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Tests attempting to Aetermine the nature 

and cause of failure of spacing washers used in 

the Canadian Dry Pin track are described and their 

implications discussed. Recommendations for improv-

ing the performance of the washers and increasing 

their service life are given. 
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Introduction: 

In the last week of October and all of November 

of 1943 0  numerous washers failsd in the Canadian Dry Pin 

zrack. The severity of the routine inspection test was 

increased during this period in order to check on pin 

performance .  It was found that the washers would not 	 . 

stand up under these conditions, As a result, on December 

2nd„ 1943, seven broken and twelve new spacing washers were 

received from the Hull Iron and Steel Foundries Limited, 

Hull, Quebec, through  Mr.  V. W. G. Wilson of the Army 

Engineering Design Branch, Department of Munitions and 

Supply, Ottawa. It was requested that the washers be 

analysed chemically and checked for hardness« This request 

was covered by Requisition No. 618,  AB Lot No, 505, Report 

23 5C, Div ,  2, Test No  28, submitted by the Directorate at 

Metallurgy, Army Engineering Design Branch, Department of 

Munitions and Supply, Ottawa, Ontario. It was further 

requested verbally that, 1f possible, the cause of failure 

be determined. 
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Ap21ication and lrathod -^jf Installation:

The spacing washer in the tre.ck acts as â. cushiaa

In order to minimize the shcck on the rivetted end of the uin

which has been cold-worked in rivetting and so may possibly

be brittle a The method of installation is sriowxl in Figure 19

the spacing was: era At separating the rivetting washer B

(held by the rivetted end of the pin) from the link er,d. Go

If operation is correct9 the washer floats loosely between

4he.link surface and the rivetting washero It is then subject

to no direct tensional stress and little wear if all irregum

laritlee have been removed from the link surface a It is9

howevera unlikely that the washer Is free-Pl.oating throughout

the life of the trmck& due to accumulation of dirt and pebbles,,

tïglztening-up of the pin and link as sQinbly„ etc.

Figure 1.

^:"̂^.:Tf;OD OF INSTALLATION OF SPAC1Ns r"iASMR o
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Macro-Examination: 

The broken washers bed failed in two places. Some 

rere deformed very little, while others had been bent out of 

round (poseibly to remove them from the track). There were 

no not icee.ble signa of wear on any of the samples submitted. 

The fractures were dirty and nothing could be determined from 

them. Figure 2 shows four broken waeherso 

11£21:1- 2 0 

r), 

BROKEN WASHERS,. 

(Approximately :1 full size). 
«WO 

From the new washers it could be seen  that they had 

been  sheared  from one-eighth  inch  plate, They  are  one-and-a-

quarter inches  outside diameter  and seven-eighths Inch inside 

diameter. The  shearing left sharp  edgee and  a  slight leurr. 

A new washer  is shown In  Figure  5 at number  10 

Icl:911121DILL_Teste: 

A  few prelinfnary  tests were carried out to endeavour 

to duplicate  the  manner  in  which the washers failed and so to 

determine, if posolble o  the cause of failure. 

(Continued on next page) 
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(Preliminary Tests, conted) - 

l e  u  punch  was made  up so that the washers could be 

hammered flat. After pounding to the breaking point a com-

parison between these washers and  those broken in service was 

made, in order to determine whether this action was taking 

place in the regular assembly as a result of hammering between 

the link and the rivetting washer.  Figure 3 Shows four 

washers after having been subjected to several hundred blows 

using the punch with  a  two-pound hammer. 

Filpre 3. 

FLATTEYED WASHERS. 

(Approximately  Z  full size). 

Compare with Figure 2. 
«MM. 

2. The washers ritted  on the pins quite loosely, so one 

was put on a pin and squeezed in a vise until it was jammed 

on the pin. It was then hammered with a one-pound hammer. 

No cracks were seen. Number 2 of Figure 5 shows  this washer. 

