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Abstract 
Ma•■■•••••••••■•■■•• 

This report deals with  the  investigation of 
the properties of seven types of universal carrier 
track links. The bend, impact, and physical char-
acteristics of blackheart, Whiteheart and austempered 
malleable iron links are compared. Results are also 
given for the cast steel links, both with and without 
hardened eye-holes. Reference is made to field test 
performance of several types of these :inks. 

Origin.of Material  and_Ohject of_Imesliention:  

The material for the investigation was eubmitted 

from  time to time by Dr, C. W, Drury, Director -  of  Metallure, 

Army Engineering Design Branch, Department of Munitions and 

Supply, Ottawa and Toronto, Ontario, and is.covered by the 

following requieition orderst, 

Requisition No ,  28, AEDB Lots Nos. 111-115  -(Report No. 23, 
Section 5A); dated October 16th, 1942, at Ottawa, 

Requisition No. 30, AEDB Lots Nos, 116-119  (Report  No, 23, 
Section 5B); dated October 16th,  1942,  at Ottawa, 

Requisition No.. 378,  AEDB  Lot No. 414 (Report No.  9B); 
dated February 9tà, 1943, at Toronto.. 

The object of tliis investigation is to carry out  a 
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• -(Ôrig'in of Mat.crial and.Object of Invetigation, contld) - 

Complote metallurgical examination and compaison of tho. • 

'properties of the different typeo of universal carrier track 

links produced 8iliG0 the beginninki of the war. . 

.1 	. .Souree.of Supp,y... • 
. 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . 	 . . 	 . 	 . 

•

. 	 . 	 . 	 , 	 . 	 . 
. •-.' • ••• • 11)7, 7,,j20:•of -  l'rack. Li- nk • •.,-. • 	. 	.. . ' 	.' 	

• ' Supplie.r ,- • . • 
•:=;.•-e....7;..u:sg-.-„-- ,=.;.7.=,-,u,..:1,-...-ze..,,:._;:u7,-z.=2,..,.1s....e,- 	...,....r.z=7,.•=riz,,,====.1.:;:....„=,-..,=======, 

Wh5tcheart:MallOable Iron.: - • •, Maddock Foundry; England. 	. 

Blaekheart Maileableron •.;-'. '. -International Harvestèr - Co., 
...... :.-..,........ Hamilton, Ontario. , 

gstall.Perod,Malleable . Ir.ers:- 	"..Cnternational Harvester castinGs, 
heat.treated„ 0.D.M.L, 

• • . 	. 	. 	.. 	. 	 . , 

	

. 	 . 	. 

	

Cast Steel (1)• .- 	- 	Ford Motor Co. •of Canada, 
. 	. 

. . 	 Windsdrp.Ontarlo,„ .. 

7 .  Auto Specialties Mfg. Co., 
St ,,  Joseph, Michigan', 

Campboll, - Wyant Cannon Foundry 
• Co. Muskegon, Michigan.' 

. 

• n • (Bardened' 	. 	 . 
., •- Eyo -holes): 	- 	Campbell, Wyant & Cannon Foundry 

. . 	. Co., Muskegon, Michigan. . 	. 	, . 	 . . 	 . . 	. . 	 . 	- 	. 	. 	. . 	.. 	. ' 

Go:ne„.ra.11, .Aso,ee,  t 	(,)›f. . 1/1.e.t, er  
• " 	, 	. 

Universal'Carrier track links May be, roUghli classified . 	. 	. 

,as, (A) malleable.lren'linke'and (b) Cast steei links. 

A. 	 Iron,LInks -• 	• 
wfq reectretelee.....» 

- 	• Tb.C1C a:ce either whiteheart or blackheart,, After 

malleabilizing th(,,y are case-hardoned (shallow) to produce a 

surface rihich will resist wear. • 

• àrîtish production links for the universal carrier 

are of whitéheart malleable. This type of track link Is cast 

of white.iron •(b.lh sulphur, low carbon and ollicon) . . in sand °  

Thé castine.grallbabilized, during which troatmont•muôh, of 

the ,carbonis removedp ,  .The-remaining part is mainlyin the 

form,pf pearlité and - tempor  carbone  
• 

British Fpocifications at the beginning of the war.  

'sr 
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(Goneral Aspects of Material »  contld) 

required that universal carrier track links be whiteheart 

malleable iron. This net specification »  combined with Insis-

tence that it be adhered to resulted in the production of 

blackheart malleable Iron track links in Canada o  since this 

was the closest available material to whiteheart and no 

Canadian manufacturer had over produced the latter. Production 

was started and carried  out as a result of considerable research 

done by these Laboratories in co-vation with the Ixternational 

Harvester Co, of Canada. A satisfactory cased blackheart 

malleable link VMS produced, This link differed from the 

whlteheart malleable link in that malleabilizing was carried 

out In an almost neutral rather than an oxidizing atmosphere. . 

