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of the

ORE DR^SSII'G AND .":•i^;TALL^U? xICAL LABORATORI:;^G.

Investi0ation ITo. 1672.

I '.,,xamination of Grizzly Tank Idler

OriL;in of Material:

On May llth, 1944, unde5:- Analysis Requis;tion No.

O.T. 4205, Pl,r. W. L. Auc:iincloss, Inspector of Tanks, for

Director of Tanks and P,".To 9 inspection 3oard of United Kinc';';ûcm

and Canada, Ottawa, Cntaria, subMii t°C a cracked idler whe.31

for eacaniination. This idlc-- wheel was taken from 1,rizzly Tank

^io. o and had i'ai3.oCcizii^il::^ .. i;r^^.c. tc' ,76 tit

Also submitted was a drawing of the wheel (U. S.

Ordnance Draa:*ing No. D%3)7910) W.Acli showed the construction of

the wheel, the location of the welds, and the numbers of the

various parts. The drawinS does not show the specificatiOlB

of materials of the parts. A request for material specifications



(Origin of Material, conttd) - 

produced the following information (letter dated May 22nd e  

File ro. 4./:0/iVaale): 

Hub is to be made from  a steel casting, either olass 
2 gq-3/681 cr class 4 A2 q4-5/681,  the latter  if  a 
centrifugal casting is not available. A  previous  . 
examination of an idler wheel fram Grizzly Tank No. 
106, by Montreal Locomotive Works, revealed that 
the hub had been made by welding together two pieces 
of what was aepareatly machined  steel  tubing.  No 
record of  a deviation permit uovering this could be 
found. 

Inner and outer discs are  to be  made from W.D. 1025 
steel;  the flange and rira i  from Corten steel  made by 
the U.S. Steel Corp. 

The idler wheals are of American manufacture,  No 

information is available as  to the manufacturing procedure  and 

the  welding electrodes .osed. 

Object of Investigation: 

To determine  the  cause of cracking  of the idler wheel. 

Precedure: 

1. The cracked wheel was subjected to careful visual 

examination. Figure 1 shows the general ehape aud ccnstructiun 

of the wheel.  Figures 2  and  3  are close-ups of the cracked rfm 

weld and hub weld respectively. 

2. The wheel was sectioned by flame-cutting  and 3RW-

ini;. Samples were  macPlned  from each of the cracked welds and 

from the plug welds reinforcing the disc-to-rim weld, It was 

noted that the hub had been fabricated by welding two piecea 

together  às  found in  the  previous Montreal Locomotive  Works 

examination.  A  sample  of this veld  was aluo removed for 

examination. 

Figure 4 is  the  macro sample  of the cracked fillet 

weld joining the centre disc to  the  rim. Figure 5  is  a similar 

sample  of the  plug  weld reinforctng this weld. Figure 6 shows 

a  sample of the cracked fillet weld joining the disc centre to  the , 

hmb.  Figure 7 shows  a  sample of the  weld jcining  the  flange to 

the rim. Figure 8 is a sample of the  weld Joining  the  two havee 

of the  hub. 

(Continued on  next  page) 
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(Procodure, conted) - 

3. The macro samples were next subjected  to  a .ero-

scopic examination.  Ficures  ¶ te  11  show the normal, tr

ition and heat-affected zones, respeetively,  of the rim i:;esri,:Js, 

Fiisures 12 to 14 are the strctures of the same arets  of  th s rim 

materials. 'FiL.;ures 13 to 17 are the structures of the . seliu3 

areas of the hub material, Figure la shows the structur 

typical of ail  welds except 'leat joining the two halves  ef the 

hub. Figure 10 shows the structl;re of this latter weld. 

Figure 20 shows a craol,: at the•root of the welc;. joining 

the flange and r im„ F4,ure 21 shows a crack at the edge 

one of the  piU welds. 

4. Chemical analysis samples were machîned frli the 

rim  and flange, the centre  disc, and  the two halves  of the  hub. 

The  table below lists.tl'e  analyses secured  and for the purPose 

of comparison, the specified analyses. 

