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WELDING OF ARMCR

Summary of Ballistic Shock Test Results on
1 Inch and 3/4 Inch Homogeneous Armor "H" Plates Welded with
Austenitic Flectrodes and Tested at Aberdeen Proving Ground
during the Period from 1 October 1942 through 31 March 19U3

OBJECT

To tabulate firing record data for subject plates and to present a
comparison of ballistic shock performance of plates made with various
materials and welding procedures.,

SUMMAHY

1. Deta from Aberdeen Proving Ground firirg records fer 156 welded
armor H plates have been tabulated or accompanying charts and tables.

2. Quality of armor plaie appears to be the most impertant variabdle
for all hand welded plates.

a. Steel cleanliness and directional properties affect the
amount of weld cracking during ballistic shock testing of H plates
asgsembled from 1 inch relled homogeneous armor,

3. The proportion of plate to weld cracking for H plates
assembled from 1 inch cast and 3/4 inch rolled homogeneous armor is too
high to allow adequate comparisons between ordirary variations in the
welding procedure.

Hence, the futility of welding H plates frcm armor plate which
has nct been adequately heat treated cr does not¢ have relativaly good
cleanliness and soundnesc characteristics is quite evident.

3. There is little difference in ballistic shcck test results dbe-
tveen plates weldod with the manganese and with the molybdenum mmodified
tyre of austenitic electrcdes. Pletes welded with a narrow included
angle, & srmall number of vasses, or a straight weavc technigue are
indicated to be slightly infericr in resistance to weld metal cracking
during tallistic test.

4. TFive Unionmelt plates, included in tre rolled 1 inch armor

group, showed shock test results slightly inferior to thc average fer
hand welded plates.

REGTRICTED




5. In general, failure to pass the radiographic inspection test is
associated with slightly increased weld cracking during the ballistic
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INTRODUCTION <
g On the accompanying charts (Appendix A) are tabulated data taken ,Eiﬁsfﬂjf"
F. from firing records representing qualification and development teste of ff‘? L)
2 156 H plates. The tabulation includes all firing records received by id g
% this arsenal for H plates assembdled from 1 inch and 3/4 inch thick -
b homogeneous rolled or cast armor by welding with austenitic electrodes o
i3 end fired at Aberdeen Proving Ground during the period from 1 Octoder -4
iy 1942 through 31 March 1943, £
! The purpose c¢f these tabulations is to make available to persons
% concerned with welding of armored structures information as to ballistlc :
' performance of H plates made with various materials and procedures by ¢
g commercial fabricators. Previous reports (W.h. 640/73 and 640/84) have :
: given summaries of ballistic test results for all 1 inch and 1-1/2 inch g
thick homogeneous armor H plates welded with ferritic electrodes and =
tested at Aberdeen Proving Ground through 25 February 1943, and for all ! L

1-1/2 inch thick homogeneous armor H plates welded with austenitic
electrodes and tested at Aberdeen Proving Ground during the same period
as that covered by this report (1 October 1942 through 31 March 1943).

An index to fabricators, armor manufacturers, and electrode manu- g oo
facturers is given in Table I. A summary of dallistic shock test T
= specification requirements for H plates welded with eustenitic electrodes pe e
d and a key to the tabulation method and symbols used in this report are .
included in Appendix A. 3

Y GENERAL COMMENTS »

2 Ballistic performance of H plates is best evaluated by amount of

L cracking for each round, but the cracking is influenced by the variables
in the ballistic test as well as those introduced by the materials and RSN
welding procedures used. It is desirable to make corrections or allow- Poloml e
ances for variations in projectile velocities and the effect of prior r
impacts when comparing various plates. However, tabulation of the
average plate and weld cracking of ths plates in this tabulation,
grouped according to the severity of the ballistic test (Table II) does
not provide a basis for such corrections. Thie is because there is an
insufficient number of impacte at other than specification velocities
to indicate the true effect of bvallistic severity. .

In the summary tables that follow, the number of rounds outeide tho
specification limits for velocity and location will be listed and ray
ba taken into consideration in comparing effects of armor and welding
variables., Variation in thickness of the armor plate was compensated G
dy increase in specified impact velocity of 6 f/e. for eech .0l inch =
increase in plate thickness.

