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Crir;in_Lind Description of aterial   Submitted:  

On January 26, 1£45 0  under Analysis nequIsition 

0.T0  4325 0  the Controller General e  Inspection Board of  "United 

Kingdom and Canada, Ottawa, Ontario, submitted sections  of 

split disc wheels and broken  boita for examination. This 

type of wheel is made by stamping two discs from sheet  :!Letal 

and  holtin  them toLAther. The heads of the  bolts aro Jelded 

to one disc to prevent slippae. 

Also submitted was 1),,;:). Dravin. 	1-1<2,00,  14,F301 0  

.vhich  cives  the specification and dl -,,ensions of the bor_:a. 

It wao noted  thalt the bolt'is to have the following  cçmpo.- 

sition: 

For Cent 

•  Carbon 	 0.25-0,30 
Sulphur 	 0,04 max. 
Phosphorus 	- 	0.04 max. 
Langanese 	0.410-0,60 
Silicon 	0,30 max., 

In addition s  the bolt is to be heat-treated to Epecifiej! 
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(Oribin and Description of iatcril :;ubmitted, cent id) 

properties and thon zinc-plated, 

•  The material submitted consisted  cf two sections 

cf unused disc  wheel, belted toether to show to methcd 

of  assembly. Also  submitted were four sameles  of 'ercken  belts 

and three new bolts. Ye  information  was  riven as to  the servicc 

life of the broken bolts  nor the rervice life  desired. 

Meet of  Investie;ation:- 

To establish  the probable  cause of bolt  failure  and 

to ascertain whether weldini, serieusly chanes the  character-

istics  of  the bolt In a /rianner which would adversely influence 

serviceability.  • 

Procenure: 

(1) A section cf the disc whnel was photographed 

as received, 1.1igure 1 shows the photoc,raph.  -ël.pres 2  and 

3 show  respectively the weld joining the bolt head to  the 

disc and the rini:;  of  blue  oxide  on  the underside cf the disc 

caused by the heat of welding. Pigure 4  shows  the fractured 

heads  cf three cf the bolts which failed in service, 

(2) Longitudinal sections were cut through  the 

heads cf the unused  welded  boit s. ïheso sections were then 

polished, etched,  and photcgruphed. Figures  5  and G resoec-

tively  show these  sections  nt this stac of preparation, 

(à)  The above sections were examined under a 

microscope, ilguros 7  and 8 respectively show the condition 

existinz:g;  nt  the roots  of  two  of the  welds, Figure 9  shows 

the normal  heat-treated structure  of the bclt 

ri6urc  10  shows  the  strizeture  c2  the heat-a22ecteC  zone cf 

the  belt eaterial. 

(4)  jardness  rea(lin, -;s were  taen,  as  shown in  the 



Area Tested Vickers Hardness Nunbers  

Normal bolt material 
heat-affected zone of bolt - 
Normal disc) material 

161-169 
230-243 
96.2-107 

Carbon 

New Broken 
Bolt Bolt 

- 	0.25 	0.21 

••• 
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(Procedure, cont , d) 

table below, using a Vickers machine and a 10-kilogram load: 

(5) Chemical analysis cf now bolts, broken bolts 

and disc material produced the following results. The 

specified bolt ana/ysis is Included for the sake of comparison. 

Phosphorus - 
Sulphur 
Mansanese - 
Silicon 
Chromium 
Nickel 
Pclybdenum 

1.111.1••••■••••■.•••■••••■••■■■■••■ 

0 0018 0.019 
0.014 0.()25 
0.47 0.40 
0.20  0.23 
None.  None. 
None. None. 
None. None. 

Bolt 
e921f1P.qt_lc.12r1 

0.25-0.30 
. 0.04 max, 
0.04 max. 
0.40-0.60 
0,30 max. 
None. 
None. 
None. 

Disc 
Material 

0.05 
0.011 
01031 
0.32 
0,02 
None. 
None. 
None. 

Discussion:  

A.surfaco examination of the welds revealed consider-

able undercutting and unfilled craters. Fiuure 3 shows a ring 

of blue oxide extending 7/16  Inch  around the bolt, incating 

that a temperature of approximately 600 0  F.  had been attained 

in this area. These factors indicate tho uae of high ireldin 

currents and high welding speeds with consequent unesrtainty 

of control. 

In  examination of the fractured areas of the broken 

bolts reveal that in every cane the fractures are characteristic 

of the fatigue type of failure.' This evidence points to the 

necessity of assessing present service lite against the desir-

ability of design changes. 

