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;;Karlination of Samples of Welded 
Joints of a T 0 16 Universal Carrier, 

Orïin of A.tcri:Al: 

On Àovember 10th, 1943, Yr, J, A, Balcom e  S,T 0 0, 

(Tanks)„ fop the Deputy Director (Yeohnization)„ inspection 

Board of 73nUad Yingdom and Canada, Detroit, tv'.chigan„ submitted 

ten C10) oamplos of welded joints of a  T,16 Universal  Carrie-,? 

for examination, Alesslanples were ct from the carrier after 

ballistic tostinl at the Aberdeen Proving  Contre  e  Aberdeen, 

Maryland, 

The a mour plate  ms :de  by the Ford Motor Company, 

heat-treated 1)7 tLe Standard Steel Spr1nF2; Company, and welded 

by the Ford Lcors  Corporation, Somerville, Maso, All welding 

wao don manually, using Crucible Steel Co, "Rezist:.  #14 

Armourized" electrodes, The work was cositioned such t,':lat  el: 
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(Origin of Material, cont'd) - 

welding was done in  the flat or down:hand position. 

The samples (nttabered 1 to 10, inclusive) were 

identified  as follows: 

Test No 	  Position  of Joint  

	

1 	Upper left side panel to upper rear panel. 
Upper left side panel to gunner panel, left. 

	

3 	Upper left side panel to front panel, lower. 

	

4 	Front panel lower to floor plate. 

	

5 	Front panel upper to front panel lower. 

	

6 	Front centre panel to front panel upper. 

	

7 	Front panel right to gunner panel right. 

	

8 	Gunner panel right to front panel upper. 

	

9. 	Front panel upper ritht to side panel right. 

	

10 	Side panel lower right to floor panel. 

The following additional information was gleaned 

from  the  report of  Mr. J o  A o  Balcom's visit (No. 56) to 

Aberdeen  on September Llst and 22nd 9  1943: 

Prior to ballistic testing »  400 inches of welding was 
subjected to radiographic examination. About 34 per 
cent of the welds showed defects, consisting of small 
amounts of sla:„ incomplete penetration, and incomplete 
fusion.  The  action taken ey Ordnance (U 0 S 0 ) will be to 
advise their inspection at the fabrication plant  to 
improve their welding technique. 

Shock  attac'e results with 37-mm.  H o E,  on both welds  and 
armour were considered good, Officers  at Aberdeen 
expressed the  opinion that poor h,E, resulte on the 
Iront and of the  carrier were  due to "too many  corners",. 

,:),reell, - quality of welding generally 
inconclusive because of plate failure", "armour plate 
failures contributed to by design s  inside corners and 
seall  plates". 

oppt .   of investieation: 

fo  determine  the quality of the welding done by Ford 

Motors Corporatior  en the T 0 16 Universal Carrier. 
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(1) All saprp?es w,3re Cc^er^ a csrei'uI vi s;zai.

{2 ) 74i :;ro :3^;zvp1ea were, Yrachined from each scu,^pleD

poil-shed, -and etc::,ed, -Pigures 1 and 2 am r,acro p`l.otJ?1'.*ij7:2s

of the _ ^>ùtiUrzs,

{Z,) All sL. -,)les were oxanined u:.dcr a mile rose o'Oe,

FiCkx-o; ,., s^,cws a tTpicz:l fusion zone between wel:. arid armour

r;late" Figure 4 a structure ty~picxi]. of all r-18at-at t Nct,ed

5 a. , ^,, a structure typical of all fusion z, S"

r'ig;zrt: } i;^ ttJ© ty;:-".:::,.1 structure of tt-_© armour Plate" '?igure 7

is tl- Jt,,:Ar,.tac'e of the ic^rit•:ic root pa.,s•^^s,

8 shows a'b-:.x:deU structure ^riumerous

suïpiiÿd-,, :I.nc1u:?.ionz 3.n the u-fr... i,-!!zt-affected zone of the

iarl;Ea: :,1.ate o;'

(°^ J' . c?Za^ .icr^.^ emalysis sar:;:1s was r,-,ackjined fz•c?:3.

