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Summary of Ballistic Tests of Welded "H" Plates in -
Rolled and Cast Homogeneous Arror Plate at Sub-Zero Temperature at . _..‘_“._'
Camp Sh1lo, Canade, during the Winter of 1942 - 1943 sl

.,{ OBJZCT v
To summarize the results of ballistic shock tests of welded armor st
"I plates made at Camp Shilo under sub-zero temperature conditions and . o
to compare these results with the btallistic shock performance of several . oS
welded plates which were withheld from test at Camp Shilo and tested at -
Aberdeen Proving Ground under normal temperature conditions. ' Siea
~
SUMARY P, ol
' »
| The trends indicuted by the results of the tests included in this W
5 revort eppear to be approximately as follows: =
E 1. The chences for successful shock performance of production gSE .
i welded armor E plates at sub-zero temperatures are: g @
¢ 13 b
L_f.- ‘ a. Manually welded 3’-!»?'5 (1 out of 3) 355,
n'._ ' ""EP; ‘.:'. 3
. (1) Multiple bead surface layer 1% (2 out of 5) i;gg! s
- (2) Single pass surface layer  2Wh (1 out of ) e g
{l : b. Unionmelt welded 0% A T
i e 19
- Fou 5
1 2. With the radiographic standards in use when these tests were 5 &8 e
i nade the radiosranhic test wes consistent with the ballistic shock I =g i
L test in L5% of the cases involved. Of the plates which passed the ,%] e
: X-ray test, 30,o pagsed the shock test. 0-‘ ;—-—-—

3. Padiographic stendards for welds in sub-zero temperature service
probably should be higher than those for welds in service at normal
temperaturs.

4, 'Mile the plates marually welded with the mengenese modified .
electrode show a slightly higher percentage of narssing (35,3) than do o
the plates welded with the molvbdenum modified electr oae (28%), this BT
dirference is considered insuvfficient to indicute superiority of per-

Tormance of one trpe over the othor. ,NF’ A quFlEn
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INTRODUCTION

The summaries included in this revort were presented at meetings of
tre Electrode and Homogeneous Armor Fabricators! Groups of the Subcom-
nittee on Welding of Armor in Chicago on 5 June 1943 as requested by the
Tank-Automotive Center, Armor and Welding Unit, by telephone on 27 May
1943, These sumwiaries are intended to point out the trends indicated
by the results of the tests for the purpose of suggesting methods and
raterials to be used in future tests of this sort.

MATERIALS AND TEST PROCEDURE

The tests covered by this report were made on welded H plates of the ¢ =
type shown by Figure 2, Specification AXS-497, Revision 3, August, 1Gh2. e
The tests at sub-zero temmeratures were made at Camp Shilo, Canada,
during the winter of 19N2—19N3, all test plates being stored out of doors
prior to and during the actual firing test. DPlates were tested with e
front face normal to line of fire at 100-yd. range and suppo :ted at both '
vertical edges of the plate as is done at Aberdeen Proving Ground., All
nrojectiles fired in these tests were at temperatures of 50° F. to 75° F.
at the time of firins and the guns were operated from inside a building
heated to ordinary room temperature.

The majority of the plates tested at Camp Shilo, as sirwn by Tables
I to VI inclusive, were of 1/2", 1" and 1-1/2" rolled and 1-1/2" cast
homogeneous arrmor manually welded with commercial brands of manganese
nodified and meolybdenum modifiel stainless steel electrodes. A number
of plates in the 1/2" ard 1-1/2" thickness were welded by the Unionmelt
process (Table VII). One set of four plates of 1-1/2" rolled homogeneous
armor was welded with a ferritic alloy electrode (Table IV). Several
other plates welded with certain experimental electrodes and tested at
Camp Shilo are not included in this report.

As may be roted in Tables I to VII inclusive, certain E plates were
withheld from test at Camp Shilo for test at Aberdeen Proving Ground
under normal temperature conditions. The results of these tests are o
shown in Table VIII, o

|1
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The data included in Tables I to VII were taken from the following Wi,
. @ A.P.G. Firing Records: 2

1/2" Polled Plate 1" Rolled Plate 1-1/2" Rolled Plate 1-1/™Cact lete

i AD~2128 AD-2142 AD-2123 AD-2130

r 21l 2143 o1l 2131 :
Y 2145 2125 2132 -

i 2146 212¢ 213 = -

2127 213

i 2128 2136

| 2135 2137

{ 2139

L @ =
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The number and types of welded plates involved in the summaries of
this report are as follows:

Plates Tested at Sub-Zero Teuperatures

Armor Ferritic Flec. Mo Mod. Elec. Mn Mod. Flec. Unionmelt
1/2" Rolled - g g 10
1" Rolled - 6 7 -
1-1/2" Rolled 2 18 14 12
1-1/2" Cast - -1k 18 3

Plates Tested at Normal Temperatures

1/2" Rolled - 1 - 4
1" Rolled - L 3 -
1-1/2" Rolled 2 - 1 -
1-1/2" Cast O 1 - —

The requirements for the shock test at normal temperature as given
by Specification AXS-U97, Rev. 3., August, 1942, are as follows:

Maximum Allowable Cracking

Striking Velocity Yeld Plate
Armor Projectile (o5 £/8) (inches)
1-1/2" Rolled 75 mm. T21 1100 15 g
1-1/2" Cast H 1050 15 g
1" Rolled " 77% 18 g

There are no requirements specified for 1/2 inch plate, but for
these cold tests the 37 mm. M54 H.E. projectile at 2600 f/s welocity
was used. A4 limit of 12 inches of weld cracking was used as & criterion
of acceptability of the welded jJoint. The limit on plate cracking was
as indicated above.

