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(OriginOf  Materiel  iiridÔbjeci Of  rilVestieation)  -  • 

maltedeSe  iteei'eanadian  Dry Pin Traek  'Links, manufactured by 

le111 	and :Steel  Foundriee, Limited,'Hull, Quebe c . 

r(”3-Orted that tlel links and pins had had approx-

imiiieli 2,4b6 miles of service  at the Ottawa Provin  g Grounds. 

Up t615500mIles no Cracked shoal had  ben  observed, but at 2 4 420 

iks showed-cracks in one  'or two of the centre -.• 	 • 

hihgeW'bf .  tOli - four tiine sid., YO'pin  failures e , ::enered dnribe 

the e:citerest. An  eXamination of the links and pids was re- 

quested to determine  the wear and  deterioration. 

TRACY LIN1 

Macro-Examinetior: 

-• - 	The'twentyetwo shoes were reoeived in three lots tPn 9 _ 	 . 

shues  with no ObViouà trecks, elet  shoes with cracks in the two 
. 	 , 

centre hit:Ices of the four-hinge side,  and four shoes with a crack 

In one of the centre hinees of  the foure7hinge side. 

Of  the ten shoes with ne obvioue  cracks, the first  nhoe 
- 	He.e ,  

nad  crckS,starting  on_bpth the centre  hingeà; the secnd shoe 

had cre.O.i  etarting  oh:all four of the hinges.  Four  were  fo -and 
, 

to  nave  smail  cracks  On the inside edge  of one of the centre hinges. 

Seven of these shoes  had_ the left glilding  lug bent:over slightly, 

te 	
. ' 

tioe is  placed  Witt-ithe 'twO luge up.and thé four  hinge side 

away freM'the •Càpéerver»on exaMination), and one had Ike right 

guidelug_bent'Over,'' 

theeight - shoeS with  cracks in  the  two cenre  hineee 

of  theI'bia. ttine Sdde, five had :both the  centre hinges *cracks 

coreatélthi;bug whlie the pertaining  three had one of the  centre 

hingeréckeeCOmpiltely through and the oher craeked almos 

tnroUteie. 	 timSe Seees are illuatrated  In Figure-1, Sever 

of. .theeloesS--ShOwed  craOks on the .inside edge of the  two outer 

(Figure 1 a;)»ears on Page 4), 
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(Macro-Examination, contta) - 

hinges on the four-hinge Lide and four showed cracks on the 

outside edgo of the outer hinges on the three-hinge side, 

One of these cracks is illustrated in Figure 2, Two of the 

shoes had the left guiding lug bent Over and one the right. 

This latter shoe is illustrated in Figure 3, In none of the 

casea Where one of the guiding lugs was bent over was there 

any indication of torn metal, 

Of the four sho£8 with a crack  in  one  of the centre 

hinges on  the four-hinge side, all  four had one of  the centre 

hinges cracked completely through, while on the other  centre 

hinges  cracks had started, One of the shoes la shown in 

Figure l,  Two of the  ehoes eXhibited cracks on one  of the 

outer hinges on the four-binge side, 

Measurements of the Shoes: 

The eyeholes of the shoes were measured with inside 

callipers  to determine  if  there had been any stretch or wear, 

Measurements were taken at right angles and parallel to  the  axis 

of  the guiding  lug e  he  manner of taking the measurements  is 

shown in Figure 4 and the method  of  numbering the hinges  for 

reference  purposes in elgure  5,  Table  I  records the results 

of  the measurements °  
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LINS AS RFCEIVED0 

Ncte cracks on two centre hinges. 
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Flcure  2 
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GRAC: IN OUTER HINGE OP THPEE-HINGE 
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Fi 	3. 

RIGHT GUIDING LUG BENT. 
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0.97 
0.89 

A 

10 A 

:0.92-0.97g 

:0.93-0.98: 

: 	0.86 

0.96 . :0,96: 	0.96 
0.87 :0087:0.89-0.91 

0,93 :0 3 95:0 0 94-0 0 95 
0.87 :0,87: 	0,87_,88  

14 A 
B 0.85 

:0,91-0.92: 

0.94 0.95 
0088 
0.94 :0 0 941 	0094 
0.88 :0.88: 	0.86 
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-1 TABLE .... 

