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OTTAWA 	November 9the  1943. 

REPOR.  T 

of the  ' 

ORE DRESSING AND METALLURGICAL LABORATORIES. 

Investigation No e  1530 0  

Interim Report of An Investigation into 
Failures of SAE 9255 Canadian Dry Pin 

Track Pins for the Grizzly Tank, 

91.1&12-2LAIlriall 

This is an interim report covering the work done 

on the SAE  9255 pins for the GRIZZLY tank during the period 

from November  let  to 8the  1943 0  

Requests for this investigation e  and materials 

submitted e  are; 

(1) 0 0 T 0  4088; Inspection Board of United Kingdom and 

Canada. Vine (9) broken pieces and 1 unused pin 

received on November ist e  

(2) AEDB Lot No e  390, Reg o  603; Department of Munitions 

and Supply c  Two (2) broken pins submitted by Profe 



Carbon 
Manganese - 
Silicon - 
Sulphur 
Phosphorus  - 

0.52 
0,95 
2.09 
0,622 

0.55 
0,95 
1.96 
0,016 

0,53 
o,es 
2,02 
0,020 
0,011 

••••••••111■••■■••■••••■••■•■■■••11•••■••••■■■ 
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(Origin  of Material, cont , d) 

J o  U.  MacEwan on November  lst, and 100 broken pins 

received on November  8th 0  from Montreal, Queboc. 

(3) AEDB  Lot  No,  391 0  Req, 604; Department of Munitions 

and Supply, Fifty (50) unused pins received from 

Hull o  on November  4th0 

(4) AB Lot No, 392 0  Req. 605; Department of Munitions 

and Supply, Forty  (40) pins unbroken ;  taken from 

a tank Which had been in service for approximately 

50  miles,  received  on  November 4th from Montreal. 

The results of the work carried  out  at  the  Oorre . , 

Plow plant, Brantford, Ontario,  on November 5th and 6th0  ara 

also included in this report. 

mie 

Chemical Analysis: 

Drillings were taken for chemical analysis from an 

unused pin eubmitted by Hull and from 2 broken pins obtained 

from Montreal, 

Hull 	 Montreal Pins 
Pins 	Failed No  I  Failed No77 

--7->77F-Ftn- 

■••••a•nt 

Hardness Tests  on Failed Pins  

Surface  and core hardnesses  were taken on a  large 

number  of  brokea  pins, Table  I  liste the readings obtained, 

using  the Rockwell 'C ,  scale, 

(Continuo  on  next page) 



Pin 
No °  

46 
47 
48 
49 
50 
51 
62 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

Pin 
No c, 
MIZIIMI•11101• 
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(Hardness Tests on Failed Pins, contgd)  - 

TABLE  I.  

Surface 
hardness, 
Rockwell 

'CI 

	

1 	46-50 

	

2 	50-53 

	

3 	teur 

	

4 	51-52 
53 

	

6 	r3-54 

	

7 	51-52 
50-51 

	

9 	49-51 

	

10 	50-51 

	

11 	52 
12 

	

13 	50-52 

	

14 	52-53  

	

15 	50-52 

	

16 	50-52 

	

17 	50 

	

18 	51-52 

	

19 	50-51 

	

20 	50-52 

	

21 	51-52 

	

22 	UrZ3 

	

23 	51 

	

24 	51 

	

25 	52 

	

26 	51-52 

	

27 	UT:U3  

	

28 	50-51 

	

29 	52-53 

	

30 	51-52 

	

31 	52-54  

	

32 	50-52 

	

33 	50-51 

	

34 	52-54 

	

35 	UU=Uff 

	

38 	50.51 

	

37 	51-52 

	

38 	47-50 
39 	50-53 

	

40 	ZU:ZT 
41 	50-51 
42 	50- 2  . 
43 	43-46 
44 	51-52 
45 	55  . 

Core 
hardness, 
Rockwell 

ICI 

49-50 
53-54 
eZUT 
51-52 
53 
53 
n52 
51 
50-.51 
50 
52-53 
4-7271.6 
48-51 
51-53  
51-52 
49-51 
50 
51-52 
50-51 
49-52 
53-54 
-sr zez 
•49-52 
50-51 
51-52 
52-53 
51-63  
50-51 
51-52 
e"--- 