Wnile the specification (AXS-U97, Rev. 3) does not clsarly specify
the difference between a fair and an unfair hit, it has been found that
8 satisfactory welded joint is not affected when the center of impact 1is
2 inches or more away from the center of the weld. This principle has
peen followed in designating the fair and unfair nits in Tables I to VIII,
Also, tis weld cracking specified in the tavles for each round includes -
vhe cracltidng which occurred in the weld metal, the fusion zone, and the Z:
heat-affected zone. The amount of plate cracking is noted under Remarks.
A1l of these references are to crackin: which occurred on the back face

of the plate and are given as recorded in the firing records.

<

From the WAS-2 Forms of the firing records, thc f2lluwing heat i
analyees of arzor plate used were tnken: e
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: Manufacturer Thickness € Mn S§i P 8§ Cr Mo M Va Cu Zr :E:f
J&L 1/2" R* .22 1.27 .22 .019 .016 == .13 = em - et
Gr. Lakes i 28 .78 .72 .019 ,025 .61 .17 - ~- = .08 o~
Dom. Fdry. " 25 .80 .31 .022 .023 .93 .25 .65 —= — = .
J&L 1" R* 27 1.56 .18 .01 .02 == 3§ == == e -
Gr. Lakes u 29 .95 .72 .02 .025 ,60 .15 ~-- -= —=,10
Republic L .28 .90 .25 .025 .022 .72 .38 L83 == == ==
J&L 1-1/2% B* .27 1.59 .25 .02 .06 —- U1 —— —= o= - —
Gr. Lakes " 29 .95 .72 .023 .025 B4 .16 == —= ==,10 -
Republic 8 27 .92 .29 .02 .O017 1.04 .65 1.21 sm =m w=m S
" i .25 .85 .20 ,016 .02 .65 .48 .92 == = — o
Carnegie " .2b 095 20 .018 v023 055 ou’o 1.05 SO tees gmes :‘\
Dom. Fdry. " .28 068 ohB .028 0025 2.28 oi; 071 S KSSeRl Sy
Ford on .26 1,35 .21 .013 .02 .5Y . 03 = - = E
Anmer. Steel 1-1/2" C* ,28 1.56 J47 .017 .021 .37 .15 == == — = ST
Continental " 27 W17 .3 W04 o4 .52 L0 55 em = =y
Ford " .26 1.10 .39 016 .02 450 42§ @~ == e —m TR
Ord. St. Firy. " .28 147 kg .o024 ,022 ~ .39 —— e il S
Syz=. Gould " 25 .98 .35 .032 ,0i6 U5 46 .56 == — — g,;h_
* R - Rolled plate - C - Cast plate
From the WAS-2 forms of the firing records, the following data on
weld metal compositione used (pad analysis)+ were talen:
. Manufacturer Brand C Un 81 N O Y 5 P »
' Alloy Rods  Armorarc 4 .13 2.0 .70 10.5 21.0 2.75 .03 .O4 o
" 1 g 17 1.5 .30 10.8 18.3 2.0 01  .035
cm01ble Amorize 008 1.65 029 10.5 18.5 2.0 s== —
Earnischfeger AW-3 .12 1.6 .56 10.9 19.3 2.1 — - b
Pa-ge Steel mo—— 013 1082 .hO 1105 19.2 2.5 l013 bl :.-.:..
: Reid Avery Raco .09 1.79 .035 10.1 19.3 1.2% .oo% 051 i
u Alloy Rods  Armorare 3 .08 3.60 .035 10.2 19.4 .012 .005 .019 B
f " n " .09 275 .38 11.2 19.% - .00 .036 b
E g a " a3 Ls” .70 105 2.0 — .03 .03 .
McKay Arnorloy 08 L .63 .9 19.1 =~ 02 .02
{ 4 U A1 47 .65 9.7 1%0 .07 .025 .025
- " Armorloy 45 .10 3.7 1.13 10.2 1€.1 .47 - — L
! A. 0. Smith SW-101 A2 54 .21 1,72 .38 .77 Va= .12 b _
] Unionmelt 2 .22 3.7 .50 11.9 9.9 .08 .025 .035
Y + Pad analyeis: Analysis cf thnt portion of a pad deposited by :
the electrode vhich contains no material from the plate metal » '
- upon which the pad was deposited. 5
L ] ® o L L J o
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DISCUSSION

The welded H plates tested on this cold test program were welded
oY fabricators experienced in welding H plates. The welding procedures
used were those then being currently used in production which has been
approved by ballistic tests of welded H plates at normal temperatures.

Plates Tested at Sub-Zero Temperatures (Tables I to VII)

Of the 136 welded E plates covered by this report, 120 plates were
tested at sub-zero temperatures. Of these 120 plates, 35 were of 1-1/2"
thick cast homogeneous armor, 10 of which failed in the armor plate
instead of the welded jJoint (NWD - No Weld Test). Of the 85 rolled
homogeneous armor plates, 7 plates failed in the armor instead of the
welded Joint. Thus, cnly 103 welded plates can be considered as indicat-
ing weld performance at sub-zero temperatures.

