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O  TTAi:iA 	Decenber  let s  1943. 

REPORT 

of the 

GRE  DRESSING AND VeCALLURGICO, LeBORATOPIES. 

Inveetication  No ,  1544. 

Examination of  headless  Canadian Dry Pin 
Track  Pins  Which  Had  Been in Service 

for 2 e 800  to  59 500 Miles 0  

prieln  of Material  and  Object of Investietion:  

On November  23rd e  1943 e  the Division of Meta:lurgy e  

Army Engineering Deeign Branch ;  Department of Yunitione and 

Supplye  Ottawa e  Ontaric e  submitted Requisition  612 (AEDB 

Lot  Jo. 399 e  Report 22 1) e  Test No o  6)9 coverint* fifty (50) 

Canadian Dry Pin headless track pins (49 whole pins  and  one 

broken pin). The pins were obtained from the Full  Iron  and 

Steel  Foundries  Limited e  Hull e  quebec e  tàrough kr, V, 	G. 

Wilson e  of the  Army Engineering Deeign  Branch a ,  Ottawa. 

It  was reported tàat  the pins  had been in service, 

some up to 2,300  miles, and the remainder  up to  3 9 500 rUles. 

The following  information was  requeeted: (a)  the  hardneas 

of the  worn  and unworn  surfaces and the core  of the pins, 

(b) whether or net  the bar  stock  had  been centreless-ground 

before  haat treatnent e  and (c) the wear  on  the  pins. 
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Macro-Examination: 

The majority of the pins were worn  in  such  a manner 

that they exhibited crankshafting, 'Pour pins  so worn  are  

shown in Figure 1, A  small notch should be noted on  the 

second pin from the top,  It is believed that this was caused 

by grinding a flat on the  pin ln order to take hardness 

readings before the pin was put into service. 

Some of the  pins  were scored longitudinally, This 

may have been caused by  the  peened  ends of the shoes when  the 

pins were removed from  the  track. The bottom pin  in Figure  1 

shows longitudinal scoring. 	 • 

One pin was broken at a  point about .ree  inches from 

one end, The trackbad evidently boen  in use after the pin 

failure, as  the faces of the fracture were worn smooth,  • 

.P.147 147.P_ 

TYPICAL WORN PINS, 

Note crenkshafting; small grinding notch 
on second pin from top; scoring on 
bottom pin. 

")). 
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Hardness Determinations: 

Hardness readings were taken, usine the Rockwell ICI 

scale, on the worn and unworn  parts  or  each pin. Core hardnesses 

were taken on transverse sections of each pin,  The results  are 

listed in Table I below: 

TABLE I. 

	

SU5FACE HARDNESS, 	CORE HARDNESS, 
Pin 	 Rockwell  lc' 	- 	Rockwell 'C' 

Worn  Part  --Urin Part e9. 
1111••■•••■ 

41e 

1 	47,5-49 
2 	51,5-53 
3 	48-50 
4 	52,5-53 
5 	47-51 
6 	54 
7 	51-53 
a 	52-52.5 
9 	54-54,5 

10 	55  , 
11 	52,5-53,5 
12 	51-51,5 
13 	50-51,5 
14 	51-52 
15 	50-51 
16 	51,5-54 
17 	48.5-49,5 
18 	50-52 
19 	50,5-51,5 
20 	51-53 
21 
22 	50-52,5 
23 	48-49 
24 	52-53 
25 	46-46 
26 	50-52 
07 	52,5-54,5 
28 	51-52 
29 	52-53 
30 	53-34 
31 	50,5-52 
32 	51-53 
33 	46-48 
34 	52,5-55  . 
35 	49,5-50 
36 	50-52 
37 	52-54  . 
38 	53 
39 	49,5-50,5 
40 	51-53 
41 	53-54,5 
42 	51. 
43 	51-54 
44 	36-47 
45 	49.5 
46 	48-48,5 
47 	48-49 
48 	53-54 
49 	53,5-54 
50r1 	46-50 

46.5-49 	 48-49 
50.51 

58.45 44-45 
50.52 
34,5-41 
.50-51 	 51-52 

53-53,5 
52-53 	 53 
53-54,5 	 52-55 
51-53-5 	 49-50 
52-53 	 51,5-53 
49-50 	 50.51 

51,5 
51 

48-48,5 

• 	48-49 
48-50 	 50-51 
49-51,5 
51-53 	 51-51,5 
54.5-55 	 52-53 

50-51 
43-48 	 49-50 

52,5-53 
45-46 	 48 
41.49 	 49-50.5 
53-54 0 5 	 53-54 

51-52 
47-54 
52-5$ 	 52,5-53 
47,5-50 	 49-50. 