 52-53 lrezr 
51 
53-55 
1-117e 
50 
50-51 
51 
52-53 
Ur- 
50-51 
47-48 
47-48 
52 
52-53  

Surface 
hardness, 
Rockwell 

v .eg 

54.45  
50-51 

50 
52-53 

TGZÉT 
52.053  
52.954  
-52-53  
50.52 
52.53 
1757:gff 
51-53 
54-56  
54-56 
Ur:CS 

UZI 
50-52 
50•=51 
.50.Ee 
54-55' 
50-52' 
50-51 
eo.52 
50-52 
50-51 
52-54 

52 
-50-52 
53.i>54 

50-52 
52-54 
e7ET 
171.7E3 
Te-e 
49-50 
51-52 
53-54 
C:U3 

Core 
hardness, 
Rockwell 

scs 

53-55 
Ur-
52 
51-52 
53-54  
52 

ue 

Note:  Readings underlined where reading in  case  or  core 
exceeds 52 Rockwell ICI. 

36 pins  have readings of  53 Rockwell gCg on surface 

or core. 

2 pins have  all readings below 50 Rockwell 1 0 9  for 



r, 
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(Hardness Tests on Failed Pins, contod)  - 

both core and surface, 

TABLE IA,  - . Depth-Hardness  Relationships,. 

Distance from surface, 
in  inches 

0,165 
0,106 
0.086 
0,058 
0,036 
0,018 
0,012 
0,004 
Surface. 

0.255 
0,197 
0.169 
0,100 
0,075 
0.050 
0,018 

536)  Surface 
536) 

• In the time available, it was only 
possible to check  this  relationship 
for  two pins, 

MOOMI. 

Bend  Tests on  7-Inch  Centres; 

Bend  tests were  carried out an 7-inch centres,  using 

a 1-inch-radius block,  The centres were reduced to allow  bending 

of a  section of a broken pin, Table II lists the results 

TABLE II,  -  7-Inch Centres. 

Load, 	Deflection, Surface 
pounds 	in inches hardness, 

Rockwell ' 

V.H,N, 

525 
525 
525 
525 
536 
514 
530 
530 
530 

508 
508 
514 
514 
503 
488 
519 

Pin 

Hull (unused) 
Rivetted  pin  taken out 
prior to any service 

Broken pin in  service 

il 	II 	it 	it 

te 

It 	t, 	tt 

0 	II 	it 	 It  

24,250 

24 0 900 
22,000 
19,000 
17,000 
17,000 

 23,800 
23,850 

0,584 

1,42 
0,589 
0,340 
0,325 
0.319 
0,877 
0,753 

50-51 
51-53 
51-53 
50-52 
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Bend  Tests on 5-Inch Centres  Broken Pins: 

Broken  pins were tested usine 5-inch centres and 

1-inch radius. The  following results were obtained: 

TABLE III. 

Surface 	Care 
Pin 	Load 0 	Deflection, 	hardness, 	hardness, 
E2.2. 	in pounds 	in inéhes 	R et7,e  

1 	- 	26,500 	0.260 	 50 1.53 	53-54 
2 	- 	26 000 	0.390 	 49.51 	49-51 
3 	- 	24,600 	0.265 	 51-52 	51-52 
4 	- 	26,500 	0.328 	 53 	 53 

1..11•111■■•••■•••• ■•••■■■■••■••••••••■•■■•■11.11•1111■•■ 

Results  from Unbroken Pins Taken from a Track Which Had  a 
----"lunrner. of=7n—Pailures:  

Forty unbroken  pins Whichhad been removed from a 

track  which had shown a  number of pin failures up to epproxi- 

mately  60 miles were examined, Table IV givas the bend and 

Impact  test results. The bands were taken on the regular 

specified 12-inch centres and 12-inch-radius block. The 

Impact tests  were carried out on the standard test machine. 

