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Examination of 'àelded Universal Carrier Noae. 

Orijein  of 'F:ater5,.el: 

On June 1, 1943, Dr. C. W. Drury, Directer 

of Metallurgy, Army Engineerf.ni?; DesiEn Branoh, Department  of 

Muritionc  and Supply, Toronto -, Ontario, subedtted a welded 

Universal Garrier nose for eamination, The noce  had failed 

ballistic tests at the junctLon of 5-nm 0  ant 10-mm 0  plates. 

(Lot Nn. 616, Requisition No. 470). 

In conversation with Dr. Drury on June 10th, 

it was leaened that this neau ia hand-welUee vith Linceln 

"Armourweld" eloctrcdes (A,W,3C) lu seven .,,esees. Two sizee 

of  electrodes, 5/32' dIalleter aue 3/16" dialeeter. were used 

with roveese polarley. and varying roc; gap.-. 

The eectione submitted for examinatien 

revealed that  bail  ammunition striUng neer the edge of the 

weld had pasEed completely threugh the  5-mm.  plate. Where 

the ball etleeck approximateld one inch from the edge of the 
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wela the 5-mm.,ils,te had successfully withstood • the Impact °  . 

Xn no case had  the  weld w,otal  fa :1d all fractures occurring 

In the 5.-: mm„ plate, 

Object of  investLgation • 	 • 

• To aseertaln the  reason for extensive bal-. 

' 11 sti  e failure at the junction of the 5-mm, and  1O nui  • plate  

Procedure g 	 • 	 • ---------- 

(1) -Figures  1 and 2 show the two sectionS Of 

. carrier nose as reoeUved and' the.genral areas of balliStle • 

attack, Figures 3 and  4 are nose-up Views  of  • tYpical area's 

of failure from ',:.;ectLiDns 1 and  • respectively., 

MIC:co semples ware romcved•from botn sec 

tiens and identirJ.ed as ihown in Figures 5 an e 4 0  'Figure 5 

shows four typical  oamp].es 	The •weld metal of each of thes e. 

 samples was tested with a magnet and found to be strongly : 

magnetic °  

- (3) 	 HardneSs tests, usl,ng a Vickers machine 

wi th a 16-kg  le  td e  were made on ',each of the above sample s 

In weld m(tal, 5-mm °  and .10-Mm„ plate., The following table 

shows the averages of the tests on the four sample-8,1. 

10-rm o  plate Weld 
raetï9.:1. 

Vickers 1-3,61.-‘dne ;$ nuMberS 	363 	 575 -  • 

(4) - 	 Chemical analysis •,of  both, 5-rm. 0  and 3.0-mm 0  

plat, e sh wed the 	 ruts 	A s•pocified .analysta 

givon for coMparison,' 

(2) 

'1 • 

10 mm _ - 	',3pecified Analysis 

Ca.rbon• 
Phosphorus 
Sulphur 
Man gene se 

Chromium 
Nickel 
Molybdenum 

5 mm„ 

0020-
0„01i3 
Q„016 
0 0 71 
0,57 
0 0 88, 
0066 
0,1,5 

0•,26 
0,010 
0,019 . 
0,60 
0,58 
0 0 83 
9, 6 9 
eJ„10 

.0 ° 20 -• 0 0 30 

0,0 70 - 0„90 
0,40 - 
0,80 - 1 0 10 
0 0 70 - 0 0 re 

0,30 
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(5) All of the above samples were ekamined under 

the microscope, Figure 6 shows a typical structure of the weld 

. metal adjacent to areas Of ballistic failure, 

(6) A elemical analyeis sample was machined from 

the weld metal of Sections 1 and 2, The following table gives 

the. reaults of the dnemical imalysle  ai  compared with specified. 

analysiD for A,W,3C welding electrodeng .  

• 

Weld_Metal,AnalyAs 

Carbon 	0,10 
Manganese 	3„00 
Chmmium 	14,95 
Nickel ' 	8„50 
Molybdenum 	0„00  

..re .9cifled . AnaLIst,s 

0,07 - 0,14 
3,50 - 4,50 

18a0 -20,00 
0,50 -10,50 
1„10 max, 

17 ) 

e 

Sample lE was examined.undor the microscope, 

Figure 7 shows the structure of the 5-mm, plate from the edge 

towards the centre, 

Discussion of Results 

It will be noted from the chemical analysis 

obtained that the 5-mm, plate, with the exception of the 

molybdenum contente  are within the specified ranges, On the 

other hand e  the 10-mm, plate is slightly low In manganese, 

silicon e  nickele and molybdenum, :ut  le our opinion that de-

viations from the specified Clem:Leal analysis are of minor 

importance, 

It will be noted from our oxamination of 

Figures ,3 and 4 that the hall  bas penetrated the 5-mm 1, plats 

but the weld metal Itself has not cracked, An examination - 

of Figure 5 confirms tnat the failure is confined to the 

thinner plate and e  in main, the fractures occur outside of the 

heat-affected zone, 

The micro-examination of all welds show a 

fine rattensitic structure with. some retained aUstenite, 

That theweId metal is mostly ferritic Is confirmed by the 
and 

magnetic re,sponse,/hardness tests. This can only be brought 

about by.dilution of the austenitic weld metal:by tho  plate 

metal, 	Vihile the .deviatIon of the chemical analysis of the 
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deposited veld  me ai.  from that as specified 	small, toots 

with magnots along the length of the weld Indicate that the 

•dilution in some areas at least Is considerably greater than. 

in others, The analysis shown of the deposited weld metal 

1B the result of an an;Llysis of a sample taken over a length 

of 8" of weld, Foi the analysis of the weld metal obtained 

it would be expocted that it would remain fully austenitic. 

