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BUREAU OF MINES 
DIVISION OF METALLIC MINERALS 

CANADA 

111IF 

ORE DRESSING AND 
METALLURGICAL LABORATORIES 

DEPARTMENT 
OF 

MINES AND RESOURCES 
MINES AND GEOLOGY BRANCH 

o T T A. W A 	Wovembgr 30th e  1942, 

.REro R. Y _ 	_ 

of the 

ORE DRESSING AND METALLURGICAL LABORATORIES, 

Investigation Ne c, 1350, 

g.5mmination of Universal Carrier Tracls: Pins 
erom •iold: Tests 0-6„ 13-W e  16-W„ 

Windsor., Ont'ario, 

9rJen_of_Material_and_Obj .et_of,,TnVestiti‘aa.:. 

In connection with three recont.field tests of 

Universal Carrier track pins, carried out at the Ford Motor 

Co o' of Canadaîs proving ground at Windsor Ontarlo s, ît has 

been requested by the Track Pin Committoe that a thorough 

investigation be made on: 

(a) Pins «prior to field to'st; 
(b) PIns which havo broken  dur in  bo9ti; 
(e) Pins Which hays not broken during t(mt. 



(1) 

( 3 ) 

(1)  

(2)  

. 
)

7 
• ( 0  

submitted °  The  ros Alts iera 

9255 fl.r.t. 

A,  Found 

P 

Spa ci fi catl on 

cent - 

Chemleal v.nalyses • ere made on the varioua semp1,?a 

• Chomfi.cal Anab 

.<1,1 

r-. 

tr. 

..77) 

111g- 

ege 2 

Gennral InrormatIou on 	Te..)stet 

Test 0-(7'i ad 

(1) 0 1pntrel px-J.s. SAE 5115 i.',asod pins °  
- 	(2) „5.f.,E 9255he-e-metote.0y havaeued "pins, _ . A 

Test I3-W 

Cpntrol  pins  SAE 3115 cased.pinz,3 0 
 14.1rd (400 V „P,W„ eppro„)- core 

NE 8124 eased pîns„ 
?fi! (300 V,P 0 U„ apprGY,) ,'.;ere.- NE 8124 

caoed pin's °  
Ci 

Test 16-W b ad 

0k.r.etrçj3 '0 n. s. SAE 3115 earlod . o5ms. 
H -trd (400 V o i'.),N, 	 cora•.SAB X1020 

cased pins, 
Spic (3 )0 V, P o ll, approx, ) • co:i,?o 

• a&S X1020 • cased. pins ,„ .  

Oarbc=n 	, 	- 	'0„54 
Mani',;ïino.lw) 	., 	0,79_ 
SiliGon 	• .•- 	2,20 
Zhosphorus - 	0,015 
Sulp.u.-r 	- 	0 0 037 

0,50 - 0,60 
0„60 - 0,90 
1,80 - 2,20. 
0,040 ma.„ 
0,050 max, 

- 	• 

 

C orb on . 
Mangano 	- 

rho s3Db.01'Lli.3 • 

Ni obe/. 
C hr.° °rid 	' 

3115 P':!..ns 

0,19- 
0,52 

0,036 
0,021 . 
1,40 
0,62 - 

0„10 - >MO 
0,30 	0,60 
0,15  
04040 max', 
0 050.  mal.:.„ 
•1 0 00. - 1 0 50 
•0,45 -' 

ii-17,1v 19(12 „Dredu"ctIon 



3 - 

Carbon . 
Mangansz 
Phoàphorus 
Sulphùr 

0 0 K) 
0,n . 
0,009 
6 0 027 

0,18 
0,91 
0,009 
0,030 

0 0 15 - 0,25 
0,70 - 1 0 00 
0,045 max, 
3055  max, 

ce: 

Analyes e  con'17,ed) 

124 'Idyls,. 

AS FOTe 	 SpecificaUon 

, .rer oont - 

Carbim 
Mangemoso 
Phospboru$ 
Sulphur 
SHIcon 
Molybdenum 

Soft Coro 

• 0,19 

0 0:L9 
1,56 

0,013 
0,29 
0.27  

Ifard Coro 

0,20 
1,48 
0,017.  