As a result »  decarburizing only occurred In . approxlmately the 

outer 0.010 incho  the remainder of the material being pearl:J. -to 

and temper carbon °  This pearlite was left in the lat,7Jalar 

condition because in the hardening of the case the link was 

heated only for a period sufficient to bring the skin only 

over its critical. It might be mentioned that if 0.010•Inch 

decarburization was not obtained »  a brittle link was produced. 

During furthcr investigations at these Laboratories 

blackheart malleable links were given an austemperinR treatmnt 

to produce a track link which would be loss liable te. eye-hole 

stretch in service. Since - the austempering treatnent mainly 

affects the thin sections (eye-hole walls), botter wearing 

properties also wore expected of these links. Austempere.d 

track links are on field test at the present:time »  at Windsor » 

 Ontario. 

B. Cast Steel Links - 	 • 

Steel links are all cast from metal conforming 

approzgmately to the chemical specifications of Ford  :No. 

steel, ,These links are hardened and drawn. The cast steel . 



' - ,(Goneral.AspectS of Material:, contud) 

HlinkArith hardened. 0Y6--heles is .  experimental, 	âd'attompt 

:t.oprodUccp.a haràenad eyo-hele surface by using u corejwash of 

,CarbenaceOus material °  

HEAT TREATMENTq 

A, Malleable.Iron•Links . , 

• Whitoheart Malleable - 

	

	•• 	• 	. 
• 

' Tho  castings- are malleabilized:by'heating, in large 

'furna0eSSurrounded.by' ,a mixture of  «newand SPentirO -Or'e. 

 ' • *0.J. overal days at  a  teMPérature  of 96O  to 1OOO'  C 0  Th  

links.arethon givma'a shallow case.hardéning treatment,' 
, 	• 

Inthis:cyaniding treatment the casting dà held'at 175 .0e  

•'in 5Œper.cent cygnido'for k . hour d  air, cOeled 9  reheateeW' 

. - .1475°-F.., in weak cyanide solution, and quenched in minere:011„ 

• Blackheart Malleable - 
•

• 	. • 
. 

Annealed ln regular blackheart cycle but with some . 

iron  ore in  packing (iron ore added of high silicon typo and 

in amounts just sufficient to make up for dust lose. Ube castings 

.are Pr„oheated-to approximately 15000  F o , then.heated 
. 	 . 	 . 

,cyanide -salt bath et 3620° 	for 34 minutes, air CoOleCePr 

20 ,minutes, heated in. hardening salt bath at 1450° -.1fOr' 

end-quonched.in oil at 120° to 100° F„  

• Austomered-Iinks • 

IdnkS which had_boen annealed In,the . .regUlarblk-• - 
heart cycle but not decarburized *ere cyanided at 1500°F °  

for 30 minutes, then quenched into caustic soda at 590"''to 

• 680°.  F 0  for 45 minutes, 

D 'Ce9t 	I.Ank9 

Ford_MotoÉrs • 
. 	, 

Castlngs'hold at  1509°  F, for re, hours e  quenched in 

caust4 soda or water .e  thon  drawn at 1050° to 1100°  F )  for  

, , 



10500 F 

nr S e  

1700° F O  
2 hrs, —771 

15500  

WARY  WATEh 
Still 
air 
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(General âspects of t„aterial, con.t , d) 

hours to Brinell 286-332. 

Auto Snecialties - 

heated for 1 7.,: hours to 17G0° F., maintained Et this 

temperature for 2  hours,  cooled  j  hour to 155G° F., and 

quenched in warm  water. The  links are than drawn to  Srinell 

2e6-302  by  treatiug  as  follows:  Floated  fer 	hours to 1050 F, 

kept at this temperature for 2 hours, taken out, and allowed te 

ceol  in still air. 

•  Dii,.GRAUMàTIC  3KEICH ()F  HEAT TREATMEle. 

'CamEtellz_n  and Cannon Foundry Co. - 

Heated for  1  hour up  to 1650' F.,  kept at thls 

temperature  for  2 hours,  cooled  to 1550-1600 °  F.,  and 

quenched in warm  witer;  drawn  at  1050° F., for  2 hours, 

cooled to  C50- )00°  E., nd  removed fromrurnace. 

The  exp€rilrlental  tracIr link with hardened  eye-h1 

was produced in the following  way:  The pin cores were coated 

with a  wash  of  carbonaceous material and dried for 15 minutes 

at 300° F,  The  moulds  ware  then  poured with regular Ford 

4 sts91, The castine were  thon  heat-treated  es  explained 

(Continued :)11  next  page')  
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(General Aspects of Material s  cont 2 d) 

ïARM wcia 

DIAQRAMMATIC SKETCH OF HEAT TREATMEgT* 

Chemical Anoirlfl. 