1 	A .0›92-0.96: 	1.0061  ;1.09-0. 
3 B 	0.87 	0.90 	: 	0.89 
--757Z-7575-i-trolje :  FAV-

IL  : 	O87; 	0 0 89  

9 - 	

0 

.111•■•••■•0.10•00.•••••• 	 1010101rallumMoll0000■000 

tMoas-: 
:ure- : 

Shoe:ment,: ----------- 
No.:dir- 

:ect-  •  
:ion : 	1 
: of : 

A  :0.92-0098:0.99-1.02 4 : 	0(99 
B  •0.85-0.89 	0.89 	0,88 

•JIMOMIMMIMUMIMIIIIMMMIIIIIMMICILLM  ewe •amme-auesembeameamom 	 .......mmuram.•■•••••0.0■00sr:e...10., 

:0.99-0.92: 	0098  :0,98: 	0.93 
. 	0.88  :0,9290.8910.89:0.87-0.90 

• 

110.••■••••■•••■••••401■• 

, 
	 -...... ...s.faverma...a.ammee■«..esseasereereMaaree.wees.,c 

v.....0.r.sa mouse 	 *.m.070.00,,rear• 	 ,..1000. ocueu,.....me...*0.04e-meammerira mmen 

99:0,95-0.93e 	8.98 :0098: 	0.98 
0.87 :8   0,18  m0,88:0088-0,91 

'FCTere:e14.277 	-eserr 	 0.87  :01 62.0.86:9,87:0.8790.88 

5 	A :0.95-0 0 97; 	1.004  : 	1.004  :0.97-0.95: 	0.97 :0.97: 
B : 	0.88 : 	0.89 	: 	D.88  :0.88-0.87:0936-0.85;0:87: 4---- 
A  :0O92-O095:398-1300: 	1.00 :0.95-0.91: 	0.95  :0,95; 	0,95 
B :0.88-0.89:0.89-0,91 :0.93-0.88: 	0.87  : 	0.87  .088.0.88-0.19ç, 

1001"  : 	1.03 :0.98-0.92: 	0.96  :0,96:0.96-0)99 
0.89 	• 	0,88 	0.86  : 	0,87  :0087: 	087 
-i...-0C-71-1-17,-6621---0:977-7.-9-F:  -0.98  :0.980.98-099 

0 088 	: 	0.88  :0.88-0.87: 	0,88  :D88 0088-0.8 
ervasekee■ aal-eremeaMIRCYMMIROMererien• 

12 	A -0 0 92-0.97: 	1.02 
B 0 088 . 	0 091  

:1,04  .810ar  o  98-0,  93 e 	0.99 :0099: 	0.99 
:0.89-0.88: 	0087 	0,89 :0.89:0.89-0,91 

eempaRellafte■MIOdemm 

•••■•11110 

nonnnsn•nenwart••••••••••••••■nrronn•neennwarninnamaa•anarno• 

:0.89-0.94: 	0.94 
: 	00.85  • 	O87  

: 	0.94 :0,94-0.91: 	0.93 :0,93: 	0.93 
: 

 

O.87  : 	0.86 :0.67-0.86:0,86:0.86-0089 
13 A 

B 

0.93 	: 	0.93 :0 92-0.91: 	0,93 :0.93: 	0,93 
0,.86 :0.85:0.85-0.89 : 	0.85 

20.94-0091: 
: 	0988 ; 

:0,94-0.92: 

0.86 	: 
er.111.1•Meeilme felln."-Ylarolga• 

0.86 

18 	A 200)3-0.95: 
: 	0.88 88 : 

16 	A :0,91-0 0 95r 	0.96 	e 	0,96 

	988 :0,87-0:86 : 	0,87 

17 	A  :0,92-0.97:0.97-0.99  :0.99-0.98:0.97-0.92e0,98-0.96:0096: 	0.9e 
B  :0.87-0.89:0.89-0088  :  	0.89  :0.89-0.88: 	qoas :9,88: 	0.88 

	

0.97 	0.97 

	

0.88 	: 	0.88 

	