It is our opïnion that the variations over the length of the 

sample have 1.10 counted for an anal y si s of this type, If it 

were possible to  obi ii a.n analysis fou  areas through Which 

the ball has pen'etrated„ 	is highly probable that this analj- 

sio would' differ considerably from tb  t hown ,u. This is con-

firmed by the mo,enetic reSponse of .the microst*,ftucture, both 	- 

of which indicate a ferribic condi tion. 

The variations in the composition of the 

deposited weld metal along  the  length of the weid e  were con-

firmed by a mabf,ne tic t ee t of Iron fi ling s on whi ch the chemi-

cal analysis was made, Some of these filings were dofinitell) 

magnetic whorea 3 other° Showed no,  magnetic response et all„ 

Whore the projectile struck approximately 

one inch from the weld , the d oc ti le 5-mm. plate " aï shad" 

and the energy <..)f 'the:impact was absorbed and-tfie 7  pl at 	. 
. 	. 

• uhpenetrated, 	the other hand,...where- the bal)  struck 

.close ',to the weld the 5 mm plate wae penetrated, • li'ere 

any dishing action  Ii  lyre ssible due. to the high .Weid metaI 

hardness nand.  the . resistanCe of the 10 mm. plate *  • It  le• 

possible that  If  the w aid metal had remained austenitic it 

would have .been sufficiently ductile to permit yielding sue-

fici(mtly to tbe impact to prevent penetration Of the-thinner 

.pIate. 

. A- vi sual. exaninatl on • of the _weld e 14d1 0,e 1:te. 

that there is considerable roem for improvement of welding: . 
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technique, Tho following defects m;re found,. High piled-

up beads (Figure 5, sample 1A), undercutting (Figure 5p 

sample 1D), pocrietion and uas holes, In addition,all 

samples in Figure 5 show extensive incomplete fusion at the 

root gap °  It is also apparent that the welds are made in 

 three passas ai; the most and not seven  as reported °  

The presence of undercutting, high beads, 

and incomplete fusion at the root gap might very probably 

lead to fatigue failure In service, since all of lâ:Jae 

defects act as stress rai sers.  It is our understanding that 

such service failures have already been reported in welded 

vehicies 

Ii;  Is worthy of note that the 15-mm 0  plate 

shows a band of docarburized metal along eae, surface, approxi-

mately0„017' in depth (Figure 6), Male this has probably not 

contributed to the failure of this plate, it is an undesirable 

condition which would be expected to lower both ballistic 

properties and fatigue strength, 

Conclusionst 

(1) Ballistic failure may be attribUted to dilution of the 

weld metal by the plate metale resulting  in  high weld metal 

hardness and low ductility, 

(2) There is :won-  for considerable Improvement In welding 

technique 

(3) Weldin:g defects detected would probably lead to fatigue 

failure in service °  

(4) There is considerable decarurizatlon of the 5-mm 0  plate. 

(5) The welds have, been made In two or three passes, not in 

seven as reported °  
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SECTION 1 OF CARRIER NOSE AS RECEIVED, 
SHOWING GENERAL ARLAS OF BALLISTIC 

ATTACZ:. 

ur e 2. 

SECTION 2 àF CARRIER NO:.,E AS RECEIVED, 
SHOWING GENERAL AREAS  CF  BALLISTIC 

ATTACK. 

„ 
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F^^.Zur e 3 ,

CLOSI^-UP CF TY° xCAL AREA CF BALLI ;TIC
FAILURE IN SECTION I.

CLOSE-UP CF TYA'I^AT. AREA QF BALLI..ilIC
FAI L U h .:. IN SECTION 2.
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?iure 5. 

MACRO SAMPUS  SHOWING  TYPICAL MELDS, 
ETCHED  IN I PER CENT PUUC  ACID b  
.5 PER CENT  . 17DROCHLORIC ACID IN 

ALCOHOL. 
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Figure  6. 

500X. 4  ETCHED IN 1% PICRIC ACID, 
5% HYDROCHLORIC ACID IN ALCOHOL. 
STRUC.TURE:FINE MARTENSITE IXITH 
SOME RYTAINED AUST:NITE (WHITE 

AREAS). 

F.21:.e rr 	7 

100X. ETCHED IN 20% NITAL, STRUCTURE 
OF 5-MM.  FLATS  FRCM EDGE TnARDS 
CENTRE. LAYER OF DECARBURIZED  ricAL 
APPRO  XIMAT ELY  0.  017 IN DEPTH* 

HJN: ram . 