„
J.(1'_ . , I. i. .« ,-si: are shown Ce«lzbvt:

Fer cent

do

e

(E )i:ir:lness t^at,s9 usLnT, a'Jickers machine and

r^ 1.C)®lci?.o^ran; ^.o:.< Yi!ire" -;^..:•^ on all speei-mensr The table,

telotv show/s, the ,^ '3.:1t.,, Jt) t.<:.Ln.^3C1:

:Ir. mcur :1uUt3nit-I.'o'arriti::
Plate : 11d

heat-:.ffacted zones_
!^Qtt1Jlfd^YieaC^ Si^a:^t9

31.. ,7G^k^.4 31 34E10 3:39-4^^^' 442^560
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Diecussion: 

A vieual examination of the samples an received 

reveale indicatiene of undercutting, welds of oxcessive 

reinforcement, evidence of poor fit-up requiring buttering, 

and irproperly located welds. 

Unfortunately the samples submitted for examination 

were so small that in all canes It was impossible te machine-

specimens to illustrate the abo,re defects. In nearly  all  e;. ses 

 it  wae.neceeeary to remove epecimens from the end ef the  sample 

remota from  the flame-cut  edge.  Apparently the  samples  were 

selected with  u.view  to sectionine through defects, without 

recognition thai the heat effect of flame cutting would mask 

evidence of metellurgical significance. 

The rnero-examineticn reveals that all samples, with 

the  exception  of' ,es a  3 an.: D, are three-pass welds. Sample 

No  3  is a doublo-ass fillet weld a  Sample ilo o  5 is a four-

pass welU Which ehould have boen made in tyre passes, In this 

particular  case it is apparent that poor fit-up hae neeessitated 

buttering and  Rn  excessive use of wela  natal to  bridge the e,ap a  

Sample Y.0, 10 shcws the same type of defeCt. Nearly all samples 

show a  .vider  root ep than is desirable .  This has resulted in 

exceseiva dilution  of the weld metal in the root pass, brought 

about by a weavine, motion of the eleetrode necessary to close 

the gap a  The reeulting.dflution has produced  a  ferrite condi-

tion in the  weld  metal of the root pans a  The above data  should 

be compared with operation  shoots  to determine whether  the 

proper technique i3 being followec:, 

Samplee Uos, 1, 3, 4, 5, 9 and 10  all show  slag 

incluions et  the roots  or  the welds. These ere probably due 

to  the eoaving  technique  in the root paes which. enhances tl - c 

probability  of siv beinu trapped. 

A  eticroucopic examination failed to reveal  any cracks 
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(Discusion, cont'd) 

in  the hent-ctod  zones or tbe armour - plate, Structures 

of  the  heai,-eff . eo::e;:i 1-,ones,  fusion zones *  transition lones, 

and unaffected armour  21cte  are normal, No evidence was  . 

IT'und e  in  the samples  submitted*  of lack  of fusion„ One s emple 

( (  4) ehowed a bancled  structure in the heat-affected zone  of 

the  thinner plate * 	sulphide inclusions considerEtbly greater 

than norm;a, The  banr:int_;  indicates chemical  inhomogeneity, 

The rem.:.inj.ng sainples ::.how  normal email sulphide and oxide 

in summary *  the  ending  defocts found, such as 

undercuttl e  exz:es?,Ive  reinforcements *  ferritio bends and 

sla inclusions *  aot ao  stress raisors and *  as such *  reduce 

involct 	oieit1e 	ry effort should be made to eliminate 

these d17), cA. 

analysis of the armour plate Indicates 

tbat  it 	1 cart1;)r-Ir.anganese-o:h.ramium-molybdenum typo *  of 

uood hardibilit7 Q  The structure indicates  that the armour 

plate Is reivin 	satisfactory heat treatment. 