Whiteheart Malleable 
.Blackheart Malleable 
Ford Moteres 
Auto •Specialtios 
C o  W o-  ec C o  

• 

" 

C Mn Si . P 	S 	Cu Me  . el Cr 
Per  cent 

• 

0 0 2&0 0 43 0 0 056 0 0 205 
-... 0 0 24 1.18 0,120 0 0 075 0 0 07 

0 0 41 .0 0 77 0 0 29 0 0 051 0 0 041 0.16 
.0 0 41 0 0 78 C o40 0 0 e7 0,026 0 006 0 0 18 0,04. 0,02 
0„56 0 0 78 0 0 45 0 0 045 0 0 041 0 0 55 

dnol...-.10 	 —11.nl. 	 toen 

It is not possible  te  get representative carbeh determinations 
of malleable .5.ren 

Macro-Examination: 

Castings wore free .from surface defects. The traCk 

links were weighed, - the average weight  of four'llnks - being 

considored as representative of each type. 

.A.';reirap.e Walobt 
-A6unas Ounced 

Whitehoart Malleable  Iran 
 Blackheart Malleable Iron 

Austempered Malleable  Iran  
Ford Motorts, Cast Steel 
Auto Specialties, CaSt Steel 
Campbell s, Myant and Cannons  

Cast•Steel 
0 0 1N0 & C o  Hardened E>io-Iteles 

(ContinUed on next page) 
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(Macro-Examlnation»  cont'd) 

Track links in the pas cast ,  condition »  showing 

position of gates and risers 9  are'illustrated in Figures 1 

to 4 0  

X71 ee:111,at4nt 

X-ray examinations :were mado at the National Research 

Laboratories »  Ottawa, The examination revealed in all cases 

small shrinks in the middle eye-hole  area  toward the grouser 

on  the three-eye-hole side of the link, Other small shrinks 

were present, 

Tenolle Tests: 

Four micro tensile specimens ware cut from each typo 

of cast steel link and the toasile properties determined, • 

Micro tensile specimens aro of no value for malleable Iron. 

Specimens cast and malleabilized with the production links 

W8120 not available, 

- qERAGE VALUS FOR FOUR MICRO TENSILE SPECIMENS,, 
------ ----------rreriwiTe--7-Yre-Tcr''Terrraireifrai7gleire-deetreir 
Typo of Link 	:strength,: polnt o  : 	per 	z in  ara »  

posoi. 	g posoi. : 	out 	z Te.: 	cent • .... 	z  . 	. 	. 
Ford Motor 	r1259 000 :103,9 700 : 	20 	 36 

. 

	

Auto Specialties :134 9 000 :120 9 700 : 	0 	 18 . 
Campbell »  Wyant 	 . . 	 . 

. and Cannon 	119 9 100 :1079 400 : 	10 	 24 . 
9 

Micro tensile specimens are not as accurate in elongation 
and in reduction in area aa are standard specimens, 
Also »  the uniformity  of the  casting at tlue point whewo 
the specimen was taken has a great influence on the 
results obtained. 

Bend Tests: 

Bond  tests  were mads ;ïin  the 1.ins1er Universal tcetins 

machine YI t  h a 1-in.ch radius block and 8-inch oontree 0 The 

results were as fellows,: 

(Continued on next page) 
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r.P7 -2„e.  of - Link: 

Whi t ohear t malleable iron 
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Blackheart malleable iron 

Pounds Me) 

	

- 159 750 	130  

	

11 0 100 	5°  

	

99 450 	2 0 50  

	

14 9 500 	6 0 5° 
149 300 

	

15 9 600 	, 11 „OQ 

139600 	9° 
14450 	'11° 

	

Austempered malleablo iron - 159 800 	29  

	

14 e  700 	39 

	

, 	. . 	. 

- 	Ford Motor's caSt steel 	. - . 17.9 500 	. 10° . 

	

280 000 	59  

	

Auto Specialties cast steel - -20 9 200 	20° 

	

21 0 400 	11° , 	. 

Campb ell »  Wyant and Cannon 	 . 
cast steel 	-. 24.500 	14° 

	

20 0. 50Q 	150  

C 0 W,& C °  cast  stee l 
hardened .eye-holes . 	189 700 	.• 11° . 

	

' 20 9 000 	7° 

n.,ee.c1-1-.r.aer..nee-n.at wraneea. e. ,.er•-•zl-a,na■al,n..ec...ne.*.am•er..w.eaee.a.,*avarue...nm,zz,s,.,àce•gua, ,r-ea.r•alt•fre,,Ett■CL,21f..trM 

Drop Impact Tests 

Standard impact tests  were  made on both guide lugs 

and also on the barrels of ail  types of links °  Illustrations 

of the impact testing apparatus used. aro Shown in Figures 5 

and 6 °  A 50-pound weight :vms dropped soveral times, frem 

various heights »  until failure occurred °  In most .cases the 

links fractured Cleanly on failure ° . When this was  not the 

case the test was continlied to phe point where the lugs were 

so badly bent that it  was  impracticable to prodeed any 

further° 

. ( C.,.:ontinued  on  .next pag e ) 