- 0,017 
0,29 - 
.0,27 

0,22 - 0 0 28 
1,$0.- 1,60 
0 0 040 max, 
0 -0 040 max ° 

 (U0 - 0,35 
0,25 - 

ME X-1020 Fln„ 

Bend Tocte.;' 

Bend tests ware carrîod  out  en  th o Alm3lor 

Unîver'sal tof.,AIng machîne ur.l.ng, a 121.n .eh  radiU.r,Land 

8-1nch centre8,. Tho bendig block was. 	7/16 w1& 0  

Charts of inCrementys„ 	wero . pitti0.„ Thelastie 

ilmit e  permanent bond e  and the c.elso bz, ak •poInt . wsro thon 

dotermlriod from the elarts„ Theba tests were carried out 

on pins which hed had no sri c  mn th.c.) fl.eld„ Table I• 

records the resultF, obtaîned„ 

(Tab1e I appears on Page 
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DEPTH FROM SURFACE N INCHES 
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2LRIbMnLIVII: 

Hardness readings were taken across the face of 

transverse sections cut from the pins. The Vickers hardness 

machine and a 10-kilogram weight were used. Figures 1, la, 

and 2 are charts plotted from the hardness results obtained 

at varying distances from the surface. In Figure 1 ME 81244 

Curves Nos. 2 $  3 and 4 were taken from three soft-core pins 

which had broken at 1000-1100 miles. Curve No. 5 is of an 

brig/nalt (unused) soft-cors pin and Curve No, 6 is an 

'original' hard-core pin. Figure la illustrates the curves 

obtained for the 'originale softrand hard-core SAE X1020 

oins. In Figure 2 three tyoical curves are shown of the 

April - May, 1942 production of SAE 31 1 5 pins. 

Figure   1. 

(Continued on nee page) 
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Depth-rche a s 	ont d ) iE2 6 ) 

FICAJRE_2  

or 800 

tu 

700 

oe 
 

600 
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000 
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DEPTH OF CASE 

VS 

V ICKERS PY RAMID HARDNESS 
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IN INCFIES 
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Core:Elardness . 7_,Duth_of_CaE.e_-_physal_Poperties,i 

Table II lists the core hardnesses„ case depths » . 

physical properties »  and other salient points of the 'original' 

pina o  unbroken pins  and broken pins  In Test  0-6, 

Tables III and IV are summations of the results - 

obtained for Tests 15-W and 16-W respectively. The physical 

specimens were taken from the pins after the cases had been 

ground off, They wore of 0,252-inch diameter and 2-inch 

gauge length. 

It should be added thet these ara not all of the 

broken pins obtained in the tests. The results »  however, 

'represent a great majority of the pins which had broken up 

to the maximum mileage quoted for each test, 

7 

Creiii5P.STF577r.friii7crff-0-déab7) 

(Tex% IS resumed on Page 12) 



,  No It 5AFJ 9255 3115 	Test 	 z - - - - - - 

;Mileage :Vickers 
at  break--; core 
:ape  or 	: hard- 
:removal. e nes. 

TABLE II. 
,, 	- 	• ,,-,•••, 	-,_ 	..,_,-_-_-_-_. ..----..„--.. — ,, 
07,Mu1 2; Pîn 	 zHard. 
NOeZUU, ineW:FEL: or : Condition of pin 

:soft: 	and fracture 
0  

..er.s.........e. 