3. One waSher was compressed in the vise until flat.. Some 
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(Preliminary Tests, centid) 

small cracks occurred tmards the end of eid1n 	Nc 3 

of Figure 5 shows this washer 

4, Washers were gripped in the vise and hammered in all 

directions, They had to be deformed. much more than Is possible 

in service before cracks could. be  produced. 

5. Ten new washers,were magnafluxed circumferentially and 

examined  for transverse cracks but none was observed, 

6. It was suspected tha::,  the washere may have been embrit-

tied by hydrogen t  and so three broken washers and three new 

washere were subjected to  a  repeated bend teat,  a diffusion 

treatment ;  and a :cend  repeated bend te3t to attempt to detect 

any brittleneas.  The  emsher  was gripped  in the  vise as shown 

in Figure 4 and bent backwards  and forwards with  e pair of 

pliers,  The  nimber of flexes required to break the washers was 

noted and  is reccrded below, in Table  I The washers were  ' 

then given a  diffusion treatment by heating at 700 0  ro  for 

twenty hours and the bend tenee repeated, :„he number of flexes 

required to cause  failure again being noted and recorded  In 

Table 

ZUMEe  4 . 

ile» tee  h 

METHOD OF TESTING WASUER BY REPEATED BENDS. 
*maw 
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(Preliminay Tests, contld) - 

TABLE 

Washer 	KUMBLM OF FLEXES TO FAILURE 
N o 	tTnTer— 	 IT=ôe 	Remarks 

1 	 7 	 17 
2 	13 	 19 
3 	10 	 13 
4 	16 	 24 
ç 	26 	 19 .. 
6 	19 	 18 

■111111■11•11••■■•■ 

Broken washœ 

New washer. 

n 	te  

nzu22_5, 

o  

	

1 	2 

u 

	

3 	I 

CANADIAN DRY PIN TRACK WASHERS. 

(Approximately full size), 

1 0  NEW washer, 
2, Washer after hammering on pin, 
3, Washer after flattening in vise. Note 

small cracks, 
4. Washer after pulling in tensile machine 

with 1J1Dolt holder, 



2 
3 
4 

80-87 
76-81 
80.84 
76-81 

146-170 
134-149 
146-159 
134.149 
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Hardness: 

New Washers  - 

Washer 

1 
2 
3 
4 
5  

Rockwell 	V.P.N. 
tip 	 equivalent  

73-80,5 	128-147 
71.78 	 124-140 
72-79 	 126-143 
58-67 	 98-114 
57.66,5 	 97-113 

Broken Washers  . 

Washer 	Rockwell 	V.P.N. 
tip 	 e 

1 	 44.58 	 75-93 
2 	 81-83 	 149-156 
a 	67.71 	 114-124 
4 	 76-81,5 	134-152 

Some washers were tumbled together to eliminate the 

sharp corners and so raise the fatigue strength. Results of 

hardness tests were as follows: 

	

Washer 	Rockwell 	V.P.N. 

	

No* . 	 f e y 	equivalent 

Heat Treatment: 

Nos. 2 $  3 and 4 of the new washers listed above were 

heated for 15 minutes in a neutral atmosphere in a Vapocarb 

rurnace at 1625° F. and quenched in oil. After hardness  tests,  

the results of which are Iiated below, Nos, 2 and 3 were drawn 

at 1000° F. for 30 minutes.' 

(Continued on next page) 
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Load at failure s  Ultimate 
pounds 	strength s  

1132 
1133 
1166 

2740 

1916 

1174 

1150 

46,750 
48,750 
50,000 

117 8 000 

82,000 

50e 400 

49,400 
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(Heat Treatment s  contvd) - 

Hardness After Quench - 

No.  2 	-  43-46,5 Rockwell 

NO 3 	- 	42-.44.5 Rockwell IC', 

No. 4 	- 	76-79,5 Rockwell iBI 

rol e  428-478  V.P.N. 
equivalent. 

420-445 V.P.N. 
equivalent. 

134-144 V.P.N. 
equivalent. 