49-51 
43-45 	• 	51-52 
44,5-45.5 	49,5.51 
42-47 	 49-50 
46,5-48,5 	 •  50,5-52 

-48-50 
52-53 	 ,  48-49,5 
42-43 	 50-51 

46-47  . 
52-54 	 52,5-53 

49.5-50,5 
52.53 	 54 

33-44 
52 

41-45 
48 	 • 	45-46 

49-50 	 51-52,5 
52,5-53 	 52-53 

51.52 

0  Note:  Pin No,  50  was broken about  2-  inches from 
one end, 

(Continued on next ,page) 



Surface Hardness, 
Rockwell  1 C 1  

Pin 
No.‘1  

- Pace  4  - 

(Hardness Determinations e  °antic') - 

Averace of  the Eardness  Readings: 

Worn Surface Unworn Surface 

51.5 	 49 

Core 

50,5 

Note: Values for Pin No, 44 were not used 
---- in computing the average  results, 

!P.M 

eleAl2e122e1: 

1, Bend  tests  were performed on five pins.using 

12-inch  centres  and a 12-inch radius  block, Table II,belo.x 

gives  the load and  deflection at complete failure  à8 well as 

the  surface and  core hardnesses, 

TABLE II, 
Core Hardness e  
Rockwall 'CI 

7 0 100 	0,505 
7 9 900 	0,960 
9,275 	2,300 
80 350 	0,977 
7,900 	0,890 

alCOM.-■ 

2. Drop  impact tests were carried out on ten  pins by 

allowing a 50-pound  weight falling from a height of  8  feat to 

strike  the pin, Wnich rested  on 8-inch centres. Thus the pin was 

subjected to  a  blow of  400  foot-pounds.  Thé  results of theao tests 

ara  listed in  Trble  III,  together with  the core  and  ern-ffIce 

hardnesses, 

Pin Surface Hardness, 
No.  	Rockwell  'CI 

50-54 
31 	47,5-52 
35 	42-50 
36 	46,5-52 
38 	52-53 

51-52 
49-50 
49-50 
50 ° 5-52 
48-49 • 5 

Load, 	Deflection, 
221ela 	inches  

TABLE In o  
Core Hardness e  Result  of  Impact Test 
Rockwell 'C' 	i422.122.tuounds) 

	

9 	53,5-54 0 5 

	

16 	51.5-54 

	

20 	51-53 

	

21 	. 	54.5-55,5 

	

24 	52-53 

	

30 	52-54 

	

37 	52-54 

	

40 	51-53 

	

41 	52-54,5 

	

49 	52.5-54 

52-55 

51-51,5 
52-53 
52,5-53 
52,5-53 
48-50 
46-47 
52.5-53 
52-53 

Passed, 
Passed ° 

 Passed, 
Fussed ° 

 Failed. 
Failed, 
Passed ° 

 Passed, 
Passed, 
Passed, 

Note:  The  surface  hardnosses  listed  in Tablas II and III 
are the full range of  hardness on both  the  worn 
and  unworn parts, 
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Wear Measurements: 

The  diameter» of twenty-four pins were measured 

at various points in  order to obtain  6n  idea of  the amount 

of wear. Figure 2  illustrates the  points at Which mesaure-

ments were taken, Since the pins were worn so that they 

were no longer truly round, measurements were taken at 

right angles, obtaining the minimum  and maximum diameters 

at each point, The  results of these  measurements are 

listed  in  Table IV on rage 6. 

Figure 2. 

7 	 A 

DIAGRAM SHOWING POSII'ION OF MEASUREMMITS. 

(Win;  IV  fEnUrE477)  
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TABLE IV. 

	

o e  T--V-1  on 	Number --e-- 

	

.,,.  • 	= 1B • 2A :=B-  : -3/7- "SF-F-41-7  4  ii  . ---5-r-7-Er-* --6.X  • 6f.r  . 
Pin  : 

 

	

, 	 . ._-_-!.. 	 . 	 . 	 . 