Campbcli l  Wyant 
and  Cannon 
cast  steel 

0,W0 ec  0 0  cast 
steel y  with 
hardened 
eye-holes 

:350  

:.400 

2 	:400  

3 	:400  

2 	:350  

3 	:350  

3 	: 300  

:  250 

2 	:400  

2 	:400  

: 400 

4 	:400  

2 	:400  

:  400 

4 	:400  

4 	:400  

:Failed :Fe lled 

•: 

fl  

tt 

• * 
:Unbroken: 
:Failed : 
• te 
• u 

0 
4 
• 
• 

a 

• 

ts 
•t 

:Failed : 
▪ 17 

: 	tt 

• 

tt 
• 

• 

• I I 

: 

! I 

t t 

It 

. 
:Failed  : 

ti 

:Unbroken: 2 
• ti 

e 

0 

a 

a 

it 

Pt 

It 

tt 

:Failed 

tUnbrokrit 

:Failed 

:Unbrokor. 

••••••••■•••• •••••••• 
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(Drop Impact  Test  sy  contvd) 

4 

Type of Link 

_____2£22__Impact 
• 	

Results. 
 LUGb • • 
:Link: .No,  of:  :Wo.  cf: 
:  No.:Blows  :Ft.-lb.:Result :Blows :Ft,-lb.:Result 
. 	. 	. 

Whiteheart 	: 	• . 	- 
malleable iron :  1  :(a)  3 :  350 

: 	:(b) 1 : 350 
: 2 :(a) 3 : 350 
• 1(b) 2  :  350 
:  3  :(a) 2 : 350 

:(b) 2 	350 
: 4 :(a) 4 : 350 

:(b)  2 :  350  

31ackheart 	 • 
malleable iron : 1  :(a) 1  : 400 

:(b) 2 :  400 
:  2 :(a) 2  :  400  
• :(b) 2 :  400 

Austempered • 
malleab2e  iron  : 1 :(a)  1  :  300 

• :(b)(1 : 350  • 
• : 	(1 : 300 
:2  :(a) 2 :  300 

:(b) 2 :  300 
• • • 

:  1 :(a) 2 	400  
:(b) 1 : 400 

:  2  :(a) 1 :  350 
:(b) 2 :  350  

	

Auto Gpecialties : 	, . 	* 

	

cast  steel 	.: 	1 :(a) 4 : 400 

	

: 	:(b)  4  :  400 
: 2 la) 4  :  400 

 . b) 4 • il0C • . 	. 	•• 

: 1 	:(a) 3 : 3.e.0 
• :(b) 3 : 
:  2 :(a) 3  :  400  
• :(b) 2 : 40C 

• 
:  1 	:(a)  3  : 
• r(b) 3  :  40C 
: 2  :(a) 2 : 400 
• :(b)  4 :  400 

J 	 4 

Ford  Motores 
cast  steal 

Hammer Tests: 

Five  links  cf  each type  were subjected te  the 

standard hamner test.  A  link f_s  conaidered  to have  sufficient 

ductility  and toueness  when  the  eye-holes will withstand the 



centee'eï&-hole 

I.  
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(Drop Impact Tests, oontd) 

blows . of a hammer until they are two-thirds of- ,their..:origlnal 
-- • 	_ . 	• 	• . 	- • _ . 	_ _ 

diameter without cracking°  

Ali links, with the excoptionyof one rwhi teheart 

malleable link„ passed this test, 

• 
•• 	Hardness ,Durveys; 

ra.nsi.) Orbe  s ectione were cu's from the 

on :the three-eye sidp -of the links, Hardnesa 133-117ve-is W61' 

made acros's the grouser, tOward the oye-holo surface.,, , The 

Vickers hàrdness testing machine was usod o  A 1-,kilogram 

weight waà -, used for 'readlngs at .the .surfacé, Ali other_readings 

werà made with the 10-kil.ogram woîg.4t o  : 

• _ . 
Type 	 C LT DN N 	B E:R:"S 
-Suv 	Distance i'rem Fa6-holt erfacTor7In • Iifelà—e-à7,7777---1---  

Iface::0 0 012 0 0 02 ; 0 003:000420,;95:0 0 0.62 -0 0 0720 0 0820„09g0:40:01520 0 20 
. 

 0 
	. 

a 

	

heart : 	g 	 . 
a 	

0 	 n 	 n 	 a a 	 n 	
tr tr 	 4 	 o 	

o 
0 

	

mail - ; 	: 	 ° . . 	 . 	2 	g 	' s 	2 
eable :365 2 73 : 86 :100 :100 :118  0136 :134 :134 ;132 0132 :125 0125 

	

B/ack- 	: 	: 	: . 	: 	: 	 2 	 2 	 g 	'',-:  

	

h@ ar t, 	: 	s 	2.  

