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ABSTRACT

This report presents the development of 'a laboratory scale
shock-fracture test for armor and welded joints in armor. The
shock-fracture test is especially suited as a rapid quantitative
development test which ghould incresse the speed of testing and
provide a number of short cuts in development studies of the
welding of armor. The shock-fracture test possesses the fol-
lowing qualifications:

(a) A greater number of test specimens per unit
cost of welding and materials can be
provided. )

(b) High velocities similar to those encountered
in service are used for testing.

(c) The specimen is such that it is stressed
during test in a relatively simple fashion
vithout the complication of internal
stresses.

(&) The method of test is such that successive
specimens can be stressed in an identical
manner.
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AUTHORIZATION

) This problem was authorized by Bureau of unglnsering
letter L1-1/194Q (4-14Fs) of 11 July '1939.

< The studies reperted kere aré preliminary to Welding
Test No. 302 - Low Alloy Ballistic Steel Welded with 19-9 ln and
26-20 Electrodes - Weldability af; BuShips file $#ZP WEL-(4)-(5)
(3692) of 31 January 13943, ¥

P In & memorandum dated 12 August 1943, Armor Plate
Section, Tank & Motor Branch, Office Chief of Ordnance, addressed
te Velding and Casting Section, Bureau of Ships, Navy Department,
Mr. E. Brooker stated the need for.a shock-fracture test of welded
Joints in armor and suggested the initia) test methods. - The memo-
randum was forwarded by the Bureau of Ships to the Naval Research
Lakoratory for actlon. ]

e o I R e S nd s

STATEMENT OF PROBLEM

4. . - In the past years many hundred shock tests have been
made ballistically by both the Navy and Army. These tests have been
a major factor in demounstrating the utility and efficiency of welding
Processes in the manufacture of ships, tanks and other armored
vehicles. These large scale tests have been used effectively in
overcoming the prejudice encountered in the extensive conversion .
from riveted to welded structures in fighting equipment. In many
cases the larger scale shock tests do not yield cusntitative in-
formaetion in regard to the  shock resistance because of the number,
of intengible factors and variables that always accempany large
scale tests; frequently a'critical analysis is impossible, although
the full scale test may be _satisfactory as a summary test.

5. From the sbove;, it is evident that a need exists for a
test supplementing the large scale tests which can be made under
laboratory conditions. Such a cuantitative 1aboratory shock test
must meet the following recuirements:

(a) The test shoqu be such that stresses can be
applied %o successive specimens in an. kdentlcal
! manner,

: (b) High testing velocities similar to those
: encountered in service should be used.

(c) It would be highly desirable if a greater
 number of test specimens could be provided
per unit cost of welding and materisls: the
saving of time is also a factor.

i () The specimen should be such that it is
stressed during test iIn a relatively simple
fashion without the complication of internal
stresses.
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6. Vays and means of achieving the above have heen under
contideration for some tima. Several hundred tests have been made
and A testing Procedure with a small.-scale test specimen has been
developed which appears to meet all of the above reouirements.

7. The dimensions of the standard specimen for one-inch
armer are shown in Plate 1. The specimen consicte of o rigid base
2-1/2 bty 5 inches with three fingers extending from one tide.

These fingers are 2-1/2 inches long and have a cross section of

one sguare inoh with a clearance of 1/2 inch Detween the fingers.

A scuare shoulder 1/2 inch wide ie made on each end of the specimen
in order to provide a eimilar etress pattern for all three fingers.
The specimene are propared using a power hack-saw with a positive
feed and water coolant. The center cute at the base of the fingers
ere npde on & Doall band saw.

6. A considerable amount of experimental work (see Appendix
Al vas necessary in order to develop a satisfactory type of test
specimen. It was essentisl that the type of test plece adopted
should, firet, be sufficiently semsitive that it could be uted in
the evaluation of the ourlity of an armor or the efficiency of o
veld Joint snd, second, be of such dimensions that no perticular
daifficulty would be encountered in the testing of the specimen within
the limits of energy available. Further restrictions such as re-

producibility of results, ense of manipulation and low unit cost
were kept in mind.

9. After consultation with Dr, G.R. Irwin and Dr. G.D. Kinzer
of the Mechanice and Electricity Division of the Naval Research Lab-
oratory, it was decided to use n caliber .50 ballistic pendulum in a
preliminary study of the shock resistance behavior of armor end
welded test pieces. A ballistic pendulum under the cognizance of
the Mechanice Division using caliber .50 ball M-l emmunition served
A8 an excellent means for mcourately locating the impacts and for
measuring the velocity of impact. The location of the impacts may
be controlled within * 1/64 inch. The velocity is controlled by
verying the powder charge. The general conetruction of the caliber
-50 ballistic pendulum and gun mount is shown in Plates 2 to 7. The
weight of the pendulum assenbly ie approximately 265 1bs. The
velocity of the dart in fest per second is measured by the maxisum
swing of the pendulum which ig recorded by the elider on the in-
dicating bar (Pletes 2 and 6). An accuracy of velecity measurement
of better than 1% ie attained. For a more complete discussion of
the theory and performance of the ballistic pendulum, reference may
be made to NRL Report Mo. 0-1778 dated 4 September 194). The
ecuipment may be operated by one man, although & crew of four
trained men can obtain data on over 50 impacts per 8-hour day.

10. A special Jjig which was mounted {n the pendulum to hold
the specimens securely during testing wes found necessary (Flates
7, B and 9). The weight of the jig (approximately 80 1lbs.) wae
dietriduted so that the impset of the dart at 1 inch from the end
of a finger would not be far from the center of gravity of the jig
es positioned in the pendulum mssembly.
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vl 1. In order to reduce the deformation of the specimen at
. the point of impmct, the caliber .50 ball projectile wae inserted
1% inte the powder case in the reverged position. Thus the base of
<5 the projectile instead of the point strikes the finger, and a smalier
e . proportion of the energy is expended in penetration or in crater
e formation. The first impact is made at a medium velocity and the
-8 velocity of subsecuent impacts is made higher or lower, depending
2 upon the effect of the first {mpact. A limit velocity ie ectimated
n from the resulting damage to the fingers and may be defined as the
exact velocity required to just break the finger from the specimen.
& In all cases sn attempt was made to bracket as closely as poasible
2 the limit velocity with two impacts. The mccuracy of an estimated

N limit velocity may be improved only by increasing the number of
. impacta. :

METHODS AND DESCRIPTION OF EXPERIIENTS WITH $206 ARMOR

h 13. In order to determine the behavior of the standard test
piece (Flate 1), & number of test specimens were prepared using &
supply of one inch thick #2306 armor. ¥No weld joints were used as
it was desired to have test specimene which were uniform throughout
in order to determine the behavior of the test piece. Specimens
were prepared with the principsl direction of rolling nlong the
finger and also transverse to the length of the fingers. The test
specimens were cut with a power hack-saw with a water coolent, and
then hest-treated to hardnesses ranging from approximately 260 to
350 Brinell. An attempt was made to determine the limit velocity
for each three-fingered test specimen. Preliminary tests on two
other types of armor were also made.

} DATA €3 ED ON

Y 13. The performance of the test cpecimens of 206 plate

material indicated greater ability te absord energy in the shock-

fracture test when the finger fg cut in the principal direction of

rolling than in the transverse direction. There is a decreace in

thea limit velocity and hence & decrease in the energy absorption in

. the shock-frecture teet ze the hardness ¢ increased from 260 to 350
Sripell, This relatsion ia contrary to the increase in limit velocity
with an increase in hardnese obtained for full penetration by A.P.
projectiles. A eimilar shock behavior hae been observed for other

1 grades of armor. These data are presented graphically in Platee
24 and 256.

HETHORS AND DESCRIPTION OF EXPERINENTS VITH VELDED SANFLES

" 34, The performance of the test piece used in the study of

- unwelded armor indicated that it would be entirely satisfactory for
use {n testing the ouality of a number of welded sections taken
from H-plates (in the one-inch thickness) which had previously been
tested at the Aberdeen Proving Grounds. Test specimens were pre-
pered from each of these sections in accordance with detsils given
in Plate 26 and tested in the NRL shock racture test.
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15. The performance of the test samples from E-plates
which were tested with 76 mm. proof projectiles is given in Table
II. Photozraphs of the H-plate and NRL shock fracture test speci-
mens are given in Plates 27 to 44. The criterion which many
experts regard as the most indicative of H-plate performance is
the amount of cracking on the back of the plate when subjected to
the impact of the 75 mm. slug. These data are presented in Table
IIT and Plate 45.