	

=,.,..,..„... ,,.._...,..r..,.......,,,,. --s. ,r,.. ,em- ....a:ea. ' •-a--,...,,aerS,-,Ze•a'=,-,:.,.- -r... 	-7---,-- =."' ,.' -'--- 	..---:,-,--Mam.,,,,,er.,,e7.-__.,,-..e.,,,r,.- -..me-_-.,,,,,,,,,x5 
••• a 

a 	 e1J1t 1 m.ate : 0.5% gElonga-;Ree ..7- ot: 
:• Case . 	:•P‘trenPF'' .i * ,-,7-, r, oe *:  tien, : area e  : ,......“.. e m .t.,,...... 	.... 
:depthe 	: p.s.i. :stress,: 	. .ef,_ 

i'' 	
e 
e 

tz 	in. 	c 
e 	 el DCSCiee. 	

c 
C 	

a 
u 

t 14 156R L*:,' r".,:eln, CM 

A-15 87 î.  9255 

'2 11re; 1 04,000 11,5 

A-2 142-7, 7,1 -1 

•2:1 

A - 137-T. 3115 

A-6 148-41 3115 

A-7 149-L 3115 

1. 40.:L 3116 

303200 

97  ,600  

ol 

A 	t-N 

4. 	1 fl 7 	'e 

1 53-L 31.15 

le2 -r z-'. r) non 	n J—LoV 

1 40-L 8620 145200 6.0 

A-12 319-T, 91 15 149,600 

124 400 	80,000 12.5 -e. 

1 . 44800 	700800 	9.5 
128,000 	B6000 14.0 p  ,- 

1 53,600 106,000 	900 

Unbroken. 
Unbroken. 

Fatigue fracture, 	3620 
2e fror. 

Broken 2e from 
bead, 
do 	do 

Fatigue fracture, 	4444 
2e from head. 

Broken  rear the: 
head. 

_Fatigue  fracture e 	1958 
eY>om head. 

Broken, fatigue, near 2372 
unheaded end. 

BroPrer.„ fat igue, near 3352 
unheaded end. 

Broken at, 2 	 3209 
poînts  

Broken near the 	3620 
head. 

'Fatigue fracture, 	3620  

2e from head. 
Broken 2e from (?) 6820 

head. 
Broken e  fat  igmeene 9 e 4059 
unheaded end. 

340 	.020- -.022 141,200 
502 

148,000 

.020-.022 

.018-.020 
.020 

249 

150,000 

151,2G0 

.020 

.018 	15i200 

381 	.090-.022 201,200 

413 	.010-.012 193,600  

n 

Link broke; pin didnc..- 

== 4 	Broken on concret •0  

pinoLr.en in'ouarry. 

Prolzr=n on concret o . 
do do 

do 	do 

do, 	do 

0Z, 

Broken on ...oncrete. 

Broken in 	 . 

48 	Broken on concrete. 

50 	 • Fe> 41.ed on > 	,,, 7onere-. 

;D e 

• 

17.  ) 
CeY: 
,1) 

'Z'Cr""â 
4)0 

 

( J.  

47 

4226  

300 .014-.020 

287 

276 
282 

0i4 . 0018  132 ,000  

942 

299 

365 . 

337 

296 

zr .018-.020 

.020 

.018-.020 

.090-.022 

56 

54 

12.0 	52 

7. •.0 

f,  - r 

145,600 	1 02.000 1100 • 	56 

5=e• 	 MM■ ■Me. 

is  e  reiace 
ment pin. 

7.5 	42 	Broken on concvete. 



ti=1 5, 
la 

area, Ree',, rks, 
anc 	Qs. 

• 

:son* 

H 
H 
.S 
8 

do 
do 
do 
do 

30-R 

Lt. 

2416 
2571 
2571 
2571 

366 

256 
246 
,c)52 
2,2 1, 
239 

226 
226 
226 

Art. 11 

26,01 

25 0 0T 
P 4 0  (") 

n  

32,71 
5,7 
671.21 
50.0 
50.0 
34,0 Broken on a hill, 

40.0 Broken cuarry. in 

120 .34-4 0 Broken on co,hcr&ce:) 

12 0 5 	350 Broken orl concrete. 

