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WELDING OF ARMOR

OEC3 1984

Summary of Ballistic Shock Test Results on u‘f{ S
1~1/2 Inch Eomogeneous Armor "E" Plates Welded with ‘ﬂ\ Faie, e

Austenitic Electrodes and Tested at Aberdeen Proving Ground = O e

during the Period from 1 October 1942 through 31 March 19U3 Pt

.._‘. ~ '.-*-. Y
OBJEOT RN
To tabulate firing record data for subject plates and to present AR

a comparison of ballistic shock performence of plates made with various
materials and welding procedures.

SUMMARY

1. ‘bata from 172 Aberdeen Froving Ground firing records have been
tabulated on accompanying charts and tables.

2. Within the range of chemical composition of commercial rolled
homogeneous armor, steel quality was indicated as having more influence
on ballistlc performance of hand welded plates than variatione in chem-
lcal analysis, Armor compositions of very high hardenability have been
gsuccessfully welded.

3. While superior ballistic performanco was indicated for certain
brands of clectrodes, no grouping of electrodes according to chemical
analysis was possible on the basis of ballistic efficiency.

Y, Improved sihock test results were obtained whon two or more beeds
were deposited at the root, when stringer beads or overlapping beads
rother than a full woave wore usod for tho body, and whon an annealing
bead techniquo was employed.

5 Of twenty-sizx Unionmelt welded plates, only two were cemparable
in ballistic performance to satisfactory hand welded plates. These two
plates falled the radlographic examination.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL
DEFENSE OF THE ULNITID $IATES WilfHIN THE MEANING OF THE
ESPIONAGE ACT, 50 U, S.C, 31 A0 22, 'rIﬁ TRANSWISSION OR THE
REVELATION OF ITS CONTENTS 1ii ANY MANNER T0 AN UNAUTHORIZED
PERSON IS PROHIBITED BY LAW.
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6. “Cast assemblies showed a higher proportion of cracking in the
unaffected plate than in the weld, fusion, and heat-affected zones.
Ratio of plate to weld cracking decreases with increase in hardenability
and with improvement in radiographic soundness of cast armor/.
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INTRODUCTION

On the accompanying charts (Appendix A) are tabulated date taken
from 172 firing records representing qualification and development tests
of H plates welded with austenitic electrodes. Ths tabulation includes
all firing records received ty this arsenal for E plates assembled from
1~1/2 inch thick homogeneous rolled or cast armor by welding with aus-
tenitic elsctrodes and fired at Aberdeen Proving Ground during the period
from 1 October 1942 to 31 March 1943,

The purpose of these tabulations is to make available to persons
concerred with welding of armored structures information as to ballistie
performance of H plates made with various materials and procedures by
commercial fabricators. A report (W,A., 640/73) giving a summary of bal-
listic test results on all 1 inch and 1-1/2 inch thick homogeneous armor
H plates welded with ferritic electrodes and tested at Aberdeen Proving
Ground through 25 February 1943 has been issued. A subsequent report
will deel with development and qualifiocation tests of H plates assembled
from homogeneous rolled or cast armor of plate thicknesses other than
1-1/2 inch by welding with austonitic olootrodes and fired at Aberdeen
Proving Ground during the period cf 1 October 1942 through 31 March 1943,

dn index to Fabrieators, Armor Manufacturers, and Elsctrode Manu-

facturers is given in Table I. The tabulation has been divided into
three groups! (1) a11 plates assembled from rolled armor by hand weld-

s (2) all plates assembled from rolled armor by Unionmelt welding;
(3 all plates assembled from cast armor by hand welding., There were
no cast assemblies welded by the Unionmelt procoss, A summary of our-
rent ballistic shock test specification requirements for H plates welded
with austenitic clectrodes and a key to the tabulatlon method and symbols
used in this roport are included in Appendix A.