16, The performance of the MRL shock-fracture tests on
samtles from H-plates varies for this seriles of tests over a con-
siderable range with limit velocities of 1700 ft./sec. to over
2378 ft./sec. Some of the reasons why & better correlation was
nat found between the tests in all cases are:

{s] The direction of rolling of the armor in ihe
test piece was not the same for all welde.

(b) Tue front and back of the H-plate samples
were not designated.

(e} If additional material were available, the
sthock-fracture properties of the virgin
armor could be determined. This would be
uaeful in interpretation of the joint
vehavior.

{dg Difficulty Is often eacounterad in obtainling
an accurnte 1imiy velocity with three impacts
in the NBL amall-seale shock-fracture test.

(¢) I% is often difficult to establish definitely
the average length of cracking in the H-plate
when subjected to Impact by a 75 mm. proof
srojectile. Such factors ae the location of
impact, the effect of previous impacts, and
nisleprding cracking in the crogs bar are often
present and make it difficult to analyrze the
exact effect of eech round.

1%, in spite of these varisbles and anknpwns, a surprising
correlation i shown between the limit velocity obtained by the FRL
shtick-frac ture teast and the amount of cracking on the back of the
Abverdden H-plates when subjected to 75 mm. T-21 proef pre jec tiles,
The cerrelatioctt for all teste in which shock-fracture limit
velocities good to + 50 ft./eec. or better were obtained and
where & definite average cracking on the back of the H-plate could
be established is shown in Plate 46. It i8 to be noted that with
a NRIL shock-Treciure limit velocity of legs than 1950 ft./sec.,
tke H-plave showed oracking in all cesen of more then 18 inches.

8. For the limited number of plates tested in which the
&7 mm. T-1 glug wes used for H-plate testing st Aberdeen, pooT
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teste. Specimens are being machined with radii at the base of e
finger in order to observe the effect of the contour at the point

of stress concentration in the test specimen.

24. A number of other ballistic steelrs 5y :
to determine their behavior in the NRL shock-fracture test

of NAX and Republic armor which are now available wil e tested at
various hardness levels.
25, The effect of chenges in the dipmeter of electrodes

and changes in welding technicue for a number of types and
e

of austenitic and ferritic electrodes should b ueté?ﬁine;.

26. A further study of the effects of changes In Jjoint de
sign will be worth while. This should include such frctors &8 root
opening, groove angle, root face. root radius, as well as various T
and angle Jjoints.

27. The location of the base of the fingers should be furthe

investigated in weld specimens.

28. The developmert of a test P af X
and 1/2 inch thickness is needed to dete ropert
of the range of thickness used in aircraft and armorec- vehicles.
29. The determination of low temperature behavior cf armor
plaete and weld joint specimens ﬁpy readily be the type
of ecuipment here described. It would be gimple £
fracture over & wide range of teszirg temperatures a wi

renge of thermal treatment.

. ¥hile it 1s realized

1imited amount of test date, i is elt that it
present & test method for obiainin ititive date of consid
value in developmernt wvork prvﬁl.inﬁr; ts the larger scal iavy or

Army H-plate shock ;ast. With a
h fra c’vrp teﬁ 8§ gnd with a Petter understanding ol Tkt
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SHOCK~FRACTURE PERFORMANCE OF ARMOR #206 (1" THICK)

Finger Finger Principal
on off Limit Velocity Direction
ft./sec. ft./see. ft./sec. BHY of Rolling
2462 2508 2480 +25 257 Transverse

2408 2406 2400 +25 286 .
2371 2456 2415 +25 298 "
2340 2488 2425 ¥50 307 L
2251 2398 2320 +25 209 "
2386 2484 2425 +25 323 "
2090 2146 2125 +25 341 4
2670 2728 2700 +25 264 Longitudinal
2600 s 2625 +85 295 d
2486 2568 25625 +80 311 k!
2586 2629 2600 +25 311 it
F 2376 2554 2500 +50 323 "

2418 2497 2460 +25 341 "
b 2451 2731 2475 +25 355 w

=

T W T F——— e ———

i’
|




[:)Ezjhﬁlu ifmﬁ [:)

TABLE II

RELATION OF SHOCK-FRACTURE AND H-PLATE (75 mm.) TEST RESULTS

I'IT.' _'|-

Average Length**

Shock-Fracture of Cracking on

{ _ Linit Velocity Back of H-Plate

y NRL ¢ H-Plate # ft./sec. inches
169 Ternstedt 38 2200 +200 (3)* L 10 1/2 - 13 1/2 (2)*
207 Ternstedt 58 1830 +50 (3) T 26 1/2 - 26 3/4 (2)
168 Ternstedt 61 1950 #50 (3) T 15 3/4 - 17 3[4 (2)
198 Ternstedt 63 © 1770 4100 (3) T 18 3/4 - %0 1/2 (1)
199 Ternstedt 65 1790 440 (3) T 29 1/2 (1)
202 Ternstedt 76 1820 #90 (3) T 18 - 25 1/2 (1)
203 Ternstedt 78 1790 #50 (3) T 36 « 38 (1)
204 Ternstedt B0 1990 #1560 (3) T 22 - 20 1/2 (1)
208 Ternstedt 82 1920 #50 (&) T 12 - 20 1/4 (1)
200 Maremont H-1000 1875 #25 (3) T 24 1/4 (1)

Automotive .

180 S0.Cal.Div.33 3040 H40 (3) T 11 1/2 (2)
181 Caterpillar H5 PAS0 #50 (4) L 1 1/2 (3)
186 Cadillac 80 @200 #150 (3) T 13 1/4 (1)
187 Cadillaec 81 1990 +50 (3) T 17 - 19 1/4 (1)
182 Heil 12 2350 +50 (4) L 51/2 (2)
183 Heil 13 2300 +50 (4) L 10 1/4 (2)
205 Heil 14 1900 +50 (3) T 10 (3)
170 Gordon 1 1920 #40 (3) T 20 (1)

Kumber of fair shots.
L Direction of rolling longltudinal.
T Direction of rolling transverse.

*# Tirst value cracking in leg welds.
Second value total cracking in H-plate.
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: TABLE III

RELATION OF SEOCK-FRACTURE AND H-PLATE (57 mm.) TEST RESULTS

Average Length**

Shock-Fracture of Cracking on
Aberdeen . Limit Velocity Back of H-Plate
NRL #  H-Plate # ft¢/sec. inches
#®
197 TH 59 £ 2110 (3¢ 5ife (3)*
184 TH 62 2280 +140 (3) C 4 (2)
201 Cad 76 2360 +75 (3) T 4 1f2 - 4 34 ()
190 GMTC 39 1850 140 (3) T 6 1/2 (1
193 GMIC 40 2350 #50 (3) L O (1)
185 GMTC 41 2240 490 (3) C 13 (1)
192 GHTC 42 1700 #20 (3) T 19 1/4 - 20 1/2 (1)
189 GMTC 43 < 1978 (2) T - (0)
188 GMIC 44 ' 23083 (& 73z {2)
191 GHTIC 45 » 2286 (3) T ——-—- (0)

¥  HNumber of fair shota.

** VFirst value cracking in leg welds snd plate.
Second value total cracking in H-plate.

T Direction of rolling transverse.
Direction of rolling longitudinal.
C Cast armor.

Et

DECLASSIFIED




DECLASSIFIED
g SPECIMEN PREPARED BY POWER HACK SAW
E ot
» :i"u
LY |
—> o DU AP B ) P _X
] REMOVE WITH DOALL
4 =:“I'\:
|

NRL SHOCK FRACTURE TEST SPECIMEN

PLATE |

r} e Fakl A L:«, pr=pr—- t“?‘“". :I;&.‘%W;"-‘;';
DECGLASSIFIED CERNEES TR




O
—
=
7]
)

DECI










w IS DT | Sl : PLATE 5







IConcretel

Wall

ﬁ...u,” .,'.'s.- A
!

-\

;) .:"":
‘\r—-‘

e

e,
B W

. .#- i

1l
i\':r_-‘"li!
4 |

-
e

[

a3l

JIDE

\ ' — [ TCeiling Line

71411

| i
i __((‘ I

i o v i I =
I} :lj " | e T

Floor Line ..