:RIM AND FLAAGE: 	DISC CbN"RÉ;  1 	- 	H  U  B  - 
:/te..1„ret  . 	:ànarisAsi 	:1.(1 2_.ysis Seuurea:36D.  b 
	 _...wjAleelee.:1:0orten:Secre; ,WD_10251 --- A-   _„.., Dh___„elisfILILWI--  

: 
- 	 - 	P e r 	c e n  4-, 	- 
: 

Carbol :  0.11 	0.10 	0.21 	0,20- 	0,23 	0.24 	0.35 	- 
• . 	 0.30 

fhos 	:  0.088 	0.10- 	0.01Y 	U045 	0,012 	0,033 	0.05 	0.05 
phorLs  . 	 0.20  

t 
Sulpher :  0.043 	- 	0,03e 	0 05 	0 045 	U.050 	0.0C  

• 

:,lanilae- :  0.57 	0.10- 	0.10 	0.e5. 	0.44 	,:.44 	0.70 	- 
ese 	: 	 0.'30 	 0,00  

• 

Silicen  :  0,67 	0(50- 	Trace. 	- 	Trace, 	rrare.  0.60 	. 
: 	 1.00 

ChronAum;  0.5 3 	0.U0- 	(..1.01C 	 '.."-,. 	C.015 	- 	- 
1.50 

''Icke 	;  U.D, 	 Trace, 	- 	:i.D. 	N '0, 	0,50 	. 
• 

Molye 	.  Uene 	- 	Trace, 	- 	Trace. 	Trace. 	- 	, 
(1 ,s hura: 

.....:opper : 0.34- 	0.30- 	 - 	0,03 	0.05 	0,50 	- 
• : 0 .::.-0 
: 

•■••■•■•■••••••••■■•• ■•■•,■011MIIMIIMM 

(Continued  on next  page) 
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UJbjec• o2 	 conr,ed, 

5. Eardness tests, usine; a Vickers machine ind a 

lu-M.1%ram load, were made on all welded joints. The table 

brow lists the'results secured, each figure bel.ng the averaé: 

of four readings: 

Rim and 	Disc 
Flanut 	,J  entre 

Normal material 	- 	lae 	232 	14-5 
Transition zone 	- 	108 	199 	1'71 
Ili:at-affected zone - 	MP 	224 	1.9 
Normal weld metal 	- 	205 	19',  

6. In view of the  small differences of hard-

nalz;s in the above  tuble a check was  made on the responst 

of  1;he  rim steel to the thermal cycle  cf welding.  A string 

bead was  lo.id down on  e rim, using a  3/16-inch diameter 

electrode, 180  atr.ps, 24 voltswith a  welding  epeed  of '3 inches 

per minute.  The resulting bead w as  cross-sectioned and the 

hardness checked as abve. The follcwing table lists the 

rewilts aecured: 

Normal material 	- 	186 
Transition zone 	- 	224 
Heat-affected zone 	- 	285 
Weld netzÈT 	 - 	272 

Discussion: 

A  visual examination revealed that  the  disa-to-rim 

fillet  weld had craeked around the  complete periphery  and that 

the disc-to-hub fillet weld  on  the  oppcsite  aide (inside;  of the 

wheel had also cracked around  the  compIete periphery. Ln 

examination after sectioning showed that the fractured surfaces 

in both cases  were very smooth and shiny, which in character-

istic of  fatigue failures cf welds.  Tt  was also noted that by 
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(Discussion, cont'd) - 

far the gre at majority of  the  plug welds reinfercing thu 

disa-to-rim weld were not fused at  ail  to  the rie. but consisted 

of blobs of metal which in some cases  towards the  centre  did 

not even touch the  rim material.  In  other  cases the  centre of 

the weld adhered to  the  rim in the form  of  an Jaicle and :11sed 

to the disc only in a thin film. 

The macro-examination shows that all welds  are single-

pass  and penetration is generally fair. The cracked welds show 

no sign of distorted metal along  the fractured edges,  a  further 

.indication of fatigue. The plug weld (Figure .5) examined is  of 

the type  referred to  aboya in which only a small part is fused 

to the rlm,  the remainder not touching the rim material.  The 

welds joining  the two halves of the hub are manifestly  of a 

different  type  from the other welds. These welds  show a lower 

penetration  and considerable porosity. 

