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Report No, 645/4 
Watertown Arsenal April 18, 1P37. 

Repair of Armor Cnatirios by Welding 

Procreas Reo ore //1 

The experiment outlined in this report were con¬ 

cerned with the repair of armor castings by welding. 

These repairs are Intended to salvage armor castings 

which had been rejected on X-ray examination because 

of cracks, pipes, or spongy spots, 

Tne Armor Casting Material 

Tne specified composition of these castings is: 

_C_ Mn _Si_ S ____P_ „Mo_ Cr Va 

0.Ö5 0,,50 0.15 Max. C.CC 1.10 0.80 
0.40 0j 80 0.55 0.00 0.8Õ 1.50 0.50 

The castings used for the tests outlined here 

were scrap castings which had been rejected on X-ray 

examination because of bad cracks, pipes, or a generally 

porous condition. 

For the experiments In which the welds were X-rayed 

and tested for ballistic properties shield castings were 

used. Where hardness surveys of weld cross-sections 

were made a scrap carburetor cover #68 was used. 

All of the shield castings used were, before 

welding, given a normalise and anneal ns follows: 



1150°C for 0 nours, air cooled to black 
950 = 0 " 5 " " 11 " Cold 
050°C " 5 " furnace cooled to cold. 

Carburetor cover ^68 was used throughout In the 

11 ara carat” condition. 

Conclusions 

1. It has been found possible to obtain passable 

ballistic properties In arc weld metal exposed directly 

to the bullet where the weld metal has penetrated only 

about half the wall thickness of the casting. 

This arc weld metal which gives passable 

ballistic properties has not been free from cracks after 

welding. 

3. The arc welding operation is performed most 

comfortably and expeditiously with a low preheat 

(under 400°C) or no preheat and the ballistic properties 

of the weld appear to be as satisfactory as those obtained 

with a higher preheat temperature. 

4. When the weld is made with the arc on the 

inside surface of the casting and the weld metal does 

not penetrate over half the casting wall thickness the 

ballistic properties are satisfactory with any covered 

type of structural alloy steel electrode. 
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5. The Murex nickel-molybdenum electrode 

appears to deposit a wold metal having slightly higher 

ballistic properties than the Murex nickel-chrome electrode. 

6. Satisfactory ballistic properties can usually 

be obtained by oxy-acetylene welding using a filler rod 

of approximately the same composition as the casting, 

(except carbon not over 0.35^) but the 'veld metal is not 

always free from cracks unless a relatively high preheat¬ 

ing temperature is used (not less than 600°C) and the 

casting is maintained at temperature during welding. 

7. In order to satisfactorily perform tne 

operation outlined In (6) four provisions are essential :- 

(a) Suitable table and heating equipment 
to maintain casting temperature. 

(b) Welding torch provided with cooling 
apparatus to keep tne tip from heating and causing 
flash-backs. 

(c) Suitable protection for the welder from 
heat radiated from tne casting and heating apparatus. 

(d) Annealing furnace conveniently available 
so that the welded casting can, on completion of welding, 
be placed in the furnace at temperature and annealed 
without cooling down following the welding operation. 

8. It is believed that where weld repairs are 

to be made on inside surfaces of a casting the arc method 

can successfully be used. 

9. It is believed that the oxy-acetylene 

process should be used with a filler rod of composition 

similar to that of the casting for repair of defects on 

-3- 

„I. .....-—...—b-... . 



exposed surfaces except that the arc method can be 

used for repairing shallow surface defects without 

seriously affecting ballistic properties of the 

casting. 

Test Data 

The results of the experiments covered by this 

report ore shown by Tables I, II and III at the back of 

the report. 

The fraa Welding Process 

The metnod used to repair armor castings at 

Watertown Arsenal during 1935 and 1936 involved the use 

of a strongly carburizing flame with a filler rod 

obtained from Dlsston consisting of strips sheared from 

1/4" homogeneous plate of approximately 0.45/0.50^ carbon 

No welding flux was used. 

The procedure followed "fas to grind out the crack 

or defect with the casting in the annealed condition. 

Then the area of the repair was heated with the welding 

torch to a red heat before starting to weld. When the 

area of repair had boon heated the filler metal was 

added in a manner similar to that used for any steel 

welding operation. 