SCALE 3j4"=1'

1. Specimen

2. Jr'g d

3. Sliding Indicator and Scale
4. Blast Shield

@ N

5, Caliber «50 Browning Machine Gun

Air -Operated Firing Mechanism
Wire Supperts
! 3/4" Allen Screws to Hold Specimen




PLATE 8




DECLASSIFIED

100 POUND JIG USED FOR HOLDING NRL SHOCK FRACTURE SPECIMENS
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DATA ON SHOCK TESTS OF WELDMENTS

PIATE NO. T A 7% :

ARMOR NFR
ELECTROLE p
PROJECTILE

TEMPERATURE O

ONLY BACK CRACKING SHOWN
|

g, 0. oy 126 FT/SEC.
HIT/% 4EFTOF RIGHT LEG AND&%@elow/ CROSS WELD i

CROSS WELD CRACK FROM LEG, !
_LEFT IEG CRACK WITH CROSS WELD, _, !
10%RIGET LEG CRACK WITH®4L gELow CROSS WELD, 4% F.Z.

d BACK

OROSS WELD CRACK FROM LEG,
: _LEFT LEG CRACK WITH CROSS WELD, ;
/24 RIGHT LEG CRACK WITH M FELOWCROSS WELD, A 4L F Z, ,

RD. 2 VEL. 763 FT/SEC. ,

51T 0N ©F LEFT LEG ANDAZ/MVECROSS WELD

¥’ CROSS WELD CRACK FROM A&7 LEG, 74¢ F2,
~1EFT LEG CRACK WITHAL p@eve CROSS WELD, /% £ 2. X

&%
) {/%'RIGHT IEG CRACK WITHAZLL Zelow CROSS WELD, Y% F Z. i
‘%& , !
‘ BAC : y
LEFT 1RG. 2" A7

K
g £ CROSS WELD CRACK FROM o
9+ LEFT IEG CRACK WITH §°#&0r& CROSS WELD, S5 " A2 .

3 45~ RIGHT LEG CRACK WITH /~#&evE CROSS WELD,/24~ F2.
3 (LR oNTaL BHLEE 1§ VERTICAL BuLéE .
l

RD. VEL. PT/SEC.
HIT OF LEG AND CROSS WELD

CROSS WELD CRACK FROM LEG, l
LEFT LEG CRACK WITH CROSS WELD, :
RIGHT LEG CRACK WITH CROSS WELD,

BACK
CROSS WELD CRACK FROM LEG,
LEFT IEC CRACK WITH CROSS WELD,
RIGHT LEG CRACK WITH CROSS WELD,

IMPACT O WELD CRACKING &&&2 (Vr‘i‘-’ELDS SATISFACTORY
FUSTON ZONE CRACKING (F.2. )Py ( ) WELDS UNSATISFACTORY 1
HEAT AFFECTED ZONE (HoA'Z. )oamne ( ) SUGGESTS REWELD

REMARKS £

FORM NO WAS=-2 SHEET 3 SCALE 1/16 |

— PIATE 27B 1
;I
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_ REPORT NO. AD-128

SHEET # OF &
DATA ON SHOCK TESTS OF WELDMENTS

SUBMTTTED BY _ZeSNSTELT MK FACTUR/ING DIV, PLATE NO. TH 58
ARMOR MFR £ TYPE /"¢

ELECTRODE E10 FVERY PURPOSE @ pAL [FI1CRT RN
PROJECTILE DATE _py-as-#2

TEMPERATURE O

ONLY BACK CRACKING SHOWN

W RD. VEL. 73§ FT/SEC. _,.
5174 KFT OF LEFT LEG AND? 3 @ELYCROSS WELD

CROSS WELD CRACK FROM LEG,
j9*LEFT LEG CRACKX WITHMAZ @clov) CROSS WELD, Akt £z

RIGHET LEG CRACK WITH CROSS WELD,
¢ (CK
4" CROSS WELD CRACK FROM LE£F7 LEG, —
VeSS (- LEFT LEG CRACK WITH /” FBOVE CROSS WELD, #44 R 2.
RIGHT LEG CRACK WITH CROSS WELD,

—

] D. &  VEL.777 FT/SEC.
HIT & R/6HTOF J/6HT LEG AND7Z “#&ovE CROSS WELD

»
,\ CROSS WELD CRACK FROM LEG,

. /§” LEFT LEG CRACK WITH /%4 GSVE CROSS WELD Lk £2.

r 2% RICHT IEG CRACK WITHAK #8oré CROSS WELD , 5.2, 3 4R
v St aLpTe cRmeq s i

BACK
7~ CROSS WELD CRACK FROM LEFT LEG,—
49~ LEFT LEG CRACK WITHE /* #BovE CROSS WELD AL k2
,:;,--RgGHT 1EG CRACK WITH /ML ABovE& CROSS WELD, b4 F 2,

o e

1 1 1% " PLATE CARC 6" KR
RD. VEL. FT/SEC.
HIT OF LEG AND CROSS WELD
CROSS WELD CRACK FROM LEG,
ILEFT LEG CRACK WITH CROSS WELD,
RIGHT LEG CRACK WITH CROSS WEID,
BACK
CROSS WELD CRACK FROM LEG,
1EFT IEG CRACK WITH CROSS WELD,
RIGHT LEG CRACK WITH CROSS WELD,

IMPACT o) WELD CRACKING =27 ( ) WELDS SATISFACTORY
FUSION ZONE CRACKING (F.2.) ey (4 WELDS UNSATISFACTORY
HEAT AFFECTED ZOKE (H.A.Z.)Ww ( ) SUGGEST REWELD

REMARKS

FORM NO WAS-2 SHEET 3 SCALE 1/16

D "c ClLASS] EL* ! ED PLATF 28R
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(coPY)

— REPORT NO. AD-735

SEEET § OF 2
JATA ON SHOCK TESTS OF WELDMENTS

SUBMITTED EBY TERNSIE DI Mﬂ‘ggﬂﬂﬁ DY PLATE NO. TH-&6/

ARMOR MFR %ﬁ% f%ff Eﬁf f%j‘gfﬁig TYPE ﬁ [[OLLED HEOMO

ELECTRODE - PURPOSE QuUAL |FICRToN
LE

PROJECTILE DATE jo-30-¥2
TEMPERATURE OF AT TIME UE STING °

ORLY BACK CRACKING SHOWN

RBDs ! VEL. 76¢ FT/SEC.
HBIT % LeFT OF RieHT LEG AND /2" AEOUECROSS WELD

4 CROSS WELD CRACK rROM IT/6#7 LEG ALLEZ
[EFT LEG CRACK WITH . CcrROSS WELD,
94 RIGHT LEG CRACK WITHbS AEOVE CRCSS WELD, 2" FZ.
CK
- CROSS WELD CRACK rrou K/E47 LEG, AL 2
IEFT LEG CRACK WITH CROSS WELD,
Ao T LEG CRACK WITHS" REVVE CROSS WELD, 104 £ #.

IGH
IKI"HOA’I.ZGJ'TI?L BULEE /" VERTICAL BuLEGE

RD. 2 __ VEL. L85 FT/SEC. .
HIT I % LEFTOF LEFT IEG ANDé BELOW CROSS WELD

y CROSS WELD CRACK yrOM  RIGKT 186 AL FZ-

¢ %" LEFT LEG CORACK WITH S “REOVE CROSS wel,D 174" £ %

qfg RIGHT LEG SRACK WITH 7" Adove CROSS WELD. 2 F&,
CK

54”CROSS WELD CRACK FROM RiIGHT 1ee, 5" A%

27 LEFT LEG CRACK WITH/# BELOW CROSS WELD, 2/, F2

774 RIGHI LEG CRACK wITH §" ABYE CROSS WELD 104 F2.
) /oRI20NTHL BULEE ¥, “VERTICHL BoL6E J

RD. VEL. FT/SEC.
HIT OF 1LEG AND CROSS WELD,
CROSS WELD CRACK FROM LEG,
{EFT IEG CRACK WITH CROSS WELD,
RTGHT LEG CRACK WITH CROSS WELD,
BACK
CROSS WELD CRACX FROM LEG,
LEFT LEG CRACX WITH CROSS WELD,
RIGET LEG CRACK WITH CROSS WELD,

wELD CRACKING S22 (vf WELDS a APTSFACTORY
70NE CRACKING (F.2.) Sy ( ) WELDS UNSATISFACTORY
ATED ZONE (H.A.Z.) e ( ) SUGGESTS RESELD
FLE R

SCALE 1/16
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(CorY)

, s 0 REPORT NO. AD-130
SHEET 4 OF /o

3 DATA ON SHOCK TESTS OF WELDMENTS

7 -C2

1]

It

SUBMITTED BY 71£ {y. PLATE NO.