Of these 103 plates, 78 were acceptable and 24 plates were reject-
able according to the X-ray standards then in use by Aberdeen Proving
Ground (November and December, 1942) and one plate was not X-rayed.
Twenty-four of the 7% acceptable plates, and 2 of the 2U4 rejectable
plates passed ths shock test, together’with the one plate which was not
X-rayed (Summary F). Thus, a total of 27 plates were acceptable and
76 rlates were not acceptable on the basis of the shock test at sub-zero
temperatures.

If, however, the 25 Unionmelt plates are eliminated, the manually
welded plates show 27 plates to be acceptable ond 51 plates not cccept-
able in the shnct test, or a prssing percentase of 3&-2/3%. If only the
manually welded 172" and 1-1/2" thicknesses are considered (since all 1"
plate welds failed in shock), the passing percentage is about 41%.

With reference to X-ray examination of welds in armor and correla-
tion with the results of the ballistic shock test of welded H plates,
it may be noted from the vreceding paragraph that the shock performance
of 46 plates (24 plates passing and 22 plates failing) was consistent
with, 2nd the shock performance of 56 plates was not consistent with
the radiographic test results. Of this latter group, 2 plates failing
the X-ray test passed the shock test, whereas 5ﬁ plates passed X-ray and
failed in shock. These data suggest two significont ideas:

1. The X-ray test used wac not unduly restrictive as far as shock
rerformance of welded Joints at sub-zero tenperatures is concerned be-
causo, i acceptence had been based on X-ray exanination alcne, only 2
plates would have been rojected which acturll did pass the shock teast.

2. Radiograshic standards of acceptance Ter wellc 1a errer to serve
at sub-zerc temperatures must be hisher than the standards used for
acceptance of welds serving at norral temperatures.

-
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The superior shock performance of those double V welds in which
the surrface layer was deposited in several passes or teads is ncticeable
(Summary G). Eliminating the 15 plates with this type of svrface layer,
woich falled in the armor plate, 14 out of 34 plates in this group passed
the shock test., The group with the surface layer deposited in a single
pass included 30 plates of which 7 plates passed the shock test and there
was one failure of the armor. The net result is M9 passing for the
miltiple bead surface layer, and Eu% passing for the single pass surface
layer ~ nearly a 2 to 1 supericrity.

The 1/2" plates and the Unionmelt welds are not included in this
couparison because of the fact that the 1/2" plates were welded with a
single V joint and the Unionmelt welds all have a single pass surface
layer. It is also recognized that otiier factors such as angle of bevel,
root gap, and amnocuut of surface reinforcement of the weld on the tension
side of the plate, as well as weld metal defects, might have some effect
on shock performance. Hovwever, these factors are dlsregarded because
the majority of plates in both thicknesses (1" and 1-1/2") were welded
using a fixed bevel and root gap (see Tables I to VII) and data are
not available as to amount of weld reinforcement present on each welded
Joint. The significance of weld netal defects is indicated by the fact
that with either trpe of surface layer denosition, approximately the
same number of welds passed the X-ray test and failed the shock test
(18 plates with multiple bead surface loyer and 20 plates with the single
pass surface layer). Thus, 3+ would appear that, otier factors being
equal in form and amount, the success or failure of these double V welds
appears to be noticeably concerned with the method of surface layer depo-
sition and this connection is believed significant,

With reference to the rlate manually welded with modified austenitic
electrode, the weld performance in the shock test was as follows:

Mo Mod. Mn Mod.
Armor Passing TFeiling Plate Toilvra  Passing Tailins Plais Failure
/2t pe 2 6 = 4 4 -
1 By - 4 2 - 5 2
1-1/2" R* ¢ 7 % 5 9 -
1-1/2" ¢ - 8 6 4 9 3
TOTALS 10 25 11 15 27 5
Pacssing Shock Test 2e” 5%

* R~ Rolled - € - Cast

2ile the veisut of tihe evidence indicates a slisnt superiority of the
¥n modi"ied eleetradn, the difrfercnce is smell, ard for all prociieal
rarnoses it cns te anid thiot, as far as thewe tests are concerned, there
is no sirnilicint svperiority eof one tyne of electrode over the other.
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It is evident from these tests that the chances for successful per-
forrmance of welded H plates under vallistic impact at sub-zero temmera-
tures are about 1 to 2 with the armor compositions and methods of welding
whiich were beire used in the production of armored venicles during the
T21l of 1942, ~1ile no attempt has heen made in this report to discuss
the types of failures vhich occurred in these welded joints, it is be-
lieved that a majority were associated with either tiie fusion zone or
neat-affected zone of the joint. A detailed metzllurgicsl investigation
of this phase of the study is now underway at the U. 8. Steel Corporation
Leboratories, Kearny, New Jerscy, uvnder the direction of the National
Research Council.

Plates Tosted at Normal Temperatures (Table VIII)

The ballistic tests of Unionmelt welded 1/2" plate at normal tem-
perature (+70° F,, Table VIII) indicate acceptability (3 passed, 1 failed). -
Thie is in startling contrast to the general low temperature result shown
by Table VII, and is somewhat complicated by the fact that the welds of
taree plates were originally unaccepteble on radiographic examination
tefore undergoing the low temperatures of Camp Shilo.