GINERAL COMMENTS

Ballistic porformanco of E platec is best ovaluatod by amount of
cracking for cach round, but tho cracking ie influenced by the variables
in the ballistic tost as well as by those introdusod by the materials
and wolding procodures, Therefore, it is necossary to mako corroctione
or allowences for varying projectilo velocities and offoct of prior
impacts when commering emounts of cracking produced by tho various im-
pacts,

Tabulation of the average plate ar” average veld cracking of teasted
rolled plates grouped according to the ..verity of their ballistic test-
ing, as shown in Table 1lI, susgested the corrections for weld oracking

given in Table III. Firing record data show oracking as located in weld .
metel, fusion zone, heat~affected zone or plate based only upon surface . 1
eppearance, Ixperionce has shown that a crack in the vieinity of the R
weld may proceed through portions of weld metal, fusion gone, and heat- o el
affected zono regerdless of surface appearance, For the purpose of the ~:§;{35;;;!}
tables in this report all cracking 'rithin one—elghth inch of edge of i ®
weld is included as weld cracking and the romainder as plate cracking. - f’i—?*j
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Flate cracking other than heat-affected zone cracking was negligible
in the tested rolled plates as shown by Table II and so was not taken
into consideration in evaluating the rolled K platess Tabulation of the
average plate and average weld cracking in cast plates (Table II) grouped
according to the severity of the ballistic testing showed a.véry high
ratic of plate to weld cracking. Inasmuch as virgin cast armor wéuld
not ordinarily develop cracking under the same testing conditlons as
those used for tho welded plates, it is necessary to consider plate crack-
ing in evaluating the cast H plates. Because the small number of tests
included in Tadle Il failed to show the severity of the ballistic test
as an important variable, weld cracking was corrected in a mamner similar

to that used for the rolled plates and no attempt was made to correct
plate cracking.

Generally, for a 75 mm, test projectile to produce weld cracking
in 1-1/2 inch plate at a velocity of 1100 £/s, 1t must touch or overlap
the weld, Rounds impacting at a distance from the center of impact to
center of weld of over ¢two inches are therefore considered unfair hits.
In the rolled H plates there were twelve such rounds, only two of which
produced more than two inches of cracking. These two rounds resulted
in 36 inches and 16-1/4 inches of weld cracking, respectively, and be-
cause of these considerable amounts of cracking were included in the
tables as fair rounds while the remaining unfair hits were omitted from
these tabulations. In the cast assemblies there were 4 unfair hits,
only one of which caused considerable cracking (8 inches of weld and
10-1/2 inches of plate)s This round was included as a fair hit while
the other 3 were omitted.

Decrease in temperature of the test plate at time of impact is
known to have considerable effect in reducing the resistance to bal-
listic snock, Within the usual range of testing temperatures at Aber-
deen Proving Ground, no correlation is evident between plate temperature
end average weld or plate cracking for the plates included in these
tabulations. However, one group of 1C plates welded by International
darvester Company and tested at 32°F, (lowest temperature of testing
for any of the plates), performed badly. Although other variables
vere involved, temperature mey have been an important factor contribut-
ing to tho poor porformance of these plates.

In Tables IV - XVI, changes in each of the more important variables
introduced by welding materials and procedures are compared ac to average
amount of cracking per round after the corrections given in Table III
for the severity of the ballistic testing had been made. This method
of analysis 1s, of course, open to criticism unless a very large awasber
of test results are available for each variadle, The tables of this
report are intended only to indicate trends and to encourage further
observation and analysis.

ST
:‘. ... “:1

ol ook
'R N
[ rn ; —4
DN RRARE
e

L . -

1
L L J ®* w o e e o - L 4 - = _._r'._‘.__Oﬂ‘ . ] J

. B

L —_—
................ . o




HAND WELDED, ROLLED ARMOR, H PLATES

JTabricators - Pable IV

The performance of H plates welded by any one fabricator must be
evaluated in terms of the armor and electrodes used as well as the weld-
ing procedure and inspection control,

Armor Data - Tatle ¥

Jach composition of armor has been heat treated to a hardness level
designed to pass the ballistic requirements for shook and penetration
resistance of virgin armor, and an unwelded test plate has been tested
from each heat of armor, Within the range of hardness which will meet
this requirement, no correlation between plate hardness and average weld
cracking 1s evident., Within the range of chemical compositions repre-
sented in Table V, no correlation is apparent between carbon and/or
total alloy content and average weld cracking, With the exception of
five plates from a .42 0, Mn-Or-Mo~-Si,heat vhich performed very poorly,
there 1s little choica between armors of the upper and lower levels of
C content and for hardenability listed in this table, This tabulation
suggests that quality cf steel (cleanliness and directional prOperties)
is an important factor influencing the ballistic efficiency of a welded
structure. In general, armor types which are usually very clean and
armors which have been ¢ oss~-rolled performed best.