Hardne"  ALUL-IelennE - 

No 	Rockwell IC'  V.i.N. equivalent  

2 	 17-19 	 212-220 
3 	 15-19 202.220 • 

Tensile Testa: 

Two methods of gripping the washers in the Baldwin-

Southwark testing machine were used  In the first methcd the 

washer is held in U-bolts and in the second it is held Sn the 

standard grips. In calculating the ultimate stress an area of 

0.0233 square inch was used, Tensile tests were performed ou 

new washers as received, on rashers heat-treated by these Lab-

oratories, and on washers which had been tumbled together, 

The results are listed below. No.. 4 of Figure 5 shows a washer 

after being pulled while held in the U-bolts. 

Type of Washer and Method 
of Gripping 

New washer held in U-bolts 
u 	ii 	 it 	Pt 	Pt  

New washer held in grips 
Heat-treated washer No. 2 

held in grips 
Heat-treated washer No. 3 

held in grips 
Tumbled washer  No 1 held 

in grips 
Tumbled washer No. 2 held 

in grips 
•■••••■•■111••■••••■■■••••••■•■•■• •■■•■•••■•■••■•■••••■••■••■•••■■••.1••■•■••enemmome. 



WASHER 
•••■•••»...11. 

No.?  - 
No, 3  - 
No. 4 
No. 5 	. 

Broken No. 1 - 
Broken  No.  2 . 
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Chemice,L11.111.11e1M: 

Drillings from two new washers, Nos. 1 and 5 0  fram 

the heat-treated washers Nos. 3 and 4, and from two broken 

washers were analysed chemically. The analysis of the two 

broken washers was reported in P.M. Lab. Report No. 6828, 

December 4th, 1943, issued by these LabOratories. It is 

included here in order to give a complete record. The results 

of the analysis are as follows: 

Carbon, 	Marzganese g  
lier  cent 	per cent  

	

0.25 	0.47 
0.30 
0.12 

	

0.08 	0.37 

	

0.22 	0,33 

	

0.074 	0.21 

Microscopic Examination: 

(a).  One  new washer and one heat-treated washer were 

sectioned transversely and prepared for metallographic examina-

tion. On viewing the unetched specimens it was seen that the 

steel was fairly clean and free from inclusions. The samples 

were then  etched in 2 per  cent nital. Figure 6 shows the 

structure as received  and  Figure 7 the structure after the heat 

treatment described earlier in this report. Both photomicro-

graphs are at X250 magnification. It will be seen that both 

washers contain approximately 0.25 per cent carbon. 

(lires 6 and 7 
(appear  



t
urn*Pdeajt,...' lit 1/49/141e489 t1/4es■ , 'ïvei. elibMitieli)raiiie-1 weee-ed ge4 ---1WeIrs- 

1 . -.tit- Al-th...er eel, 	aet,die_ - 

ettee  lelit 
 - . r.- ey „ 1;.,ke ibut.eltaKer  be.kr-• '  *e_yeerefiterdWille" 

-7-4 . wvelbn qb.-. rf> lekelierrele 

ee 	ere2 .e.' -le!, wellee IS.,reLfr.,- 
,eltecar4,J.e -,, ire lerA4'4.--4 l'Ifelnr -elePerz14,,e.ujevme41W le i:le:44'j  i, 'ex.* VI 4  gee -/-.1 ,4 .>"-• 114.: 

......_;# . .; ..., eere " ..•:1414,, a -,‘,.:,7%.-2107.1* Ix 
-44.444Weekee› :;:e4 j 	 , 	-.P. .y..t.;tfree'l■' 	- • 

A 

. 	Page 10 - 

(Microscopic Examination, contfd) 

EisuiLt2.1. 

X25U, nital  etch. 

SioICTION  AT SURFACE OF Nsa 
WASHER  (SAE 1025). 

Note partial surface 
decurburization. 

White constituent -  ferrite. 
Black  constituent - pearlite 
(unresolved  at this 

magnification). 

X250, nitul stzh. 