	

mall- : 	: 	2  d 	 e 	 ô 	e 	e 
'e, a b 1 o , :235 4212 3 05 ',;170 :156 ;156 2156 0172 :185 23.88 2192 :198 .198 

	

Austem- 2 	: 	: ° 	. . 	. 	. 	. 	. 	. 	2 . . 
pored : • 	 ° . 	; 	. 	2 	. 	1 	 C. 	 0 a 	 0 	 g 	' 	(e'• 	 P>  

	

ma.1].- 	; 	: 	: ° „ 	
0 . . . 	 . 	 g 	 0 	

0 	 o 	 a 0 
0 

oable :294 :150 :180 :210 :242 :235 2228 2234 :240 ,>245 :250 .i.240 :242 

	

Fordts 	:299 :294 :274 :268 :265 ;270 :275 :272 2270 :268 2266 :2562'2.54 
Auto 	: 	. 	d . 	0 	 I ri 	

4 	• 	4 	 a 
4 	 7 0 	

0 	 a 0 	 0 
o 	 . 	

0  

speq- 	g 	.,_ • g  . 	.-:, 	2 	.: 	. . 	: 	_. - 	. 	z 	. 	• . 	• 	- 	. 	. 	- - : 0 , 	 a 
, 

laltleà :223 :240 :258 :262 :270 2265 :260 ;260 ;262 1264 2264 '0-268 :264 
0„ItTo  8c0.:285 :225 -2266 :264 :264 . :262 :260 -2260 :262 2245 2250 :248 :245 
C0W, 8c.C, : ' :' ' . 	. 

	

* 	 . 	 . 	, 	- 	: 	- 2 ''.' ,..2::  ., _— 	. . 	. 	 . 
.hard-, 	: 	s.: :.- ' . . 0 	 0 

	

0 	
<1 	

?4 	..,. 	, 	Ô 	. 	.< 	 . 	g ' : :  * 	.: 	.GI .,'' ' ." " i.: :  . 	4.‘  :.....: 	' 	. 

	

0 	
Y 

' 	' 	... '.- 	, 	. 	, , 	- 

	

oned : : 	 ° 

	

- 	. 	 ... 	. . 	, 	a 	' 	.0 	 ". 	
a 
a 0 

	

2 	....,.. 	2 :, 	..n.n 	n 	- ' 	 n•o . - -n; .23 	. 	
,•••:-•.`,... 	- 

. 	. 	' 	-g '.: 	7; 	';: . `g 

	

:•'s.Y . " 	. 	.. 
' holos,: 2390 :314 : 314 :310 .2309 2'300 :299 2298 :298 :295 :294 ":288 2294 	. 

- 
n 
0 

,...--ererefeQ.30rAr....;15.,,,r0e017/04=1“.rir.13:SDPer.lbeietKeree.. -ZWItte:17119,,T^.2:1,C.,...17.7,1UZeLinge,167,1C,ZELV.,-.,0- ato•Ifiraiere/Iltt^,r.e.felre'....eieelt hlif21::U.L'e3Eran:CitegVettootelooi.erriefo-_,—''Mor-, . 	 . 
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Microscopic Examination: 

Transverse sections were  out  from a link of each 

type and microscopic examinations of these were  made °  

A - Malleable iron  Links 

Whiteheart Malleable °  - These specimens had 

inclusions visible in both the etched and unotChed condltions 

Figures 7 and 8 illustrate metal structure In thin (eye-hole) 

section and at surface of eye-hole respectively. Specimens 

etched-with 2 'per cent nital, magn•fication X200 0  

B2e.ckhgartileeM,,, - Figures 9 and 10 »  on 

Page 25 »  are photomicrographs »  at X200 magnification »  taken 

at thin (eye-hole) section and at eye-hole surface  The 

specimens were etched with 2 per cent nital. 

Aueseperedjilalle. able, - The metal structure 

in the eye-hole area is shown on Paso 23  by  Figure 1]. and 12 0  

• photomicrographs at X1000 and X500 magnification respectively ° 

 Figure 13 (X200) illustrates the cyanide case at surface °  

A11 samples were etched with 2 per cent nital, 

11 0
- 

Microspecimens of all types of cast steel links »  

In the  unetched condition»  indicated that the metal was clan 

and free from :Inclusions and that  the  structure was uniform 

across the section °  

The photomacrographs listed below appear on 

Pages 24 to 25 herein °  Ail  samples were etched with 2 per 

cent nital °  

Bure I4  - Structure  of  Ford track link »  X250 °  

Fleure U5 	Decarburized area at eye-hole surface of 
Ford link »  X100 0  

Figuro.16. - Structure of Auto Specialties link, X500 0  

Fie,ures 17 and 16 . Illustrate motal struoturo of Campbell, 
Wyant and Cannon ca.st steel link before and 
after »  respectively»  a cheage in their heat 

•• 
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(Mieroscopic Examination, cont 9 d) 

treating teChnique. Both ut 7,250 0 	• 
• 

Figiare 19, DecarbUrimed area of M. & C. cast steel - 
link. 	- - 

P1eare : 20„ 	Shows.,:photomicrograph.taken at eye4aà1e 
surface of 'experimental link with hardened 

• eo-holos„ X.26Q 0 0tched with ?  percent  
nital c; 