Tlectrodes - Table VI

Tiring record data on electrode compositions and coatings very fre-
quently were incomplete or questionable. Yhen an electrode was used on
a rather small number of plates, the results may have been influenced
unduly by other faetors. No corre)ation is shown between chemical compo-
sition of weld metal and amount 0% c.acking., There is little differencs
in vallistic performance between plates welded with Mn-Mo modified (weld
analysis - at least 1% Mn and 0.2% Mo) austenitic eloctrodes and thoso
with Mn modified (weld analysis at least 1% Mn and no Mo) austenitic
electrodes.,

Joint Design - Table VII

With one exception ("K" type bevel), all jointe were prepared with
double V dbevels.

Root gap does not avpear in these tests tc be en important factor
es evidenced by ballistic performsnce. An included angis of 60° shows
up more favorably than one of 45°% The number ¢f plates with other zizes
of included angle was not large enough to make comparisons.

The tablu indicates that plates with flame-cut edges that have been
treated so that the hardened area due to flame cutting is removed,
sither by grinding, machining, or flame softening, nerformed better than
plates with untreated flame-cut edges.
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YWeldinz Procedure - Table VIII . Rl

No correlation is apparent between the total number of passes and
cracking, Some interesting trends as to influence of method of weld
metal deposition are indicated. The use of two or more beads at root
results in a slight improvement over the single root bead technique.
The use of stringer beads, overlapping beads, or combinations of beads
and layers, appears more desirable than a full weave technlque for the
body deposition. A multiple crown bead technique in which the last
bead deposited does not touch the parent metal is indicated as prefer-
able to a single crown bead technique.

Initiel plate temperature varied from 70° to 200° F., No benefit
of preheating within these ranges is apparent.

Radiographic Examination - Table IX

Of the 93 rolled homogeneous manually welded H plates, 19 falled
the radlographic examination. Eleven of these plates passed the bal-
listic shock test (based upon the standards given in Specification
AXS-U97, Rev. 3, prior to amendment of 25 June 1943). In general, as
shown by Table IX, radlographic unsoundness is assoclated with increased
weld cracking,

UNIONVELT WELDED, ROLLED ARMOR, H PLATES

Fabricators - Table X

As compared with manually welded rolled H plates, Unlonmelt welded
plates exhibit very inferior shock resistance. In severzl instances,
Plates that withstood oue round fairly well, failed badly on subsequent
rounds.

Armor Data -~ Table XI

Three plates were assembled from Republic high alloy (4% Ni) armor.
One plate was welded by one fabricator without the use of hand beads
and failed on the first impact, while the other two plates welded by
another fatricator stood up very well under ballistic impact. Three
plates welded with 2.25 - 2.45 Or, .71 N1 alloy armor plate performed
poorly, as did other lower hardenability compositions.

Tables XII to XIV have been prepared to show varlations in electrode,
Joint design, welding procedures, and ragiographic results for the
Unionmelt welded plates. Influences of these factors are not aprarent
from the data avallable fur these tabulations. It is interesting to
note that the two ballistically best Unionmelt welds falled the radio-
graphic examination because of blowholes, weld metal cracks and in-
complete fusion.
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EAND WELDED, CAST ARMOR, H PLATZS

Armor Data -~ Table XVI

Ballistic performance of cast armor H plates 1s more erratic than
that of rolled plates, and in many instances the amount of cracking in
the vicinity of the weld is exceeded by plate cracking, Since unwelded
cast armor plate of the same chemi :- 1 compositions would ordinarily be
unaffected by the H plate shock test, 1t 1s apparent that the welding
process was responsible in some way for the extensive plate cracking.