The microscopic examination reveals that  the rim and 

hub  are in the annealed condition  and the centre disc shows 

the characteristic banded structure of hot-rolled steel.  The 

transition zones and  heat-affected zones of the dise centre 

and hub  show  nothing  out of the ordinary. The same areas of 

the flange and rim show a  typical trannition-zone structure 

but an  uncommon grain refining effect in  the heat-affected zone. 

There is at least  a possibility that the  rim has been subjected 

to a heat-treating operation, probably by  torche  t  so bring 

about the condition. A stringer bead laid down on this material 

in  these Laboratcries produced a  heat-affected zone structure 

comparable  to others shown in tWe; report. 

A  microscopic examination of  the  weld matal,indicates 

the use  of the standard  coated electrodes for all welds  but 

that joining  the  two halves  of  the huh, Eere the porositj and 

needles  of nitrides  indicate the  use of a bare  or  lightly 
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Liscuosion, contld - 

coated electrode. 

Both the plug weld and rim-to- flange weld show smare 

cracks. In the case of the plug weld, the crack originates 

in an area of lack of fusion at the  root  of the weld.  7:n tlee 

rimeto-flange  weld the crack has been caused by incomplete 

penetration at  the  root of  the  weld'. Defects of this  type act 

as severe  stress raisers, with the result that the crack  growe 

until it reaches the  surfacs. The shiny  surface of  the frac-

tuxed  welds and the absence of  distortion of the metal along 

the  fractures  point to  failuree az originating  from this  typt: 

of defect. 

The  chemical analyses show  that  the  rile and flange 

materials,  as well  as the  disc centre, ara  within the  limits 

of the  specifications  For  all practical  purposes the  two 

halvee  of the hub  are of identical analynts. Their composition 

is such that  they will fit within the Claee  42 analysie  but 

not that of Class  2.  It ie notewerthy that  UWWW=1.,1 =rcileet  the 

present  steelmaking prectice of killing  steel by additions  cf 

aluminium rather than ferresilicoa. 

A microscopic examination of a longitudinal  section. 

of the  hub reveals  that  both pieces are probably annealed 

steel castings.  This opinion is 'eased  on the fact that all 

inclusions  are  of  the round  globular type characteristic of 

castings.  12  these  huts were made  from machined steel tubin, 

as  suggested, the  inclusions  would have been elongated by the 

drawing or piercing  operation. 

The  unusually  small differences of hardnese  betweee 

the normal ,aetal and that  affected  by  the  thermal  cycle of 

welding indicate that a stress-relieving treatment has been 

applied to the  wheel after fabrication. The considerable 

differences In  hardness  in  similar areas of a weld  made in 

these Laboratories ccalfirre this opinion. It should be  not e 

that this weld was made  on the  lowest carbon material (rim) 
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(Dieeussion, contqd) 

present in  the  assembly and that a  similar  weld on the df,se or 

hub  materials would  have produced an  increasing spread  of  hard-

ness fig4res. 

CONCLUSIONS: 

The welding techniclae Is  open  to improvemea. 

The plug  welds as seen and examined provide little, if eaa, 

reinforcement  to the disc-to-rim weld. 

2.  The  cracking of the welds is probably the  pesult — 

of  fatigue accelerated by the stress-raisins effeet of snell 

cracks at  the roots of welds. 

It  weuld seem that the rîm has been subjected to 

a  heat tr•atment . of scie  kind, subsequent to welding. 

4. Heavily coated electrodes have been used fer all 

welds  except those joining the two halves of the hub. In  this 

latter ease, bare or lightly coat•d electrodes have been ased. 

The chemical analysis of the rim and flan&I  and 

centre discs are within the specification limits.  The  buo 

material  will fit within the 2 cfa-3/601  b  Class  4A2  limite  for 

cascinge, but not Class 2 limits, 

6 0 The  hub has boen . made from two  Di.eces of 

annealed castings. 

7.  The entre assembly has been subjected to  a 

stress-relieving treatment  of the welding, as show -  by  the 

hardness tests. 