! ARMOR MFR TYPE -
ELECTRODE Vg PURPO!
PROJECTILE DATE 9 ~/-42u
TEMPERATURE OF T'E ¥ T A5 F

il

ONLY BACK CRACKING SHOWN

[ 2
ap. / VEL. 787 FT/SEC.
b HIT oN G LEFT LEG AND 7” BELWCROSS WELD
i
& jo4"cROSS WELD CRACK FROM  AEFT 186, ALL F Z,
9y, * LEFT LEG CRACK WITH ALL &low CROSS WELD 3% "FZ.
, N . RIGHT LEG CRACK WITH CROSS WELD,
b, 1 3% 3%" PLATE CRACAS
e BACK
‘ i3 CROSS WELD CRACK FROM LEG §5“F 2.
| Sz iyn LEFT IEG CRACK WITHALL 8erow CROSS WELD, fJLL M72,
A b i RIGHT LEG CRACK WITH CROSS WELD,
| L. ¢ 2% 44" PLATE CRRCAS
| 1= RD. VEL. FT/SEC.
: HIT OF LEG AND CROSS WELD,
|5 CROSS WELD CRACK FROM LEG,
LEFT LEG CRACK WITH CROSS WELD,
; RIGET IEG CRACK WITH CROSS WELD,
BACK
: CROSS WELD CRACK FROM LEG,
1 LEFT LEG CRACK WITH CROSS WEID,
RIGHT LEG CRACK WITH CROSS WELD,
RD. VEL. FT/SEC.
HIT OF LEG AND CROSS WELD,
CROSS WELD CRACK FROM LEG,
1EFT LEG CRACK WITH CROSS WELD,
RIGHT LEG CRACK WITH CROSS WELD,
BACK :
CROSS WELD CRACX FROM LEG,
{EFT LEG CRACX WITH CROSS WELD,
IGHT LEG CRACK WITH CROSS WELD,
wpAcT ¢  WELD CRACKING = ( ) WELDS SATISFACTORY .
FUSTON ZONE CRACKING (F.Z.) (»J WELDS UNSATISFACTORY SEE LAST PRSE
HEAT AFFECTED ZONE (H.A.Z.)}=" ( ) SUGGESTS REWELD
REMARKS

FORM NO WAS-2 SHEET

SCALE 1/16

PLATE 30B




-G

PLATE 30




DECLASOIrICW

NRL SHOCK FRACTURE SPECIMEN. DOUBLE V WELDS AT BASE OF FINGERS.
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DATA ON SHOCK TESTS OF WELDMENTS

SUBNITTED BY

PLATE NO.

(COPY)

REPORT NO. AD-130
SHEET § OF /¢

ARMOR MFR L TYPE i
ELECTRODE D PURPO @“ﬂ‘ﬂ‘: ATHY

PROJECTILE DATE 12~4-42
TEMPERATURE OF Y TS L L Wi $5°F
ONLY BACK CRACKING SHOWN
vl
grp. ! _VEL. 779 FT/SEC. .
HITXLEFT OF AEFT LEG ANDS# #&(WCROSS WELD
__CROSS WELD CRACK FROM LEG
,64* TEPT LE; CRACK WITHAL Eeeol CROSS WELD ML ¥A.2.
L RIGHT LEG CRACK WITH CROSS WELD,
bW~ /0% PLRTE CRRELS
BACK
CROSS WELD CRACK FROM LEG
M| P #%* LEFT LEG CRACK WITHAKL Gekow CROSS WELD it HAZ
RIGHT LEG CRACK WITH CROSS WELD,
l_ 0 05" PLRTE egpey's
CROSS WELD
LEG

RD. VEL. ¥T/SEC.

SR OF 1EG AND
CROSS WELD CRACK FROM
LEFT LEG CRACK WITH
RIGHT LEG CRACK WITH

BACK
CROSS WELD CRACKE FROM
[EFT LEG CRACK WITH
RIGHT LEG CRACK WITE

i

RD.
HIT
CROSS WELD CRACK FROM

LEFT LEG CRACK WITH
RIGHT LEG CRACK WITH

BACK
CROSS WELD CRACK FROM

LEFT LEG CRACK WITH
RIGHT LEG CRACK WITH

CROSS WELD,
CROSS WELD,

LEG
CROSS WELD,
CROSS WELD,

LEG,
CROSS WELD,
CROSS WELD,

LEG,
CROSS WELD,
CROSS WELD,

ypacT & - WELD CRACKING 222 ( ) WELDS SATISFACTO%Y -

FUSTON ZONE CRACKING (F.Z.) ( ) WELDS UNSATISFAC ORY

HEAT AFFECTED ZONE (Hoh.Z:) omnan {4) SUGGESTS REWELD SEE LAST PR6E
REMARKS

FORM NO WAS-2

- W W W -

SCALE 1/16

PLATE 31B
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_ REPORT NU. av= a.o

SHEET £ OF /g

DATA ON SHOCK TESTS OF WELDMENTS

SUBRITTED BY
ARMOR MFR
ELECTRODE
PROJECTILE

TEMPERATURE 0 FE AT TINE FESTING . 45°*
ONLY BACK CRACKING SHOWN
! l
RD, / VEL. 7€/ PT/SEC.
| HITRY LEFTOF 4&£¢7 1EG ANDS ¥ PAMLROSS WELD
‘ | CROSS WELD CRACK FROM LEG
4 I LEFT LEG CRACK WITH CROSS WELD,
: [ RIGHT LEG CRACK WITH CROSS WELD,
Q . BACK
| CROSS WELD CRACK FROM LEG,
| LEFT LEG CRACK WITH CROSS WELD,
‘ RIGHT LEG CRACK WITH CROSS WELD,
. [ i % HORIZONTRL BULGE 36 ~VERTICAL BULEE
| RD. -® _ VEL. 7¥% FT/SEC.
‘ HIT/§UEFT OF [p/SHT LEG AXD7§#Mom& CROSS WELD
. D ‘ 7° CROSS WELD CRACK FROM WW/6HT LEG, #LLF2Z
| LEFT LEG CRACK WITH CROSS WELD,
i | RIGHT LEG CRACK WITH CROSS WELD,
- s | 13 PLATE @gppcK
} l BACE 7
| 2§ CROSS WELD CRACK FROM /W /6K LG, P E2Z,
| LEFT LEG CRACK WITH CROSS WELD,
- RIGHT LEG CRACK WITH CROSS WELD,
] | 19 PLRTE CRRCY
| |
;‘ 'g RD. VEL. FT/SEC.
| . HIT OF LEG AND CROSS WELD
' ' CROSS WELD CRACK FROM LEG,
l ' EFT LEG CRACK WITH CROSS WELD,
| ] RIGHT LEG CRACK WITH CROSS WELD,
I ! ! BACK
' CROSS WELD CRACK FROX LEG,
' LEFT LEG CRACK WITH CROSS WELD,
l RIGHT LEG CRACK WITH CROSS WELD,
|
L
m

MPACT O WELD CRACKING = ( ) WELDS SATISFACTORY
FUSTON ZONE CRACKING (F.Z.)oo0 ( ) WELDS UNSATISFACTORY
HEAT CT;;D ONE (E.A.Z.)masd (+y SUGGESTS RERELD

REMARKS LQ0p @770 OF NRL SEMPIE owKWIW/Y

FORM NO WAS=-2 SHEET ] SCALE 1/16
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ULASOSIFIEL PLATE 33 A




(COPY)
REPORT NO. AD-119
SHEET § OF /¢

— Yy |

! DATA ON SHOCK TESTS OF WELDMENTS

: SUBMITTED BY
ARMOR MFR
ELECTRODE
PROJECTILE
TEMPERATURE OF

PIATE NO. TH-78
TYPE _ 4°
PURPOS

DATE __ 42 -/ -«

ANIY BACK CRACKING SHOWN
| —q
S RD. ! VEL. 7¢6 PT/SEC. .
~ HITH LEFT OF RI6HT LEC AND?E ABove CROSS WELD

CROSS WELD CRACK FROM LEG,
~ IEFT LEG CRACK WITH CROSS WELD,
3 $6°RIGHT LEG CRACK WITH/#“#60VE CROSS WELD, Akt M.A.2

| ) BACK
| B v CF NELD CRACK FROM R/##¥7 LEG, péL R2
g+ CROSS WELD CRACK FRO} G, Bl F2,
NQUIPMRE  §| SN LEFT LEG CRACE WITH CROSS WELD,
| ~ g¢{* RIGHT IEG CRACK WITH/#" ABove CROSS WELD A& MA.Z,
2"SEC owDARY CRACK

i
‘ ' T RD. VEL. FT/SEC.
' \ EIT OF IEG AND CROSS WELD

‘ CROSS WELD CRACK FROHN LEG,
LEFT LEG CRACK WITH CROSS WELD,
RIGHT 1EG CRACK WITH CROSS WELD,

BACK

CROSS WELD CRACK FROM LEG,
LEFT LEG CRACK WITH CROSS WELD,
I RIGHT LEG CRACK WITH CROSS WELD,

‘ Il | | RD. VEL. FT/SEC.
HIT OF LEG .AND CROSS WELD

CROSS WELD CRACK FROM LEG,
LEFT IEG CRACK WITH CROSS RELD,
RIGHT LEG CRACK WITH CROSS WELD,

BACK
CROSS WELD CRACK FROM LEG,
LEFT LEG CRACK WITH 033 WELD,
RIGHT LEG CRAQK WITH CROSS WELD,

nieacr O

TITeETOAMN ZONE ol
FUSICH 2

!