DISGUSSI0N:1- , 	- 

With regard to'physical apPearande„ freedom from 

surface  defects,  end  weight of track link, all types are 

similar °  •X-ray examination would indicate that smell darinkago 

cavities In the Middle eye-bolo wall  on  the th.ree-eysida•aro 

characteristic of all universal . carriee track link castings, 

-both malleable and cadt Steel °  These:shrinks are toward  the  
- 

thick . (grouser) part of the link  end do not'appear to bo 

unduly serious ° 	• 	- 	• 	• 	' 

The chemical composition of both blaCkheart and -

whiteheart links is consistent With that required to produce 

suitable malleable iron of each typo. It has already been 

established that Ford Ne; '4 stool, properly heat'treated, has 

best resistanee to iMpact and abrasion:over the track lifo 

period, There were only two variatio m .  frem this chemleal 

specification, hamely„ (1) 0,55 per cent cepper in one type, 

• which might slightly improve•corroslon7resisting . properties 

and affect the hardenabillty (2) 0,18 per cent MélybdenUm, hich 

would help hardenabillty and-aid in preventing temper brittle-

ness if the steel  is subject to this characteristic, 

Tensile properties are as expected for.this typo.  of 

Steel and the.heat treatment used, 

1Reduction in area and elongation, as measured on 

micro tensile - specimen, should not be considered to be eo 
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(])3_cti.suoa7_okZ, oontlt.ill -

ac;c:urata as those taken on the standard size sp;v:c: lmoo,

iJI^f,7'^)^i)EU ^.k71c?XkAJ are used :i.n the absence of test, coupons and

also in order to determine t,he.prop,:rtie:s of the wtal in

the actual casting, It must be verneTa.baÀ eda bc:fwetper, that

z.' ^ Cv.s`sitcat•zsi7i;^^ ^^ :^ casting cï(^^•:^.^^a:..I.^1cj^r Me .^c^^,r r^ a `'̂, C,̂ ,! a.^k.^. oG'1 the

reoults are 3.'f.p5:°oC3G'k?'f;û.tl.veo

Bond and Impact rrquix°amex?ts for univers al carrier

n;aZ:l_cibs.a Iron f:rack :I.izkkr., M3.u1.1 were adopted by the zranufact-

LI:C'^evM, a tZ a guide to their production wavv.

Links Pr0.3i; w:I. thst and a bending load of :3.00UC0^C Pound s
without b1'eakings supported by 6-IS7,ch of?nt7."an,

The aT.kglo of bond after tJy'î3fJ'.ki3`lg and passing 10p000
lC^ -

(.
:F.^

^^17...a^.•i.3a.r̂u.) .^^:tn.^.^ ^.• ii.}+. .r^i . c^ ^ _l.r^.i p

2. .L3oth the lugs and the barrel of the link wst QW-
Awd an Impact blow of 112 foot-,pounds.

Recuits as ab tained in th:i.., investigation show that

b0tlO. the whitalkna.^-1-- and the blacMaart malleAle track UnWA

have marinai bt.Ji?.& pZ'op9rtiaso The al.1Ste.ii17?c„l.'e(% type will

withstand the rec,z:r,.i.xAod load without breaking but has not the

satnc. ductility as the ot1:,er,

Cast steeJ. links pass these specifications by a

wide mt:l:^ giY.l. and are definitely superior to kT1C+.llfifâble ►.ron in

this 7:'t3.3peC,ta

impact JMQ1iA,1i1z'tiC;:' e of malleable iron and Ford track

links are a:l.l of the ti,w:rkc; carde,° and are well above the ppeM,(:nt

rC?qU.:î,;}:°eI:l.eni;^, The l''C31[i. ?..;l,:i.nr' types of (nt:^at steel material have

even botter impact p:c=c>p:?rtles., when E:ub,jac-t; to i.nq,)act the;W^M^

links bent rather than broho;:1_z•a.dâ.catizz^.^ i rdeate^.^ c:iuc t:Llity

and brZ t ter rosie i, ukll C e to û:hocko

It r,hou:3.d be j o3.x.t tec:t out, ka.owever.*, that the rFjntxlN

obtAned in 1"io:s.û tests :tnd?_cYato that great dttr;•i.il:3 ty may be

unntJ :a{j^ ,`,âtk,:1 ^^ ^ 7 ; ..l .'l'.• i: . ^it ^̂ ^.1Ç^ , +^ 1.( (;r q^'î  - 'k^ C' ^ ,EE: î, (,^ :t^ Rr.:h RL3..a ^^ x.^CJ,^.vb ^j ^."'^^3x _^ '^J .':^ a t^1. ^. ^ t -

an.oo to shoc:k,9 as wa2 :r :.qu9.:.red under the 112,foot-pauud ;.np^.a.nt



- Page 14 - 

(Di scuss i oli e . cont?d). 

