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Uemorandum Report No, 642/8 
Watertorn Arsenal July 16, 1941

WF.TnABTT.TTY OF ARMOR PTATB 

(1*» Rolled Homogeneous)

0,50* Carbon. Chrome-Moly-Vanadlum
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Ob.lect

The tests described in this report include the deposition 

of single weld beads on the surface of the test plates together 

with hardness and macroexamination of certain cross sections of 

these weld beads.

The tests were made to determine!

a. The difference in heat effect produced in the armor 

adjacent to the weld bead by the use of covered low carbon 

and austenitic stainless st^oel (25/20) electrodes under simi­

lar welding conditions,

b. Any difference in heat effect produced in welding 

annealed plate and heat treated plate without preheating,

•c. The effect of low temperature (400*F) preheating 

of the plate, prior to welding, on the heat-affectod cone of 

the weld bead,

d. The effect of the regxilar an^ plate heat treatment 

(quench and draw) on the weld metal and heatr-affccted cone

of the weld bead.
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Conclusions

The following conclusions are suggested by the results 

of the tests (see Fig. #1-4), and are considered to apply 

only to the high carb»on homogeneous armor plate.

1. The maximum hardness produced in the heatr-effected 

zone of the s ngle wold bead is the same for both the 

covered low carbon electrode and the austenitic 

stainless electrode on either the annealed or tempered 

armor p''ato. This maximum hardness is also the same for 

both the annealed and tempered plate when no preheating

is used.

2. Cracks are produced in the heat-affected zone 

by the covered low carbon electrode without preheating; 

whereas, no cracks are produced by the austenitic stain­

less 25/20 electrede. Those cracks occur under the weld 

bead and do not extend to the surface of the plate.,

Th^ arc considerably more extensive in the tempered j 

plate than in the annealed plate.

5. The average depth of penetration of heat effect 

of the covered low carbon electrode Into the armor plato 

Is about 20^ greater than that of the austenitic stain­

less 25/20 electrode.

4. T/hon a 400*P />reheat Is used, the depth of pene­

tration of boat effect of either electrode Is increased 

about 25J6, tho maximum hardness of the heat-affected
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zone Is reduced about 8JJ, and there are no cracks formed 

in the heatr-affectod zone,

5. The armor plate heat treatment of quench and 

draw (1600*F. oil quench and 1200*F. air cool) remoras 

r.U trace of the heatr^ffected zone caused by the de­

position of the weld bead, (Fig. #1 and #4).

6. The weld metal deposited by the covered low 

carbon electrode is appioxinately 4051 higher in hardness 

than the weld metal deposited by the austenitic 25/20 

stainless electrode in the "as welded" state, Tfith the 

400*F prehoat this ratio may be slightly reduced. The 

armor plate heat treatment of quench and draw reduces 

the hardness of the two weld metals to approximately 

equal values.

7. Stress relieving at 400*F for 12 hours after 

welding shews no appreciable reduction in the maximum 

hardness of the heat-affoctod zone or the weld metal*.

Discussion

The plate metal used was 1" thick, and of the fol- 

loT/^ifig approximate compositions t

Carbon

Mangoncso

Silicon

Phosphorus

0.490 Sulphur 0.019

0.560- Chromium 1.22'

0.250- Molybdenum 0.60 -
0.019 Vanadium 0.20

The pieces of plate used were 6" x 5" x 1", and a 

single weld bead approximately 5" lor« was laid longi­

tudinally in the middle of tho 6" x 5" plate with an
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automatic welding tnachine using a S/16'* diameter electrode 

with 200 amperes and an arc travel speed of 5" per minute. 

This is the standard procedure followed for the single 

bead weldability test at Watertown Arsenal,

The weld bead sections shown in Figures #1 to H are 

Section C taken about 1" from the start of the bead.

The following 6" x 5* x 1" plate specimens were

welded!

Soec. flo.