Of the seven 1" plates tested at norrmal ‘temperature, 3 passed the
bellistic test, whereas none oi the 1" plates tested at low temperature
(Table II) were ccceptables All of these 7 plates failed the radiographie
test on return to Aberdeen Proving Ground, whereas 3 of the plates were
originslly acceptable. Two of the 3 plates massing the ballistic test
at Aberdeen were originally acceptable radiographically (see Table VIII),

The 4 welded plates of 1-1/2" armor, of which one was & cast plate,
tested at Aberdeen at normal temperature were generally scceptable bal-
listically. Two of the 3 plates of rolled armor were ferritically welded.
These were part of the orisinal set of 4 (Table IV) in which the crossber
of the H was welded leeving a gap at each end. These gaps were later
filled up with austenitic stainless weld metal. These 4 ferritically
welded plates exhibited satisfactory tellistic sihock perrurmance at bPoth

3 norrmal and owb-zero temperatures.
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TASLES OF FIRING DATA (I - VIII)
(Yomenclature - AXS 770)

Synbol Interpretation 1%

Fabricator Company which welded the H plate.

Armor Mfgr.,  Company which produced the armor used for the E plate.

¢ Carbon content of the armor plate vsed - ladle analysis. ;_;
Electrode Manufacturer or Brand designation of welding electrode used. *-?i
sV Single V joint with angle of V as specified. :ﬁ':
v Double V joint with angle of V on each side of the plate as ij’Q
gspecified. .
Joint Gap Space separating the plate edges as specified. Sometimes
designated as "plate separation" or "root gap."
L Layers each deposited in a single pess and spread from side Ny
to side of the Join% groove. o
B Layers each consisting of several individual beads or passes. )
L&B Single pass layers alternsted with layers of individual beads, S
B Seal bead. Bead deposited on the back of a single V joint o
after the weld in the V has been either partially or wholly y
completed. :
RD Round. Each shot fired is coneidered a round. ' .
f/s Feot per second velicity of projectile at the muzrle of the Ta,.
gun, e
nd. Ck. Cracking in the weld metal, fuslon zone, and heat-affected
zone on the back of the plate caused by the particular round
specified.
’ 3
L @ Plate Temp. Degrees Fahrenheit temperature of test plate at time of A
f firins, -
5 F Falled the required taest.
X
- P Passed the required test. i)
) .
3 Bal. Ballistic Shock Test. ’
y C3 Under Remarks refers to crosstar of the H.
4
e o Wold Test. Indicates failure of the armor plate instead
¢ of the weld. ]
t -
|
° [ ° ° ° ° ° ® ° ° ° ° ° ° ® °
r. ..
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Tadricator Mfr, C  Xectrode 3 2o D, Vel.f/e Wid.Gc, Tomp. ray 3al. Record Yo, 3essTky
Tellow JalL 0.2 Harn. 45°S7T 316* L 3 1* 2600 — Ay 7 ADR1US 012
Fruak A¥-3 18 | 2* 2600 - C e
4 pde. at 2600 ? one fair, no eracke c.
. , . . . . . y .1; ..... Fop -1”’.‘11 =,
2 ras. st 2600 %one fair, no cracks
W 2600 9-1/2 P
2 rds. st 2600 %ot falr, no further eracks
One plata held for . P. 0. taut | )
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. . . . . . . . SR R OSEEEE ;'”cig' )
2 2600 2%-1/2| -15° r Plate craciod 18*
Nam{lton Dom. 0.25 Harn. 60°SY 1/16° L 1 1 2600 18 - 3 r AW 2 Piste cracked 12° :
Irigge Mary. AV-3 153 2* 2000 - Plate cracked 13-3/4° sere <
. : . i . . . . o IBee TR ¢ :1;...;.....;...3..
2 2600 W + r Jroke iu 2 pleces
’ v e . ¢ s s g0 200 12 226 P P & Plase cracket 160 S
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Arwor Joint Yld Depoets .'0& Teot Nate X- Mring Mate
(1 . c .
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Ternstedt J &1 0.27 Alloy Rods 60°I¥ 3/16° 1L

A e Ve Ry e T TR U W T

Armor
¢ [}/ 3

Joint

Two plates held for A. 7. G. teet

RS R M Al R i A e Ul e 4 1 Wl N

COLD TEZSTS OF YELIND AMMGB - CAP SHILO - 1942/39U1
1 ROLLED HOMOGRNEOUS PLATE

¥ald Deposlt

Gadillac

Great 0.28  Page Qo' 3/16°
Lairee

One plete held for 4. 7. 0. teat

Cadillae

Ternetedt

Bo-
pudlle
L]

0.28 Tage GOV 3/16°

One ylate usld for 4. 7. 0. test

Armor Jolet

24l 0.27 Alloy Rods 60°IV 3/16°

Two piates hald for A. 7. 0. teet

Weld Depoeit

L

Cadillae

Oreat 0.28 MoXay 6O°DV 3/16°
Lakes

Cadillne

fepadlle 0.2 Nelay 6O°IV 3/26°

Oue plate held for 4. F. 0. teut

® . JOT BAIR EIT - OURSINI 2* LLGQY?