(41.(14J P 

..-e=reeem..,areerent 

7.1) 
Cfq 
0 

ftrs 

For these the 

(Continued on next 

111e 

narrî TABLE III.: er  No.. CoNE 8124  Eardand 3oft 	 e SAE. 3115 Test  

C)TU,IL: :Hc-rde 
1,Tc 0  tNo. in; S7PEEL 07' 

sfieldz 	„›soft: 
Condition of  pin  

and fracture 
at break  core 

,e.ge or 	: hard- :depth .,  
removal 	ness  

:Ultimate 
:strength0 :proor 

4 

o i o  

L 22  
n 
B-1 

B 24 

B- 

• 3 

8124 H 
6224 S 

'CZ 

e38124 

8i2 4 

117-L 5115 
11 7-R 3113 
1 62-L 3115 

e- . 
C.+ 

.°5115 
'ee3115 

116R 2115 
147-R 2115 
eS-L 

PnPt 

8
,,, 

1-.7i 8124 .  

Original, 
Original. 

Unbroken, 
eo 

2571 
do 	 2571 
•o• 	 2550 

. 

Welded collaz,  le,st„ 2957 
.oin unbroken. 

Uhbroker, 
2571' 

do 	 2571 
do . 	 2350 
do 2500 • 

Broken near the 	2685 

>Fatigue fracture ., 	1196 
nearer headed end. 

Fàtig,:ao fracture, 	1089 
near unheaded  end.. 

Fatigue fracture, 	1029 
near headed ehd. 

60,0 

	

0 006-,•08 - 211 9 200 142000 	65 	50 0 0 Removed from track. 
_ 	218,900 211 9 520 	1,561 49,51  
- 220 0 400 216,300 	4.601 45.71 
- 217 9 643 203,921 	1.,001 

1 82,000 . 142 0 000 ' 6,251 
.168s,000 	148,-000 	,..-i o r.....,. , ,,F.,;1 
160 .9 000 -  1360 000 	70 801 
150,000 107 0 600 	80 5 
123,900 84700. 11,0 
134,600 	86,000 	1 n .r. ..1„) 

- 157;100 146.,900 - 7,81 , 
15re),000 1.4.00, 	e  -, .,„<:).t. , 	..... 	.... 	,,. 

- 1$2 s;653 1248500 	951 
' 0 012 	1q4 4dei 1.-4,« 	80 one 	. 

	

405 	 -,.., ...9 — -a., 	.....%.,,, e, 	,.., - 

	

427 	c 014-,,o16 196,000 147,000 	9,5. 

	

419 	„020 	 /Dsci-s-i 214,400 138.000  

	

302 	.004-,006 150,500 	67,000 13-.0 

310 .0 0057 0 007 159,600 

	

.305 	0008- 	161:9 600 

B-2 22-L 

O _410 	0 010 	2129 000 138300 	9,5 
O 287 	„008 	115,300 588 500 

594 
"538 

0 014 .  
0 018 

.O16..020 

ee7 

, These rifin5 were tested ar, vas Ford Motor Com,--*ny of"  Canada Windse-r .c-/— • - 	n V 	 e Ontario 0 

eb figure ouoted under the heading.of 0 0 J$ ProoJ. Szress is Yield PoLat. 



Teét 
ealLmemair.pmeeeeeLerwocean.,.....,,..,• 

Remarks. 

Broken near . 
the  head. 

Broken fatigue 
.unbeaded end. 

Broke 	fatigue, 	• 
unheaded end. 

Fatigue fracture, 
unheaded end. . 

Tentîeue fractures  
/mbeaded end. 

Fatîgunheadefiznd. 
uO 	 ze. 

r,  

on_ conc,-rete. 

52,;0 	>do 	do 

-46.0 

39 .0 Broken in quarry. 

56 00 Broken on concrete. 

B-cOlre in eril y. 

Failed or concrete. 
Failed o-Q concrete.0  
r,roke in Quarry. 
Broke  mn 	 ""'m r, 

56 00 F,,,-*Ued on.00-elcrete. 
:40.0 Broke in - quarry. 

ee,  0o Broke on concrete, 

do  

Broke in auarry. 

