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OTTAU. A 	August  2nd9  1943. 

REF CET 

of the 

ORE  DRESSING  AND METALLURGICAL LABORATORIES° 

Investigation  No. 1463. 

Examination  of Britlsh laddock Malfeable 
Iron Universal Carrier  Track. 

Ori ln  of Material  and C11211_2LI]nvestigation: 

On May 21st, 1943 s  Requisition  No 464 °  A.E.D.B. 

Lot Nos° 600 and 601, VU3 submitted by Dr.  C. W. Drury, 

Director of Metailurgy 9  Army Engineering Design Branch, 

Department of Munitions and 3upp1y, Toronto, Ontario. 

This requested that a complete investigation be  made on 

vienty-one  BritIsh Universal Carier links and  pins 

produced by the  Maddock foundry  In England. 



not accurate. 

Manganese  - 
Silicon 
Phosphorus - 
Sulphur 

Per cent 

0.28 
0.43 
0.056 
0.205 
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LINKS 

X-Ray Examination:  

Three links were X-rayod at the National Research 

Ccuncil (Ottawa). Several small cavities were present in the 

base of the eye-hole wall of the middle eye on the three-eye 

side of the link. Figure A is a positive of one of the X-ray 

pictures, illustrating the small cavities. 

(Figure A comprLses) 

Cb.emical Analysis: 

Drillings were taken from the centre of the grouser 

for chemical analysis. No attempt we,>s made to determine  the  

carbon content, as resUts obtained from malleable iron are 

Bend Tests: 

Bend tests  were carried  out, using 8-inch centres 

and a one-inch-radius block.  The  link is tested by laying it 

on the centre (ends up) and  applying  the load half way between 

tLem. Table 1 liste the  loads and  angles obtained for the 

six links tested, 

ell.able 

Link 
No. 

1 
2 
3 
4 
5 
6  

Load, 
111-2.2211.:18  
15,780 
11,130 
9,450 

14,500 
14,300 
13,600 

Angle of bend, 
	 degrees 

13.0 
5.0 
2.5 
6.5 

13.0 
6.5 
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(Links., cont 9 d) 

Impact  Tes:  

Impact tests were made on both guide  luge  (indicated 

by (a) and (b) in Table II), and the barrel» of five links 

(luge  facLag downward). A 50-lb0  weight was dropped fron 7 

foot (350 ft-lbn)  a number of times until failure ocDurred. 

Figure 1  illustrates the impact  testing machine  used  FLgure 

2 illustrates  a link in position for a lug impact test. 

Table II  shows the results obtained. A 400-ft 0 -1b 0  impact 

blow was used  for the barrela. 

(Figure 	fIrerlerern7e-r) 
( 	 " 	2 	 n 	n 6 . ) 

LUGS 

1. 	(a) 3 	x350 	- Failed 

2. 	(a) 3 	x350 
(b) 2 	x350 

3. 	(a) 2 	x350 
(b) 2 	x350 

4. 	(a) 1 	x350 
(h) 2 	x350 

5. 	(a) 4 	x350 
(h) 2 	x350  

BARR 

lîesult 

	

(3 	x350) 	-  ?ailed 

	

(1 	x400) 

	

3 	x400 

	

2 	x400 

	

2 	x400 

	

3 	x400 

No. of 	 No. of 
No. 	Blows 	Pt.  lbs. 	Result 	Blois Ft., lbs o  

â 	-is considered to have suffieent  Juciiit 

anl touGhness ,. lien the eye-h -plus will withstand the blows of 

a harmer until they are tWo-thir 	of their orisinal  diameter, 

i.bar  out  of  five 	11.ks tested passecL Figure  3 illustrates 

eye-hole of f 	after it: has ceen subjected  ta tale  test. 

.ontinueu  cn next  paie)  
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1"Pire 1. 

ZIPACT  MACHINE. 
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(Hammer Test, contld) - 

Figure  3. 

EYE HOLE OF  LINK-ÙFTER HAMMER  TEST. 

Hardness  Tests: 

A transverse section was cut from the centre eye 

hole on  the three-eye side of the link. The Vickers hardness 

machine and a 10-kg. load were used. Readings were taken from 

the eye hole toward the grouser. Table III shows the  results 

obtained. 

Table  III, 

Transverse  Gradient. 

Distance  from eye hole 

	

V.P.N. 	 toward grouser  

125 	 0.14 
135 	 0.06 
100 	 0.04 
100 	 0.03 

	

73.6 	 .01 
365 	 (Surface) 

Brinell hardness readings were taken at the centre 

of a transverse section cut from the grouser. They varied 

from 321 -  :J41. 



Picure  4,  ure  5, 
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Case Depth: 

The case depth varied from 0003 to 0.005 inch 

Microscopic Examination: 

Transverse microspecimens were cut from several 

shoes and  polished. The unetched specimens  indicated the 

presence of inclusions. Figure 4, photomicrograph at  X200 

magnification  of the nital-etched specimen, illustrates the 

cyanided  case at the eye-hole surface and also the 

decarburizeL area immediately below the case. Figure 5 

(X200)  shows the structure of the link at the centre cf  its 

thickest  section. 