Firing record data show cracking as located in weld motal, fusion
sone, heat-affected zone, or plate based only on surface appearance. S
Experience has shown that a crack in the vicinity of the weld ray proceed : ®
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ﬁ{f s through portions of weld metal, fusion zone and heat-affected zone re-

r gardless of surface apnmearance. JYor the purpose of the tables of this
report all cracking within 1/8 inch of edge of weld is included as weld
cracking and the remainder as plate cracking. Inasmuch as most virgin
rolled ermor would not ordinarily develop cracking under the same test-
ing conditions as those used for the welded plates and development of
plate cracks materially decreases the severity of the test on the weld,
it is neceasary to consider plate cracking in evaluating the performance
of welded H plates.
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Decrease in temperature cf the test plate at time of impact is
known to have considerable effect in reducing the resistance tc bal-
listic shock. Within the range of testing temperatures, 35° F¥. to 80° F.,

?, used for these plates it was not possible to eatablish the importance .fﬁ‘

[ of this effect.
A I e
: HAND .WELDED, 1 INCE THICK ROLLED ARMOR H PLATES o
- Tables III through VIII show comparisons of average cracking per  §_'

round for these plates in terms of welding fabricator, armor manufacturer
and processing, electrode data, Jjoint design, welding procedure, and
radiographic soundness. The 57 mm. slug test is apparently liess severe
and not directly comparable to the 75 mm. slug test in the effect on the
weld for these 1 inch rolled armor H plates.

The performance of H plates welded by any one fabricator (Table III) R
must be evaluated in terms of armor and electrodes as well as welding bt
procedure and inspection control. Plates welded from Great Lakes and L e
Youngstown armor show higher averages of both weld and plate cracking - )
than plates welded from Jones and laughlin armor (Table IV). Previous
tabulations (WA. 640/8l4) have indicated that quality of steel (cleanli-
ness and directional properties) hae a greater influence upon dellistic
efficiency than variations in chemical analysis or plate hardness within
the ranges represented by these plates. .

s 1
i
\
i

No correlation is shown between chemical compositior of weld metal
and amount of cracking, There is little difference between plates
welded with Mn-Mo modified (weld analysis at least 1% Mn and 0.2% Ho)
austonitic electrodes and Mn modified (weld analysis at least 1% Mn and b g
less than 0.2% Mo) austenitic electrodes (Tables Va and Vb). . e

Doudle V joints with a F0° included angle were used on a large
majority of the plates. Two plates welded with a single ¥, L0° in-
cluded angle, and four plates welded with doudle V, less than 45° in-
cluded angle, showed greater than average weld cracking on ballistic R
testing (Tuble VI), - 0

Root gap varied from 1/8 to 1/2 inch, the rajority of plates being
welded with 3/16 inch rcot gap. Satisfactcry plates were obtained at
both extremes of root gap.
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Number of passes used in completing weld varied from 4 to U5
(Table VII). The majority of plates were welded with 6 passes. There
is a trend for slight improvement in ballistic performance with in-
crease in number of passes up to 15, One plate with 4 passes was
welded in vertical position and one with 45 passes in overhead position.
Both failed the ballistic shock test.

A combination of beads and layers apneared more desirable than a
full weave technigue., A multiple bead surface layer was indicated as
preferable to a single pass surface layer technique.

Two plates each were welded with mild steel backur strip and with
no backup. These showed higher average weld cracking than the remain-
ing plates welded with copmer backup. The number of plates welded with
preheat were insufficient to determine whether any benefit was obtained
by this procedure.

In general, radiographic unsoundnese is associated with increased
cracking during bellistic shock test (Table VIII).

UNIONMELT WELDED, 1 INCH THICK ROLLED ARMOR H FLATES

Five Unionmelt plates are represented in this tabulation (Charte
Nos. U4 - U46). The average weld and plate cracking were slightly
higher for these plates than for either rolled or cast hand welded
plates (Table IX).

Two plates were welded ty Caterpillar Tracter Compeny, cne with
Great Lakes and the other with Youngetown armor plate of typical cur-
rent chemical composition, with 75° included angle, single V, 3/16 inch
root gap, 225° to 500° F. preheat, two passes of Unionmelt only. Both
plates falled radiogrephic inspection due to crater cracking and there
was an average of 15.6 inches of weld and 4.2 inches of plate cracking
during ballistic shock test with 75 mm, test projectile.