Replacement DIM° 73060 	409 

31 7 
,DUP 
330 
342 

. 0-.005 

0-.006 150 e 800 

P00670087-14 13 e 000 

1 40,000 85,000 15.0 

192,40o 

138;,000 
14.2;000 
158.;000. 
151..;000 

e'sne",  

1c>,000 

115.600 68,000 

88000 14.0 
85,200 13.0 
76000 74.0 
97,100 10.0 
87 e700 13-.0 

-92," 8n0 11.5 
80„. 800 16.0 

70,400  -1.‘j 

96,000 13 ..0 

92„8nn e 5 

•=t Broken 

- 58.0 
46 
40.0 
40.0 
41,0 

136„000 8.5 	50.0 

72937 - 429. 	.01 6 	193,600  150,000 	900 	52.0 Broke on . concrete .; 
.replacement pin. 

.3216 

2952 

3011 

tlVt.de 

2979  
9oz:1D 

304d 
3060-  

3101 
2598 

2920 

31 35 

2598  

970 

342 

322,• 	.018-.019 
225 	G010 

136400 
155 600 2 

6008 

O 

00180- 020 

MA 
ot.e 

0-.003 

.004-..006 

013 
.006 

.005.008 
nnr7c'‘43 • . 

O 

1 °3,600 1 30,000 	8.0 	'52.0 

30 

315  

311.1 

tee 

TABLE  ITI,..continue , Carrier No.,22  NE 81 94 Hard and Soft Core, 

g ell.i.eagegJic..s.ersg 	 gUitimate" 0 -..I% gUlo. 	oe- . 

	

.b., '1,- ,- G 	.1, 
.e0.-IngSTEELg or g Condition of pin gat break-- cor.- .  - r'-se - „ 	 .. 	,- 	.. ...,, 	. 	- 	--z. 	-e- - -etrern-tb 'proof ”: t4 or . area.  .,. ... e 	0  
-

- - 	- 
.-, ,• 	, ,-, 

hard .- .: dentb 	g p.s.4. 	 ., ,.., . ...• 1.. 	 ... _,-. 4, 	 StreSS e : 	› - 	 P 	. 
a.e 	O 	 p , 

	

, 	

r^,r4v7r ‘). Pîn 
NO  

gsolt.g 	and eracture 	gae,e,or 
• 

• 0 remova..1 g nées 

B-5 

B-6 49-L 

51 	- 8194  S 

8124 s 

8724 	S 

8124 . S 

82 L  01e4 S 

8124 S 
81 24 S 
8124 

	

8124 	 Brî'ttis. 
8124  8 - Sr-Ittle„ nearths 

bead. 
Brnke tm centre . 

brolre near 
unhsaded end. 

Broken, fatigue, 
unheaded erd. 

B-1 6 1 23 Fatigue failure - 
near head. 

Br&-ré in centre, 
brittle. 

,-,..G.Lgtie., near 
unheaded end.' 

	

8-13 131-R- 211 5 	Fatigue, brolee 
near the head. 

	m 	  ri 

B-8 

B.18  

T3'."10 

. 

 61-1, 
81-L 

Jj  

m 

e 

81,24 
. 8124 

8124 s 

lrt ,:nne 
ci 

8-4 53-L 2115 - . 
45J-1.0 

■•••••■■r1.-", 

'ert: 

t(7=--; 



F‘. 
49=R X1 020 0=5 

CZ,  

_ 

3801 

e0,0i 
e. 	"st 
C.C.; 
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C6  122-7i K2:020 H 	Unbroken. 	. 	or.....Dcs .,........ 	 385 _ 
C7 e-' 122-13 1(1020 .  Ei ,=/ 	.. - 	 „ze- ...,./ 	. 	2828 	È.49 
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'XIO20 LI. 	Unorc5:an. 	 3223 	296 • . 	en,5r, 	7„-[ 	a° 	- - 

	

.n...,,. ,.,--. — 	 5223 	294  

	

—2, , 	fc,•,, 	 3225 ' 	330 

	

.&...,A., -;..; 	.D. 	 . 
• ,',5,,,,-. do 	 3225- 	207 

-,,,,d 	• 	7.Jr;9 

	

- v- 1 ,- er, 	s 	 do .,„.., 	 ,-.)..„, 

..1 e,  1 /1 On . 	 - 

	

_r,..à.,,e, 	 do 	• 	 3223 	219 , 	 (so - . 	 , , 

	

-•.:;,-, 1 f- 	 do 	 3223 
. 