TELD CRACKINGE ( ) WELDS SATISFACTORY
\CKING (F.Z2.) (4r WELDS UESATISFACTORY
0 )

«ai-
Q noomoa [
|SUGGLESTS fi

v
L)
4
UNE Wi

C
HEAT AVFECTED LONE (HehoZ. )snm i)

TToAMm A N TFOANR

REMARKS _PLATE DOES WOT MEET BECLISIIC REQUIREMENTS pds $77-3

TORM NO WAS-2 SHEET s SCALE 1/16
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{COrY)

— REPORT NO. AD-119
SHEET 12 OF /¢

DATA ON SHOCK PESTS OF WELDMENTS

SUBMITTED BY TERNSTEDT MANVERCT URING ouv PLATE NO. TH -F0
- TYPE = 4

LRMOR MFR & gﬁ_ﬁL.‘.ﬂ?——M‘—— ]
ELECTRODE AYERE PURPO Wﬂ.ﬂﬂ‘-ﬂ'—— 4
PROJECTILE DATE /2 -42-¥2 '.
TEMPERATURE OF rLa B TRSL NG 45 F 2 i

ONLY BACK CRACKING SHOWN

mp. | VEL. 75¥ FT/SEC. y ,
HIT25 PeNTOF RIGHT LEG ANDS ¥ #LoWCROSS WELD i
4" CROSS WELD CRACK FROM —_ LEG, —
LEFT LEG CRACK WITH CROSS WELD,
: 20° RIGHT LEG CRACK WITH2" M@ovE CROSS WELD, Mkt 2
3
;tp o BACK .
¢'s" CROSS WELD CRACK prROM  R1sM T 186,/ %" F2
veildomecs |2 LEFT LEG CRACK WITH CROSS WELD, y
;E 23"RIGHT LEG CRACK % ITH ¢AgovE CROSS WELD,{%"AAZ. i
L § 1o poRizo wTRL BOLEE 4 VERTICAL avi6e 6 EL ,
]
S .
RD. VEL. PT/SEC.
HIT OF LEG AND CROSS WELD
CROSS WELD CRACK FROM LEG, !
LEFT LEG CRACK WITH CROSS WELD, £
RIGHT LEG CRACK WITH CROSS WELD,
BACK '
CROSS WELD CRACK FROM LEG, i
L EFT LEG CRACK WITH CROSS WELD, ;
RIGHT IEG CRACK WITH CROSS WELD, 1
A .1
\ sy RD. VEL. PT/SEC.
HIT OF LEG AND CROSS WELD f
CROSS WELD CRACK FROM LFG, it
[EFT LEG CRACK WITH CROSS WELD, 't
RIGHT LEG CRACK WITH CROSS WELD, i
BACK ki
CROSS WELD CRACK FROM LEG, !
LEFT IEG CRACK WITH CROSS WELD, -
RTGHT LEG CRACK WITH CROSS WELD, it
I
L_ [
~pacr ©  WELD CRACKING == ( ) ®ELDS SATISFACTORY ‘ I
FUSION ZONE CRACKING (F.2.) { & WELDS URSATISFACTCRY i
EEAT AFFECTED ZONE (H.A.Z.) enn ( ) SUGGESTS REVELD t
REMARKS il
it
'L
FORM NO WAS-2 SHEET 3 SCALE 1/16
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(COPY)
REPORT NO. AD-144
sHEET 4 OF 6
DATA ON SHOCK TESTS OF WELDMENTS

SUBMITTED BY TERNSIERL pANUE ACTORING @p  PLATE ¥O. TH 22
ARMOR MFR TYFE o
E T =3 puwM Deyist PHE KT

BLECTRODE
FPROJECTILE

; DATE __ fasd Sl
TEMPERATURE C

NSy B E

ONLY BACK CRACKING SHOWE

- 10 PR VEL.763 FT/SEC.
EITY ueer OF RIENT LEG ANDs“ABore CROSS WELD,

&7 CROSS wFELD CRACK FROM RIGHT LEG,
13 LEFT L%E CRACK WITHAL @sisw) CROSS WELD, Akk F F:_’
 STGET LEG CRACE HITH GROSS WELD, ALL £ Z
158" gy PLETE 1B e g RET
BACK
12 CROSS WELD CRACK FROM — LEG, —
5 LEFT LEG GRACK WITH Akt @eLov CROSS WELD, =~
Js*RIGHET LEG CRACK WITHRL. R BOKE oROSS WELD, #* FZ.
34 v PLRTE c ke’

RD. VEL. FT/SEC.
BIT oF LEG AND CROSS WELD,
CROSS WELD CRACK FROM 35402 T
LFFT LEG CRACK WITH CROSS WELD,
RTGHT LEG CRACK WITH CROSS WELD,
BACK
CROSS WELD CRACK FROM LEG,
[FFT LEG CRACK WITE CROSS WELD,
RIGHT LEG CRACK WITH CROSS WELD,
RD. VEL. FT/SEC.
HIT OF LEG AND cROSS WELD,
CROSS WELD CRACK FROM LEG,
= PT IEG CRACK WITH CROSS WELD,
RIGHT LEG CRACK WIiITHE CROSS WELD,
BACK
| CROSS WELD CRACK FROM LEG,
I {LPT LEG CRACK WITHE CROSS WELD,
RIGHT LEG CRACK WITH CROSS WELD,
mpacT © WELD CRACETING == ( ) WELDS gATISFACTORY
FUSION ZONE CRACK (F.2. St (w}"‘IELDS UNEI{TIE@FACTORY.

HEAT ARTECTED ZONE (H.A.Z.)M‘ fa SUGGESTS REVELD

REMARKS -

FORM NO WAS-2 gHEET O SCALE 1/16

PLATE 35B
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PLATE 36 A
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SUBMITTEL

= U Dl L
ARMOR MFR
ELECTRODE

ONLY

1\

BACK CRACKING SHOWN
= iU

gp. [ VEL. 762 ¥T/SEC.
. H1T 14 ReATOF RIGHT LEG ANDS ¥ @ELew/CROSS WELD

\ CROSS WELD CRACK FROM LEG,
[EFT LEG CRACK WITH CROSS WELD

BACK _ i
CROSS WELD CRACK FROM LEG,

e SR g it WETY
LEFT LEG CRACK WITH CROSS WELD, ..
ARACC

l
l q°, 1%~ PLATE CRACKS
|
%"RIGHET LEG CRACK wTTE 4 R Bove CROSS WELDf'a
\ 189 1" i’mfﬂ BULGE (:' PLFTE ol o

| 2088 WELD CRACK FROM

TH
N ITH crR2SS |

rones WELD cRACK FROM

Llva L.l el

LEFT LEG CRA CK

=
N
RIGET LEG CRACK WITH

[1 RD. VEL. PT/C
! {1 | HIT oF LEG AMND
. [ '
I|
|
|
|
|

|
|| | CROSS WELD CRACK FROM
\ LEFT IEG CRACK WITH
!\ , RIGHT IEG CRACK WITH
| |

¥
12 RIGHT LEG CRACK WITHRLL el oW CROSS WEL D, ALl HAZ,

T d? L







(corY)
REPORT NO. AD-92
sieEr & OF /7

DATA ON SHOCK TESTS OF WELDMENTS

Pl ~M.C PLATE NO. R
Ee | TYPE 4*
- PURP GJE AS‘,E,EM‘ (EICRTIEN
ocav-Ya ——

SUBMITTED BY

ARMOR MFR
ELECTRODE
PROJECTILE ECTILE DATE ¥
TEMPERATURE OF 5T TESTING ___
ONLY BACK CRACKING SHOWN
RD. ’ vEL. 773 FT/SEC,
HIT oW ©OF AEFT LEG AND?Z#fvk CROSS WELD

OROSS WELD CRACK FROM LEG,
6% LEFT LEG CRACK WITH ML AGYVE CROSS WELD,—
RIGHT LEG CRACK WITH CROSS WELD,

BACK

CROSS WELD CRACK FROM LEG,

@a%" IBFT LEG CRACK WITH /" BeELow CROSS WELD,
RIGHT IEG CRACK WITH CROSS WELD,
1%, “ HoR12 ON TRE BOLGE g YERTICHL BULGE