Throe plates were welded by Genoral Motors Truck and Coach Division,
ell with a combination of Great Lakes and Jones and lLaughlin amrmcr plate
of current chemical compositions, with 60° included angle, double V,
3/16°inch reot gap, no preheat, two hand beads at root and two Unionmelt
passas. These three plates passed radlogravhic incpectirn and thore wae
an average of 6 inches ¢f wold and 1.8 inches of plate cracking during
tallictic shock test with 57 mm. test projoctile.

HAND WELDED, 1 INCH THICK CAST ARMOR H PLATES

Ballistic perforrance was, in general, very poor for the cast armor
H plates. In mcst instances, it was impossidle to obtain a fair test
cf tho wold because of excessive plate ocracking., If armer plate has
not been fully hardened during heat treatmont, prior to weiding, either

]
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because of insufficient alloy or poor heat-treating practice, the plate
metal will have very poor resistance to spreading of cracks initiated

- during bvallistic testing of the welded H plate. Because of notches
and residual stresses unavoidably introduced by welding, cracks are

- initiated under a ballistic shock which would not affect the virgin

X 2 armor test plate. If armor is properly hardened during heat treatment
and is of adequate steel quality (cleanlinpss and radlographic sound-
ness), cracking during ballistic testing should be confined largely to
the weld metal, fusion and heat-affected zones.

Table X shows a definite trend for improved bdallistic performance
in plates welded from armors known to have adequate hardenability for
the given heat treatment.

Tabular comparison of welding variables does not seem justified
for cast armor welded H plates so long as such a large proportion of
the cracking is dependent upon the quality of the armor plate. Tabdle XI
s indicates a slightly lower average weld cracking for plates which falled
- the radiographic inspection. Since radiographic unsoundness is usually
associated with inoreased weld cracking, other factors seem 6 be of
greater importance for these particular plates. '

HAWD WELIED, 3/4 INCH THICK ROLLED ARMOR H PLATES

The ballistic test for 3/4 inch plate was in the development stage
during the periocd in which these plates were fired. The use of a 57 mm,
projectile at a relatively low velocity resulted in a large number of
impacts outside of the specified areas for fair testing of welds.

Table XII shows a high ratio of plate to weld oracking for four of the
¢ix armor compositions involved, indicating inferior steel quality,
inadequate heat treatment, or both. The one Republic plate, which did
not show plate cracking during the ballistic shock test, was heat
treated to a lower hardness level than the other plates and this would
favor resistance to shock at the expense of resistance to ballistic

penetration. %

In view of the limited number of plates in this group and the : f;-"-fi'f ij'{::-
large proportion of plate cracking, comparison of the elestrodes or
welding procedures on the basis of average cracking does not appear S

Justified, Table XIII does, however, indicate a slightly lower average X L
weld oracking, for plates which passed the radiographic inspection. =
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TABLE I

INDEX TO PLATES

Hand Welded, 1 Inch Rolled Homogenecus "H" Plates

Chart No of
No. Plateg Fabricator Armor Mfer. Electrode Mfgr.
1 -2 6  American Car Jones & Laughlin McKay .
& Foundry Crucible Steel
3-13 33 Cadillac Great Lakes McKay
Jones & Laughlin Page Steel & Wire
Youngstown Lincoln Electric
1 3 Caterpillar Youngstown McKay
Great Lakes
15 D Firegtone Great Lakes McKay
16 ~ 19 7 General Motors Great Lakes McKay
Youngstown Harnischfeger
Jones & Laughlin Lincoln Electric
20 2 Gordon Mfg. Great Lakes Crucible
Jones & uaughlin
21 - 22 7 Heil Jones & Laughlin A, 0. Smith
Great Lakes Lincoln Electric
Harnischfeger
23 1 International Jones & Laughlin McKay
Harvester
24 1 Kay Brunner Great Lakes McKay
25 1 Maremont Great Lskes Crucible
26 - 27 5 Pullman Standard Great Lakes McKay
Hollup
28 3 So. Calif. Div. Great Lakes McKay
of G.M. Alloy Rcds
29 - 43 28 Ternstedt Great Lakes Reid-Avery
Jones & Laughlin Alloy Rods
Hollup
McKay
Crucible

Unionmelt Welded, 1 Inch Thick Rolled Eomcegeneous

Allied Weldcraft

"H" Plates

Ll

45 - 46

2

3

Caterpillar

General Motors

Great Lakes
Youngstown

Jenes & laughlin
Great Lakes

O

Linde Air Froducts

Unicn Cerbide

ST e W e

- a




TABLE I (Cont.)