TABLE IV.  - 12-Inch  Radius and 12-Inch Centres ,  

Pin Bend load, Deflections 	Impact ' 	egg" gganess No 0 	in pounds 	in inches 	foot.pounds 	R leee' 	R. 'C'   e  
•

1 	10,100 	2 0000 	 - 	 49-51 	48-50 
• 2 	9,900 	1.42 	 . 	 50-52 	50-51 

	

3 	10,050 	3,25 	 - 	 48.49 	49-50 

	

4 	9,850 	2.62 	 - 	 49.51 	49-50 
50 	8,000 	0,570 	 . 	49-C1 	49.51 

	

6 	10,000 	---17e------7 - 	--------PeU2 	srre 

	

7 	 ' 	9,500 	0.897 	 . 	 50.51 	51-52 

	

8 	10 0 200 	1.679 	 - 	 50-51 	48.51 

	

9 	9 0 400 	1,12 	 . 	 49.50 	42.51 

	

10 	10,050 	1.69 	 . 	 50.51 	48-51 

	

11 	10,050 	1.92 	 ... 	 52-53 	50.52  

	

12 	9,900 	2.65 	 . 	 49.51 	48.50 

	

13 	10,150 	2.800 	 - 	 50-51 	50.51 

	

14 	10,350 	2.630 	 - 	 52.53 	49.51  

	

15 	10,350 	1,430 	 . 	 50.5T 	50.52 

	

16 	10.350 	1.895 	 . 	 50-52 	50-51 

	

17 	9,550 	1.066 	 .  - 	 50.51 	49-51 

	

18 	10,200 	2,000 	 . 	 50,.52 	50.52 

	

19 	9,380 	1.250 	 - 	 49-51 	50.51 

(Continued on next page) 



Deflection, 	rmpact e  
in inàhes  foot-pounds  

3x400 
3x400 
3x400 
3x400 
3x400 
3x400 
3x400 
3x400 
3x400 
3x400 
3x400 
3x400 
3x400 
3x400 
lx400F 
ne75-  
3x400 
3x400 
3x400 
3x400 

Pin  Bend load, 
No o  in pounds 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

a 

a 
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(Results  from Unbroken Pins Taken from a  Track Which Had  a 
Number of Pin Failures, contqd) 

TABLE  IV. -  12-Inch  Radius and 12-Inch Centres contld.  - 

Surface 
hardness, 
R. 9 C 

50-52 
52-53  
51-53  
50-51 
50-52 
50-52 
49-51 
52-54 
50-52 
49-51 
50-51 
50-52 
50-51 
50-51 
55-56 
3"ege 
49-51 
50-51 
50.52 
50-51 

Core 
hardness, 
R o  'Ce 

49-50 
52-53 

Uegn 
49-50 
48-50 
48-51 
52-53 
51-52 
48-51 
49-51 
50-51 
49-51 
49.50 
54-55   
49-51 
48-51 
49-51 
50.52 
49-51 

!...!1•••■•••■■•!IMIMM. 

• Below specification bend figure,  0 0 7 inch o  
Readings underlined Where hardness in case  or core exceeds R,  , C ,  52. 
Seven pins have readings of 53  R o  IC' or  more on case or core. 
No pin has all readings below 50 R. 2 C , 0  

Results  from Unused Pins  Obtained from Hull Iron and 
Steel Foundries Limited o : 

Fifty pins were obtained at random from the stock 

pile at the Hull Iron and  Steel Foundries Limited. These pins 

had not been rivetted  into  track °  Incidentally,  a  few tests 

made on rivetted pins taken from unused track  gave  similar 

results °  Impact and bend teste were  made under the standard 

specified conditions  (namely,  12-inch radius and 12-inch 

centres for the bend test and impacts,  on the standard testing 

machine), Table V  lists the results: 

(Continued an next  page) 
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(Results from Unused  Pins Obtained from Hull Iron  and Steel 
Foundries Limited 9  cont'd) 

TABLE V, -  12-Inch  Radius  and  12-Inch Centres. 