- 	 - 

No :  : 	 - PIAMETT? 1 

	

R 	IN INCHES  - --:_.„ 
••••■ 

0 

VIM 

• • • • 	 a 	 p 	 • 	 ; 	 - 	• • 
3  :  0,762  : 0,801 : 0,776  : 0,780 : 0,772 : 0,789 : 0.762 : 0.774 : 0: 759 : 0,776 ; 0,766 : 0,736  :  0,775 : 0,795 

	

4 :  0,770  :  0,799  : 0774  : 0.705 : 0,776 : 0,793 : 0.773 : 0.735 ; 0,782 : 007 191 : 0 : 780 	OG 792 : 0.794 	0 0 797 
5 :  0,770 : 0,707  : 0.756 	0761 : 0,760 : 0, 783 : 0,745 	0,780 : 0.754 : 0779 : 0 : 754 	0,786 : 0,758  : 0,777 
6 :  0.781 :  0.799 : 0,777 : 0.786  : 0.779 : 0.790 : 0.772  2  0,760  :  0,735 : 0,791 : 0,774  :  0778  :  0,792  : 0,791 
7 : 	r  0,786 : 0,772  : 0,782 : 0,757 : 0,770 : 0,760 ; 0,770 : 0,773  :  0778 : 0.769 ; 0.776  : 0,779 : 
8  : 0,797 : 0,800 : 0,783  : 0,788 : 0,779 : 0.787 : 0.770 : 0,776 : 0.777 : 0769 : 0,785 : 0,797  : 0760 : 0,790 
11 :  0,790 	0,801  :  0,730 : 0,791 ; 0,785 : 0,795 : 0,779 : 0,787 : 0,760 : 0,795 : 0.775 : 0 0 79G  : 0,793 : 0,802 
12 :  0.766  : 0792 :  0,780 ; 0,788 : 0„783 : 0,793 : 0762 : 0737 : 0. 734 	0,791 : 0,784  :  00794  : 0,792 : 0.797 
19 :  0,793 :  0,804  : 0,762 :  0,795 : 0,777 : 0 0 79G : 0,781 : 0,789 	0,777 : 0,792 : 0 0 782 : 0,797  : 0,784 : 0,795 
23 : 0,782 : 0,795 : 0,770  : 0,792 : 0,773 : 0,793 : 0,767 : 0,755 : 0 : 771: 0,795 : 0,763 :  0,784 : 0.782 : 0,798 
25 	0.784 : 0,795 : 0'0 777  : 0,789 : 0,771 : 0 0 786  :  0,764 : 3.7u  :  o D me 	0 0 789 	0.76  :  0,780  : 0 0 773 : 0,786 
26 : 0.759 : 0,791 : 0,771  : 0 G 779 : 	: 0,794 : 0 0 ',71 : 0,779 : 0,783 	0,703 	0,77 5  :  0,785  :  0.:770  : 0.797  
27 : 0.791 ; 0.801 :  0,778  :  0,778 :  O,7e1 : 0,79C : 0,778 : 0.787 : 0 0 703 : 0,794 : 0,782 : 0794 :  0,79G 	0,601 
29 : 0 0 780 : 0,795 : 0,770 	0,790  :  0770 	 :  0,762 ; 0,769 • 0,773 : 0775  :  0,756 ; 0,775 : 00785  : 00790  

: 0,788 : 0,799 : 0,719  : 0,782  :  0,768 : 0,795 : 0 0 755 : 0,779 : 0,769 	0,788 : 0.763 : 0,795 : 0„782  ; 0,800 
33 : 0,602 : 0,805 : 0,796  : 0 0 801 	0,796 : 0,002  :  G 0 791 : 0,801 : 0,797 : 0,601 : 0,791 :  0,799 :  0,600 : 00602  
31  : 0,791 : 0 0 F,05 	%774 : 0,500 : 0,773 : 0,799  :  0,770 : 0,785 : 0,774.: 0,302  :  0,765 : 0 0 707 : 0,765  : 00608 
35  : 0,778 : 0,798 :  0,776  :  0,797 : 0,779 : 0,798 : 0,778 : 0,793 	0.782 : 0,794 : 0,772 	0,782 ;  0.792 : 0,807 

