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32Elen_aLIGIttrial: 
On January 15th, 1944, two snowmobile propeller 

shaft assemblies from Farand  &  Delorme, Montreal, Quebec, were 

submitted by Mr. H.  J.  Stevenson, Assistant Director General $  

Army Engineering Design Branch, Department of Munitions and 

Supply, Ottawa, Ontario, for examination. In the accompanying 

Requisition No. 623, AEDB Lot Noo 511, Report 107D„ Test No. 5, 

it was requested  that the quality of the welding be determined. 

In these assemblies the face plate is  attached to the coupling 

by means of one  internal and one  external 3/16-inch fillet welds. 

Two drawings  (Nos.  0-38126 and B-24141) were submitted 

to  show the detail of the assembly.  From the drawings the 



(Origin of 1.-.aterial9 cont Pd)

following additional Information was obtained:

The face plate is made from ::AL 1020 steel and the coupling

from a Ford M, forgingo The coupling is supplied to Farand &

Delorme by an 1vnerican 9ource a The coupl.ingsg as receivedD are

fully quer,ched and dravm e The welding of the faoc plate to the

couplings i s done without preheat and.there is nc subsequent

stress-relieving ireatmento

The plant. of Farrand & Dolormo9 433 :5t, Martin Street,

Montreal, Quebec, was visited on February 16th9 1944, to acquire

information•s.nd to observe weJding proceduresJ It was learned

that after welding, approxinately 75 to • 00 per cent of the weld

metal is machined away to allow close fitting of other parts,

The design and subsequent nacfi3rii.ng operation results in a joint

of lower strength than is obtainable with a minor design changeo

It ahould be emphasized that this assembly i s expected to absorb

the complete thrust of the motor and to transmit that thrust to

the driving mechanism4 This being the case, every effort should

be made to secure a joint of the highest possible ::fficiency,

All welding is done with Hollup Sureweld "N" (A-7;^

E 6012) electrodes& using direct current vra2dinG machines.

ObjQct of investiiLation:

(1) To determine the quality of the welding of the

assembliesQ

(2) To suggest means of i~zprcving the weld3.ng

technique, if this is possiblao

Procerba.re :

(1) The samples submitted were subjected to a careful

visual examinations Figures 1 and 2 show the 3eneraï shap© of

the assemb].y and the location of the welds,

(2) Both samples were subjected to an x-ra,y examination
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(Procedure s  conttd) 

at  the National Rssearch Council $  Ottawa. Figures .  3 to  10 are 

reproductions of  the exographa.  In examining these reproductions 

it should be borne in mind that there is  an inevitable loss  of 

sensitivity in  the reproduction  process and  that the colours  in 

the reproductions are the reverse of the exograph itself 

(3)  Macro  and micro samples Were machined from areaa 

in which defects were shown  in the exographs. The white rec-

tangles of Figures 1* end 2 show the General location of these 

samples. 

The macro Samples were polished and etched, 

Figures 11 and 12 show the results of this procedure. The 

welding defects were then photographed at higher magnification, 

to reveal their nature  more clearly. Figures 13 to 19 are 

these photoEraphs. 

(4) All samples were examined under the microscope.« 

Figures20 to 25 show, respectiVely, normal coupling structure s 

 normal face plate structure, transition zone of coupling, heat-

affected zone of coupling close to tho fusion line $  fusion line 

structure, and a crack in the coupling material just under the 

fusion lino,  

(5) Eardness testa were  made on  the coupling material e 

 using a  Vickers machine and a'10-ki1ogram load. The table  below 

shows  the  averages of four readings  in cracked samples: 

Vickers  Hardness Numbers 
4..e.me••■.■ 

Normal  coupling material 	 300 
Transition zone of coupling 

mdterial 	 280 
Heat-affected  zone of 

coupling material 	 488 
Normal face plate material - 	 155 
Weld metal 	 266 
••■•■••■■•■■■ 	■■•■■•••■•••••■■■■■••■•■••■••••••••■•••■•■•••...11ellerme••••••••••• ••....••■••••■■•••■■■■•Oeme.m. 	  