A recent report*® has shown that good performance of armor at sub-zero
temperatures or equivalently higher impect velocities at ordinary temper-
atures, is dependent upon development of a fully hardened microstructure
during quenching, It would seem that the presence of a weld, with at-
tendant high streeses and notching effect, initiates failure (under
lesser ballistic shock than required for virgin plate) which then pro-
ceeds very rapidly through the weakest structure until the energy of
impact has dissipated. If the armor plate hes not been fully hardened
during heat treatmont, either due to insufficient alloy content or poor
heat-treating practice, plate cracks are favored. If armor is properly
hardened through during heat treatmont most of the cracking should occur
in the weld metal, fusion, e&nd neat-affocted zones.

Cast armor has generally been more deficient in deep hardening
alloy elements than rolled armor, and cast armor is not sudbjected to as
efficient a quenching practice as rolled armor with the result that
many of the compositions shown in Table XVI are inadequate in harden-
ability. This table shows a definite trend toward decreased ratio of
plate to weld cracking in the armor compositions known to be adequately
heat treateds In the few instances where hardenrbility is comparatively
good and plate crocking is excessive, steel quality, particularly
radiographic unsoundness, appears to be a determining factor.

Strenuocus efforts are being made to attain adequate hardenabdility
in cast armor since this factor is of such importance in obtaining goed
ballistic performance at sub-zero temperatures and epparently also in
welded plates. 8o long as a large proportion of the ballistic oracking
is in the unaffected plate, no attempt at tabular comparisorn of welding
veriadbles seems justified. Presumably, cast armor is affected by weld-
ing variables in the sane general manner as rolled armor.

* W.A. Report No. 710/534, "Corrolation of Metallurgienl Properties
vith Low Temperature Shock Characteristics of 1 to 2 inch Low
Alloy Cast Armor,* August, 19u3.
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TABLE I

Index to Plates

1-1/2 Inch Rolled Homogeneous Flate

Chart No. of

No. Plates Fabricetor Armor Mfgr, Tlectrode Mfgr.
p 2 American Loco. Carnegle~Illinois Harnischfeger
2 b1 Baldwin Loco. Disston Lincoln Zlectric
3 2 Briggs Mfg. Carnegie~Illinois Crucidble Steel
Metal & Thermit
4 2  Chrysler- Carnegle-Illinois  Alloy Rods
Plynouth Ford Crucidle Steel
5 il Crucible Steel  Republic Steel Crucidle Steel
6-8 7  Tederal Machine Republic Crucidble Steel
Great Lukes Harnischfeger
Alloy Rods
McKay
9~15 21 Figher Tank Great Lakes MeKay
Jozes & Laughlin Alloy Rods
Repudlic Steel Reid-Avery
16 2  Fitzgiddons Republic Steel Harnischfeger
Boiler Lincoln Electrie
Alloy Rods
17-18 4 Fora Ford Reid~-Avery

Crucidble Steel
Arcos Corn.

19 2 General Am. Great Lakes Crucible Steel
Trans. MeKay
20-21 4 Genoral Motors Dominion Foundries Lincoln Electrie
Div. of Can. and Steel Harnischfeger
22 2 Ilco Ordnance Pepuolic Steel Crucidle Steel
lletal & Thernmit
23~29 21  International Great lakes Westinghouse El. & lfg,
Earvester cones & Laughlin Crucible Steel
Pago Steel & Wire
Heiluy
allcy Rods

.......
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Chart Yo. of

TABLE I (Cont.)