STRUCTUHE  OF  HEAT-TREATED 
WASHER  (SAE  1025). 

Tempered martensite. 
•••110 

(b). Three  new  washers were sectioned transvercel 

and prepared for motallographic  examination. After etching 

with 2  per cent nital the anount of decarburization  at the 

surface was measured microscopically. The following  results 

were  obtained: 

Washer 	Depth of decarburization o  
No. 	 in  inchea 

0.025 
00015 
00026 

The microscopic examination showed  that the steel  in 

these washers contained approximately 0010 per cent  carbon. 

It was therefore very difficult to obtain  accurate neasurements 

for the dopth of decarburization, especially as the decarburi... 

zation varied from point to point  on the surface  of  the washers. 

(Continued on next page) 



• 

Pai;e 11 - 

(icroscopic Examinatien, corttd) 

It should therefore be borne in mind that the above results are  . 

average ones  and  are cnly approximate. 

(c)•  • ill seven of  the  broken washers were sectioned 

longitudinally through the fractures  and  the  specimens prepared 

for metallographic  examination. On etching with 2  per cent 

nital and viewink7, with the microscope, it was seen that four 

of the washers contained approximately 0010 per  cant carbon 

and three approximately 0.25 per cent  carbon. Figure 8, at 

X250, shows the structure at  one  corner  of  the  fracture of one 

of the latter washers, Figure 9, at X100, shows the structure 
at the surface of a low-carbon washer. 

FA.gn ° Z1Liml.le  9° 

X250, nital etch. 

STRU0TU1U2  AT PFACTUR .  
OF 	1025 WASHSR.* 

Note evidence of  cold work 
and  "burring". 

Male 

X100, nital  etch, 

3TRUCTUTt.d;  AT 3URFAC4:: OF 
LOW-CARBON WASILM. 

Eote  larger grain size 
at surface,and 
decarburisation, 

leap 

Discussion: 

In the absence  of  any positive evidence from the 

preliminary  tests attempting to establish the cause  of failure, 

it seems that there  are three  possible  ways  in which the washers 
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(Discuseion, conttd) 

cou • d fail; namely, duo either to fatigue, or to Impact, or to 

a shearing action that occurs a a.  a result of irregularities 

remaining on th a links after erinding.or of the presence of same 

foreign material in the washer-pin assembly° The laboratory 

tests  show that conaiderable  distortion accompanies cracking 

tri  compression  or  tension,  and as the  failed washers show 

little distortion this would appear to eliminate straight ten-

sional  cr compressional stresses  as  the cause of failure. 

Further, since the material would be expected to have a fairly 

high imeact  resietance,  failure  due  to direct impact seems 

unlikely. It is thought, therefore,  Most probably that the 

washers failed  in fatigue. Failure in shear, as mentioned above, 

is  a  possibility, but,  if fatigue failure is'assumed, and the 

waehers are  treated to ralee  the fatigue strength, the resis-

tance to shear  will automatically be increased and the tendence 

to fail  in  this manner  leseened, 

Chemical analysis  and microscopic examination show 

that the washers have  been  made from steels of twm compositions 

correspondine  approximately to se 1010 and SlaZ 1025 specifica-

tions.  0riginally the epacing washers used in the Canadian Dry 

Pin tract were of  SA2 1010  steel, but when numerous failures 

occurred with these washers the atei 1025  washer which had been 

used in the Valentine  track was tried. It was found to be less 

prone to failure  t'mn  the F. 1010 washer but still not satis-

factory. 

It  may be that  the  washers  have been embrittled in 

some  way.  In  thc test for hydrogen  embrittlement, four of the 

six samples tested shoved an increase in the number of flexes 

required to produre failure after  the diffusion treatment, one 

showed a  slight decrease,  and  another showed a definite decrease. 

This would  tend  to indicate that some improvement was Gained  by 
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(Discussion, conttd) 

using the diffusion treatment. The fact that the one washer 

showed a decrease in the number of flexes required may well have 

been due to the difference in severity of bending before and 

after diffusion. However, since the test is rather  a 

qualitative one, no definite conclusions can be drawn from it. 