When welding was finished the casting was laid 

aside to cool in air but this practice was later changed 
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to give a slower cooling rate by burying the not 

casting in powdered lirno immediately after welding. 

With this procedure it was found that about half 

of the castings repaired wore later rejected on x-ray 

examination because of cracks In the weld metal. 

Accordingly some experiments were made to determine 

whether Improvements In the method of repair could be 

accomplished. 

Tne experiments made with the gas welding process 

are listed in Table I and the notes here Indicate quite 

clearly that a preheating temperature of about BOOpC, 

with this temperature maintained approximately constant 

during welding is apparently successful when a filler 

rod of medium carbon content is used. In this particular 

case, however, it should be pointed out that the weld 

repair was made on the outside of the casting so that 

tne welder and torch could be partially protected from 

the radiating heat and the welding was performed from 

start to finish without interruption. When these condi¬ 

tions are not obtained the success of the repair is 

questionable. It also appears desirable to have avail¬ 

able a furnace - the furnace being used for preheating 

may bn suitable - at annealing temperature so that the 

casting does not cool down after welding. 

In Figure #1 are shown radiographs of shields 

9B and ^/633 after welding. The radiograph of 
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shi’eld MQ&A 1b shown by Flrum #2 and the fine hair 

cracks in tne weld metal can be seen. All three of 

these castings were welded with the same composition 

(0..'?'K C) of filler rod and wich the same preheat 

but tne welding on A88A was not performed continuously 

due to interruptions caused by torch tip overheating. 

Electric Arc V/eldlng 

The experiments made with the arc welding process 

involved the following electrodes, all of the Murex 

type furnisned by the Metal .p- Thermit Corporation. 

Cromansll — Carbon 0.06^ 
Ni.-lío. - O.IP'* C, 2 1/2X N1.,0.5CK Mo. 
Ni.-Cr. - 0.15t C, ht Ni. it Or. 
Car.-Mo. - 0.40t C, 0.50t Mo. 
Car.-Mo. - l.lOt C, 0.50t Mo. 

These electrodes were used on Carburetor Cover 

^68 to make weld deposits from which sections were cut 

(Fig. No.3) for hardness surveys and macro-examination. 

Tne preparation for making these weld deposits consisted 

of grinding a groove about one inch wide approximately 

half way through the casting wall. This groove was 

then filled up with weld metal and the sections for 

examination were cut at right angles to the groove. 

In Table II are shown the results of hardness 

teats made on these weld deposits. 

These electrodes enumerated above were used on 

a number of armor shield castings to make weld deposits 

for ballistic tests. The results of these tests ore 

shown by Table III. In all cases the weld metal 
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extended about half way through the- casting wall 

and on all but two castings the wolds were on the 

outside exposfd to the bullet None of the arc 

welds wore free from cracks. The form of these 

cracks is stjown by Figures *4, 5 and 6. 

Attention is called to the radiographs snown 

in Figure $4, 5 and 6 and the ballistic properties 

listed in Table III. All throe of these castings - 

60A, 30A, and 73A - were welded with the same two 

electrodes but under different degrees of preheat. 

The welds made witn the high preheat - 30A, Fig.#5, 

show the least tendency to crack but the ballistic 

properties of the welds are not as good as those of 

the welds made with no preheat - 73A, Fig. /½. 

All welds ballistlcally tostad were annealed at 

850°C before oil quenching from 1600°F and drawing at 

985°F. 

In all of these arc welding tests the effort was 

made to keep the weld from penetrating beyond the 

midpoint of the casting wall When the arc weld 

penetrates beyond this point it is believed that 

the ballistic strength Is lowered but the amount 

is unknown. As long as this limit of penetration 

Is not exceeded it is believed, that the ballistic 

properties of the casting are not seriously affected. 
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This observation is particularly pertinpnt 'vhen the 

repair weld is made .from the Inside of the casting. 