16 A  :0.93-00960,96-0.97 ; 	0.97 
-  8  0.88-0.89:  0089 :  0.88 
19 	A  : 	0.93  :0.96-0.97 : 	0.98 

B 	80.88 : 	0.89 	L___90s8  

0.95-0.91:0,98-0.95:0.95:0.95-0,96 
:0.88-0087: 	0.89 :0.89: 	0.89 

:0.95-0.91: 	0(.94 :0.943.94-0.97 
: 	0088 :038E-0.870.88. 	0.83 

20 	A 	0.89  : 	0.94 	:0)86-0.95:0:94-0.90: 	0,95 :0.951 	0.95 

	

-C884-0086: 	0.87 	.0 88-0 8 •8- 	O86 

	

:0 87-0  86-0.86; 	0.83 • J 	 e 

21 	A :0.91-0094,; 
: _0,86  8 

22 	A :0,92-0.94: 
ocee  

(1) Original diameter of eyehole from Drawing No. F1489 LED) was 
0.831  inch'. 

(2) •  Perpendicu3ar to axis of the grinding lug. 

3 -  Parallel  to mis of the griefting lug. 

(4)  • 
Indicates a hinge which is cracked so badly thet accurate 

measurement is impossible: 

	

0,97 	t 	0,97 :0,95-0.92. 

	

0.88 	0.88 	0.08 9 : 

	

0.95 	0,95 :0.93-0.90: 

	

0.87 	: 	0.36 : 	0.86 
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Weizaht  of Shoos: 

The shoes were weighed and Table II shows the 

results: 

TAlLE II. 

	

Shoe 	Weight, 	 Shoe 	Wo13ht, 

	

No. 	Mel 	No. 	gentell ZZe.== 

	

1 	- 	14 	 14 	- 	20 

	

2 	- 	18 	 15 	- 	191 

	

4 	- 	18-ie  ' 	 16 	18 .- 

	

5 	- 	184; 	 17 	 - 	le 

	

6 	 - 	18 18 	- 	19-e 

	

9 	- 	le 	 19 	 - 	lai 
lo I - 	184 	 20 	- * 

	

12 	- 	18 	 21 	- 	13 .i- 

	

13 	- 	191 	 22 	- 	19* 
bememataleromatem••••■••••■•••.••••■••■••cMa 

Hardness of the Wearing Surfaces: 

Sections were cut from three eyeholes and hardness 

readings were taken on the wearing surface, using the Vickers 

machine and the 5-kilogram load. Eight readings were teken on 

each eyehole and the mean values of these readinc:%  are  recorded 

below: 

Number 	V.P.N o  

466 
2 	 510 
3 	 489 

1•1111■111..fflar 

On the flat surfaces of three links, which are  in 

contacc  with the  bogie  wheels, hardness readings were taken 

using  a  Brinell  machine with a 3000-kilogram load. 

The results  appear below: 

Shoo No, 	B:H.N. 

	

6 	 315 

	

13 	 340 

	

17 	 350 

=craasett=rz =fteezesiaa 
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Micro-Examination:,  

M1c2o specimens were cut from  one of  the hinges  and 

from 8 thick  section, polished, etched in 2 per cent nItal and 

examined under the microscope. Figure 6  shows the structure 

near the break in the hinge, 

Figure 6.  

X100, nital etch. 

STRUCTURE  OF LINK. 

Note  absence  of free carbides  and large 
grain size. 

Pull Tests: 

One shoe (No. 12) web taken and subjeoted  to a pull 

test, together with a good uhoe, in the Amsler Universal testing 

machine. This  shoe had both centre hinges  en  the  four-hinge side 

cracked completely through, cracks on the inside edges of the two 

outer hinges of  the four hinge side, and cracks on the  outer edgea 

of the three-hinge side. Figure 7 shows  this shoe attached to 

the good shoe after it had been pulled.  Note bend on pin. 

At a  load of 76,000 pounds the  two  centre  hinges 

opened up and the load fall off. (Satisfactory uncracked shoes 

withstood a pull of 195,000 pound without cracking, 

(Contined on  next  page) 
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(Pull Tests, cont'd) y

ra.jure 7,

PULL]^ L7:NXS.

Note tend or: pin.