X200, nital etch. 
EYE-+HOLE  SURFACE-CASE AND 

DECARBURIZED  AREA. 

X200, nital etch. 
CORE OF LINK 

==== 

PINS 

Chemical Analysis: 

DrillinLs  were taken from  the core of a pin for 

chemical anrtlysis. 

(Continued on  next page) 
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(Chemical Analysis,  cont , d) 

Carbon 
Silicon 
Sulphur 
Phosphorus 
Manganese 
Nickel 
Chromittm 
itiolybdenum 

l'er  cant. 

0.101 
0.26 
0,027 
0.017 
0.55 
1.94 
Trace 
0.01 

Heat Treatment: 

It was reported that these pins had been heat  treated 

as  followsz 

25  minutes  inrapideep at 17404F;011 quanched; 
reheated to 1440 r.  and  oU quenched. 

Hardness: 

The surface hardness of  the pins varied from 729 to  

871 V.P.N.,  using a 10-kg 1  load., The core  harnessés were 

163 to  1. 95  Hardness greelients were carrled out on the Inc, 
of  a transverse miorosection  eut  from each of twc'- pine.  -,?able 

III  llets  tile results obtained, 

Table III.  - Vickers Hardness Yumbers. 

	

:.ample  :  At til. 	: 	As der:Ths  11 Inches  frcm  the surface 
Not. 	Surfane 1  0005  • 0.31Ô  •  77-gr-7.1netW s  Q,10 

=oramai=ememliniess -  -,Gre.•=rneree.r. 	im'areerWirmat 
• - 	 . 	 • , 

2 	: 	EIY1 	,. 	9: 5  • 345  -  9n2 •  le_13 • 185 . 103 , 	-4.. 	. 	. • . 

3 	792 	i:C3 . • 417  •  Q')8  •. '87 : 187 	193 •  

Case  Depth 

Transverse specimens  were  etched  In  nital. The  case 

depth was  measured from the surface  to the first point of 

colour change using  a Brinell microscope. The samples 

measured  gave  depths  of  0008 to  0.010  inch, 

Impact Tests: 

.  Seven >ins were subjected to an impact  of  45  foot 

pounds,  usina  the stendard irspection machine. All passed. 



Pin No. 

2 
3 
4 

lle:lection  in inches 

"..).325 
0,25 
0,23 
0.34 

?tum 70- 

Bend Tests: 

BE:nd tests were carried out on the standard bend 

test machin 	The pin reLta on 5-inch centres, and u 12-inch- 

radius tending block is used< Pressure was applied until  the 

first audible  or visible crack occurred, The deflection  in 

inches at this point la sliewn ln Table IV. 

Table IV. 

Microscoec  Examination: 

Transverse micrspealmens were cut from sereral  pins 

and  examine.1  in both the unetched and  nital-etched e4ate. 
■ 

The 

quite clean. 

These were taken at 

the case structure  

unetched  sanples  showed that  th  s steel was 

Figures  6 and  7 are of two typical cores< 

X500 magnification. Figure 8 (X500) shows 

of the pins at  the immediate surface. 

• 
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X50), nital stehed, 
CJRE OF PIN. 

X500 9  nital etched, 
CORE OF PIN. 
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(Microecopic Ex.amination, cont

X5)Gs n-1tal, etched A

CASE OF PTN ^

Tempered Mar tens it e o

links -....n.^...
;;ome sma.ll cavitiss uitre present in the tipper part

of the grcttner at the centre e73hole on the three -eye sida

of the 1 inkJ This g howevar;, should not have any d9Z eteri oua

efiect on 'ul^e service of he 1:l.a:to

The b1a ck; eaxr t :ia11ec1ble links which were pr. o:.-v. .3d

in Canada had to pass the fo27.owing ph7sical.s o

(1) The gulde lugs had to withstand one blow pf
112 f oot=poands . (29-pound weight dropped
from 4 feet)o

(2) The barrel had to w;.thstand at least one 112
i`oot=pound blow to pa8so

(3) To te acceptable, a link had to take a load

® It is of interest that the first two of these taets were
not required by specification but were imposed on their
o<hn pi°oduct by the ix.anufarturers the international
;:arve;.tex* Company of Canada Limited Hamilton* Cntario;,
in arc?sr to onsvrF ere+3te:r reliability In service,,
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(Discussion, contld) 

of 10,000 pounds on the bend test before 
breaking, and after breaking show a bend 
angle of at least 5 degrees, 

Of the six links, subjected to the bend tost,  eo  • 

failed;  it took 9,450 pounds and had a 2.5 degree angle. 

One  link failed in the hammer  test  out  of  five trie:f!, 

It Would appear from these resulta that  in the  process  0: 

manufacture a certain number of brittle links are produced. 