Macro and micro examinationc: of  longitudinal  sectiens 
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(Discussion,  cent 'a) 

of the weld confirm the  presence of undercutting and unfilled 

craters. It also . disclosed cracks originatine at the centres 

of unfilled craters  and ethers originating at the unfused roots 

of the weld. The heat-affected  zone  structure and that of  the 

normal bolt material  are quite normal. Yhis normality Is 

reflected in the hardnese readings ebtained. 

The chemical analyses  show that  a  broken bolt eis 

slightly low in carbon  content,  but this is not considered to 

be significant. sith this exception, beth new and broken bolts 

fall within the epecifièd chemical  limita.  The analysis of the 

disc material is quite nermal for  deep drawing stool. 

It should be emphasized that the cracks at the rcots 

of the welds are probably responsible, under the action of 

alternating stresses, for the failure of the bolt. An exam-

ination of the  broken bolts indicates that failure began at 

the roots of the welds. 'rho cracks, which are vell-nigh 

Impossible to avoid  in this  type of joint design e 'act as 

severe stress raisers and  as  such can lead to failures In 

very short tine. In  this application  the service conditions 
••■■ 

of alternating stresses, together with cracks formed in fabri-

cation, are such as to drautically lower fatigue strengtho 

Ungle-V tyiyesof weldsin Which the root cannot be 

fused should not be used we.cre fatigue may be an important 

factor. In this  case this ifi the type  of joint  used. 

Ordinarily  a  change  of joint ecsign would be recommended 

without hesitation, to eneure a completely fused root. In 

this case, however, it is felt that if the average service 

life is satisfactory a design change should be avoided.  On 

the other hand, unsatisfactory service  lite cruld probably  te  

rectified by a change  of joint design which would maize prssible 

a completely fused root. 
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Conclusions:  

1. Welding defects have 	found, such as 

unfillod orators, undercutting, and root cracks. 

2. railure waa ln fatigue and has been  due to 

the presence  of stress-raising root cracks. 

3. The chemical analysis of the boita shows  that 

with the  exception of the carbon content of a  broken  boit  

the analyses  ara within  the  specified limits. 

4. Root cracks as found are almost inevitable 

with the type of joint used. 

5. Design changes should be avoided unless shown 

to be  necessary by unsatisfactory servioe life. 
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TWO UOTIOliS OF DISC wueL JCIMD 
BY HUT MD BOLT. 

Note  that bvit head is  flush  with disc material, 
SWIM 

Pleure  2, 

PHOTOGÀAPH OF  "lieLD JOINING 
DOLT nrJAD  TO DISC, 

Note unfilled crater (13) and  undercutting (A). 

r 
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Figure 3. 

BOLT ritOPEH iiMUNDING THROUGH DISC. 

Note the ring of blue oxide on disc material. 

(Approximately 7/16 inch wide). 
•••• 



PHOTOGU2HS OY BROKKei BULT HEADS AS RicX=VED. 

Note the "oyster shell" type of fracture typical of fatigue  failures. 

(Approximately  3  tirs  actual size)e 



:112-11.'e 5-  

MCUO SECTION OF WELD AND BOLT HEAD. 

Note undercuttins (A) at right side and root 
crack (B) at  loft side. 

(Approximately 3 times actual size). 
1110•111 

MACRC,  :.CTION OF lilitjJD AND BOLT E.EAD 

oto  undercuttin (A) at both sides and  crater 
crack  (B)  at right  side. 

(Approximately 4 times actual size). 
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X50, etched  in 2 per  cent  nital. 

U1FUS2D AUAS  fT  is\CCT OF JJ:LD. 

Belt material e  lower  loft;  disc IT.aterial, 
Lower risht; and  weld  at  top. 

• MIR 



"ltrel 

X100, etct.‘ed in 2 per cent nita10 

ORACI.S. J.MilIDING INTO  	LE1G1NATING 
AT THI ue2usLID uooT 

Figure 9. 

X500„ etcJc.d  in 	. or cent rital. 

NCELLe',L ST:iliCrliii2 	13LLT  îTiRiAL 

Lew-carbon martensito in  a  natrix of  ferrite. 
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;C.50j, otc;had in 2 per cent nital.

,r.ïain:Ly I.-vc-carboai i.^^rter s^i:c^ with soma fâ.nc, perzr.lita,
a sm^i^ l cunouzit of ferrite in ^,::'ain ba^:nd^^ries. }
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