Tewp. oy Bal. BRecord Xo,

Plete cracked 1-1/4®

Yaosed X-ray after 0B wme reueiix
Crk 1o O defore teet. Piiiy

Talled IX-ray after repaiie
Plete cracked 8-1/27
Broke le 2 pieces

Jaseed X-ray after repaire
Tlate oracked 1U*

Talled I-ray after repalre

Tuilet X-ray safter repairs
Brake ia 2 pleces

Breke ia 2 yleses

Pasoed I-ray aftor repaire
Sreke 1o 2 pleces

Palled X-ray after repaire
Plete oresked 15°
Plate srasked §-3/4° were

Jassed I-ray after repatre
Bask spall ia plate

PMeose pusshad eut

Jasest -rey after rgpire

Nsoed I-ny after papaire
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COLD TESTS OF WELDED ARMOR - GAMP SEILO - 19k2/3qb2
1-1/2" ROLLED HOMOGENNOUS FLATE
o Mod, tic 128/8 Electr
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Armor Joiat 24 Depoeit Shock Tes* Plate X- Tiring Plate
Tebricator Wr. S__Rectrods Byvel Oep  Body Surfuce ED, Ve).f/s W18.Ok. Temp. ray 2a]l. Regord o, Xeaarke —
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COLD TESTS OF WELDED ARMOR - CANP SHILO - 194%2/1943
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Mangmness Hod, Austenitic }U‘U Dectrode :.-'-
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Armor Jolnt Weld Leposit Shock Test Plats X- Mring Plate
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publie Rods B L O T .
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COLD TBSTS OP WELUND ARMOR - CAMP EHILO - Jok2/19hy .!
1:1/2" CAST HOMOGENBOUS PLATE =
Kod. 4 8 tr 3
Teot ‘i
Armor Joint ¥eld Depoeit Shodke Test Plate X- Piring Plate 0§
Fadricator Mfr. 0 Rectrode DBevel Gap Body Surfeoe ED. Ve).f/e Weld.Ok. Temp. rey Bal. Record A lemsackes ol
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2 1000 e o ML, .., Datecrsdkel 31/ mre .-
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* 2y — 5
e 920 — 4 .
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2 a1 1-3/u -—
a 1060 - ) 4 Plate erasked 7'
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] [] [] [] [] ] . . 1* m — 2 ] » o
2 99 1-1/2 4 Plate erecked 11-1/2° o0
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1 1049 12-1/2 jedl® AR ¥ .
L2 omal hatfel b oL R e e ... Jinte oresked 1921/2°
9-1/2 Crack 1o OB dafers tevt ="
. . . a 2 : . O 1 186 -20* b w67 Pate eracked 2-5/8° =
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COLD TESTS OF WELDED ABMOR - GAMP SHIZO - 19K2/19NY
* ROLLED EOMOOKKBOUS PLATR by
Bl Test
Arsor Rleotrode Joint ¥eld Depoeit Shock Test Plate I- Miring Plate -
¢ Devel 3o Yol.2/9 ¥ Texp, rtay Bg}, Record Mo, "saarks S
Yellow Jal 0.2 36 20 WS 116" 11 1S 1* 2600 — ar r AD2145  0-2 ix
Truck Yorritic 2 2600 10 n Plate oracked 10°
PO 1
2 22-1/2 e
. . o . . . . . e st s Bt QB T8 ol genap s e )
2* 2600 ~— e
30007 ..., Tate oradet B2t Pl
Two plates held for 4. P, O, toet i
Yollow Jal 0,22 k2 80 WSV 116" 1L 18 ;. zg 16 20 ? T Am 05 ::c. oradcedl 3' A
Truck 2 — te oracked re 3
TR0, L i i i e . Tiste oracket 12° more !
L} L} L} [} (] (] (] L} L} 1* 2600 —— -7 ? (] c-7 5
2* 2600 1W-1/2 4 Plate cracked 1-3J/4° .~
Jhoeko, a2 L, L ... ... ..., Tatecraded 2" mre =2
One plate hald for A. P. 0. teet 3
Tellow Oreat 0.28 42 80 WSV 116 11 18 A %0 s |-t T P Az146 o8 :
Truck lakes 1 200 o orecke
2* 2600 Bo eracks N
] L] ] L] ] L] L] L] L] E. m 13:‘/2 -20° ) 4 b L] 5_9 ._.
One plate held for 4. P. O. test Mo o600 W3RN L. s s Droke 1a 2 pleces o
Int, Xarv. Dom. Yerritie J’8Y 0 L 15 1 200 a -18* 2 » amko 13 3
s .U TR T [ g maeam 7o D0 Mg ety ]
. . . . e LI 1 2622 3’11»-1/2 ay r r» v s Eroke 1a 2 pleces H
1-1/2" SOLLED NCMOGRWEOUS FLATE i
Saicaealt .
Teet o~
Armor Reotrode Joint Tand h'ot Tost Plate ¥ Piring Plate f
¢ O, % depacrks ¥
. Tisher J s L 0.21 ﬂ:e soion 35:17! 5/}'6' 3 1, 12;1 36 -1; I 4 ngus e Broke 1a 2 pieces "
. 1 -1 ? - .
* ! v ' ' ' ; 1 1086 §2 *20° r 3 m—g Jroke {a 2 pleces .
Tisher Jepublic 0.25 ¢42 $020XD U5°I¥ 5[16° z 1 (53] ag -15¢ ? 7 ADRI28 UOTP-1A Droke ta 2 pleces = .
M . " " " [] [ 1 1089 -19* b 4 b 4 L] vorr-24 :.uod X-ray after repaire o
roke 10 2 pleces
U U U U U U U L 1 1082 36 «k° 4 b 4 . VOTY-34 'hl.“ X-ray after repaire Yo |
roke la 2 pleces [
Piaher Or.lakes 0.29 W2 8020XD US*DY 5/16% ) 1 R <13 7 7 A6 VO] Pasesd Nray after remire ;"'
Iroke 16 2 pleces
" . " " ] [ ] ] 1 m o ® -1y B 4 . UOTF-8  Broke la 2 pieces el
o . [ . [ . " " 3 1 1098 36 - ) I " UCT?-§  Broke ia 2 pisces ,"-‘.
B i
L riegs Carmegte 0.2 R -~ WDV A L 0 log8 36 j-At 7 7 ADIZ] D62 Droke fa 2 Jieces g
1 ] ] . " ] y 1 1096 12 -18° ? (7 " W-31  Plate eracked 5/8° .‘-'
1 T A R T NSis 1221710008 )
. . . . ] ] v 1* 1110 o 20 4 4 W-30 -
;7 v 2 108) 36 r Broke {a 2 pieces )
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TZSTS AT NORMAL THPEFATURE - ARERDERN PROVIIG GROUND - 194 ;
XTLTTD SR H PLATES FROM CAMP SEILO (Ses Tables 1~ 1) -
Shock Test Teet Plete Mring Plate
Tabricator Armor Re, _Vel.f/e__¥Weld Q.  Tomp, X-ray M. _Record %o,  TRectrode Resarky
! 1/2" Bolled Homogenscus Miate <
Tollow Truk  J &L i O +T0° ? ADSOT 013 Ko Mod, Originally scosptable. .
{3 ' = r 5‘ !
U 10 [N
5 * 2 .
e E RS S TSICY  R oG | RO R O G S e RO " o TORGT G "0 o 0| ofO 0T 0T0
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| a 3 3 A
[ -3/ 7 \
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! ? %o Soue, .
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' 1 768 20~3/4 ? 1y acceptadle. Aepaire are evideat. e
- Terastedt Jal 1 168 13-3/4 0 ? H AD-507 TE-66 Ma Mod. Recoosive eradke 1a aressder. Origiaal- & ‘
5 2 m 15-1/2 1y rejectadle. par
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2 m 81/ 3° plats erask. 3
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2 1095 4 ? 17 sseeptadle. T
3 ua a-1/2 .
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SUMMARY A