(6)  A  chemical analysis of the  coupling material 

• 
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Parp 4 - 

(E.rocedure„ contyd) - 

produced the follewing results (in the table below ;  nlese 

results are compared with the Ford EE specification): 

Fort EE 	Analysis 
.1...e22.211ication. 	obtained 

- Fer  cent  - 

Carbon 	- 	0.35-0.40 	0.40 
Phosphorus 	- 	0.03  max. 	0.030 
Sulnhur 	- 	0.05  max. 	0.031 
Manganese 	- 	0,70-0.90 	0,83 
Silicon 	- 	0.07-0,15 	0.15 
Chromium 	- 	None. 	 0.08 
Nickel 	- 	None. 	 0.39 
Molybdenum 	- 	None. 	 0.06 

Discussion: 

A visual  examination  revealed that the outside weld 

was  nearly  completely  nachined  away whereas the ineide weld was 

not machined at all, 'flee outside  weld  showed some evidence ef 

undercutting, probably due to  incorrect  electrode inclination 

during  welding.  The  inside weld  showed a  greater degree of 

convexity of contour than.is  desirable,  probably as a result 

of too low welding current. 

The  x-ray examination  revealed that both welds con-

tained slag  trapped in the roots and  thie extended almost 

completely around  the weld.  This was confirmed by the macro 

and micro samples. The  danger  associated with this defect is 

that  it  acts as a  potent  stress  raiser and  is therefore a 

fertile source of  cracks in highly  etreseed parts. As previously 

shown, some of the  macro samples are  cracked both In the  weld, 

metal and coupling  material, and thee°  cracks have originated 

at the elk; inclusion.  Even if  cracking had not occurred sub-

sequent to welding  it is  most probable that service stresses 

would be sufficient  te  initiate  cracking.  

The  cracking  In  the coupling material is not surprising, 
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(Discussion, contîd) 

In  View of  the  composition of this material. It is apparent 

that the alloys arc residuals, but aven in small amounts  they 

materially increase the hardenabillty of the steel, Steels 

containing over 0 030 per cent carbon are increasingly sensitive 

to cracking when welded at room temperatures, The fact that 

this material contains 0.4C per cent carbon and seme alloy 

Indicates that precautions ehould  be taken to avoid cracking, 

which is  a  result of the  formation of hard brittle martensitic 

structures adjacent to the weld, These structures cannot yield 

to the shrinkage stresses of the weld metal, and cracking resulte, 

The moat practical way to avoid the formation of martensitic 

structures is to retard the  cooling rate by preheating  the 

aasembly before welding, :Preheating to 500° P g  would hava tho 

da21red effect, aven  after this treatment, high locked-up 

stresses may produce cracking and, as a further precaution, a 

stress-relieving treatmert at 900 0 	is deeirable. 

hardneas teats and the microstructure both reveal 

the formation  of a  hard., brittle, martensitic structure adjacent 

to the weld and point to the necessity of corrective treatment. 

When it is considered that thie coupling absorbs and 

transmits the entire engine thrust it ie apparent that the 

machining away of a large part of the weld metal seriously  • 

reduces the strength of the  joint and may be expected to result 

in premature  eervice  failuree. It would appear that this  ulaeleira-

i n g is necesse-ay to permit close  fittira;  of adjacent parts. 

This being the case, a change in joint den  is highly desirable 

.!:ven without machinine it is probable  that  the unfusod area 

between the two welOs would act as  a  stress raiser and promote 

cracking.  The present joint design and the recommended design 
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(Discuesion e  contçd) 

are  shown below: 

The recommended design with 1/3-inch nose wi,11 

permit complete penetration of the joint e  the nose hein 

completely fueed during welding, The nose will also Permit 

assembling so that the face plate and coupling are concentric 

The use of Hell= Sureweld "N" eloctrode e  together 

with to low welding current e  in reeponsîble for the slag 

trapped at the root cf the weld, Thie electrode conforms to 

AWS Specification E 6012  and is sometimes known as the "poor 

fit-up" electrode type, This name is due to the property -  of 

this electrode of readily bridging fairly wide Gaps between 

materials to be welded, and in  consequence the penetration is 

low, In the abeve recommended  joint design an AWS .; 6030 

electrode e  euch as Hollup Sureweld  ne, should be used This 

electrode is designed to  cive  good operating characteristics 

and  penetration  in  narrow V joints° 
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CONCLUSIONS 

1. There is same undercutting on the assemblies, 

probably due to tmproper electrode inclination during welding 

2. There is considerable slag trapped  at the roots 

of the weld, probably due to too low welding current and  to 

u$e of a upoor fit-up" type of electrode° 

3, Crack in coupling  and  welds are due to formatien 

of martensite adjacent to weldo On s,teeis of the nemposition 

of the coupling these.cracks are almost inevitable when welding 

is performed at room temperature. 