Chart No. of * - _J

No. Plates Fabricator Armor Mfgr. Blectrode Mfgr. T e
Hand Welded, 1 Inch Thick Cast Homogeneous "H" Plates ' Teptak
47 - 53 15  Cadillac Ut1lity Electric McKay S
Hughes Tool Lincoln Electric
American ‘
McConway & Torley
5’4 ~ 55 6 Chevrolet Kelsey Hayes Harnischfeger e '_-_'-'_:_-3
McKay = B
Alloy Rodse V. co e
- . ‘
56 2  Tord Ford _ Crucible e
57 1 General Motors American McKay j
i Sivyer ;
- 58 - 61 4 Ternstedt Hughes Tool Reid Avery ' T li
o Wehr Steel Lincoln Electric T e
i : Great Lakes Hollup Pos e 1
fo Jones & Leughlin Alloy Rods L J
. McKay
E Hand Welded, 3/4 Inch Thick Rolled Homogenecous "H" Plates E 4
- 62 1 American Republic Alloy Rods s
Locomotiva A j
'_ 63 - 69 16 Chevrolet Chevrolet Forge Alloy Rods A B ATE ]
e Groat Lakes McKay S ]
E. C. Atkins Harnischfeger - ~.4
1 Crucible L .
X ) 70 3 Ford Ford Crucidle
7 2  Standard Fail- Carnegie-Illinoic  Hollup He o
® way Equip. ST
4 . e
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j 1 KBY TO TABULATION METHOD AND SYMBOLS

k] Figure 2 is a sample tabulation of firing record data and gives a .  ;';;
™ key to symbols and method of tabulation. 4 brief explanation of the e

items in the tabulation follows:

1. ldentification of Test

Information in the first column identifies the test. {;ff}*'

| PR
o

2. Armor Data

A. Plate Thickness , ; .-

L‘ Plates in this tebulation are of 1 and 3/l inch thick homo- |
geneous armor. ®
;_ B. Iype Armor '
The following types are used:
r -
o R (Rolled) ' ..
[ Typical Analysis
: Type € MW St & Mo M
, I  Mo-Ni-Or-Mo .26 1.15 .20 .60 .20 1.00 B added B
mi I  Mn-Cr-Mo 27 130 .25 .55 RIT) L o
X III Mn-Mo .25 160 .22 - .37 Grainal © ok
» IV Mn-Cr-Mo-Si 27 .86 .79 .62 .17 .09 IR
|« V  High Alloy (Compositions noted in tabulation) SRR
i VI  Speciel " T 0 AL 2°
h C (Cast) R
! o . ®
. I Mn-Cr-M>-Ni .29  1.00 .35 .35 A0 1.cc ' .
II Mn"cr"'MO -28 1.55 -as . O 030
I Mn-Mo .30 1.58 ke -~ 50
IV Speecial (Cempocitions noted in tabulation)
L J
L C. Carbon Centent - o
Carten centent is listed whenever given.
D. 3Brinell Hardness Number (BHEN)
Brinell hardness nurber on toth the front and tack of plates = o
is tabulated whern civern, S
3. PFPrncess f;.i
This refers to the melting vwractice ard is tabulated as -
apen hearth, electric, basic or acid. - ©