• ,.:.....,4 ,-,' . 	 —_,- 

	

3115 	do 	 -3223 	304 
271 -,

15 -,D.J. 	 Ar. 	 3223 ,,  
. 	 . . 	

. 

	

C-1 30-T- X1020 s 	Broken  on a 
. 

- 	-7-.2 
-1-4---,  . 	

-..,• 

- 	
2U.e:. 

. 	 . 	L.V11;,. 	
• 

.-", 	.-1 	
. 

	

..-,:, 	
:,-. T ly-nnetn 	g 

. 	 z;?.:.1 21,-,,,.., .(,, 	t-. 	"R---),- .7 -- ::— 1-,,J.,.-..z: 	'..1.1 	
en- 	2652, ,..., . 	 . 

, 	 torsion. 

	

C3 ,7 	.g,e - le''.11 	Q.. 

	

t.,,, 	.7..s. 	J',...L. 	 Fatigue  .P-4-7111re. 	.5126 20n  C .. 

near 1.-1.c.-ad o 
 Broker. fatigue, 

unteaded. end.  

0 008 	• 11-7-:-00n ..:-...,;, e 	,... 	'e,-0-1.0e-% ,r-,--, 
.01 0 	1 65;500 	69; 400 

.016-.018 168 000  110,000 .. 
.022 	202 e"00 1 55 n. 

	

pV ..., 	 ,.•,*, 

176000 132000 5.251 
180000  170000  60 251 

	

182,000 172000 	5.251 
112; 000 100.00C; 12.51 
90; 000 72,000 15 0 51 

116,-.000  80000 1O9i 
160,000 ,143000 
192000 165000. 7.81 
160,000 150,000 

(41 et*DO 	g 9680O  

.006-.010 	-,-, 	,--,,,,-, .,...t.J.,_,  , 	80,800 16.5 

.006 	102-800 - 69,600 19,5 - , 

.008 	112600  9n;-,  Ie 

0i8 	212,900 21 2 00,1  1 50,800 

258 

2772 - 	44.2 

9.5 
6.0 

62.7 
57.2. 
180 
38. .0 

For  ,...nese the .Lhese pins.were tested at the Ford Motor Company of Canada, Windsor, Ontario 0  
figure  quoted  under  the headino of 0.1% Proof Stress is Yîeld Point. 

*L-•■•••■=01.7e 
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c eel» 
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Transvere Merosectims ware. cut fme the 

goriginal ,  pins »  polished»  .stohed in n .ital, and then emined 

under the microscope, Tho phot;omieroghs of the coras mro 

all taken at X500 magcation (Figures 3 9  5 e  7„ 12) » 

 those of the eases are at X1000 (Figures 4 e 	8, 10, and 15). 

Figure ll e  at X1000 magnification, illustrates the structure 

of the SAE 9255 pin, 

0 C,  

(THE PH )TOMICROGRAPHS ARE 
AT THE END OF THIS REPORT.) 

Discussion 

The chemical analyses of the SAE 9255 wrI:d SAE 

• 3115 pins show that; the stel conforns to the specification 

limits, 

The chemical &nalysis of the WE 812 pins indicates 

that a lower carbon content was used than was demanded by the 

spoc:Zficatlen, A lower carbon content.is  in &ccordance with. 