No. Plates Fabricator Armor Mfer. Electrode Mfgr.
30 1 Lima Locomotive Jones & Laughlin Arcos Corp.
31 1 Midland Steel Carnegie-Illinois Crucible Steel
32-33 4  New York Air Jones & Laughlin McRay
Brake Carnegie-Illincis Lincoln Electric
Harnischfeger
34-35 5  Pressed Steel Republic Steel McEKay
Cer Carnegie-Illinois
36-38 10  Pullman Republic Reid-Avery
Standard Carnegie-Illinois Lincoln Electric
Hollup & Champion
McKay
Metal & Thermit
Champion Rivet
Crucible Steel
39 1 York Safe & Lock Disston Alloy Rods
1-1/2 Inch Unionmelt Plates
4o 1 American Loco.  Republic Steel Linde Air Products
b1 3 PFigher Menk Great Lakes licKay
Linde Air Products
Lincoln Electric
L2 3 General lotors Dorinion Foundries Harnischfeger
Div. of Can. and Steel Lincoln Electric
Linde Air Produvcts
L34l 4 International Great Lakes Crucible Steel
Harvester Linde Air Products
45-4g 15 New York Air Fevublic Steel Alloy lods
3rake Jonos ¢ Luushlin iic¥ay
I Carnesie-Illinois Lincoln Electric
- Linde Air rrocucts
L O
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TABLE I (Oont.)

Chart No, of
No. Plates Fabricator Armor lifer, Electrode Mfer.
1-1/2 Inch Cast Homogeneous
50-H1 5 Chrysler American A, 0, Smith
Plymouth Continental Roll McKay
Alloy Rods
5e-56 12 Federal Machine Ordnance Steel Harnischfeger
General Steel McKay
American Radiator Alloy Rods

51 1
58-59 1
6061 6

62 1
63~-64 5

65 2
66-67 3

68 2
69-70 5

n 1

Firestone Tire
and Rubber

Fisher Tank

Pord

Hell

International
Harvester

Kay-3runner

Lima Loco.

Pacific Car
and Foundry

Pressed Steel
Car

Puwlnan
Standard

Symington Gould
Buckeye Steel
Continental Roll
Pratt & Letchworth

Utiiity Electric

Anerican

Ford

Wehr Steel

Ordnance Steel

Utility Steel

Pittsburgh Steel

Pacific Car and
Foundry

Union Steol Castings

Sivyer Stecl

Page Steel and Wire

Alloy Rods
Crucidble

Reid-Avery
Arcos Corp.

A. O, Smith

McKay
Metal & Thermit

McKay

Lincoln Electrie
Arcos

VicEay

McKay
Crucitle

Hetal & Thermit
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TABLE III

Weld Cracking Corrections for Bellistic Severity

(Center of impact no farther than 2" distant from center of weld)

Velocity f/s 1st Round ond Round “3rd Round Lth Round
: Corrections for Rolled H Flates
i 1176-1300+ -1 -3 -g -7
. 1126-1175 -5 -2.5 -4.5 -6.5
1 1075-112 0 -2 -l -
L 1025-107 +5 +2.5 +4,5 +6.5
3 950-102% +1 +3 +5 +7
Corrections for Cast E Plates
1126~1200+ -1 -3 -ﬁ -7
1076-1125 -5 -2.5 -l ,5 -6.5
1025-107 0 -2 -4 -6
975-102! +5 +2.5 +,5 +6.5
gCo- 974 +1 +3 +5 +7




TABLE IV

Fabricators of Hand Welded Rolled H Plates

Av. Weld Crack-

ing per Round
No. of No., of (Corrected)

Armor Fabricator Plates _ Rounds (inches) s
Anmerican Locomotive 2 5 12,35
Baldwin Lecomotive 1 3 6.25
Briggs 2 6 71.17 : E.—:;*:d
Chrysler Plymouth 2 6 7.58
Crucible Steel 1 Y 11.44
Federal Machine 7 22 2.33 DN
Fisher Tank 21 L9 12,19*

Fitzgibbons 2 5 7.5

Tord Motor Yy 7 15.43

C-eneral American Trans. Corp. 2 11.38

Jeneral Motors L 10 g.k%o

Ilco Ordnance 2 6 6.7

International 2l 5l T1.72

Lima Locomotive 1 2 16,22 oL
Midland Steel 1 3 9.33 e
New York Air Brake 4 10 13,145

Pressed Steel 5 1 6.05

Pullman Standard 10 27 7.88

Yerk Safe & Lock Co. 1 2 6.38

* Includes sne unfair round.
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2.

APPENDIX A

Key to tabulation method and symbols.

