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Abstract 

Production of tank track pins of SAE 9255 steel was 

commenced by the Cockshutt Plow Company at Brantford, Ontario, 

on June 28th, 1943, All of the product was tested for hardness. 

A statistical analysis of the data led to the following 

conclusions: 

1. The hardness of the pins is not under statistical 
control. 

2. There are several assignable causes for the  observed 
variation; these El.n be discovered and eliminated. 

3. Hardness results were not taken in chronological _ 
order. Until this  is done it  is not  possible to 
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(Abstract 9  oonqd) 

datermAno Wheth•r, per: oe.c variation In hardnes 
occurs 

4. Decarburiation was one cause of lack.of control 
OZ'?.  hsrdnoss tests. 

5 0  When  th o dccarburizatlm 	climlnated the,re still 
remain other assignable causes of variation wh'Lch 
will prevent bardness.from being controlled °  

6. The assignable causeS f  br variwedon 
the first quenching operation. ' 

V  Some posble e„ssignabla 
over har(noss aro!; 

(a) Variation in':docarburIzatlon on stook. 
• 
(b) Variation in manual handling from  rait  to 

clucetch?, thls is the  11105 t -probable causo 
of variation, 

(G) Erratic tochniquc  î  unning Kardness tests. 

(d) Variation :Ln hardenabliity of stock. 

(à) Variation In .scaie.on stock. . 

(f) Variation in .sait coating'on  pin oing 
into oil, 

(g) Illiproper preparat±on of surface before•tak:Lng 
hardness test. 

8. -JI;v:Idence of theffàct ef eltminating caus(J.s of Iack 
of Gont -mi Gan be; best db.served using oontrl dhart 
methods. 

Tho ovidanGa leading te the above, conclusion's ti1. 

be  found.  J.n.the body of tbe'report. 	• • - 	- 

! e3.:1 

causes ,for lack of control 
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Pe le-P. 	 • 

This WOrk was undertaken, 5.:n connection with the 

manufacture of homogeneously hardened tank track pins of 

SAE 9255 steel, ut the request of Mr. G. H.  Gibbs e  of the 

Directorate of Production s  Automotive and Tank Production 

Brame>, Department of Munitions and Supply, Ottawa, Ontarlo 0  

Th e production of those pins was undertaken by the Cockshutt 

Plow Company, Brantford, Ontario °  Two members of the staff 

of those Laboratories are cai'rying out tests for the c=pany. 

The first pins  made 	June 28th e  1943, were tested 

for Rockwell hardness, and these  recuite  were statistically 

analysed. 

prgoes,syariaM9qe 

Charts Nos. 1,9  2 »  and 3 (on Pages 4»  0, and 6) show 

the production pin hardness results from Uuna 28th ta July late 

 Inclusive. Hardness ià not under control°  

There are few long runs above and below the average. 

The assignable causes  for  lack cf control miàht 

« bee 

Erratic manual transfer.into quench° 
 Salt and sludge sticking to pins. 

Variation in decarburization °  
Rough surface. 
Erratic testing teChnique. 

cmwerwz-z-e,'-uar-rumw7) 
.( comprising Pages 4 e  5, and 6. ) 

Text continuos on Pa«e 7 	) 
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Effect, of Surface  0enditien3 

Chart No, 4 (on Page G) shows the averages Qf 

hardnass results obtained at.thc surface and ut depths of 

0 ° 005 and 0 ° 010 inch °  

Chart ro °  5 (e.m. Page 2) shows freouency distri-

butions of surface and core readings On the  saine lot of  pins 

Note that surface readings spread out over four class 

Intervals and that core readings are contained in throe 

class :Intervals °  

In Chart No °  (3 (on Page 10) the surface and core 

readings are plotted in control chart fomm, Note that core 

hardness has narrower control  limite  than surface hardness, 

This ic proof that surface decarburization is  one assignable  

cause of variation 	However, core hardness is badly out of  

control °  This indicates that other causes of variation also 

exist, :From thie  ovidence e  ure are led to  suspect g 

• 	 -..,ratio manual -bra:near to quene14 

if,alt and sludge sticking to  pinsu 

Jrratic testing method; or 

rdenability variation in  stock,  

■ unarts elos, (i1, 9 b , ana u rollow,) 
comprising Pages S e  9, and 10 ° ) 