':I'RR1CK FTi.'3o

Macro='Exaïr,ina t ion :

Two of the t,ver^ty-,.,ne p-;ns exhibited :s: ight . x_^nlc:ihait

effect whi 1Q the remaining r, i.notae.-n -ins were worn evenï ;^ a11

around. Figure 8 shows four representative pins,

( Cont3.. °ae.d on next page)
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(Macrc-ExamiLation, cont , d) 

8. 

PINS AS RECUIVED. 

The pins were all magnafluxed and examined  for any 

cracks but none were found, 

Measurement Wear: 

Figure 9 shows te  manne"  in which the msesurerwnts 

weru taken rAl the pins 

Continaed m next paGe) 
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(Measurement Wear, contld) = 

Eli2re 9 ° 

6 	2 	9 	 • 	// 6 

`!` 	 .1/  s i 	J—L  

WEAWREMNTS  ON PIN, 

.  An  oxample of the measurements  on  one  pin and the 

method  cf calculating the wear follows: 

•■••■•■•Y111■■■•■ 

NINBUR OF READING 
, 	c) 	 4 L 	 ' 	 e 	7: 

--, -  	. 	 r 	, . 	 . 	 . 	 . 

%11•tmvm• . 	 • . 	 : 	: 	: 	: 	 • . 	. • 
meters -;  J 0 800  :  IJ.796: 0.72  :  0  794: C. 7 96: 0 . 793: 0. 8G1: 

• 
• • 	 • 

• 10 	,• 	U. 	12 	• • 13 	 • 

( 

Laximum •••■•••••••••• •••••••••••*  :••••••••••••••■■ 
 • 

• • • 
:iameters 	).810 	 0.tC ,5 : 0.805: 0.804: 

Mean  minim=  diameter 0 0 797  inch. 
Mean  maximum  diameter  = 0,606 inch, 
Vaximum  wear = 0,810=0 0 797= 0_013 inch, 
Mean wear 	= 0.806=0.797= 0,009 inch. 

Maximum wear was round by ,Ouktracting the mean 

minimm diameter from tile  larGest  maximum  dlameter 	T1-.9  mean 

wear was found by  eubtracttng  the  two mean values of maximum 

and minimum diametern:,  Although wear  would be  expected to be 

fairly licht on portions cf  the  pins  that  old not bear  the load, 

calcu 1ated ,1ues for ..fear c:re probably  s1iglit17  less than  actual 

valueo, 

(Continue:? on next page) 
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moo :diameter *  
: inches 

.19 :  0.81.6 : 
21. 	0,314 : 

pin:maximum pin:maximum  :maximum :minimum : wax',.  1,000 : wear 0  : 
:diam6ter,:diameter,: 	In  :  miles, : in 
:  inches : inches : inches: inches :inches  :I 

0.795 : 0,042 : 0,0192  :  0,036  : 
0,785 

 
• 0.058  : 0,0241  :  0.054  : 

Mean 	:1-sfaire-iiralriam-r7jta--7r 	w ambwonswm....namal.mas.eurse 

0.813 : 
0.812 : 

Weireire  
1,000 
miles, 

aches  tin inches 

0.0150 
0,0225 

• 
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(Measurement  Wear,  contld)  - 

TABLE III. 

:Largest :Mean 	:Mean 	:Maximum:Wear  per: Mean  : Wear  per 
Pin :maximum :maximum :minimum : wear,: 1,000 	wear, : 	10000 
No.:diameter,:diameter,:diameterp: in 	: mlbs, : in 	: 	miles, 

: inches :  inch  es : inches 	inches: inches :Inches : in inches 
• • 	• 	 • 	 • 

	

1 : 0 0810 :  0.806  : 	0.797 	0 0013 : 0.0054 :  0.009  :  000067 

	

2  :  0.812 :  0.606  : 	0.788 : 0.024 : 0.010  :  0.018  : 0.0075 

	

3 : 00811 :  0.808  : 	0,795 : 0,018 : 0,0075  :  0,015 :  0,0062 

	

4 • 0.817 : 0.810  : 	0.796 : 0.021  0.0087  :  0.014  :  0,0058 
5 : 0.810 : 0.805 	0.785 : 0 6 025 : 0.0108  : 0.020 : 0.0083 