COLD TESTS %

1/2" ROLLED HOMOGEIEOUS ARMOR :\
Molybdenum Modified 18/8 f

Fabricator  Armor Zlectrode Cap Body Surface EHits X-ray Bol.

Yellow Trk. J & L Horn, 3/16" L B 6 F P
6 P 2
Yellow Trk. Gr. lakes Harn, 3/16" L B 3 P ¥
3 P ¥ 3
2 P T
Eam, Bridgs Dom. Fdry. Harn. 1/16" L % 2 P ¥ -
2 P F P
1 1 P F e
8 plates tested - 2 plates satisfactory =
s
F X Manecenese Modifian 18/8 f
o Yellow Trk. J &L  icKay 316" L B 4 P P -
. L P 2 o
- 5 P ¥ -
H Yellow Trk. Gr. Lekes lcKay 3/16" L B % P T 3
2 P ¥ g
3 P (F) -
= i
2 Int. Harv. Dom. Fdry. Lincoln 1/16" L L ! F F &
- Canada 2 F by o
F' .
g hes
- 8 plates tested - 4 plates satisfactory
b
X FOOTNOTE: s
L’ L - Layers each veaved across the groove in deposition. -
3 - Several individual beads per layer.
L & 3 - Woven layers alternated with layers of individual beads.
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COLD TESTS 7‘.?‘_'
1" ROLLED HOMOGENEOUS ARMOR
Molybdenum Modified 18/8 by
FTabricator  Armor Electrode Gap  Body Surface Hitg X-ray 3Bal. ‘ 2
Ternstedt 7 &0 Alloy Rods 3/16" L T 1 P F r
1 P ? 5-.
Cadillac Gr. Lekes Page 316" L 3 3 F  IWT i
3 P Xwr o
Cadillac  Repudlic Page 3/16" L B 1 F 7 r
1 F F Pl
6 plates tested with 2 plate failures - none were
satisfactory. S
Manganese Modified 18/8 vE
Ternstedt J&l Alloy Rods 3/16" L L 1 P F .
1 P ¥
Cadillac Gr, Lakes McKay 3/16" L B 1 P F
2 F XwWT .-
: 2 P W =
2 Cadillac Republic  McKay 3/16" L B 1 P )
o 1 P F
. 7 plates tested with 2 plate failures - none were E
o satisfactory h
[
o i
l. FOOTNOTE: N

= L - Layers eack weaved across the groove in deposition.
»' B - Severcl individual beads per layer.
.:_' L &3 - YWoven layers alternated with layers of individual beads.
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SUMMARY ¢

COLD TESTS

s I AR B

1-1/2" ROLLED HOMOGENEQUS ARMOR

Sl K or il SR

Molybdenun Modified 18/8

Tabricator  Armor Electrode Gap  Body Surface Hits X-ray 3al.