Yy F2,

RD. VEL. 77 F1T/SEC.
HIT3{ 4eFT OF RIGHT LEG AND/3%BE0WCROSS WELD

, CROSS WELD CRACK FROM LEG,
7¥'LEFT LEG CRACK wiTH#ks 7BVE CROSS wELD, X" £2,
RIGHT LEG CRACK WITH CROSS WELD,
¥57 38" PARTE a RECkS
BACK
CROSS WELD CRACK FROM LEG,
/¢’ LEFT LEG CRACK WITH 2" @ELow CROSS wgLD,8" £ Z.
RIGHT IEG CRACK WITH ' CROSS WELD,
f?ﬁ"ﬁoﬂ!zoﬂﬂl.. auies fo~ VERTICRE Eg,[_@-ﬁ
@me s> ??'FLRTF ¢ kAcks
ap. 3§ VEL. 4% FT/SEC.
HTT 27LEFT OF RISHT LEG AND2"AEGOrE CROSS WELD
CROSS WELD CRACK FROM 10, oo
'| /2%" LEPT LEG CRACK VITH I%" §ero@ CROSS wELD, 2% F%
| P.IIGHT 1LEG C%AGK WITH CROSS WELD,
= pL@TE CRECKS From FPREVIeVS RouND
BACK
LEG,

CROSS WELD CRACK FROM :

(¥ LEFT LEG CRACK WITH 2&&Lok CROSS wELD S~ #1-%

RIﬁrH‘I‘ 1EG CRACX WITH cROSS WELD,

(Ye" HoRIZONTHL BU& GE §y"yERTICAL BouL et
fok;"P:.ﬂ?’EﬂafﬂcarS Ffom "PREVIOUS RooND

\

meacr O WELD CRACKING === (%) WELDS SATTSFACTORY
A (
(

(P )
) WELDS UNSATISFACTORY
)

FUSION ZONE CRACKING (F.Z.)

HEAT AFFECTED ZONE (HoBh.Ze) panst SUGGESTS REWELD

MysT BE 4" WIDE ry EIT 40 THE

NBL SAMPLE oWy
SCALE 1/16

ROMARKS PUATE oxLyY 32" WUDE

SHEET 5

Ml = =
et e e o=
L% W B R iL—

FORM NO WAS~2

R
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ERSERICTEY e - PLATE 384 i)




DECLASSIFIED
(COPY)
— FIRING RECORD NO AD-74

SEEET q OF &

DATA ON SHOCK TESTS OF WELDMENTS

SUBMITIED Y QAIERPILLAR TEACIOR CoMPANY PIATE NO. _frs

ARMOR MFR & f TYPE
ELECTRODE : : 2-¥ A v 7i& URP O

DATE _yp-2¢-42

PREFFAT ome S 85 UL DS 7 Sat E LIEIDE
TEMFERATURE COF PIATE AT TIME OF TES

B, 7 VEL., 75 & F"I'/SEC.
HIT /67 OF RiewTLEG AND §4"@€4oW CROSS BAR

CROSS WELD CRACK FROM LEG, e 5
LEFT LEG CRACK WITH CROSS WELD, (FUSION
RIGHT IEG CRACK WITH CROSS WELD, ( ZONE
BACK
CROSS WELD CRACK FROM LEG, fi EN
D LEPT LEG CRACK WITH CROSS WELD, (FOSION
RIGHT LEG CRACK WITH CROSS -ELD ( ZONE

Vi HORIZONTRL Bo L&k 13" VERTICAL 90; &

RD. 2 VEL. <94/ FT/SEC.
HITY.,€FT OF LEFT LEG AND 8" fgove  CROSS BAR

o CROSS WELD CRACK FROM LEG, L
LEFT LEG CRACK WITH CROSS WELD, (FUSION
RIGET LEG CRACK WITH CROSS WELD, ( ZONE
BACK
CROSS WELD CRACK FROM LEG, ( IN
LEFT LEG CRACK WITH CROSS WELD, (FUSION
RIGHT LEG CRACK WITH CROSS WELD, ( ZONE

Vo HORZOWTRL BULOE %" YERTICAL BOLGE

RD. 3 VEL. %7 FT/SEC,
EIT Y467 OF AEFT LEG ANDJS“&E4ow/  CROSS BAR

CR0OSS WELD CRACK FROM LEG, ( ™
¢% LEFT LEG CRACK WITH Z“g@NE CROSS WELD, A4 (FUSION
RIGHT LEG CRACK WIT CROSS WELD, ( ZONE
{ BACK
CROSS WELD CRACK FROM LEG, (. <IN
“LEFT LEG CRACK WITH /3@8ovE CROSS \‘l.‘ELD /" (FUSION
I;IG 1T IEG CRACK WI CROSS WEI.D ( ZONE

1% MORIZOKTAL BULEE T4 “WERTICAL BULGE
£) WELDS SATISFACTORY

(
( ) WELDS UNSATISFACTORY
( ) SUGGESTS REWELD

IMPACT o BACK CRACKING nrinn/
FUSION ZONE CRACKING ~ur

REMARK LQC@7/on aF NBA SEOMPLE W ANOWIN

FORM NO WAS=-2 SHEET 3 SCALE 1/16"

ST PLATE 388







(COBRY)
REPORT NC. AD=113
SHEET # oF /Fe

TESTS OF WELDMENTS

|
|

DATA ON SHOCK
PIATE NO.

SUBMITTED BY

ARMOR MFR T*FE

F;EGTHODF PURPO

PROJECTIL uAT"? ,

TE‘\I?‘?RATT.TRE-%EA s _______’___.__————""'

CRACKIEG SHOWN
pr/SEC.

ORLY BACZE
773 fie
IGHT LEG AND7 " BELOWT

BRD. VEL.
H1TI% LEFTOF R ROSS WELD

CROSS WELD CRACK FROM LEG,
[EFT LEG CRACK % ITH crOSS WELD,
Jj* RIGHT 1EG CRACK WITH U GELY crROSS WELD, 2 B4,
BACK
CROSS WELD CRACE FROM LEG,
LEFT LEG CRACK WITH CROSS WELD,
/ :3{;~RIGM IEG CRACK W TR Al BELOWCROSS veLD A% F 2,
) A Hbffzoh'ﬁ?t. BoLGE %-VERTICAL BULGE eq, ~H2
1
| RD. qei. lb¥e  PI/SEC.
k Hﬂ:u:ﬁoF LEFT LEG ﬂ&NDV'ﬁﬂoVE"‘ROSL, WELD
P CROSS WELD CRACK FROM 116,
t _LEFT LEG CRACK WITH CROSS WELD,
_ )y RIGHT 1EG SRACK WITHAL BELOY CRoSs TELD,2" 2.
BACK
CROSS WELD CRACK FROM LEG,
CROSS WELD,
%“F2.

LEFT LEG CRACK WITH
TI-THU. Felow CROSS WELD,

’
| 134 RIGHT
1¥e" Haef.zo#‘rﬂl. GonbE Y el Buitee 7 HAZ
RD. 9 VEL. 7/3 FT/SE
Hnwmwm‘ 16FT LEG ANDS% BELOIJCROSS WELD
CROSS WELD CRACK F LEG,
3¢ LEFT LEG CRACK WITH fs'" Bﬂ.au/ CROSS WELD, HI-L 51
¥k RIGHT LEG CRACK WITH Aet BeeowCROSS Wi “EZ,
LEG,

BACK
cROSS WELD CRACK FROM
¢/LEFT LEG GRACK \'IITHJ‘ g" FGovE CROSS wELD, Rtk FZ.
TH fil GELOW CROSE ‘.“.’ELD,{'!‘"E Z,
7 ,Q-ﬂﬂz.