Surface 	Core 
Fin 	Impact, 	Bend load, 	Defleotion, 	hardness ;  hardness, 

	

foot-nounde  la_22.£211 	in  inches 	R,  'CI 	R  ç r i 

I  

1 
2 
3 
4 
54e 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 

:d3le  
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

- 10,000 	1.722 	51-52 	50-51 
- 9,900 	1,675 	45-47 	45-46 
- 	8,900 	0,720 	49=51 0 5 	49-51 
- 100 150 	1,758 	47-50 	48-50 
- 8 -A- 

	

050 	0,485 	53-54 	53-55 
3x400 	 -  ---------e---ur-------7g7e 
3x400F 	. 	 . 	 52-53 	52-53 
3x400 	 . 	 . 	 n73ff 	Fpue 
3x400 	 - 	 - 	 47-48 	48-50 
3x400 	. 	 - 	 47-43 	4/-50 
3x400 	- 	 . 	 50-52 	51-52 
3x400 	- 	 . 	 50-52 	50-52 
3x400 	. 	 - 	 48.49 	48-49 
3x400 	- 	 . 	 46-49 	49-51 
3x400 	 - 	 . 	 50..52 	50-52 

- 
 

	

9,450 	1,042 	49-50 	49-51 
. 	10,400 	1,750 	50-52 	50-52 
- 10,400 	1,300 	48,52 	52-53 
. 	10,100 	2,412 	.e57.11T 	--Gr 
- 9,550 	0,946 	50-51 	49-50 
- 10,550 	1,464 	50-52 	50-53 
- 100 400 	1,692 	47-50 	48-5(5 
- 	10,700 	1200, 	50-51 	51-53 
- 7,000 	0,403 	54-56 	U375U 
- 9,750 	2,325-4-F70-4r:ge 
- 109 500 	1,654 	49-51 	49-52 
- 10,200 	2,135 	49-51 	49.52 
- 10,550 	1.170 	53-54 	494,52 
- 9,800 	1,300 	71"PUT 	TPUT 

- - 	 50-52 	46-49 
- - 	 49-50 	50-51 
. - 	 53-54 	52-53 

	

- 	 . 	 49-50 	52-53 
- - 	 50-5S 	rr:54 

	

.. 	 _ 	 52.17 	wrgi 
- - 	 51-52 	b-b-ç'i. 

	

. 	 . 	 48-50 	50-53   

	

- 	 = 	 TZ:rf 	51-52 
. - 	 48.49 	49-51 

	

. 	 - 	 50-51 	50-51 

. - 	 52  
- - 	 51-52 	52-53 
- - 	e:ze 	48-4e 
. - 	 50-52 	51-52 

	

- 	 . 	 48-50 	49-52 
- , 	 49-50 	49-0 
. _ 	 52-54 	47-50 41re 	'Ter 

	

. 	- 	60-51 	49-5 

	

ar 	 - 	 50-51 	40-51 

3x400 
3x400 
3x400 
3x400 
3x400 
3x400 
2x4 00F  
2x400F 
3x400 
3x400 
3x400 
3x400F 
2x400F 
2x40051 

 3x400 
3x400 
3x400 
3x400 
3x400 
3x400 
5x400 
3x400 

•  Figures  are below specifications 
Readings are underlined where hardness in  case  or core exceeds 
Rockwell IC' 52. Fourteen (14) pins have readings of  53  R. '0' 
or over on case or  core. Three have  all readings below R.'0 1  50 0  

for  bend. 
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Teste Carried Out at Cockshutt Plow Com.any„  Brantford: 

On November 5th and 6th the writer visited the Cockshutt 

Plow Co. plantto investigate the process, Previous experience 

with pins which had not been centreless-ground had shown that 

treatment in high cyanide concentration may produce embrittle-

ment in these SAE 9255 steel pins. With the centreless-ground 

pin a short-cycle  heat treatment in low cyanide salt was 

declaed on o  

It was felt that the effect of low aid high cyanide 

at this short time cycle (22 minutes) should be determined 

since pins within the specified hardness range were failing, 

and it was thought that cyanide concentration might be the 

cause of these failures, 300 pins of the same heat of steel, 

Atlas Heat 2804were treated as follows: 

150 heated in 24,4 per cent  c anide for 20 minutes 
at 1575° F„oil quenched,and drawn at  800°  F. 
for one hour, 

150 heated in 10,7 per cent c anide for 20 minutes 
at 1575° , oil quenc ed,  and drawn at  800°  F. 
for one hour, 