: 0,800 : 0,800 : 0783  : 0,789  :  0 0 785 : 0,768  : 0,771  : - 0„778  :  00764  :  0792  : 	 0,760 :  moo  : 0,804 
:  0,790  : 0,796 : 0,760 :  0,770 : 0 0 768 : 0.779 	0,7/i6 	00 760 : 0,774 : (,786 :  0, 750 : 0,7n  : 07 	: 0,797 

39 : 0,777 :  0.796  : 0,771 :  0,771  :  0,772 . f.),785 	o c 77::  :  0783 : 0,777 : 0,783 : 0,780  :  0,791 : 0,7E,6 	3„ei"23' 
43  :  0,793 : 0,799 :  0,771  :  0,766 :  MSS  : 0,803 : 0.767  :  0,769 : 0,783 : 0,769 : 0,767  :  0,796  :  0.765 	0794 
46 : 0,776 : 0,500 : 0,774 :  0,784  :  0771 : 0,790  :  0,76C : 0,766 : 0,771 : 0,781  :  (3,737  :  0,788 	0,780 : 0,799 
47 : O o nb : 0,794 : 0,767 :  0,76 	0.777 ; 0,792 : 0,767 	0,786 : 0,782 : 0,795 : 0,773 	0,795  : 0,797 : 3, 799 

• • • 

.1•111MIL.1 

4. 



1•••■•••••■■••• 7-YVEM Point  Number 

6 
Pin : • 
Vo, : 1 	: 	2 	: 	3, : 	4 	: 

: Wear, 
:  inches 
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Calculation of Wear: 

In calculating the wear from the pin diameters in 

Table IV, the original diameter of te pin was assumed to be 

0.813 inch (the specification requires limits or 0.8125 to 

0,8175 Inch). From this value 'the minimum diameters (1A,  2A, 

3A,  etc,)  were subtracted, giving values for maximum wear at 

seven points an each pin, These values were averaged to give 

an  average maximum pin wear, These values  are  recorded in 

Table V  below: 

TABLE V. 

	

3 	: 0,031 : 0.037 : 0,041 : 0,051 : 0,054 : 0,047 : 0,038  : 0,043 

	

4 	: 0,035 : 0,039 : 0,037 : 0,040 : 0.021 : 0.023 : 0,019  :  0,031 

	

5 	: 0,043 : 0,057 : 0.053 : 0.065 	0,059 : 0.059 : 0,055 :  0.056 

	

6 	: 0,032 : 0.036 : 0,034 : 0,041 : 0,028 : 0.039 : 0,021 : 0,033 

	

7 	: 0,032 : 0,041 : 0,046 : 0.053 : 0,040 : 0,044 : 0.034 : 0.041 

	

8 	:  0.016 : 0 3 030 : 0.034 : 0.043 : 0,036 : 0.028 : 0,033 :  0.031 

	

11 	:  0,023 :  0,033  : 0„028 : 0,034 : 0 9 033 : 0,038 : 0,020 : 0,030 

	

12 	: 0,047 : 0.027 : 0,030 : 0,031 : 0,029 : 0.029 : 0,021 : 0.031 

	

19 	:  0,020 : 0,031 : 0,036 	0.032 : 0,036 : 0,031 : 0,029 : 0,031 

	

23 	:  0 3 031 : 0.043 : 0,040 : 0,046 : 0.042 : 0,050 : 0,031 : 0,040 

	

25 	: 0,029 : 0,036 : 0,042 	0.049 : 0.044 : 0,044 : 0,040 : 0 0 041. 

	

26 	:  0,044 : 0,042 	0,035 : 0,042 : 0,030 • 0.038 • 0,043 :  0.036 

	

27 	: 0,022 : 0.03 3  : 0,032 : 0,035 : 0,030 : 0.031 : 0,023 : 0.031 

	

29 	: 0,033 	0,043 : 0,043 : 0.051 : 0.040 : 0.057 : 0,028 : 0,042 

	

31 	: 0,023 : 0,064 : 0.045 : 0,057  z  0,044 : 0.045 : 0.031 : 0,044 

	

33 	: 0,011 : 0.017 : 0.017 : 0,022 : 0.016 : 0,022 : 0,013 : 0,017 

	

34 	: 0,022 : 0,039 : 0,035 : 0.043 : 0.039 : 0,048 : 0.048 :  0,039  

	