(Y WELDS ‘-‘ATIC"”LCT“ Y
FACTORY

) TELDS UE\E:AL_'J_;

TMPACT E w ELD CRAC}.{INAG .__...--'
JSIU n TORE "qACT{EG (F.%. .] (
H_nns. aFTEC Teb PROIEE] (Bare He ) ( ) iéUGGmDID

REMARES _& éng@d{_ oF AR} s M B!( is!ﬁﬁ
PORM NO WAS-2 gHEET SCALE 1/186




'.I-f ‘_:!‘_,‘___:'.' B Sgus ssmme
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DECLASESIF =




Y)
K 0. AD=-113
HEET OF Jo

DATA ON SHOCK TESTS OF WELDMENTS

SUBMTITED BY QR2ILLAC MOTQR CaMPAN Y PLATE NO. P4
ARMOR MFR TYPE ¢*

ELECTRODE PUREFOSE g Fs
PROJECTILE DATE __y/~ znzéé . EAARN

TEMPERATURE

r RD. ! VEL.775 FT/SEC. ..
HIT 4" RIGHT OF RIGHT LEG AND2% CROSS WELD

3 ABovE
] 34" CROSS WELD CRACK TRCM RIeHT LEC,
o LEFT LEG CRACK %ITH CROSS WELD,—
1§%~ RIGHT LEG CRACK wITH'S" #ELow CROES WELD, —
1 BACK
i g% CROSS WELD CRACK FROM RIG-KT LEG, =
g LEFT LEG CRACX WITH CROSS WELD,
7 17 RIGET LEG CRACK wITHbY" BELow CROSS WELD, 192 F2

1 %" HORIZONTRL BULGE 1§ vERTICAL BuLeE

L

/ gD, P vEL.Gf¥FT/SEC.
HITALEETOR ARFT LEG AND 7 SW/CROSS HELD
| : 74" CROSS WELD CRACK FRON f'éA7  LEG, —
| LEFT LEG CRACK WITH CROSS WELD,
/7" RIGHT LEG CRACK WITH7~@elow CROSS WELD, —
[ BACK
2% CROSS WELD CRACK FROM RiekT LEG, —
C} ILEFT LEG CRACK WITH CROSS WELD,
/g%~ RIGHT LEG CRACK WITH?¥ BELow CROSS WELD, 142 R Z
1Y HORIZaNT AL BULGE Y%~ VERTICAL BULEE '

RD. VEL. FT/SEC.
HIT OF LEG AND CROSS WELD
CROSS WELD CRACX FROM LEG,
[EFT LEG CRACK WITH CROSS WELD,
RIGHT LEG CRACKX WITH CROSS WELD,
ACK
CROSS WELD CRACK FROM LEG,
IEFT LEG CRACK WITH CROSS WELD,
RIGHT LEG CRACK WITH CROSS WELD,
0  wELD CRACKIN; o2/ ( ) WELDS SATISFACTORY
( CRACKING (F.Z.) %% (V" WELDS UNSATISFACTORY

SUGGESTS REVELD

AT | w0 ZONE (H.A.Z.) gean’ ()
REATES [ 0CRTIN oF HRL SEMFPLE 7 7.d.004

FORM NO WAS=-2 SHEET 3 SCALE 1/16
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DE(

DATA ON SH

e %
4 ASSiFiED
(COPY)
AEREETUTIRTY FIRING RECORD NO AD-39
<gEET § OF /%
OCK TESTS OF WELDMENTS

B SUBMITTED PLATE NO. -/
ARMOR MFR TYPE V&
L BLECTRODE PURPOS
, PROJECTILE Y DATE ;D@“‘Wg-gg_
! FREHEAT OF PLals r. NINE
T_ml.l ET{PT.[TLLJ.. OF ILP LE ’!LT TI\'{E OT‘ T.I:‘.l T
RD of - qELTED FT/%EC
HIT 1§ RIGHTOT RIGHT LEG AND = petow) CROSS BAR
CROSS HELD CRACK FROM LEG, ( IN
LTFT LEG CRACK WITH CROSS WELD, (FUSION
RTGHT LEG CRACK WITH CRCSS WELD ( ZONE
BACK
CROSS WELD CRACK FROM LEG, ( I
LEFT LEG CRACK WITH CROSS WELD, (FUSION
2%¢ RIGHT LEG CRACK WITH@LE GétoCROSS WELD m:.{.i%
¥~ HORIZONT AL Bui 6 MWARLNE CRACE it MERT REFECTEDZOM
¥ yERTICAL BuLGE
RD. A,  VEL. 7y PT/SEC.
HIT*§ LEFT OF LEFT LEG ANDs% Agov€ CROSS BAR
CROSS WELD CRACK FROM 1LEG, ( IN
[EFT LEG CRACK WITH CROSS WELD, (FUSTON
RIGHT IEG CRACK WITH CROSS WELD, { ZONE
B&CK )
CROSS WELD CRACK FROM LEG, ™
,LL‘FT LEG CRACK WITH CROSS WELD, (FUSICN
27RTcHT LEG CRACK VITHA GeisdROSS WELD, mef ZONE
i HO BilzeNTRL 801. Gk HBmuVE CRACK
T v eRTiCAL BoLes wHAR2,
RD. veL. 7F’ FT/SEC.
HIT;%WG“T oF RIGHT LEG AND 2% "ABwe CROSS BAR
CRCSS TELD CRACK TROM IEG, ( IN
1L EFT LEG CRACK WITH CROSS WELD, , ,{FUS  TON
4 RTGET LEG CRACK WITH/ "B€LOWCROSS "Tm,n..; *({ ZONE
BACK
CROSS WELD CRACK FROM LEG, IH
LEFT LI r} CRACK WITH CROSS WELD, ,«{FUSL® N
ROSS WELD " o%"( ZONWE

#% RIGHT 1EG CRACK WITHY §4
9%" NERT Zrr TED = ONE

(%) WELDS SATIS FACTORY
( ) WELDS T UNSATISFACTORY
( ) SUGGESTS REAELD
nisact © BACK ORALCKING ~rrrv
FUSION ZONE CRACKING e
REMARK ALQQR7I0N QF L SEMPLE YN EN O N n
TORM N0 nho < SEEET '5"‘""""'““—"“‘_'__ =OATE 1/1C"
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DATA ON SHOCK TESTS OF WELDMENTS

SUBMITTED BY Hew  ComPRNY

ARKOR MFR
ELECTRODE

PROJECTILE

TR ™ =y
(COFY)

FIRING RECORD NO AD-39

SHEET /R OF /3
PLATE NO. _ M/ ~/Z
TYPE E_L_zgm.u_n._tmm
PURPOS Qtlﬂl JEIC BTN
DATE 10 ~/A~42

PREFEAT OF PLATE AT TIME OF SELULING (50°F
TEMPERATURE OF PLATE AT TINE OF TESTING
rRD., [/ VEL. €02 FT/SEC.
HTT oN OB WEFT LEG ANDZP CROSS BAR
QELOW ‘.
GROSS WELD CRACK TROM 1g¢, ) IN |
§4%° LOFT LEG CRACK WITH AL PELWCROSS WELD, — ) FUSICH
RIGHT LEG CRACK WITH CROSS WELD, ZONE
BACK !
¢ CROSS WELD CRACK FROM G, ) IN '
(o7 EFT 1EG CRACK wTTHFLL BeLoWROSS WELD 357 YFITSTON
RTGHT LEG CRACK WITH CROSS WELD, ZC0XE
J | g HORIZONTRL BULGE
%' YERT/CAL BULGE
[_ el
RD. A VEL. 7f0 FT/SEC.
HIT 44T OF RIG-HT LEG ANDSE" ggoye  CRCSS BAR 4
, _CROSS WELD CRACK FROM LEG 1IN
@" LEFT LEG CRACK WTTHALIMWCROSS WELD,— )FUSIOL
g%* RIGET 1EG CRACK WITEA #Bor€ROSS "ILL, ) ZOKE
BACK ;
CROSS WELD CRACK FROM LEG, . ) IN !
(% LEFT LEG CRACK T TTH/s BELALROSS wELD 64~ ) FUSIOR 1
(o4~ RIGHT 1=G CRACT TITHAL GOWEROST YLD, 45“) ZOLE
1%;‘&03&0#?94 BULGE
Y YERTICRL BULFE '
RD. VEL. FT/SEC.
HIT OF LEG AND CROSS. BAR
CRASS WELD CRACK FROM e, ) N
LIFT LEG CRACK WITH CROSS WELD, )FUSION
RTIGIT IEG CRACK WITH CROSS TELD, )ZONE
BACK
CROSS WILD CRACK FROM T
LorT LEG CRACY WITH ) FUSTON
RTGHT LEG CRACY WITH ) ZOKE
k w51 DS SATISFACTORY

L3

(X)
U
()

THP ACT
PUSION
REMARK

ATTSRACTORY

jaiviss

Suaunol D O D)

SNl A
DECLAC

SCALE 1/1€"
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A (COPY)
REFORT NO. AD-131

SHEET ¥ OF ¥

DATA ON SHOCK TESTS OF WELDMENTS

SURITTED BY PIATE NO. i -1
ARVOR MFR - (_EEEZ}% fgfi:} %%52 ;EEEEE TYTE Y
ELECTRODE _ PURP OSE

T ECTELEW e
TEyPERATURE U2 e i S i g'F

ONLY BACK CRACKING SHOWN

gp. [/ VEL.Z¥ FT/SEC. _,»
HITA LEF/ OF LEFT LEG aNpYL BELowCROSS WELD

CROSS WELD CRACK FROM LEG,
24" LEFT LEG ORACK WITHML FELOW CROSS FELD, ¥ £ Z-
RIGHT LEG CRACK WITH CROSS WELD,
BACK
OROSS WELD CRACK FROM LEG, %
4 LEFT 1EG CRACK WITH AL GELOW CROSS ¥WE n’suaz 39 F2