Specification requirements for E plates welded
with austenitic electrodes.

Tabulation of firing record data on H plates
welded with austenitic electrodes.

Ballistic data tabulated by:

Mary M. Sliney
Jr., Statistical Clerk

Watertown Arsenal
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KEY TO TABULATION METEOD AND SYMBOLS

Figure 2 is a sample tabulation of firing record data and gives a key
to symbols and method of tabulation. A brief explanation of the items in
the tabulation follows:

1. ldentificavion of Test

Information in the first column identifies the test.

2. Armor Data

4. Plate Thickness

Plates in this tabulation are of 1~1/2 inch thick homogeneous

armor.

B. Type Armor

The following types are used:
R_(Rolled)
Typical Analysis

TIype c B s O N B I
I Mn-Ni-Cr-Mo 26 1,15 .20 .60 .20 1.00
I Mn-Cr-Mo 27 1.30 .25 .55 W
III Ma-Mo 25 1,60 .22 -~ .37
IV Mn-Cr-Mo-Si 27 .86 .79 .62 .17 .09
V High Alloy (Compositions noted 1n tabulation)
VI Special

C (Cast)

1  Mn-Cr-Mo-Ni .32 .80 is go
II Hn-Cr-Me .28 1.5% .12
I1I Mn-Mo .30  1.58 Lo .30
IV Special (Compositions noted 1n tabulation)

C. Carbon Content

Carbon conteat is listed whenever given.

D. Brinell Hardnoss Number (32)

Brinell hardness number on boil: the front and back of plates
is tabulated when given.
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Process

This refers to the melting practice and is tabulated as cpen
hearth, electric, basic or acid.

T Y P W T I

¥, Zeat Treatment

The temperature, time of hold, and type of quench and draw
are recorded as given.

3. Hectrode Data

These data, often incomplete, are listed as given in each firing
record.

A. Iype

Since alloys are sometimes added in the coating, electrodes
are typed according to the chemical analysis of the weld metal
vwhen given,

The electrodes are typed as follows:
(1) (Austenitic)

I Mn-Mo Modified 18/8 (Cr-Ni-Fe Alloy)
Weld Ansiysis - at least 1% Mn and .3% Mo

I1 Mn Modified 18/8 (Cr-Ni-Fe Alloy)
Weld Anclysis - at least 1% Mn and less than .3% Mo

II1 Mo Modified 18/8 (Cr-Ni-Fe Alloy)
Yeld Analysis - at least .3% Mo and less than 1% Ma

l IV Special
B, and C, Trade Name and Coating

3 Trade names and types of coating are listed when given.
? D. Current and Polarity

X These data are tabulated as DC straight (str.), DC reversed
. (rw.). or Acu

4. Joint Design

A, Groove, etc.

This item includes the type of groove (Single V bevel or doudle
V bevel), the included angle, and the width of the root faee
whenever given.
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& 8
.......




-:P'.‘ B. ROOt G&E
This is the distance between the plates as set up for welding.

C. Plete Preparation

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

5. Velding Procedure

A. 3Backing

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

I. B. Deposition

M zure 3 shows how the weld deposition is broken up into the

: root, body, and crovn types. The size electrode is noted with
: the rumber of passes, type of passes, and the current and
voltege. Passes are divided into two kinds: (1) layer, if the
pass bridges the gap; and (2), bead, if the pass does not
bridge the gap.

C. Total Welding Time and Interpass Temperature '~'.Ijj'.'.5j:'.z;:l'

These are listed as given.
D. Remarks
Any comments on chipping, grinding, and other speclal tech-

niques used and not noted above which affect the ballistic
resulte are listed under "remarks."

6. Heat
Preheat and nostheat are tabulated when given. EL.::"":::{ '.-'j.'::j'.
7. Ballistic Results ( . b

Unlecs otherwise specified, the 75 mm. T2 projectile wae used in e

the tests tadbulated. Hite, velocity and locntion of each, craclk- et o ".Z-'j'.-':
ing and rerarks on cracking are listed. The types oI weld and U oy o
plate cracizing are as follows:

Type 1 Cracking in fusion or heat-affected zcnes on front
and tack of plate.