Fisher J&L Raco 5/16" L L 2 B P
2 P P
1 P F
Fisher Republic Raco 5/16" L L 2 P F
3 P F
2 P P |
Fisher Gr. Lakes Raco 5/16" L L 1 P F [k
1 i F
2 P F 3
Ford Ford Crucible  3/16" L 3 2 P P 5
2 P P b
6 P P =
Midland Cernezie Crucible 5/16" L&B 3B 2 P P "
4 P (F) "
2 P P s
Gen. Motors Dom. Fdry., Harnm, /¥ L &B B 1 P MWT o)
Cannda 3 P NT o
1 F IWT e
18 plates tested - 8 plates satisfactory L;:
Manganese Modified 18/8
Pisher J&L  Alloy Rods 5/16" L L 1 P ¥ -
1 T F A
Tinher Republic Alloy Rods 5/16" L L 2 F P i
25 2 P F s
: 2 P P
Figher Gr. lakes Alloy Rods 5/16" L L 1 P ¥ =&
° 2 P ¥ .
pe 1 F F —
e Ford Ford McKay 3/16" L 3 2 P F ;
W 1 P r =
e Midland  OCarnegio McKay 516" L&3 3 4 P P 1]
% 5 P P =
X 14 plates tested - 5 plates satisfactory §
N K
N %
L ] | ® | | J L ® ® ® o o | J 9 o o | | ]
4 : T T T T e
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SUMMARY C (Cont. )
Ferritic - A. 0. Smith SW-101

Fabricator Armor Electrode Gap Body Surface Eits ZX-rary 3al.

A.0.S5mith Carnegle SW-101 3/g" L B 2 P P
5 P P

2 plates tested -~ 2 plates satisfactory

FOOTNOTE:
L - Layers each weaved across the groove in deposition.
B -~ Several individual beads per layer.
L &3B - Woven larers alternated with layers of individual beads.
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SUMMARY D 5
COLD _TESTS -
1-1/2" CAST HOMOGENEOUS ARMOR )
L
Molybdenum Modified 18/8
Fabricator Armor Electrode Gap  Body Surface Hits X-ray 3Bal, :_
Baldwin Sym.Gould Alloy Rods 3/16' L B 1 - WWr o
[} - Nwr =
B
Briggs An, St.Fary, Crucible  5/16" L L 1 B ¥
2 5 F e
1 P F ..
Chrysler  Continental Crucidle 3/16" L &3B B 3 P NwT ._J
2 P NwT
1 P NWD &
Int. Harv. Ord.St.Firy Alloy Rods 5/16" L &3B B 2 P ¥ :
5 P ¥
1 P NwT .
Ford Ford Crucible  3/16" L B 1 P F i
2 P F &
2 P F
14 plates tested with 6 plate failures = none -
were satisfactory. <
Manganese Modified 18/8 N
Baldwin Sym.Gowld Alloy Rods 3/16" L B 4 = P o8
L P P
3 P NwT o
Briges An, St.Tary. McKay 5/16" L L 3 P P w
_ 2 P NWT =
i L P P &
S Fisher Gen.Steel Alloy Rods 5/16" L L 2 P F L
. 3 P F r.
o 2 P F
-9 -
W Chrysler  Continental McKay 3/16" L B 2 P F
b 2 P F i
* 2 P F
Ja Int. Harv. Ord.StFdry. McKay 5/16" L&3B B 2 P NWT
. Yy P P
i 2 P P N
& Ford Ford McKay 3/16" L B 2 P T
.. 2 P r
- 2 P T
18 plates tested with 3 plate failures -
p 6 plates satisfactory. -
N FCOTNOTE:
£ L - Layers each weaved across the groove in deposition.
. B - Several individual beade per layer. g
tza L & B - Woven layers alternated with layers of individual beads.
= L'.‘
® © e e e e o©o o o e o I e o o o o
2 = v = — ;
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SUMMARY E (3
COLD _TESTS
URIOMELT =
1/2" Rolled Homogeneous Armor o
Fabricator  Armor Bod Melt Gep Hend layers Hits X-ray Bal, :;:
| %
Yellow Trk. J &1L #36 420 1/16" 1SB 4 P (P b
3 P ¥
Yellow Trk., J &L #2  #80 1/16" 1SB 3 F ¥ o
3 ) F "
Yellow Trk. Gr. Lakes #42 #80 1/16"  1SB 1 F ¥ b
4 F by RN
Int. Harv. Dom. Fdry. %40 0 - 1 ¥ )
Canada 1 F F N
1 F ¥ =
1 F F -
‘-
10 plates tested - 6 ferritic and 4 austenitic - o
none were satisfactory. 3z
1-1/2" Rolled Homogeneous Armor e
Fisher J&l #42 8020 5/16" 3 1 F ¥ G
XD 1 F F i
1 F F o
Fisher Ropublic  #42 8020 5/16" 3 1 F F il
XD 1 F F e
1 P ¥
Fisher Gr. Lakes #42 8020 5/16" 3 1 P ¥ -
XD i F F o
1 P F Rd
Briggs Carnegle w2 /4" L 1 B F .
2 P (F)
& 2 r ¥
o 1-1/2" Cast Homogeneous Armor .
{‘.. N K
N Midland  Continontal  #42 $#80 1/4" L 1 P- ¥ :
1 P NWT
1 P F B
5 15 plates tested with 1 plate failure - £
@ none were satisfactory. e
r FOOTNOTE:

L - Layere each weaved across the groove in deposition.
B - Several individual beads per layer.