Rpspectfu11y subm111ed, 

* UJO JJ.JWV'fiJlris 
W. L. Warner 
Welding Engineer 
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TABLE I 

Oxy-Acetylene WelcUny - Armor Shield Castings- 
_ Ball latió Toot___ 

Casting 
No. 'Veld 

Filler Rod ~ Analysis 
Mn Mo Cr Va : 

Filler 
Rod_ 

.Disgton 
strip sheer 
ed from l/4" 
homogeneous 
armor piste. 

Cost rods 
from '“rsens' 
f oundry 

Cast rods 
from the 
Arsenal 
fouMry. 

68A 

7 IB 

88A 

39B 

B3B 

ö8A 

71B 

88A 

in 8ide 

(I 

H 

outside 

it 

inside 

h 

rr 

0.49 

0.32 

0.34 

d 

0.34 

0.71 0.17 0.06 1.13:0.24 

weld met*-! analysis 

O.ol 

h 
*« 

O.ol 

0.36 

h 

0.2Ô 

h 

it 

0.90 

0.90 

1.38:0.24 

h . h 
i . 

1.38:0.24 

Casting 
No. 

During Welding 
Temp. 
Maintained 

Kent Treatment After Welding 
» « 

Anneal : Q.uench : Drew 

68A 

71B 

88A 

39B 

63B 

68A 

71B 

88A 

850°0 

850°0 

850°C 

1600°F 

loOO°F 

ltoOO°F 

935°F 

925°F 

925°F 

it 



TABLE I (con1!;.) 

Casting 
No._ 

b8A 

71B 

Q8A 

39B 

Ò3B 

08A 

71B 

88A 

_BaOiojq-aphlc Test __ 

Fine hair cracks throughout 
weld metal - visual. 

Fine hair cracks through¬ 
out weld metal - visual. 

Fine hair cracks through¬ 
out weld metal - x-ray. 

No cracks -some fine 
porosity. 

No cracks - considerable 
coarse porosity - weld not 
built up above casting 
Surface. 

Fine ' hâir cracks detected 
in the weld metal by visual 
inspection. These probably 
are caused by frequent melt¬ 
ing and solidification of 
metal due to interruption. 

» K 

h h 

Ballistic Test --Remarks 

In this instance the 
casting remained red hot 
fox about 10 min.,only 
after removal from the 
furnace. It was there¬ 
for necessary to make the 
welds spasmodically be¬ 
tween heatings. About 
three (3) heatings were 
necessary on each casting- 
No ballistic tests. 

Passes Spec. WED-5b 
(B.R.#115/o7). 

Passes Spec.WED-50 
(B.R.#115/08). If this 
weld had been properly 
reinforced and ground off 
the porosity would have 
doubtless disapper red. 

No ballistic tests. Due 
to the high temperature 
and heat radiation from 
the castings frequent 
flash-backs occurred due 
to torch overheating. 
This caused very frequent 
interruptions to cool the 
torch tip. For this 
class of welding where 
the repair must bo made 
on the inside of the cast¬ 
ing a water-cooled torch 
tip and. an asbestos suit 
for the welder are re¬ 
quired. 



TABLE II 

Experimental Arc V/eldo - Carburetor Cover #C9 
___Haránees Test_ 

Weld 

it 1 

#2 

./4 

Analya1 g - Electrode 
_C_ i.:n SI Ni fo' Cr . 

0.26 Lurex Cromancil 

0.19 Lurex Kl-Mo 

0.15 Murex Ni-Cr 

0.40 Murex Car-Lo 

1.10 l.urex Car-Mo 

"5 

0.12 

0.10 

0.10 

Analysis - Weid Deposit 
"'"si' Mn 

0.55 

0.48 

0.38 

0.14 

0.15 

0.10 

Ni 

1.91 

MO Cr 

0.76:0.45 

0.78:0.28 

1.48:0.29:0.71 

Va 

0.07 

Not analyzed 

Not analyzed 

Weld 

if I 

if 2 

if o 

y 4 

iî 5 

Amp 

200 

OOr-, 
o & u 

200 

200 

200 

We Idin . Procedure 

Volts 

28 

26 

30 

30 

30 

Preheat 

none 

Post Heat Treat: 
Temp. 
Held Anneal 

none 8 50 0 C 

h 

h 

i.rt 

Q.uench 

1600°F 

Dre.w 

925° F 

Weld 

f/1 

ho 

//4 

;/5 

Weld Metal 
(Vickers Brine 11) 

As 

iieMfiâ- 

315 

267 

253 

Heat 
Treated 

305 

275 

Weld Metal 
Brine11 No. 