The  large ferritic grain size and the decarburization 

at the surface of the SAE 1010 washers would be expected to have 

an  adverse effect on the fatigue strength, and hence the servfce 

life,  of the washers. Ferritic grain growth would be aided by 

decarburiiation. Large ferritic grain 31Z8 in low carbon steels 

will  cause brittleness. Therefore, due to this brittleness, 

surface cracks might well have been caused by impact, lowering 

the fatigue strength of the washers. There  was  no great amount 

of distortion at the fractures of the low-carbon washers.. 

The  large ferritic grain size at the Surface observed 

in the los-carbon washers was not seen in the SA 3  1025  washers, 

However, the partial surface decarburization observed  on  some of 

the  washers examined (see Figure  6 )  would tend to lower the 

fatigue strength, and hence the service life. These  washers 

showed more evidence of cold-working at the fracture  than the 

SAE 1010 washers. 

Resistance  :;c›  'shear, like fatigue strength, is pro-

portional to the hardness and tensile strength, which  in  the 

case of these washers are low. Therefore, to increase  the 

service life the tensile strensth (and as a result, the  hard-

ness) must be increased. The microstructure of the  SAE 1025 

washers as received shows them to be in the normalized condi-

tion (see Figure  6).  The tensile strength could then be 

increased by  a suitable heat treatment. The SAE  1010  washers 

could not be improved by heat treatment, due to too low carbon 
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()iscussion, contIde 

content, and so  ure  not  euitable. Tumbling the  washers to 

eeemove the sharp edf,es and burrs caused by shearing would be 

eepected to increase the fatigue streneth  somewhat, since 

these are stress raisers and as ouch tend  to lower the fatigue 

el:rength. 

From the results  of  these tesLs it seems that the 

best carbon steel  for these waahers would be SAE 1025 or 

E 10 ±0  heat-treated to 26 to 31 Rockwell IC , . This would 

eive approximately 110,000 te  1,0O0  pounds per square inch 

'  tensile strength ane, as  a  result, a much hieher resistance 

to seear and a  higher  fatigue  strength would be obtained than 

is the  case  at present without too great  a lowering of the 

impact strength. ?he washere could be eheared from plate, as 

in present praceice, tuebled together to round over the sharp 

edeee, end  heat-treated. Any surface  decarburization should be 

eliminazeo in the  heat trectment,  as it would lower the fatigue 

strength. It ie felt that  u  washer  made ln such a ray would 

cive  satisfactory life. It Is recommended,  as a further safe-

duard, thet in aszonbline  the track the washers should be  free 

to turn and not »uemed between the rivettine washer  and the link 

aurface 	elso, the link surface should be carefully ground to 

remove  ai  2  irreg .alarities. 

OC.CLUSIOÏT!,:  

1. The  washers examined are made from steels of 

two ranges of composition correeponding approximately to 

apecificLtions for  SAE 1010 and  SA E 1025. 

2. The washers probably failed due  to fatigue. 

(Centieued un next page) 
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(Conclusions, cont ,d) 

$, IT:c washers nre in the normalized condition, 

4. The surfaces of the washerb are partially 

decarburized  and, .1r1 the ease of  the  SAE 1010 washers, exhibit 

ferritic  grain grerth. Al].  this lowers the fatigue resistance. 

Reoammendetions: 

1. In order to improve the performance of the washers 

and to  increase their service life they should be made from SAE 

1025  or &AE 1030 steel heat-treate0 to 26 to 31 hockwell IC', 

2, Any surface deearburization should be eliminated 

by the heat treutrent, 

3. Tho track should be assembled so that the spacing 

washers are free to turn and net jammed between the link surface 

and the rivettirg rasher. 

4, The nk surface which will be in contact with 

the spacing washer Whould be carefully ground to remove any 

irregularities virlich might tend to jam the washer and shear 

through it, 
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