( Text continues on PF,;1„ge 



4 

0 5.  
0 'Arm M 7 '1101/5 A Norms 

.e...e .  .. 
Uwe 	.-O • •   ''I 
..SS 	S • 0t 4.01 	5e. 	• 111 	 ..... 	• 

•• 	••• 	•• 1•11 • •• 	11111' •• 	• •• 
11. ..•••• - 	•• 	•  .•• .5. le •  à 	 1 .1” 	••••  • 
• •. 	aes't •• Oa 	•• 11. Of 	•••••• •• • 	.• 	 . 

• .• 	l •  MI • 40  "  .11  5 5 6 	 m  •«P JO 

00111. 	IWO. IV lef 	OOP 0 1.0 	 100 1 
001,  101 .0 • 	.0 ...OP • II 	 . 	 100  • 

10 ,  O. of/ .0, 	 MM. 	.......  • 111 dB' ie ••• 	•.  • 	•••or •• •• 	•• 	 • 	.00 ma 

5.5.928 
, àe i : 	

g 	gem 
me eelle : e•  rare  

mseemer -- 
 .4:::....... 

 

u. 
" ":!  •1 	 v 
g:, 	gr 	" • 

JV 	 O 	• 	•  .• 

. 	. 	 •-•••• 1  

	

"" OOOO , • • 	i s  gr Ob  ••  OOOOOO •01 

• Se. ..;111:" 
 .04. 	 g 	 : 

»  1:1 j 	• • 	 : 
40 

g:::::: . 4:::: 

=mid ::::11111111 11111111111: 1iiiii 	• ": 	g  ****** """aniene  //e  • • 	• 
81:13112 	 :• •___•_ ig • 

fin 	 • 	 :* 

* 
... 

•
. 

L11111181118111 

4111110116 001 1»: 	 4911 
r•Sr • 

1::100010.0.0.. 

11 0 0.11.
•

. :1 
.... 

::e0. 

51.0011 
. 

:11•01.0 

5.  
080000 

Si 	I 	.... I 1 ••• 

et11icl1t1i#4:144e44#14414444444#14411111111111 

IHEE 

:110 •11: 

flue e 	• 	 - se.eep 	f 
OOOOO DUBOIS 

::::0 



1111, 11 	111.111111  I did 1 III JIM 'MI 
113MI O 	sarenx 11841 

ii;; 	1.13U:gia 

.r. 

1111 

o  
Ot 

e. 
04,v/ Aeiven&e.w.i 



CHART *if 1 
COIVrR 

 I9NDI CO 
THAI t CO 

p44-L.I 

Lu 
C3 

(1 

SU 	N RFACE ARDIVE 3 	 0E H 

MIMI 

1-  -  À- 
1 	i11111.1111.1111__ 

_ 	_ 	w  

Àiiroug° 
rIrl"1111IN 
	 ! 	  

	

`  «yew 	Y 
•   

R DIV 33 



2ago 11 - 

Steps in Heat Treatment 

Chart No 7 (on Page 12) shows distribution of 

hardness after each :loat-troatirg operation, Note t;11.: the 

varIation Ir  test results Is present after the first operatIon. 

Subsequent operations radueo the high values and leave th 

low values unchanged. 

Chart N9 0  ü (on Page 13) shows hardnosses of 24 

pins treated on July 6th;, 1945 0  Each group gives average 

and  rangs  of four readings on a pin..  Lack of control 

evident, After the first.tratment, four pins are ou b of 

control. This pyramids to 8 out of control after the 

second troatmmt, and 9 out of control after the final 

trecAtœnt. 

(Charts :UOs c, 7 and 8 f011ow, 
( comprising Pages 12 and 13.) 
( Yet contihuos on Page 14,) 
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DISCUSSION 

, 	 Assignable causes for val.-le-Alen are present in 

the process examined, It is to be  expected. that these will 

he discovered and eliminated. When the proees is weldor 
- 

statistto.al controlp a fflality Control Œhart Inspoetîon 

Method can be institi:.ted„ 

000000000000 

000000 

00 

1 T , IF,;Ce1B„ 