Amor

plate Electrode Preheat

AR-1 Annealed Cov. Low Car. Nono

AR-2 n 25/20 n

AR-5 Tenqxjrcd Cov. Low Car. n

AR-4 N 25/20 n

AR-5 « Cov. Low Car. 400T

AR-6 N 25/20 n

After examining Section C from each of those weld 

specimens in the "as welded" condition, the following tiHjat- 

ment was given to Suction C in each case. AIUl and AIU2 

wore oil quenched from 1600*F and drawn at 1200*F. AR-5, 

AR-4, AR~6 and AR-6 were stress relieved at 400*F for 12 

hours.

The following naxiimm hardnesses were found in the 

hoatr-affected zones of the speciraons examined (Section C 

in all casest
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Amor
Heat Vickers

Elc ctrode Preheat Treatnent Brinell
(Examined in the ••as welded" condition^

Annealed Cov. Law Car. None None 470 crack
N Z5/Z0 N • 470

Tenured Cov. Low Car, « s 460 crack
N 25/20 • « 460
N Cov. Low Car. 400*P N 450
• 25/feo •• « 440

/Examined after Heat Treatnent snecified)

Annealed Cov. Low Car. 

25/20

None (Quench and 
(draw after

540 cradc
n N (welding 5S0

Teiqxsred Cov. Low Car. 

25/20

m (Stress Re- 
(licf 400*F

460 crack
n m (after welding 470
m Cov. Low Car. 

25/20

400*F (Stress Re~ 
Uief 400*F

455
m ■ (after welding 450

All hardness values giTen in this report are Vickers 

Brinell,

Respectfully submitted,

William L. Warner 
Welding Engineer

APPROVEDi

S. B. Ritchie
Lt. Colonel, Ord. Dept.
Director of Laboratory
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WATCMTOWN ARSCNAL 
no. lA

Af«NCALCO r NOMOOCNCOUS OOLLCO ARMOA. AS WCLOEO. 
NO RAEHtAT. COVERtO LOW CARBON ELECTRODE. 
JULY I7,l»4l W.A.63»-3330
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ANNCALCO I* HOMOOCNCOUa MOLLCO AAMOa. AS MCLOCO.

STAINLCSS Z%/20 clcctsooc.NO AACHCAT. 
JULY 17,1941 M.A.639-3331
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MATtRTOMK AMCNAU

ri«. 2«
NCAT TACATCO I* MOMOOCNCOU* AOLLtD A«*»OA. AS XELOtO. 
NO AWMtAT. COVtAtO LON CAAOON tLECTAOOt
JULY 17,1041 n.a.630-333?
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M«TCaTO«M AMCIML 
no. ^•

MCAT rOCATCO I" MOMOeiNCOUS IIOI.LCO AOMOa. AS WCLDCO.
STAIMLCSS 2S/ZQ CLCCTaoOC.NO aacHCAT. 

JULY I7,)04l W.A.639-3333
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M*TCMTOWIi« amscnal 
rie. 3A

MCaT TWCATCO I** HOW0CCNC0O8 «0tL£0 AS WELOEO, 
400*F FAEHEAT. C0VE9E0 COW CARBON ELECTRODE. 
JULY I7,*?L4| w.A.63^-3334
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watcmtown anscnal
MO. 30

HCAT TACATeO I" homoocncous noclco armqn. as wetoco.
8TAINLC8S ^i/^0 ELECTAOOC.4oo»r aaemeat.

JULY 17,1941 «.A.63»-3335
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WATCRTOWN ARSCNAL 
_ no. 4A

I” HOMOOCNCOUS AOOLCO AAMOII. WCLOCD.ANNCALCO ANO NO 
RACNCAT. MEAT TACATCO AFTEA WELOINO. COVERED LOW 
CAROON ELECTRODE. JULY l7,IOAI W.A.639-33i6

t .

- i V'' . ^TRA. Aitj. _  Id



T
n
m-

v.-

XJ2S

fe AHa
■i;:^#S:^- -

CH
watcrtomn ahscnal 

ri3. 4B
r MOMOeCNCOUS HOLLED ARMON. weloco.annealbo and no 
AA^EAT. MEAT TREATED AFTER MELOINS. STAINLESS 
^5/^0 ELECTRODE. JULT I7,I»4I N.A.63>-3337
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