BIQHT LEG CRACK WITH CROSS WELD
4 porizonTrl BULEE % JERTIAL BULGE

gD, g, VEL. 772 FT/SEC. .,
HIT gN oF R(6HT LEG LND#é /FHOVECROSS WELD

_ CROSS WELD CRACK FROM 1ES, .
7% LEFT LEG CRACK N TTH #LL BELOW CROSS yeLD,3% FZ
RIGHT LEG CRACK WITH CROSS WELD,

BACK

~ CROSS WELD CRACK FROM LEG, ,
IEFT LEG CRACK WITH #Z< pBOVE CROSS WELD 3w IV F2.
7 E_Ic';g'f ‘}EE CRACK WITH/%4 FBOpECROSS WELD, /*£2,

o AL 3
/Zﬂmzzmrﬂ QULGE W VERT/CHL BUL GE

RD., & (VEL. 7222 FT/SEC. 4«
BT X/ LEF7 OF R/6HT LEG avp 64 Gela/cross WELD

cROSS WELD CRACK FROW LEG,
¢4 1EPT LEG CRACK % TTH ML GELOV CROSS ¥ELD,f “F2.
;2% RIGHT LEG CRACK WITH ML BELOW OROSS WELD, ML £ 2,
Sy~ PLATE Vol 747 4
BACK
CROSS WELD CRACK FROM LEG, o
J6" LEFT LEG CRACK STTH AUL BE ~OW CROSS WELD g##27% F2
/9% RIGHT 1EG CRACK WITH/¥” GELoW CROSS WELD [#2 e L
i+ yor1200TAL BULGE  F~ vERTICAL BULGE

mpact O WELD CRACKING === (
FUSION ZONE CRACKING (F.2.) B (
HEAT AFFECTED ZONE (HoAuZ.) o= (

WELLDS UNSATISFACTORY

My WELDS SATISFACTORY
)
) UG GESTS RENELD

ST ARKS
- L_L.\.;L;'LK b

Sl e R

—

FORM NO WAS-2 SHEET 3 SCAIE 1/16

il ASQIFIED PLATE 43B
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RD. ¢ vVyEL, 779 PT/SEC
HIT ¥ 'AEFT OF LEFT LEG AND

1
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LIEA L, W %l 1 2 e i

2500 : T : T I I I
: SUMMARY OF RELATION OF SHOCK
P s FRACTURE AND H-PLATE |
PERFORMANCE (75 MM.)
2a00l 1\
\ J.(N,L A - annealling beads
\ N~ no annealling beads

o=cracking in leag welds
and plate only

(3]
% 2300 N : x~- total cracking
-‘[:" \ L-longitydinal ; all others
'8 Nlae ; transverse
I
E \
5]
Wy 2200 \ ¢ )-
~ \ A
Ly
& \
“
S, \
< 2i00
ac N
: A"ql -
5
(&) - A
o \ &
-‘r = Ll £
“’)2000 \ —d .q_n_r.f..'_g‘.:._—]-l
o
[t b
S
TH &2
> Heil 14 o e e R |
~ /900 -
o LN i 4
- S N a8
O -
: -
> '-GF—J-—H-J-G— _”IT e 5
= me L i: =Y < >4
£ L _mdes 3N
=) 3|
I
1700
|
3
1600
(o] io 20 30 40
CRACKING IN H-PLATE - INCHES
——rs e Wl §anad | B ' Vi R /| . ; "':i
‘3[‘ l ~ . _'" .I', : " 1.' g -;"r:;: f.‘I.‘ ok & - _h e T Wi,
DECLASSIFIE “opLATE 45
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2500
. RELAT/ION OF WELL ESTABLISHED ||
\\ LIMIT VELOCITIES FOR NRL SHOCK
xR LEG WELDS OF WELDED H-PLATES
f.," \\ TESTED WITH 75 MM. PROOF =
“ \ PROJECTILES.
; E‘zaoo \-\
I ‘\
. "’;; > ‘\\
3 \
2200 \
g \
S \
~ \
& i
\
EE 2100 X
S \
Q
: g
: 2000 \\u
c N
= A\
A \
E -*
~ 1900 o
g %
~ i
g s
S 80 s
f ~~J_ ]
3 T
1700
{60
0 10 20 30 40

CRACKING IN PLATE AND VERTICAL WELDS OF H-PLATE -INCHES

Cl Aceiries
DECLASSIFIED PLATE 46
il




AVERAGE CRACKING IN H-PLATE-INCHES (S7MM. PROJECTILES)

! s{ji::r A A 1ot
2‘, | | T T
FREER = Sms e,
e / i IF ISUMMARY OF RELATION
- 1 ( HOF SHOCK FRACTURE
2400 AND H-PLATE PERFOR-
MANCE FOR S7TMM. T1
L ' PROOF PROJECTILE.
2300 i
'] {r -
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D 2100 t
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: ' /IMPACT  DIRECTION
| FT/SEC. OF ROLLING

2329  TRANSVERSE

-

2240 LONGITUDINAL

l




b oo Yoo Bt IMPACT = DIRECTION
FT[SEC. OF ROLLING

2524  LONGITUDINAL

2415 CAST

PLATE 50
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IMPACT  DIRECTION

2098 TRANSVERSE

l

2000 TRANSVERSE

l

PLATE 5l




IMPACT
FT. [SEC.

2355

DIRECT/ON
OF ROLLING

LONGITUDINAL

PLATE 52




APFENDIX A - Experimental Development.

3. A considerable number of test pieces were studied in the
development of a suitable experimental technigue for shock-fracture
testing of armor and weld joints. In the preliminary study, test
pieces (3" x 8" x 1" thick) (Plate 53) welded with an austenitic
electrode of the 19-9 type were supported at each end. Caliber .50
ball M-l ammunition was used at normal impact on the face of the
single V—groove. Considerable damage and gouging out of weld metal
to the extent of 1-3/8" x 1/2" x 3/8" occurred with very little
bending of the specimen and no damage to the root. It was suggested
that the stress at the narrow root might be increased by impact with
2 caliber ,5Q AP dart. A second specimen was supported in a manner
similar tp that of the first. Complete penetration with an opening
5/8" x 3/4" occurred with a velocity of 3240 ft./sec, and produced
no damage to the root and only a slight bending of the specimen
(Plate 53). Obviously, use of a specimen of this type would nat
solve the problem.

2 In order to increase the stress at the root of the
weld, a number of ballistic test specimens were prepared from &
corner joint (Plate 54). This type of test specimen was ideal when
considered from the ballistic test standpoint. A limit velocity
at which a finger is just removed may be obtained from two impacts,
one above and one below the velocity necessary to fracture the test
specimen. An increase in the number of impacts enables a more ac-
curate determination of limit velocity of the test specimen, In
order to reduce the energy absorbed by deformation of the long finger,
subsecuent testing was performed on specimens with shorter fingers
(Plate 55). The range of limit velocities has been reduced. The
test piece, however, is difficult to prepare and gives & joint with
non-uniform heat distribution, Also the spction of plate material
which forms the base of the test piece is stressed in a direction
through the thickness of the plate.

3. Another type of specimen was a strip 2" wide cut across
the weld moupnted in a jig as shown in Plate 56. This specimen and
mounting proved unsatisfactory as the greater portion of the energy
was absorbed in deforming the plate material adjacent to the weld.
Even the specimen shown at the extreme left in Plate 66 which was
clamped with the short end of the plate material extended from the
Jig proved unsatisfactory. 4 reduction in the section of the specimen
to be broken as shown in Plate 57 did not increass the stress on the
weld suffjciently except in the case of ghe pegopd specimen from the
left which showed a defective weld,

4, The most satisfactory test piece from g welding standpoint
is a single-V or double-V butt joint., All further efforts after
complefing the abhpve preliminary studiss were directed toward the
development of a test specimen using armor or a butt joint with
either a single-V or double-V groove,

5. Certain difficulties were encountered in the early speci-
mens prepared from butt jeints, & $ypical specimen is shown in
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DECLASSIFIED

Plate 58 in which it is to be noted a large amount of deformation of
the finger is present, In fact, side deformation of the center
finger was so great that binding occurs between the fingers. An
increase in the seDaration between the fingers by use of a double
hack-saw blade was not sufficient to eliminate the difficulty
(Plate 59). A second fector which discouraged the use of this
particular type of test specimen was that the energy available
with impacts at maximum velocity was insufficient to fracture the
finger of unwelded specimens, A reduction of width of the finger
to one inch, a reversal of the projectile ip the gun, and the
spacing of the fingers finally produced & specimen which performed
satisfactorily.
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PLATE 58
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