'specification s  'is sufficient to ensure satisfactory service, 

Specifications•with regard to .the hardness values. 

of Malleable iron links require that they 'should not exceed 

200 V 0 1'0N 0  in tba eye.qiole area s  but 350 V,P,N, is all:owed 

in the barrel °  Blackheart and whiteheart malleable iron 

conform to.this spocification, The auàtempored link s  of 

course s  is hieher in the core, 	 , 

'The 

 

•ransverSe hardness'gradients from.the grouser -

to the-eye-hole surfaces. àhow the characteristic differences 

between the two methods of malleabillzing, The BrItish;link 

has•a very thin CaSe s  0,003 to 0,005 inch 0  The metal backing 

this case is very soft (73 0 6-134 V:,P,U,),  This soft s  

carbon area would be Subject to Streteh during service and e  

also s  to heavy wear once the case had worn away, Opposed to: 

this e  hardness values for blackheart malleable track links ' 

indicate a very amall area of low-carbon metal backing the 

shallow case, The hardness of austompered links is higher 

at the surface  as  well RS towards the thicker sections, 

This, of course s  would decrease both. wear and stretch of 

the links, 

Hardne'ss roadins for cast steel links 'vary between 

250 and b5 V,r 0 N„ . 10-kilogram load °  The low hardness-at , 

the'oye-tole Surface of the Auto Specialties link is probably • 

due to slight docarburization, 

Gradually increasing hardness towards the eye-hole 

surface of the C. 	& C„experimental link is interesting s  

and indicates an ares. of  gradually dncroasing carbon content 

rather than a case effect, This link should give good service, 

It is understood that blowholes are caused by. the.carbonaceous 

core wash, Lxperimental work should be carried out to.oliminate 
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(Discussione  eentld) - 

this difficultys  al.  this link  shows  distinct  promise °  

Microscopic examination of  links in Group A show 

that all  have the normal high-carbon cyanide martensitic 

case  (Le  Figures 89 10 e  and 15) 0  

The rectal structure in the cere of the  eye-hole 

area Is e  for  ell links e  composed of temper carbon and  ferrite 

in  a  matrix  of pearlite (See Figures 7 9  9 e  11, and 12) Q  

Small  particles of cementite are imbedded in  the matrix cf 

tha  hlact,heart type, indicating that it  ha e  not been 

sufficiently annealed °  

The eeerlite in  the  austempered  link  is  much  finer 

than that of the other two s  a  result of  the austemperIng 

treatment, it should be noted  hare tnat althoue_ a salt 

quench has been ueed bainite  has not been formed° The fine 

pearlite structure Obtaeened reaults  in higher  hardness, as 

already noted °  eesults of field  tests now in  progress would 

indicate that the anticipated toughness and  resistance to 

'stretch have eleo been obtained °  

The :nt  of ferrite varies from  small  particles 

In the thicker  ceutions to almost complete decarburization 

in the thin  sections of  sonie  links °  

ZXC620iVe decarburization is not  characteristic 

of t 	one ty2e but appears to be frequen  in all °  

For aust•mpering e  tha links should not be decarb-

urized e  as thie d.efeats the purpose of the treatment e  namely, 

hi3her hardnee , Ith the retention of sufficient ductility 

for zervice .° 

Tho  riotn.  structure of  all track links in  Group B 

is  tempered  rrtc:ne:.to with soma slight decarburization 

(0„o03-o w 5 cei  at  the  eye-hole surfaces  (zee  Figures 
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(Discussion, contld) 

14 tO 19). 

The etraleture of the Campbell, Wyant and Cannon 

track link as received at these Laboratories is shown in 

Fk:ure 17. Tlit atrix is,martensitic but ferrite had been 

precipitated at  the  grain boundaries. This was caused by 

cooling to belcç: the critical temperature prior to quenchinï,. 

This link •as  re-heat-treated  and the normal tempered 

martenaito structure  was  obtained. It is reported that 

durinc the heat-troating  cycle  at the Campbell, Wyant and 

Cannon plant,  the  eastins  passed  through a low-temperature 

zone in the furnsae before quench1n3; this would_have accounted 

for the undesirable metal structure. This condition was 

immediately corrected. 

A ph,tacroraph (TUgure 20) taken at the eye-hole 

surface of the:2J.'a v11:1._ hardened eye-holes  shows a very 

similar structure .t:o that in the thicker sections, The hardness 

values of this •_otor zone, however, indicate a higher carbon 

content. 

• Concl'esions: 

1 0  Siirinkac cavitiee in the laiddle eye-hole wall 

on the tl.tree-eyo-mide are characteristic of universal carrier 

track link castins„ both malleable and steel. 

2. Tae cJealcal composition of all of the cast steel 

track 111Ç2 00i.:(3 very cloaely to the specifications of Ford 

No. 4 steel, 

3 0  il-Alt.:,Leart and blackheart malleable iron treek 

links hae ver7 i.i1ai bend and irlect properties. Austempered 

.av*  lo7fer -Impact properties, will withstand 

In excess of  the  re:Iired bendinr, load, but break at an angle 
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(Conclusions, ConUd) 

less tnan'the required 5 degrees. 