1:ardness tests show nothin abnorinal *  with  the 

possible  •ception  of fairly hh hardnesses  In the  heat-affected 

zones of the top passes of  ,welds.  Uardnesses would indicate 

a  orittiu conditicn  in the  areas but thero  is little  possibility 

of  alteri 	this witl -:cat  annealilw beads *  which  are impractic- 

able in wolis  (A'  tF 	izo„  The hardne3s  ran3es of the  ferritic 

root passes may ha attributed to tLe  variations  in the  annealing 

- foot *  1 -2. -oduce1  by sabsnq ert bog 0  ;very effort  should be 

made  to a'-:oicà 	 of such. s Jilaplitudo  as to  produce ferritic 

oohdition sinc 	ok  propertlea  ara  consequently  lowered, 
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CONCLUSION:  

1. The welding technique employed is open  to some 

criticism, as shorin by this Investigation.  It  is  realized, 

however, that under practical production conditions it  is not 

always possible to produce ideal welds. 

2. The following welding defects were found: 

undercutting. , slag inclusions, excessive reinforcement o  poor 

fit-up, improper location of welds, and excessive dilution 

in root  passes. All of these act as  stress  raisers and  reduce 

impact streneh o  

_ u. uae sanple of armour plate contains more sulphide 

inclusions  than Is normal. The remaining samples would be 

considered satisfactory, according to commercial standards. 

4. A microscopic examination shows nothing abnormal 

in the structures and no cracks were found. 

5. The chemical analysis of the armour plate 

indicates that it is a carbon-manganese-chromium-molybdenum 

type, of good hardenability. 
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Figure 1. 

-toned ie I  per cant  icric, 
.4  per -cent HC1  in  alcohol, 

sAv.q..Es NOS. 1 TO 5, INCLUSIVE. 

Ohite arrows oint  to  JlaL . inclusions, Mote 
darker  etch  in root ;Jess of Specimens  1  and 
2, Note impropar‘i- l-lamfint of weld metal of 
first pass on underseide of large plate  of  4, 
Note also exesaive  use  of weld metal to 
countcct uor fit-up in Specimen 5. 

t 
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,..1-1.Epre 2. 

'•1:tched in 1 per cent picric, 
4 per cent HC1 in alcohol, 

;3 'rOie SAI'i2i:S NOS, 6 TO 10 t  INCLUSin. 

Uhite arrows point bo slag inclusions,  Note 
dar;er etch of root pass ofpecimens 6, 7, 8, 
and 	1sot wide root gaDs, rote that  in 
3pecimen 10 the ed.:,a of small plate hna bn 
buttered to counteract poor fit-up, Note also 
excessive  -deld reinforcement. 
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XL;00 9  etched in 2 per cent nite„ 

.;r1-MIJCrilURE OF TYPICAL FUSION ZOFF, 

adjac:ent to weld metal and 
mnrtonsite in the heat-affected zone. 
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FIE212- 4,, 

X500 $  (:)tched ln 2 per cent nital, 

TYPICAL MARTEN31TIC STRUCTURE OF ALL HEAT-AFPECTED ZONES. 
•••■• • 
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?igure 5 

X5009  etched in 2 per cent rital, 

TYPICAL STRUCTURE OF ThAUSITION ZONES., 
NODULAR TROOSTITE IN hEAT-AFF!:CTED ZONE 
AND TEMP:MED MARTUSITE OF U12LPPLCTED 

ARMOUR. PLATU, 
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Fikaare_.t . 

X500, etched in 2 per cent nital. 

rARTENSITIC OTRUCTURE OF ARMOUR PLATE. 
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Figure 7. 

X500 0  etched in 1 per cent picric acid, 
4 per cent hydrochloric acid in alcohol. 

TEViEBUD MARTELIO STRUCTU.L., TYPICAL 
OF  T1L FEYLlTIC ROOT 

White constituent Is retainiA austenite. 
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Figure B. 

X250, .tched in 2 per cent picral_ 

BhhD,) '2,U1JOTURE OF HEAT-AFFECTEp 
CF  ARMOUR PLATE° 

i;ote sulphidc Inclusions. 
• 
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