The links  have  good resistance to  impact,  1i1ns 

guide luge  were  tested and only one failed. Tais test,  71.owe•cr, 

waa carried Out  using a  350-foot-pound  blow.  The barrels 

capable of-withstanding 400-foot-pound blows, 

Whiteheart malleable is produced  by  pouring wh:1-,e 

cast iron, usually high in sulphur and low  in cerbon and 

• silicon, into sand moulds. These castings  are  then mallasble 

lized by heating  in  large'furnaces surrounded  by a  mixture of 

new and spent ircn ore for several days at  a  temeerature 

950° to 10000 .0. A relsoval of carbon from the wite irce. taen 

place,  The  time At the  temperature  controls  the depth ‹).t:  deearb ,;.- 

ization produoed. 

Microscopic examination of the links indicated  that  • 

the thin sections  were  almost completely decarburizea un ,:Ler 

the thin cyanided case, The thicker section, auch ae  LI1J 

internal portion of the grouser, consisted of  a  higher-c!arboa 

area  This part showed  a  much higher hardness, 321-371 3rinetl, 

The specification requires that the surface hurdnenn 

be 500 Vickers on the inside of the eyehole. The va]ue obtaned, 

using a 10-kilogram load, would indicate that this requicement 

has been met in the very surface material.  In service,  this 

outer hard skin Nould be expected to wear  better  than  th n  surface 

on the homoi;eneous type of cast-steel link made for the .;e.nadle.n. 
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(Discussion„ cont'd) 

track. However, this cuter hardened layer is very thin and 

wear in the carbonless iron immediately under it would be very 

rapid once the skin  ha  s been removed_ From the etandpoint of 

wear only, then, the Canadian-made link might be reported to 

perform better than the type of link under examination, In so 

far as pitch change Is concerned, eyehole stretch is equally is 

serious as wear, In this respect, the Canadian-made link would 

have a much higher elastic limit tnan the completely decarburized 

material surrounding the eyehole of the Britieh-made link, 

Incidently, from the wear standpoint, it would s3em 

pointless to demand exceedingly high hardness in a pin surface 

when the hardness of the link eyehole is such that link wear, 

not pin wear, must control pitch change. Of course, if the 

fatigue strength of the pin is considered, hardness is impertant, 

This point is discussed below, 

Pins - 

The pins conform to the chemical analysis specifica-

tions of B,S,S, 5005/102, 

They pasa the  drop impacttest specified by 0,A 0  214„ 

Three out of four pins passed the bend deflection of 0,25 inch 

minimum prior to the first audible or visible case crack, The 

pins have hard, thin cases and soft cores, 

the field tests carried out at Windsor, Ontario, 

trie  softer-surface homogeneous pine (46-51) Rockwell 'C had a 

much longer life than the harder-surface SAE 3115 caeed pins .  

It ie felt that the superior performance of the homogeneous 

pin indicates failure in the c&sed pins as stgrting below the 

outer hard surface  zone 0  If this theory is correct, then a 

soft-cored pin would fail by fatigue at a lower mileage than a 

hard cored one, due to the presence of a eofter material at the 
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(Discussion, contld) 

zone  of  failure.  Field tests . showed that soft-cored 4  

cased pine failed at a lower mileage than hard-ccred pine 

It must  be pcinted out 	t thc - sr,ft -c:red pine. hed 

somewhat softer cases than  the  hard-cored pft.ns. (.onsec:utly 

judgment ne to the correctness of the  above theory must  lac 

delayed until such tire as  field test resu:ts conclusivel7r:Jrwe 

that,with the saine  case depth and surface  hardness, a  so2•;--u:r,Jd. 

pin fails  et an  earlier milage.than a  hard-cored pin, 

•Ibe 

 

cor  a euniacturs  even  In  Flue r  6  and  Ciw 

the differences, both in  the amount *nd  the dispersion.uf 

ferrite encountered in the  investigation of theso pine.. 

Pineness  of  core structure as well as cf ca3e structure 

dssirabie  to produce the strongest type of pin,  211A ,zase 

structure liown in Figure 8 it well-refined temperoe 

CONCLUSIONO. : 

Links - 

1. Small cavities are present, but in a poeition 

where  no  deleterious effects should result in service 

2. One of the 81X links  tested failed the bend  test 

One  of five links subjected to the hemmer  tsst 

Tte  impact resistance of the linko  was  a -17:,leuttc›ry.- 

5,:  A cyanided case depth  of 0,003  -  0,005 

been obtained. 

6. A  deep zone  f eactically  carbonloss 

present  immediately under the case. This  is  0015  1=h do 

in  same  sec.tions. SuCh a condition :Le cundr5lire to Ile:: 

stretch. 

7. The process  of  manufacture evidently  produce:;4 
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1 

(Conclusions, contfd) 

some links which are brittle, 

Pins - 

1. The steel used fur the pine confoms to B.S.S0 

5005/102 in chemIcal analysis 

2. T.11:) pins pass the drop impact test of 45 foot-

pounds without beaking  in two 

3. 1t'h:(3  ult of four pins  tested  passed  the minumum 

bend deflection  'Df 0.25 inch without audible or visible case 

cracking° 

4c The pine  have hard cases and soft corea 

5. The case  depths  ara 0,006  -  0010 inch 

6. A lariation in core structure is observed. 

7. Th s  case structure is tempered martenalte 
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