L & B - Woven layers alternated with layers of individual beads.




h Manual 2 - -— —— —_

BT - SRRIEN Gy dgearm e b e a4 patl e e Al At Sl i b al b it DR I et B L ) el i i i

SUMMARY F

COLD TESTS

Radiographic vs. Ballistic Shock Test

Agreement Disagreement
Electrode P = X-ray F - X-ray F - X-ray P - X-ray rcare
Armor Type P - Bal, F-3Bal. P - 3Bal. F - Bal. Failure Renarks

1/2" B Mo lod. 1
Ma Mod. 4

1 5 -
- 2

= &= o
!
[}
!
!
!

Unionmelt =

Ferritic

Unionmelt - — 2 -
1" R Mo Mod. - 2 —— 2

Hn Hod. - — - 2

11" B Mo Mod. g
Mn Yod. 4

n

[l |
[}

-~ U1
W

Uniormelt = 7 —
Ferritic

(&) |
l

B" ¢ Mo log. —
Yo Mod. 5

l
O R
W

1= No X-m;
Passod Bal

@ Unionmalt — — —_ 2 1l

TOTALS ol 22 ' 2 54 17 1= Fo X-ray

G Pagsed Bal.

* Two cf these were not X-riyed

.'.l.'-.:.,' 'r.'- :'. ‘et
A l

et
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N, 4 e e .
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COLD TESTS =

b

Weld Deposition va, Ballistic Shock Performance f;

A

kg anQ_l-L[?" Plate (Manual Welds Only) €

Ballistic Passing Ballistic Failing

Body - layers Body - Layers i

Body in Layers and Beads Body in lLayers and Beads -

Iectrode Surf. Surf. Surf. Surf. Surf. Surf. Surf. Surf. r

Armor Type layers 3Beads layers Beads Layers Beads Layers,K Beads o

"R Mo Mod, [ = @ — - = 2 284 | — - -

e Mn Mod. - o - - 2 NWT e

e Mn Mod. - - — - 2 3& - — =

e 2" W L

; i o

3" R Mo Mod. || 3 3 - 2 6 - - 14 5

b i ! 3 NWT X

h : Mn Mod. 2* _— - 3 6 3 - - -

I Ferritic — 2 |o— — — - - - iy
AR N 1

13" C Mo Moa. - - - - 3 34 -~ 2 & ,

- 2 T 4 e .

Mn Mod. 2 2% - 2 3& 6& -- 1T

| 1 NWT 1 WT il

T0TALS 7 7 - 7 2284 17& [ — 38

! 1 NWT 7 NWT g MWT i3

L."

* One failed X-ray
** One not X-rayed
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SUMMARY B
COLD TESTS

Weld Failures vs. Armor Failures (Manual Welds Onmly)

Ballistic Shock

Armor Electrode Weld Weld Armor
Mfgr, Armor Type Passed Failed Fallures _Remarks
J&L 1/2" R Mo Mod. 2 - -—
Mn Mod 3 — S5
T2 R Mo Mod. —— 2 C=
Mn Mod. = 2 =
13" R Mo Mod. 2 1 -
Mn Mod. - 2 ==
Great 1/2" R Mo Mod. -= 3 ==
Lakes Mn Mod 1 2 S
PR Mo Mod. - - 2
Mn Mod. - 1 2
" R Mo Mod. - 3 e
Mn Mod 0 3 =
These data do not
Republic 1" R Mo Mod. - 2 — include the Union-
Mn Mod. o 5 e melt welds. Of the
13" R Mo Mod. 1 2 = 25 Unlonmelt plates,
Mn Yod. 2 1 — one 1-1/2" east
plate gave a plate
Dom, 1/211 R Mo Mod, i 3 = failure as shown in
Fdry. Mn Mod. R p) - SUMMARY E, Other-
1" R Mo Mod. — = 3 wise, all Unionmelt
Mn Mod. — — - velds failed the
ballistic shock
Ford 13" R Mo Mod. 3 - =5 test.
Mn MHod. - 3 -
Carnegie 13" R Mo Mod. 2 1 -
¥n Mod. 3 — -
Ferritic 2 - —
Conti- 12" € Mo Mod. - -- 3
nental Mn Hod, -- 3 =
Amer, 13" ¢ Mo lod. - 3 -
Steel lin Hod. 2 == L
Gen, 13" C Mo Mod. - -- -
Steel ¥n Mod. - 3 -
Ord. St. 13" C Mo llod. - 2 1
Fdry. Hn Yod. 2 - 1
Ford 13" ¢ Yo llod. - 3 -
Hn Hod. =S 2 —
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ABSTRACT:

Results of ballistic shock tests of welded armor * H" plates made under sub-zero temperature conditions
are presented and compared with the performance of several welded plates tested under normal temperature
conditions. The chances for successful shock performance of production welded plates at sub. 0 -
fures are: a) nranually welded, 34%; (1) multiple bead surface layer, 41%, and (2) single pass surface layer,
24%; b) unionmelt welded, 0%. The radiographic test was consistent with the ballistic shock test in 45% of
the cases involved. Of the plates which passed the X-ray test, 30% passed the shock test. Radiographic

i standards for welds in sub-zero temperature service should probably be higher than those for welds in ser-

., vice at normal temperature. While 35% of the plates manually welded with the manganese modified electrode

and 28% with molybdenum modified electrode passed, this difference is considered insufficient to indicate

superiority of performance of the one type.
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