	

6 : 0.810 :  0,804 : 	0.796 : 0.017 : 0.0071 :  0.011 : 0,0046 

	

7 : 0,812 :  0.810 : 	0.790 : 0.022 : 0.0002  0.020 : 0.0083 

	

8  :  0.813 :  0,810  : 	0.795 : 0.018 : 0,0075 :  0.015 : 0.0062 

	

9 : 0.811 : 0.805 : 	0.792 : 0.019 : 0.0079 :  0.013  : 0,0054 

	

10  :  0.811 :  0.809  : 	0.790 : 0.018 : 000075 :  0,016 : 0,0067 
11  :  0.810 : 0.605  : 	0.795 : 0.017 : 0.0071 :  0,012  :  0,0050 
12 : 0.810 :  0.807 : 	0.787 : 0,025 :  0,0096  :  0,020 : 0.0083 
13 : 0.812 :  0.809 	0.791 : 0,021 : 0,0087  : 0,018 : 000075 

	

14 :  0.815 :  0.810 : 	0.799 : 0,016 :  0,0067 : 00011 : 0.0046 

	

0.81b :  0.810 : 	0.787 : 0,028 : 0.0116  : 0.023 : 0.0096 
16  :  0.815 :  0.612 : 	0.792 : 0,023 : 0.0096 :  0.020 : 0,0083 
17 : 0.812 :  0.206  z 	0.796 : 0,016 : 0,0067 :  0,010  :  0,0042 
18  :  0,812  : 0,805 : 	0.791 :  0.021  :  0.0087 : 0,014 : 0.0058 
20 : 0.810 :  0,807 	0.792 : 0,018 : 0.0075  : 0,015  :  000062 

• 

M11.1112ME-22E-12.200  ni1" -  0,0064 

On pins which exhibl.ted the crankshaft effect, 

since  the wear is uneven, it was calculated as twice the 

difference  of the maximum and minimum diameters ,  

rfflalt-161> 

(Continued on next page) 
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(Measurement  w,;„rii, cont'd) 

It  was  noted that, on thirteen out of twenty-one 

pins that minimum diamhters occurred at a point about one- and-

a-half inches from the headed  end. This is illustrated  by the 

following eXample: 

CMBER OF READING 

mfflw==C7=k - —..-.:7 	 • 7---7  

Minimum 	. . 	• 	• 	• 	: 	• 	• 	• • . 	 • 	• 	• • 
diameters  -:0 769 :0,797 : 0,797: 0,798:0.796 :0.794  .  0 786 . . 	, 

----- - 	 .21m=ter 
• . 	• 	. 	. • . 	. 	 4 	• 	 4 	• 	 , 

t 10 	t 11 t 12 / 13 
• . 	 • 	• 	• 	• 	• • • • 	• 	• 	• 	• 

. 	. Maximum 	 • • • 	• 	: • • • • a • 
dianeters -:0 0,810 	:0.805 :0 4. 812 :0 4. 806 :0,812 : 

■■••■••■••••■••■••■•■••■•■•••■■••■•■■•■•■•••■•••■•••■•••••••••MI 

Surface  Hardness: ,  

Hardness readings  were  taken around the middle  of 

the pins using the Rockwell  tester  "C" scale, 

TABLE IV. 	
, 

Pin  No. 	Surface 	Core 	Pin No 	Surface 	Core 
hardness 	hardhesE. 0 	 hardness. 	hardness = ===.---  	-  ......  =I 

48-52 0 5 	47-49 	 12 	49-51 	46-47 
48-50 	46-50 	 13 	45.5-50.5 

	

3 	45.5-46 	 14 	47-50.5  

	

4 	49-51.5 	47 	 15 	44.5-49 

	

5 	46-52 	 16 	45-51 

	

G 	51-53 	48-49 	 17 	48-495 	4 ■:.,-- 

	

7 	49-51 	 IG 	47-4k.,5 	44-46 

	

6 	45-49.5 	 19 	44-47.5 

	

9 	45-46 	44-44.5 	20 	41-48,5 

	

10 	48-50 	48-48.5 	21 	46-48,5 

	

11 	49-51 	 • 	45-46.5 	 . 

a 	r- 	...lemsgren= 

Bend Tests: 

Bend  tests  fere carried  out on an Amsler  Universal 

usiniï a twelve inoh-radius Es..C. supporting the  pins on 

(uOntinuod  -al next page) 
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(Bend Tests, cont/d) - 

twelve-inch centres. Table V records the results. 