.good carburizing practice, It would be expected thai;; dif-

ferant•test results would be ebained from pins cf the 

sPeedfiod analysl, It ppers that  the saffl hsat of steel 

was Euployed  t.  obtain both the hard core and soft core pins, 

The chemical analysis of the SAE XU20 conftrms 

to the limits sepecifiod for this type of oteal. Here, also »  

the aame haat of .sol appears to have been used to obtain 

the hard and the soft core pin„ 

Tha bend test results, given in degrees of the 

band angle e  were obtained by geometrical calculation from, 

the deflection in inches.. If the angles could ba measued 

rn.der load, using a protractor »  creater bend angles would be 



agc  13 - 

(Dicussion e  coUid 

obtained e  since  the protractor would -Measure the angle 

formed by the pin epprox2matoie . 2.inchcs away from the centre 

of either side, It is well known that with a 3-7/16n  contact 

bonding block »  the pin bends under load in an arc rather than 

to a point ln the centre °  • 

• It will be observed from Table I that lt was 

necessary to apply 

first crack Le. the 

a greater load in ..order to produce the 

case for the hard-core pin than  was  

necossary.for•tha casa of the s'oft core »  and both these pins 

.have approximately 

give a greater bend 

tnan the cased •pinE 

The cas° 

the s .me  case depth, The SAE 9255. pins 

angle -  and withstand e  mach  greater lOad 

depths of the unused  pins  5:indicate the 

both the NE 8124 tuT1 the SAE• X1020 had shallow casec o  

Of all the broken pins dhown ln  Table III 

(NE 8124) ». one was a  • ard-core pin• and all  the  rest had 

soft Cores()  This hard-core pin e  howeVer e  had a case  depth 

of 0„20 Inch. The  assumption can therofore be made that 

'few e  ifranY0  hard-àcra pins with  shallow cao's .  (0,008. - 

.0,01041aj -  f • iled °  It aPpears that the quality  of a. 

thin-cased pin In -mainly dependent upon the properties 

.:Lts core f:r Is slmJlar to a.homogeneowe pin, The hard corf)s 0  

With their greater strength »  ara better able to withstend the 

stresses than the f›oft-core pins  ° • • 

AiternatIvoIy, with a heavily cased pine .the .  

properties  of  the case largely determine•ele quality of  •  

the p5.n .0 -.  Consequently »  ,a heavy case backed by a.hard core 

does•net have the samo propeties•as does a shallow..cae 

backed by a hard core c, -  

• • 	Teble IV»  or the SPIE - X1020 pins »  5mdicatas that...re)

•hard.--., coro pins have failed ° 	 •• 

- .Tho SJIE 3115 control plm whîchealiàd  In the  est 



.4( 

unbrok&n 

that the 

- rage 14 - 

(Discuss:ion, oontid) - 

varîed In oore 1 . ardness from 242 - ee V,..F,W 0  and in cdsz 

dopth frœ  0O1 	0022, Froe the ul1ea62s it would  sen 

 that  the  rellatd:11:V of these pins beoolem erratic aft(àr 

2000 miles ° 

 which would 

certain set 

mileage, and 

It. is difficult to determine ttle physiosie 

evo the maximum mileagoe  sic a pin wiVri, a 

of physicals breaks at e relatively earl'e 

another pin with approximatolT the seme 

cals goes 

tions are 

breakage is more 

pin properties. 

for much greater mileages, The ir4dica-

pins are breaking In fatigue and that 

function of service conditions  thon of 

. • The  photomicrographs Ug  th  o cores of the nu_s124 

and SAE X1020 pins indicate th'. the  mo.nufacturer quonched 

ail of Uhe pins from approximately tbe  sains  temperature »  

as ail  'pins contain about the same smal.  amount &2 ferrite. 

It followS a .thon e  'that the  Soft-ocre pins were obtain.q4d by 

à - slower quench °  Figure 7 9  ahowh  the  case structure of a 

soft-corod SAE X1020 pin  indicates the presp3nce of trooeUtoo 

This is also the result ,o..f a slow quench„ A more  drastic 

quench would eliminate this trece›, whlch has an embritt-

ling offeat on the case, 

Tho structure of the SAE 9255 pin lidicates eae 

presence of free ferrite °  This is to be expected, slne.e the 

pins were quenched from 1500* F on  Whi6h is wleehin. the - 

critical 'range, 



enve,  ez.cellorit relcu. 