4 0  The alloys present in the  coupling material  are 

probablyresiduals but tend  to aggravate the crack sensitivity. 

5. The machining aWce of a large  fraction of the 

welds dangerously weakens the joint. 

.0•Mira./.0 

Recommendations: 

1. The assemb1y.  should be preheated to 500 °  Fo 

before weldingo 

2, The assembly should be stress-relieved at 900 °  Fo 

for 1 hour after weldingo 

50 The design of the Joint should be changed zo that 

the necessary machining will not weaken the joint° The design 

recommended above should prove satiefactory. 

4. Should the recommended design be approved, an 

electrode conforming to the  AWS  3 0030 specification should be 

used  in  making the weld° 
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Figue emu: a...mm*6.er 

bOTTOM OF ASSEMBLY.)  SHOWING INSIDE WELD. 
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REPRODUCTIONS OF EXOGRAPHS OF WELDS. 
LETTERS SAMU  AS .ON  MACRO AIM MICRO SAMPLES. 

Legend: a =  Slag in root  of  outside weld. 
1+4 n ""ninside weld. 

•  t •-•-• 	t• 

11•1■11 

11111e■ 
•■■■•■ 

Elere..:20 



(12J-212_13.. ) 

11E2re 6 - 

111111111P 
(Lee* 

11.11,  

Llzure 

"elf 
TWO 

Fi;;pro 8. 

LeliP 
REPRODUCTIONS OF EXOGRAPRS OF WELDS. 

LETTERS SAME  AS ON MACRO AND MICRO SAMPLESt 

lice;end:  a = Slag ln rot  of outsiCe  weld 
b m 	II 	4; 	:1 	ft  Inside weld. 
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JUPUODUCTIONS OF EXOGRAPHS  OF WELDS3 
LETTERS SAM  Aî.; ON  MACRO AND MICRO SAMPLES. 

"re-er0' a = Sias in root  of outside weld. ° 
b = 	" 	" 	" 	le inside weld. 
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12- :12£Fe 11. 

MACRO SAMPLES OF WELDS, 

Note slae inclusions at roots of welds o  
also cracks in'Samplos A and B. 
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mAcao SAMPLES OF WELDS 
Note slag inclusions at roots of weldap 
cracks in Samples Gp Ep and porosity-
in weld of Sample E. 



X20, nital etch °  

• 	WELD ARE  B. 

Note crack .in weld  natal,  
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X2Op nital etch. 

WELD AREA E. 

Note crack in wo1C1 metal »  originating 
at slag inclusion at root of weld. 



(Let11_21.) 

X20 »  nital etch * 

 W211D AREA B. 

Note crack in fusion zone 
of coupling material. 



Piss.re 16. 

X200  nital etch. 

WELD AREA A. 

Note crack beginning at 
slao incluoion at root of veld. 
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(Pane  19) 

1104112. 17. 0 

X20, nital etch. 

WIeLD AREA D. 

Note elag inclusion at root of weld. 



(Eut_PO) 

2.1Eurp 10. 

X20 9  nital etzh. 

WELD ARA. G. 

Note crack orienating at slag 
inolunion at root of weld. 



Fl(mr2 19. 

X20 9  nital etch. 

.  WULD ARe. E. 

Note small slag inclusion at root of weld, 
and poroait7 in weld metal. 



X500, etched in 4 per cent picral. 

NORMAL COUPLING STRUCTURE. 

Tempered marteneite. 
!MY 

rdeme..2.1 . 

X500, etched Ln 4 per cent picra10 

NORMAL  FACi  PLATE STRUCTUilE. 

Pearlite in a matrix of ferrite. 



X500., otchec^ in 4 per cor -:. picrala

TRANSITION ZON1:: ST1ïU0TM E OF OGUPLILTG MATIRIALo

Nodular pearlite In ferrite matrix.

,.^irurA 23 0

X500p atcbed in 4 per cent picral,

STRUCTURE CIF Iir:A?'-Ar̀'FE^Ti, ZONE OF COUPL?NG IT4Tî2IALo

Coarse r_ia.r taris-:e o



"C"i -4 • , 
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500,, etched in 4 per cent picral. 

STRUCTU.0 AT FnIOU LINE OF COUPLING nATLRIAL0 

Weld metal above, coupling material beicw. 

Elerq q5 . 

X1004, etched in 2 per cent nital. 

END OF CRACK  IN  FUSION rONE  OF couPLin LAT.ERIAL. 
0■•• 
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