35 	: 0,035 : 0.037 : 0.034 : 0,035 : 0,031 : 0.041 : 0.021 : 0.033 

	

38 	:  0,013  :  0,030.  0,028 : 0,039 : 0 3 029 : 0.031 : 0.013 :  00028 

	

38 	: 0.023 : 0.053 : 0,04 $  : 0,067 : 0,039 : 0.063 : 0,020 : 0.044 

	

39 	: 0.036 : 0.039 : 0,041 : 0,038 : 0,036 : 0,033 : 0,027 : 0,036 

	

43 	: 0.020 : 0.042 : 0,025 : 0.046 :  0,030  : 0,046 : 0,028 : 0.034 

	

46 	• 0,035 : 0 0 039 : 0.042 : 0.047 ; 0.042 • 0,046 :  0,033  : 0.041 

	

47 	: 0.027 : 0,046 : 0,034 : 0,046 : 0.031 • 0.040 • 0,016 : 0.036 

Mluum.92pic  Examinations: 

Transverse  sections were cut from two of the pins, 

etched  in  2 per cent rital, and examined under  the microscope ,. 

 Figure 3, at 250 diameters, shows a section at the surface  of 

a pin,  

•(Continued on next page) 
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(Microscopic Examinationa l, contli) 

SECTION  OP  PIN SURFACE 3  

Note  partial dot:arburization at surface,  as 
indicated by presence  or  ferrite  (White 
constituent), 

Discussion: 

Tho surface hardness on  the worn  parte  is higher  than 

on  the  unworn parts, Uhen cll readings  are  averaged  the  differ-

GI1C5 is 2,5  Rockwell  'C' Ø  The maximum difference observed  on  an 

individual  pin  is 11 hockwell  'UR,  Tho ze  differences would .  

indicate that the  pins  were decarburized in  varying  amounts  or 

ware  unevany worn,  The'  e Is a  possibility  that  some work 

hardening of the surfsce metal on the worn  parts  has  occurred, 

The average of the core hardnesses is 1 Rockwell 'C' below the 
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(Discuseiore, contld) 

average hardneas of the worn sUrfaces. In some pins this 

difference is as much as 4 Rockwell 'Z'. 

Tho surface decarburization is shown in the phetamicro-

graph, Pigure 3. This shows a wide band of partially decarbur-

ized material. The decarburization had been eltatinated  at the 

surfaae to amme extent by heat treatment.  This  indicates 

quite definitely that the bar  stock was not centreless-ground 

to eliminate  the decarburization before heat treatment. 

Of  the five pins subjected to the bend te8t 0  four 

took the  specified 0 0 7-inch deflection without failing. The 

one pin that did fail this requirement failed at  a  deflection 

of 0,505 inch.  The surface and  core hardnesses of this pin 

were both above the specified limits. 

Of ten  pins  nubjected to the drop impact test, eight 

withstood  a  blow of 400  foot-pounds, The surface and cors 

 hardness of the  two pins that failed were above  the specified 

maximum. However, some of  the  pine which passed the test had 

the same or even higher hardnesses0  so this cannot be wholly 

blamed for the failure, In view of the fact that some of these 

pins  had surface  and core hardness above  the  specified maximum 

of 51 dockwell ICI; that one pin took only a 0 0 505-inch deflec-

tion . before failing,  and that two pins  failed  a  400 foot-pound 

blow0  and yet the  pins stood up in  service for  •3 0 500 miles, it 

appears that  the specification as drawn up for headless  pins  

which are not centreleau ground gives the pins a  margin of 

aafety  in  the 51 lockwell lOe maximum hardneas and  0 0 74nch 

minimum bend deflection. 

The  pins  are crankshafted but  not severely, considering 

the mileage they  have gone, Assuming that all  pins have gone 

3,000 miles,  the mean wear per  thousand miles on the twenty-four 

pins measured is 0.012  inch, 
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CONGLUS1ONS: 

1. The surface hardness on the worn parts is 

higher than on the unworn partie  and is higher than the 

core hardnesa, 

2. The unworn parts show  partial surface 

decarburization, indicating that th!!_pins  were not made  

from centreless-ground bar stook, 

3. The specification as drawn up for headieuA; 

pins which are not centreless-ground gives the pin a 

margin of.safety. 

The wear on the pins is not severe, 

considering the mileage they have gone. 
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