•150Cm' F .„ - It is fcl 

Its '-.211aeo pins wcere quenched from 

t that qacin,ohing from 1625 	25e» 

15 - 

COUCLU$IONS:.: 

' , P,955 	i780d 	t1'i.5,à field, test  

Will give even bettoy. re  

› 2, The bard .o,nd soft core (WE 8124) plriu 
• 

produood from steel of the' ocme analyno, probably from 

the B'exg2, 	 ' 

$, Tho  SI t X1020 ha.rd and soft core'pins' are 

also of the sumo analys'I.s„ 

The so'rt core,,,,,t wore obtalàed by ompldylng e 

lop.S ,  Boyer° qU'enàh, 

• .5, The so .!.'t .cores are apI:woximatoly 300 V- 0,P,',--N 0  

Th*) hard .C;;O:›CGÉ.4 (;),776'4O0 v,p 0 -40 
. 	. 

6, Tho lepbh of 	 the malority of tho 

used 1 .6. mor,it'U 
• 

3W end 16---W was from 0,000 - 0 0 010-  inch„ 

belOw the lîmit set ia the Canedlan 

7, NO. UARY) CORF.,, MALLOW -C&SED PINS WERE FOUND • 

AMONG THE i3ROKEN HIN3 RECEIVED'„ 

p a  B-..é.e1,17.eWcèmtrol pins of SAE ';,-.115 vary greatly 

In core harddoss e  0aG depth, aria pftysicalà„  No conc1u5lons 

can.1.):o drawn ne to 

g 1 vo • a 

a:Bot  et' physioalo wh.l.ch would defiratoly 

Tho Ono gp,pear to be breaking W 

.ratigue 'and the breakage Is more a fuhé;tion oe cervi'oe 

eondlt5,.oàs Un  of pn'prbvertire 	, 

00000000006 

0.C! 

SLCHPESfflB„ 



?J.4ziL':e 

X1000, 

CASE OF FE 8124 
'OPT-CENTRE PIN. 

Temp,-yred martensite. 

q. 

X1000, 

CASE. OF 1:E 8124 
HARD-CENTRE PIN. 

Tempered mnrtensite. 

Fierure 3 

X500 0  

!DORE OF N3 8124 
SOFT-CENTRE PIIT„ 

(Note: Vitite consbitue.alt - ferrite;) 
(---- dark - 4tma1lar carbide, 

/ 	_ 
tet—••••4■•• 

';'"Icure .-° 

X508,, 

CORE OF W:3 3124 
HARD-CENT'W PIN. 

Structure J,s tempered martensite 
with elongated nodule. 

(ALL ŒF ABOVE AÎi ETCHED IN  NITAL) 
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Fie.ure 10. 

X1000. 
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, 	 . 

CASE or SAE X1020 
HARD-CENTRE PIN. 

Tempered martenaite. 

7. 

Kb eriale7Lel 

X50C. 

COR E OF EAE X1020 
3OFT,7-CENIHE PIN. 

(Note: White constituent - 
ferrite; black areas - 
sorbite; also nodules 
of carbide present.) 

Pleura 

CASE OF ShE X1020 
SO7T-CENIRE PIN.  , 

Note presence of troostitc 
(black constituent) around 
grain boundarios. 

Figure 9, 

X50( 

CORE OF SAE X1020 
'HARD-CENTRE PIN. 

Note presence of ferrite 
(white constitucnt), 
nodi,Lcs of carbide, and 
amount of sorbite, 

( Ai - t  4 91e  

(11777777757.7.77.1I7Err171177:1 ; 
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X1000, r^^.tal etcho

SAL 9255 STRUCTURE.

Note presunce of free :'errite (white cons t4l touent.),

1 ,..ig21rv 12

A500D r,itF ].. etch,

üORE OF SAF. ^115 PIN.

Note ferrite (White cors^ituen.t j
and nodalar cart;ic'.eao

X1000.# nitsl etch.

CASE OF SA E: 3115 PIN.

Tezaper ed na^-tera.sïteo

;Ltx:l'YHi3p