Recommendations: 

l. Every  effort  should be made to impreve  the  ,eelde 

ing technique  used in makinL: .. the plus welde. 

2.  Increased penetration at  the  roots of welüe 

ehould be secured. 

000000000 
000 

«me 

HJN:12. 



( -2 	) 

SHAPE;  CF  IDLER VvHEEL 	43 P.ECEIVaD 
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Pii;ure  

CUACKED DISC-TO-RIM WELD. 

Note that crack also•runs throue plu welds. 

LI.Lire 3 ° 

CRACKED  DISC-TO-MUB WELD. 
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Figure 4 

lawn SECTION OF DISC-TO-R1M 

Lote that crack runs through the root of the weld. 

Figure 5. 

TYPICAL SAMPLE OF PLUG WELD. 

Note small area of fusion at left side. 
Centre and rit  side of weld do not 
touch the rim material. 
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Fi ,Jure 6. 

LACRO SECTION OFTUC-TO-HUB àELD. 

Note that crack runs through the root of the weld. 

FirTure 7 

ilACRO SECTION OF RIM-TO-FLANGE eELD. 

Note small area of incpmplete pene-
tration at root of weld. 
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Fi-u-e 

,iUDS JOINING TWO HALVES OF HUB. 

Eote considerable porosity. 

Figure  9.  

X100, etched in 2 per cent nital 

STRUCTURE OF NORMAL DISC I:ATERIAL. 

The typical banded structure of hot-rolled steel_ 
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LALEre 10. 

X100, etched in . 2 per cent nital. 

STRUCTURE OF TRANSITION ZONE OF DISC MATERIAL. 

Note banding around sulphide inclusions. Spher-
oidized pearlite in ferrite. 

ElLure  11.  

X100, etched in 2 per cent nital. 

STRUCTURE OF HEAT-AFFECTED ZONE AND 
FUSION LINS OF DISC MATERIAL. 

Coarse-grained pearlite with ferrite at grain boundaries. 
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X100, etched in 2 per cent nital. 

STRUCTURE OF  NORMAL RIM MATERIAL. 

Annealed condition - pearlite 
in a matrix of ferrite. 

X100,  etched  in  2 per  cent nital. 

STRUCTURE OF TRANSITION ZONE OF RIM MATERIAL. 

Spheroiddzed pearlite in a matrix of ferrite. 

) 
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EIEEEID 14. 

X100, etched in 2 per cent nital. 

STRUCTURE OF HEAT-AFFECTED ZONE OF RIM MATERIAL. 

Note fine grain. Compare with Figure 12. 
Pearlite in a matrix of ferrite. 

••■•11 

EIES:.9 15 0 

X100,  etched  in 2 per cent  nital. 

STRUCTURE OF NORMAL HUB MATERIAL. 

Annealed condition - pearlite 
in a matrix of ferrite. 



FleLn2_21. 

X100, etched  in 2 per cent  nital. 

STRUCTURE OF TRANSITION ZONE OF HUB MATERIAL. 

Yostly spheroldized pearlite in a matrix of ferrite. 
eesIa. 

Figure 17. 

X100, etched in 2 per cent nital. 

SiRUCTURE OF HEAT-AFFECTED ZONE AND 
FUSION LINE OF HUB MATERIAL. 



Eleure 13. 

X100, etched 1n. 2  per cent  nital. 

STRUCTURE OF WELD METAL REPRESENTATIVE 
OF ALL uELDS OTHER THAN HUB WELDS. 

••••■• 

Fivure 19. 

X100, etched in 2 per cent nital. 

STRUCTURE OF HUB WELD METAL. 

Note black needles of nitrides, indicating use 
of bare or lightly covered electrodes. 
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FiGure 20. 

X100, etched in 2 per cent nital. 

CRACK AT ROOT OF  RIM-TO-FLANGE  VELD,  ORIGINATING 
IN AN  AREA  OF  INCOMPLETE PENETRATION. 

Figure 21.  

X100, etched in 2 per cent nital. 

CRACK CLOSE TO FUSION LINE OF  A PLUG WELD. 

Crack orienating  in an extensive area of  ' 
lack  of fusion. 

OMB» 

HJN:LB. 