All conditions were kept  constant, the  only vartabla 

being the cyanide concentration, The results were 

(Continued on next page) 



"HIGH CYANIDE" PINS, iommem=========memimmum 'LOW CYAËIDE:" 

62.5,  63»  62, 63 
_61,5, 62,5 »  63. 
62, 62,5,  62, 60 
63,5,  63, 63, 62 
63, 61, 62.5,  63 
63 0  61,5»  63 
62,5 9  62.5,  60,5 
63,5,  61, 63, 62 
63.5, 62.5,  63, 
61,5 ;  62.5,  63, 
62,5, 62,5,  63, 
63.5, 63, 63, 62 

After Draw at  6000  P O  for 1 hour - 
-7671ns at  random 177=0----  

49, 50,  49 ;  49 0 5 
48,5, 48,  48, 49 
48,5, 49,  50, 49 
49 0  48, 49,  49 
49,5 0  49, 49 
49, 48,5„  49.5, 49 

IMPACT  TESTS 

64 

63 

63 
61.5 
64 
.5,  63,5 

blows, 
third blo* 

,ee 

0 
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(Tests Carried out at Cockshutt Plow Co., Brantford, cont'd)  - 

ealerimmaill*••••••ma....••••■■■■..wavetr.+1.1.11. 

i t MATE1M_(V.H.N0 )  

All!nf,219n211 - 
--T12-pira-it random  from 150)  

HARDNESS V,H,N.) 

(-1-0 -Plrii-it random from 150) 

63,  63,  62,5, 63 
62,5,  639  60, 63 
63,  63,  63,5, 63 
62, 63, 63.5 
63, 63,  63,5 
63, 63.5 0  53,5 
63, 63, 63 
61,  62.5,  52,5 
63,  63,5,  62,5 
63, 63, 63 

After Draw  et 800°  P, for 1 hour - 
\3 pins at random fromr- 

49 9  49,  48.50  48,5 
49,48,5,  49,5, 48,5 
50, 49,  50 »  50 
49,  46,  48,5 0  49 
50  50,  50, 50 
49,5, 49 0 5 0  50 0  50 

IMPACT TESTS 

Pin 
Blow 	Results  

Pin 
No, 	B/clit 

”asnsewseuremearrao 
Results 

1 - 400 ft-lb,  Broke onerst blow. 
2  -  400  " 	n 
• - 350 	" 
4 - 350 
5 - 350 	" 
6 -  350 "  

• " second " 
• " first " 

second " 
• " first " 

1 - 400 ft-lb. 
2  -  400 " 
3  -  400 " 

e.  400 	" 
5 - 400 
6  -  400 " 

Passed 3 
Broke on 

Passed 3 

3 
1.11111Mmufbeldelrapy■mallOO...11171.RIM■rellei, 

• 111.11•11•111■1. 

Forty pins of each type  were  sent co these 

Laboratories for further tosts, Table VI lists the resu2.te 

obtained  on these Cockshutt Plow pins: 

Continued on next page) 



• 

:  lx350F: 
• 

•• 	
• 
• 
• • 

: lx350F: 
: 2x350F: 

21 
22 
23 
24 
25 
26 
27 

S.  

8,000 :0.556 
9,300 :0.830 
9,100 :0,763 
8,550  :0 3 644 
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(Tests Carried out on Cockshutt Plow Pins at 0 3 11,M.L.) 

TABLE VI. 

: Bend :Defleci- orac7s-': ore 
Pin : 	: load,  : 
No °  : Impact:  pounds : tnches  

in 	:hardness, :hardness : 
:  R. , 0g 	: Remarks 

P•m■MMW/a• ■■■•■••••■•■ 

1 : 3x400P: 
2 : 	 :  10,300 :1,39 

. 5 	. : 10,150 :3.45 

	

4  : 	: 9,800 :1.8 
5 : 2x400P: 

	

6 : 	: 99 600 :1.8 Unbro 

	

7 : 	 :  10,000 :2.000 

	

6 : 	: 10,250 :1.985 
9 : 3x400F: 

	

10 : 	: 9,850 :1.8 Unbr. 