'1ABLE V. 

. Sürface 
Pin : Hardness 
No. •  (Rockwell 'el 

	

1 	: 48-52.5 

	

4 	: 49-51.5 

	

6 	: 51-53 

	

14 	: 475 

	

16 	. 44 3 5-.51 

	

18 	; 47-49.5 

Core 
:  Hardness 
s tRockwell  'el 

: 47-49 
: 	47 
; 48-49 . 

 : 43-46 
. 45-47 
; 44-46 

• 

: Deflection 
: in inches. 

. 9150 	. 	1.070 
: 10,500 : 	2.28 
; 8450 	: 	0.7)4 
. 9500 	: 	1.36 
; 9700 	: 	1.815 
. 9000 	: 	2.6 

!  Load 
• - ound 

01.11.0■0.10 	 011110.0■00.-.11•111■ 

Dror rmroct mentq. 

Drop impact tests were carried out by allowing  a 

50 pound  weight to fall  a  distance of eight feet striking the 

pin.  Thus the pin was subjected to a 400 foot pound blow. 

Table V1 records the results. 

TABLE VI. 

,  	 _ 	-------....---- 
C Surface 	 ore , 	 . 	 . 

Pin  : Hardness 	•  Hardness 	• 
No. 	Rockwelltce) :  ........ 

2 . 

	

. 	48-50 	. 	46-47 	 . 	Passed. . 	 . 

	

9 . 	45-48 	.. 	44-44.5 	
9 

: 

	

10 : 	48-50 	. 	48-46.5 	. 	 9 

	

11 : 	49-51  
. 	 . 

It 
. 	 : 

	

12 :49-51 	. 	46-47 	 . 	 9 

	

. 	 . 

	

17  , 	48-49.5 	. 	43-4 5  

w0m0/...■ohim■.0..e0.10*.e....0■0m0*■  	
0011000Y1111000ffl0IMM•M•1001.• 

111.111•1•IMOMIIMMIS •••■•■■••■• 

■■••••••■■■■■■ 

REMAR 3 : 
• 

tt 
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Discussion: 

The macro examination of the links showed that the 

failures were located in the tro centre hinges of the four-

hinge sides. On examination of the links which had not failed 

completely, itwas seen that the cracks tend to start on the 

inside edge of the two central Jaines of the four-hinge side. 

It is therefore believed that, in service, these two hingea 

are subjected to a greater tension than the two outside ones. 

This  is further substantiated by  the moasuremente 

on the eyeholes. Assuming the original diameter  of the hole 

to be 0.831  inches, as given on Drawing No. F-1489  (AED), the 

measurements  show  that the holes have been elongated  on the 

average  of 0.13 inch and that the two centre hinges  on the 

four-hinge side have been elongated more than those on the 

outside  (about 0.05  more). Further »  the two outside hinged 

show a  tapering effect increasing in diameter from the out-

side to  the  inside, when measured in the direction perpen-

dicular to the axis  of  the guiding lug.  This tapering effect 

was also observed to a lesser extent on measuring parallel to 

the axis of  the guiding lug. (Visual examination of good 

unused links subjected to pull tests showed that  the two 

centre hinges on the four-hinge side stretched  more than the 

two outside hinges.) The hinges on the three-hinge sicle 

stretched fairly evenly over their whole length.  In se 

 cases there  wae a slight tendency for a taper, the  diamet;or 

increasipc fram the inside to the cutside of the two outer 

hinges. This effect showed up more on measuring parallel to 

the axis of the guiding lug than perpendicular to It. Further, 

where any cracks  occurred on  the  three-hinge side they occurred 

on the outer ed'eeJ  of the outer hinges. These factors point to 

a condition inwhich the auter  parts of the  three-hinge  aide  

are subjected to higher stresees than  the central  portions. 

uontinied e:a next page) 
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(Discussion, conted) 

Some failures are due to cold shuta in the hinges. The 

ill effects of these casting defects are magnified by the stress 

distribution in the shoe and hence the shoe is weak *here it should 

be strong. This might possibily be oVercome by changing the method 

of gating. The  metal, however, is of  good quality as can be seen 

by the fact that, although  the guiding lug illustrated in Figure 3 

is badly bent over, there are no cracks or torn metal visible 

It is possible that  the  links have reached their fatigue 

limit. This is indicated by the large number of shoes which re-

portedly began showing  cracks between  2,300 and 2,420 miles. 