Aa 
Welded 

212 

O R R o o 

Heat 
Treated 

280 

244 

209 

262 

298 

Analy si o of Casting; 
.32^0;' .' 52^Kn; . 21$3i ; 
,79^Mo; .21^Va; 1.15^Cr; 
Casting welded throughout 
in the 'As Cast" condition. 

No ballistic test 

Ballistic test of cast¬ 
ing #59A-60A-30A-72B~ 
73Ä-74A 

it h h it it 

Ballistic Test of 
casting #63A~38B 

r 
. 



TAB L E Ill 

«»I'M* 

Arc Welding - Armor Shield Cpsrlngs - Ballistic Teste 

Casting 
Ho. 

59 A 

60A 

30A 

72B 

73A 

74A 

63A 

33B 

We Id 

Inside A 
h 3 

Outside A 
" B 

Outside A 
" B 

Inside A 
h B * 

Outside A 
11 B 

Outside A 
" B 

Outside 

Outside 

Elec- 
C 

0.19 
0.15 

0.19 
0.15 

0.19 
0.15 
0.19 
0.15 

0.19 
0.15 
0.19 
0.1Í 

0.40 

1.10 

Not Welded 

rode 
.Trade Name 

Murex Ni.-Mo. 
" Ni.-Cr, 

Murex Ni.~Mo. 
" Hi,-Cr, 

Murex Ni.-Mo. 
" Ni.-Cr. 
» Ni.-Mo. 
11 Ni.-Cr.*' 

Mutex Ni.-Mo. 
" Nl.-Cr. 

Murex Ni.-Ho. 
» Ni.-Cr. 

Murex CerV.-Ho.#50 

Murex Crr.-Mo.#50 

"Table III (con11.) 

Weldlnp, Proceduro 
Cset. 
No. 

6QA 

72B 
73A 

74A 

o3A 

38B 

Amu : Volts 

200 : 28 

« i n 

175: 30 

tt . h 

315: 33 

180: 30 

200: 30 
* 

5 230: 30 

Lay¬ 
ers 

5-6 

6-7 

tl 

4-5 

4-5 

5-6 

5-6 

'Pre- 

hest ÖC 

400 

800 

none 

100/200°C 

100 

100 

Temp. 
held 

Yes by 
using 
one gas 
burner 

Yes by 
using 
two gas 
burners 

» 

No 

Cooled 
by jet 
of water 
at back. 

No 

No 

Post Heat Treatment 
Anneal:Quench 
QC : oy 

050 JlSUXTF 

» : 11 . 

:1600°F 850 

it 

ti 

Draw 
op 

935 

h 

925 

h 

'UL.: 
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Casting //.39B 

Figure No. I 

Gas Weld - Preheat B00°C - Cast Filler Rod 
of Armor Composition, 0.341^ C. Outside weld. 

Casting #65B 
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Figure No._& 

Gao Weld - Preheat 800°C - Cast, Filler Rod 
of Armor Composition, 0.34¾ C. - Inoide Weld. 

Casting ^88A 
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^Ifturfi üo._3 

Arc v'j'eld - Sections tnrougn weld metal, Wela //2, 
Table II - Carburetor Cover //68 - Vlcker'a 
Brine 11 Hardness Teat. Electrode - I/urex 
2 1/2¾ Ni., 0.50¾ Mo. 
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Weld A, Casting //COA 

Figure Ho. 4 

Arc Weld - Preheat 4C)0°C - Electrode, 
V/eld A, Murex Ni.-Mo., Weld B, Murex Ni.-Cr. 

Weld B, Casting //60A 
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Weld A, Casting ?/50a 

Figure No. J5 

Arc Weld - Preheat 800°C - Electrodes same 
as Figure No. 4. 

Weld B, Casting #30A 

id 
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Weld A, Casting #73A 

Arc 'Weld - 
Figure lio. 

Figure No. 6 

No preneat - Electrodeo same as 
4. 

Weld D, Casting #73A 
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