Type II  Cracking in fusjion or heet-gifoctel zones ¢n one

side of piate and weld rmetal 2 ths other.




Type III Cracking in weld metal on both front and back of
plate. b

Type IV  Star plate cracking.

Type V Linear plate cracks.

The remarks on cracking and results of radiographic examination are
recorded in the last column, S

SPECIFICATION REQUIREMENTS FOR "E" WELDED ELATES

The following extracts from Specification AXS-497, Rev. 3, describe
the present ballistic shock test:

Paragraph F-3a. (2) "Shock Tests. The welded plate shown in Fig, 1
shall be tested as shown below. Fig. 1 shows the areas designated for
shock impacts. ZTor the purpose of description these are divided in four
'specified areas' one above and one below the crossbar on each of the two
vertical leg welds. Aiming points are indicated in Fig. 1.

"If the first round falls outside of the one of the four specified
areas, another round shall be fired at a second specified area. If the
second impact falls outside of the specified aree and no crackiag occurs
in the weld, another round will be fired at a third specified area. This
shall be continued until an impact is obtained within one of the four
specified areas, but no more than four rounds will be fired at one plate.
If the plate withstande all four rounds, all of which fall outside the
specified areas, and the weld is not cracked, the plate will be considered
acceptable."

BALLISTIC SEOCK TEST*

Allowable
Distance, Maximun
Plate Center of Allowable
Thi ck- Velocity impact to Cracking(1,2)**
ness Type  Projectile f/s center of weld Weld Plate
1-1/2" B.H. 75 mm. PP 1100 2" 15" 8"
21
1-1/2"  C.E. 75 m. PP 1050%6f/s o 15" g
T2 per .0O1"

® Effective during the period in which the plates in this tabulation were
tested.
** Notes:
1. Cracks in the armor parallel to the weld and within 1/8" of the
edge of the weld shall be considerod in the total weld cracking.
2. Limits of Armor Cracking - The maximum length of any plate craclk
originating or passing through the impact immression shall not exceed &"

as measured from the center of the impression. Any other plate crack
shall not exceed a total of 8".

.............
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1943,

o~ Amendment to Specification AXS-U97, Rev. 3, effective as of June 25,

Striking

Thickness Tyrpe Projectile Vol. ¥25

Allowable
Weld Cracking

1-1/2"

1-1/2"

k; (e

R.H. 75 mm. PP 1200 f/s
T21

C.H. 75 mm. PP 1050 f/s
T21
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WELD SEQUENCE
ab, cd, fe.

.......

DIRECTION OF ROLLING
36"

)
[~—Ii8

12" —

f— |2

QUALIFICATION SHOCK TEST PLATE

i

* INTENDED AIMING POINTS

FIG. |
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ROOT
T TYPE T TYPE IT
.. |DOUBLE
v
BEVEL
. ETC.
SINGLE ROOT BEAD MORE THAN ONE BEAD AT ROOT
AT CENTER OF ROOT
SINGLE
v
BEVEL ”
ETC.
g SINGLE BEAD BRIDGING MORE THAN ONE BEAD BRIDGING
' ROOT GAP ROOT GAP S0
i — ) B8
,' BoOY T TyPEL [TYPE I |TYPETIL |TYPEIX |TYPEX | '
b o —
Eg BEVEL g ﬁ E UNIONMELT | SPECIAL | iiin i’
3 LAYERS R
i LAYERS ONLY BEADS ONLY | o BEADS S
- BEVEL A
; UNIONMELT | SPECIAL | - =
g e
[ At
A Y LAYERS . 3 s
LAYERS OMLY|BEADS ONLY|  LAYERS | T
I .
: CROWN K
Types| TYPE I TYPE IT TYPE L e
I ASINGLE W g, §1'2'7 ﬁ‘ 3’7 i: 7 L.
v .. . s ".._
: BEVEL ! ETC.
SINGLE CROWN | MULTIPLE CROWN MULTIPLE CROWN | =i et
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FIG.3 WELD METAL DEPOSITION TYPES
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