4, Bend and ImPact properties of cast steel track 

links aro superior to those of malleable iron links,. 

All types of track links possass sufficient 

ductility as measured by the standard hammer it 

6. 7.xcessively decarburized areae ln the thin 

sections of malleable iron links -d.ecrease stremgth and 

result in stretch during service. The small decarburied 

areas in cast steel links are not considered serious defects. 

7. Hardness range for cast steel lins is 

250 to 265 VP,N. 

q, The cast steel links were properly heat-treated 

to give optimum physical properties. 

9. The experimantal steel links have higher eye-- 

hole  surface  hardness, which will give increased wcar 

resistance, 

GENERAL CONCMSIONS 

It is felt that the cast steal link i5 the bst 

universal carrïer'track link at the present time, Incse the 

excellent laboratory results are substantiated in field tests. 

This link could be further improved by hardening the eye-holes 

oither (a) cm.ically or (b) by some induction heating msthod. 

The carbonaceous core wash which was used to harden  the 

 eye...holes of the experimental links tested in this report 

gave oncouraing results, It 5.3 known., however, that blow-

holes occurr ,)d in the production of some of tee  shoes, 

Work should bo carried out to see whether this difficulty 

can be overcome.. 

The  blackheart malleable link ihich was produ-cod 



eXCessiVe dedarbUriùltion in  one  link and casting d efe'ct 
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(General Conclusions, conttd) 

in Canada gave ,reasonably dpod results but was. not up to 

the standard Of the steel links. 

› 'AuStemperod.malleable Unk3 whIch are noW 
. 	_ 

undergoing field:tes:ts, When'last reported gave -definite • 

indications of  being superior to the other types - of'malleable 

lihk, having'even Z>„500 miles with only tWo failures. 

Metallurecalfexaination of these two failures °  .shOwëd 

in the other. 
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Illic.ure 1. 

HARVII;STER IRON CASTING. 
.1.10 

Fl  -7,ure 

FORD STE,EL CASTING, 



'3E.I.L '."■;Y:iNT AND CAN NON STEEL  CA STING . 

F' crur e  et 

3PECI1'ILTI ES Sr:Ma  CASTING. 



1-1 17,uro 5,, 

IMPACT IVIACHINE. 



Figure 6 
asa..••••■••••••■•■•••, 

. • 	 -, 

• • 	 • 

• 

e , 

• 

Ficura 7 

enl (Fe.exe  ered 

IMÏACT PACHINE -- FIFTY-POUND 
ZIGHT FALLING ON LUG °  

ea.» 

X2OC,  etched  with 
2  per  cant  nital °  

âHITEHUART 
COTE  STUOTURE °  

• etched with 
per  cent nital °  

OiBITEHEAriT MALLEABLE, 
CYANIDE CASE °  
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^=20Ga nit;-;.l e ^ch^.

HLhCI:fI^'tRT i".L,Li^ABI.,F,p
S':t'>ti ,_: TURSQ

;:1000, r:ital etch,

AUST131Mi',^^I,^1 :Y..^.LLr,ABI.,
(.; OR-',' .STi3i]?îE o

F'i„ure 10,

X2009 raxtal. etch,

BIACM-MAP,T T^IALLaABI,E,
CYANIDE CASE,,

Figure 12 0

,,500., rital etch,,

AÛS TE,;^TERED yALLLABLE,
C 0 ORE STRUCTURE.



Firupe 1Z_ Fi_gure 14. 

;Iv 	 - 

-4. • 

16,,  

• • 	.. 	 .• • à 

• ‘''r 	 • 

• 
, 

.7,  

• ..0 ' • 	r 1-  3 	, 	
J 	 " 

X200, nital etch. 

AUSTEL7.:Erii.,'D LINK, 
CYANIDE CASE. 

X250„ nital etch. 

FORD CAST STEEL, 
QUENCHED AND DRAWN. 

Meg. 

Fi.rrure 15. 
•••■••••••■■•;isieamem....1111.•• ■•••■ 

X100„ eltal etch. 

FORD C..:ST 3TW'L, SHOWING 
DECA.RBURIZTION AT 3U1PA01::„ 

X500, nital etch. 

AUTO SPECIALTIES 
C.A.ST STEEL. 



Firur 17 
- 

cUtall. etch. 

OAVI'BELL, 	& CNYON 
CA:Y2  

Ple.‘urs 10 0  

X250, nital etCào  

CAMPBELL,  AN  & OANECN 
REHEAT-TREATED LINK. 

MN, 

Fir,:uro 10 

X100 9  ',ital. etch.  

um110. 

21.7uro 20 0  

. X2O, nital  etch,, 

I;CJART3URI:;.: 
YHCL 

)1.1  C.W e  

-REA AT 
;CUFACE 

LINK. 

EYE-HOLE SIIRli'ACE OF 
EXPERIMENTAL LINY 
HARDENED LYE-HOLES. 

••■•• 
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