Examination, contsd) 

X1000, etched in 2 per cent nital. 

TYPICAL MICROSTRUCTURE OF PIN HEAT-TM:ATM BY' 
STEEL COMPANY OP =ADA LIMITLM. 

•••• 

Discussion:  

The influence  of three  possible variables on the 

impact  properties of C.D.P. track pins has been investigated. 

These variables are: 

1. Location in the ingot from which the rod 
has  been  rolled. 

2. Austenitic  grain size. 

3. Final  heat treatment. 

Results have  shown that,  while some variation in the 

Impact properties exists within each heat-treated lot, there 

appears to  be  no definite relationship between Impact strength 

and location of cut from  the ingot,  or austenitic grain size, 

or core hardness. 

quite  evident, however, la  the variation in impact 

properties between the  three lots of  different heat treatmenta: 
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(Discuasion, contld) 

(a) of pins austenitized in a  double chloride salt bath by 

the Cockshutt Plow Company, 100 per cent passed seven  400- 

ft-lb. blows; (b)  of the pins heat-treated in  dry  iron  chips 

by Atlas Steels Limited, 67  per cent  passed seven 400-ft-lb. 

blows; and (c) of the pins heat-treated  in a  gas atmosphere 

by Steel Company of  Canada,  none  withstood seven  400-ft-lb. 

blowe.. 

Microscopic examination has not shown any difference 

In  microstructure which would explain the variation in heat 

treatment affecting the impact strength. It Is  possible  that 

these variations in impact strength are caused by variation 

(not micresoopically evident) In the degree of carbide solu-

tion at the auetenitizing temperature,or by reeidual stresses 

Incurred in quenching and relieved to a varying degree during 

tempering. Also, a period of delay between quenching and  tem-

pering increases the internal stress. 

Hardness values indicate some partial decarburization 

on the pins heat-treated by the Cookshutt Flow Company and  the 

Atlas Steele Limited but none on the pins heat-treated by the 

Steel Company of Canada. It is considered significant that 

the groups partially decarburized had higher  impact atrength. 

This relationship has been observed consistently during 

investigation of many  types of  track pin. 

In general, It may be stated that although the possi-

bility of low  impact  strength due to large austenitic grain 

size or segreetion cannot be neglected, heat treatment appeara 

to be the dominating factor affecting the impact properties of 

the C.D.P. track pins. 
MaMM.IMIMM 

• The value of seven  400-ft-lb.  blows is an arbitrary  figure 
chosen to  boat  indicate the variation In Impact results-
and is not meant to suggest any quantitative value, All 
pins tastfee passed the three 400-ft-3.b. blows required 
by specification. 
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CONCLUSIONS: 

l. All  pins  tested met spocifications. 

2. Variations of impact strength, within each 

heat-treated group r could not be correlated with grain size 

or with  location of out  frorri ingot. 

3. The greatest variation of impact properties was 

between lots of different heat treatment., 

4. Variation in heat treatment appears to be the 

daminating factor influencing the impact proporties of C.D.F. 

track  pins. 
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