N T e J R O, LT IR PULIP LI e fay O
R e e VTR PATE VS TS TR O VW Y R A - . % o ol
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° s
- F. Heat Treatment
- The temperature, time of hold, end type of quench and draw f
u , are recorded as given. ‘ T
3 ®
e 3. Electrode Date _
:Tj These date, cften incemplete, are listed as given in each firing 3
{ record. : -l
4. TIype @
Since alloys are sometimes added in the coating, electrodes t
are typed according to the ch,emical analysis of the weld :
metal when given. :
! The electrodes are typed as follows: °
(1) (Austenitic)
& I Ma-Mo Modified 18/8 (Cr-Ni-Fe Alloy)
[. Weld Analysis - at least 1% ¥n and .3% Mo - .
II  Mn Modified 18/8 (Cr-Ni-Fe Alloy)
Weld Analysis - at least 1% Mn and less than .3% Mo
II1 Mo Modified 18/8 (Cr-Ni-Fe Alley)
F Weld Analysis - at least .39('- Mo and loss than l% Ma '.-:.«.:;;
§ IV Special '
B. and C, Trade Name and Coating
Trade names and types of ccating are listed when given. B .
D. Ourrent and Polarity ' .
These dataxe tabulatod as TC straight (ctr.), DC reversed o o
(rev.), or AC. e
4. Joint Design e
A ]
A. Greove, etc.
This item includes the type c¢f groove (Single V bovel or
double V bevel), the included angle, and the width of the
root face whenover given. = ®
B. oot Gep 0l o
This is thc dictance hotween thc platee as set up for welding. .
®

- {1 &

........
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C. Plate Preparation

This indicates whether the plate edges to be welded together
were flame cut, ground, machined, buttered, etc.

Wslding Procedure

A. Backing

Backing if used, i.e. back-up dbar, chill, filler and spacer
strips, is noted.

B. Depositinn

Figure 3 shows how the weld deposition is broken up inte the
root, bedy, and crown types. The size electrode is noted
with the number of passes, type of passes, and the current
and voltage. Passes are divided into two kinds! (1) 1ayer,
if the pass bridges the gap; and (2), bead, if the pass does
not bridge the gap. Seal beads, when used, are noted with
sizo electrode, current and vecltage.

C. Total Welding Time and Interpass Temperature

These are listed as given.

D. ZRemarks
Any comments on chipping, grinding, and other special tech-
niques usod and not noted above which affect the ballistic
results are listed under "remarks."

Heat

Prehoat and postheat are tabulated whon given.

Ballistic Results

Unless otherwise specified, the 75 mm. Preof Prrnjectile T21 wac
used in the tests tabulated. Hits, velocity and locaticn of
each, craecking and remarks on cracking are listed. The types
of weld and plate cracking aro as follows:

Tyre I  Cracking in fusion or heet-affected zones on front
and back of plate.

Type 11 Cracking in fusion or heat-affected zonec on one
side of plate and weld motal on the other.

Type IiI Cracking in weld metal on both front and tack of
plate.

Tyve IV Star plate cracking.

Type V¥  linear plate cracks.

The remarks on cracking and results of radiographic examination

are rocorded in the last column.

= 111 =
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SPECIFI CATION REQUIREMENTS FOR "H" WELDED PLATES :
%] The following extracts from Specification AXS-U97, Rev. 3, describes ;fff- ,

P the present ballistic shock test. (. 9

Paragraph F-3a. (2) "Shock Tests. The welded plate shown in
4 Fig. 1 shall be tested as shown below. Fig. 1 shows the arcas designated
g for shock impacts. For the purpose of description these are divided Ao
.I in four 'specified arecas' one above and one below the crossbar on each "
g
|-

of the two vertical leg welds. JAiming points are indicated in Fig. 1. . ®

"If the first round falls outside of the one of the four speci-

i fied areas, another round shall be fired at a second specified area.
If the second impact falls outside of the specified area and no crack- .

h; ing occurs in the weld, ancther round will be fired at a third speci- LT

: fied area. This shall be continued until an impact is obtained within . e

i one of the four specified areas, but no more than four rounds will be :

fired at one plate. If .he plate withstands all four rounds, all of

which fell outeide the specified areas, and the weld is not cracked,

the plate will be considered acceptable."

- :
;... R -
- BALLISTIC SHOCK TEST* LR
Allowable Legesr
s Distance, S
Lh Tlate Striking Center of Maximum Allowable e
g Thick~ Velocity impact to Cracking e
b ness Type Projectile Fls center of weld Weld Plate
& 1" RE 75m. T2 775 2" 18" g o R
il C.H. 57 mm. TL 975 %6 £/s 1~3/ 4" g" 6" -
per 01" g .
3/UMe*  RH, 57 m. TL 800 1-3/4" T g ‘

* Effective during the period in which the plates in this tabulation
were tested.

= E——
. '..‘.

** Spocifications in a development ctage. o
R @
/e
I
—iv..
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WELD SEQUENCE .
ab, cd, fe.

36"

DIRECTION OF ROLLING

~—18

I
— 12"
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