	

11 : 	: 12,500 :2.00 

	

12 : 	: 10,200 :1.81 
13  :  3x400P: 
14 : 2x400F: 
15  : 3x400F: 
16 : 2x400F: 

	

17 : 	: 9,900 :1.59 

	

18  : 	: 9,860 :1 3 58 

	

le  : 	 : 10,450 :2 3 17 

51,50 0 5,51 :50-51 
:50-51 	:51-52 
150-51 	:50-51 
:49.50 50,50 :49-50 
:51,51,51.5 :50-51 
:46.5,46.5,47:45-47 
:50,50,50 	:48-50 
: (52) 	:51-53 
:49-51 	:50-51 
:49.51 	: 50 
:49,51,50.5 :49-51 
:50,50,50.5 : 51 
:49,49.50 	:4e 51 
:49,49 0 5,49.5:50-50 
:51,50.5 0 51 :50-51.5 
:48.448.5,49 :48-49 
:50.5,50,50.5:51-52 
:50,50,49.5 :50-52 
:51,51,31 	: 50 

: Broken, 
: Not broken. 

:  Not broken. 

• 

: Unbroken. 

: Broken. 

• 
: Broke, 
: Broken. 
: Broken. 
• 

	  HIGH CYANIDE PINS (24%), 
tur 

• 
• 
: Broke. 
: Broke. 
: Broke. 
: Broke, 

• • 

:  Broken. 

20 	3x400P: 

• 28 : 1x350F: 

	

29 : 	: 10,000 :1.12 

	

30 : 	: 99 950 :1.31 

	

31 : 	: 9,000 :0„890 

	

32 : 	: 9,580 :0,910 
33 : 3x350P: 

	

34 : 	:  9,450  :0,791 

	

55 : 	 9,900 :1,662 
36 : 3x350F: 
37 : 3x350F: 
38 :  1x350F: 
39 : 2x350F: 
40 : 2x350F: 

•••■••••■•••■ 

• • 
:49-51 	:49-50 
:51 0 51,51 0 5 :50.:52 
:50,500 50 	:50-52 
:50, 51.5,50b:50-51.5 
:51,510 51 	:50-51 
:51.50 51 0 51 :51-52 
:52,52,52 	:53 
:50.5 0 50.50 51:50-52 
:50-51 	:50-51.5 
:50.5 0 51 9 50.5:50-51 
:50.5 0 50,5,51:51-52 
:50 0 50.5,50 :51-52 
:51,51,51„5 :51-52 
:49.5,50,50.5:50-31 
:51.5 0 51,52 	51 
49.50 50,50.5:48-49 
:51,51,51 	: 52 
:49.5,50 0 50.5: - 
:51,51.5,51,5:50-51.5 
:50,50,50.5 :50-51 
51.5,51.5,52:52-53 

• • 

•■••■■■■•• 

Two pins which had been treated as above but in 

bath of 15 to 17 per cent cyanide, and having the saine  surface 

hardness, were impact-tested. 

Pin No. 1 failed first blow at 350 ft-lb. 
Pin  No. 2 failed second blow at 350 ft-lb. 
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DISCUSSION: 

The above is written as an interim report to meet 

the exigencies of the situation. As the work is still In 

progress no definite conclusions will be listed pending the 

completion of the final report. The test results available, 

however, at least indicate that treatment in high cyanide 

baths may severely lower the impact strength of the SAE 9255 

steel pins. It also is of concern that a fair number of 

pins examined are over the specified Rockwell eC ,  51 hardness. 

Early test work demonstrated that this hardness limit cannot 

be exceeded without grave danger of ambrittlement e  It is of 

interest that the broken pins examined show a much higher 

percentage of high hardness pins than do unused or Whole 

used pins. 

In view of the danger of embrittlement associated 

with the casing of this medium carbon steel and its loss of 

toughness in high hardness ranges, it is felt that pin 

properties would most probably be improved by treatment in  • 

a lower-strength cyanide bath (or, better, in a neutral 

atmosphere) and by drawing at  a  temperature Which would 

ensure that  pins  with hardness exceeding Rockwell IC' 51 

would not be encountered in  regular production. This may 

mean a lowering of  the average  hardness to Rockwell IC' 47 

or 48. 
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