The hardness readings on the wearing surfaces  show  that 

the  manganese steel has work-hardened satisfactorily and  approaches 

the  hardness of the pins. The readings taken on the flat surface 

show considerable  work-hardening also. 

Since the original  weights  of the  shoes are  not known, 

it is impossible to say positively if any weight has been lost 

during  service but it seems probable that about three-quarters of 

a  pcund  was lost. 

The results of the pull  test show that a shoe still has 

some strength, even though both centre  hinges  on the four hinge 

side may be cracked through. However, since no evidence is 

obtainable as to what  stresses  the shoe is subject to in service, 

it is  impossible to state how much longer the  shoe would  te 

 serviceable. Ti-Ace track definitely withstood a test over difficult 

terrain  just before it was removed from service. 

With the exception of two  pins all the pine  are  worn 

evenly  all around and 

observed. It was observed, however, that there was a tendency for 

the eins to wear faster at  a  point about one-and-a-half inches 

no permanent deformation,  due to  bending, was 

(continued on next page) 
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(Discussion, cont'd) - 

from the headed end. In one case the diameter at  hia  point 

was 0.035 inchless than the next smallest diameter and was 

0.053 inch less than the largest diameter measured. This 

might indicate the  presence  of  soft spots, caused by  a  re-

tarding of the  cooling rate at this point on quenching the 

pins. 

The surface hardness of the pins is within the  spec-

ified limits and in  most cases was in the upper range  of this 

limit. Thus  the pins have not been heated up in service  to a 

temperature exceeding the draw temperature  (800° F.). The core 

hardnesses of  the pins were slightly lower than  the surface 

hardnesses. A  slight increase in the difference between  the 

two values may have been caused bj work-hardening  of the pin 

surface metal. 

That the pins are  still  serviceable, is shown by the 

bend  and drop impact tests. In the drop impact tests,  all pins 

withstood  a 400-foot-pound blow while the specification for new 

pins only  requ'ree them to withstand a 350-foot-pound  blow. In 

the bend  tests, all pins (except one) took a deflection  of more 

than  one inch and the one exception passed the 0.7-inch  deflection 

required by specification. The failure of  that pin to take a 

deflection of one inch may be attributed to its high surface 

hardness  (51-53 Rockwell "c"). 

The average elongation of the eyeholes on the ten 

shoes which had  no obvious cracks (shoes 13 to  22 inclusive) 

is 0,13 inch. Thac is a combined elongation and wear  of 0.054 

inch per thousand miles. The mean wear on the pins  was  found to 

be 0.0064 inch per thousand miles. This gives a ratio of wear 

for shoes to  pins of 8.4 to 1 0  Probably the value  is somewhat 

smaller due to  the fact that pin wear Is  e alculated and actual 

wear will be higher. 

(continued on next page) 
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Conclusions:  

1. Failure of the links  occurs first in the two 

centre hinges of the  four-hinge  side, since these are the highest 

stressed portions of the  casting. 

2. Some  of the failures were caused by cold ehuts. 

3. The  metal is of  good quality and no free carbides 

were observed. 

4. The  metal work-hardened considerably on the wearing 

surfaces, hardnesses varying from 466 to 510 V.P.N. 

5. The pins  wore evenly all around and were not per-

manently deformed by bending. 

6. Soft spots  on the pins caused greater wear  in 

some portions than others. 

7. The pins hava not been heated excessively in ser-

vice, as no noticeable softening effect occurred on the surface. 

8. There were no fatigue cracks on the pins. 

9. The ratio of Near on shoes to wear on pins is 

0.4 to  L. 
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