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ORJECT

e e

Worl descrited 1n this report was designed primarily to determine
whethehr the tirst 60,000 tombs, with less than specified wall thickness
in the ogive area, marufactured by the Walsh Construction Company would
meet penelratisn requirements of the 750-pound TS54E3 demolition bombs,
Another purpose of the evaluation was tc determine the reason for cracks
which apreared adjacent t¢ the lug insert welds in the casings of a small

percentage of the tembe, Thle iwgestigation alse included evaluation eof

the effectiveness of repair welding the cracks,

"

A ———— - "

N Bvaluation of thin-ncsed, 750-pound; T5,E3 demolition bombs made by the

Walsh Construction Company was accompl.shed through thorough metallurgical

testing and gur—firing teshks,

Three bomb casings, one ®as forged" with "as welded® inserts, another,
welded and heat~ireated, and a third, repair-welded and tempered, vere met-
allurgically tested to establish what properties assure intact casings after
target peaetratisn al redused temperatures,

The tevr program included cheml:al analysis, hot-acid micrcetching, mi~
‘roscepls study, tensiie preperty chesk, and hardness surveys of each ogive
and body, alse radicgraphis examination of lug insert welds, and microseopic

examination of welds arnd cracked areas,

Trin-rosed 750-peund, TS54E3 demclition bombs manufastured by the Walsh
Construction Company were gun-fired at. an average velocity of 1000 ft/sec

agairs* reinforced targeis set a* 15-degree otliquity, Examination of the

1
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targets and bombs recovered behind the targets revealed that the T54E3 bomb
effectively penetrated both 1l6-inch single-thickness concrete, reinforced
with two spaced layers of steel bar lattice, and 24<inch laminated concrete

in 8-inch slabs, each reinforced with one layer of steel lattice at the rear.

CONCLUSIONS

According to test results, the renetration ability of the Walsh bomb was
not limited by the thin ogival walls, but rather by the base closure construc-
tion and insert weld,

Cracking which occurred at the lug insert welds was associated with the
stress pattern impcsed by welding a relatively massive insert into a thinner
casing wall, Snugness of the lug insert against the inside of the casing wall
will affect the strength of the weld. A small space between lug insert and
wall could act as a "triggring mechanism" for cracking, The contour of the
toe of the weld reinforcement -hould be asmoothly curved,

Repair welding was effective, and the tempering treatment after weld re-
pair did not appreciably affect tensile properties of the cgive, whereas yield
and tensile strengths of the bomb body were reduced slightly (about 10 percent

and 5 percent, respectively).

RECCMMENDATIONS

The lug insert should be made to fit snugly against the casing wall
during manufacture. The welding process should also be studied and a method
established which will increase the weld penetration in width. The weld should

extend to the edge of the insert boss, completely filling the space between

— . cm—

the lug insert boss and the wall body, thereby eliminating one possible "trigger-

ing mechanism" for crackfng.

2
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There should be an investigeticn of base closure construction, and
develorment of & design capable of withstanding *the impact of the bomb

agaiust & soncrete tarpgst., Parenthetically, it should be noted that

failure in this are& is not limited to the design nerein considered.

[t 1s recommended that repair welding bs considered acceptr mle, provided
the repeir weld is exanined carefully by radiographic or other msans to

&

assure complete cicsure of ‘the crack,

ACTICN TO BE TAKEN CN RECOMMENDA TICNS

e g —— AR KDL

A note will bte added to the bemb drawing, calling for the weld of

the lug insert boss to extend to the edge of the Loss. The pro-ess is

to be yualified and the qualification requirements will be placed in
the spscifization. The specification will be changed to permit repair
welding of cracks and call for inspection of the repair,

The base closure constructions has beer ~eferred to Research and

Develiopment f{or investigation,

P

3
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INTRODUCTION

1. The Walsh Construction Company of Portland, Maine, in early 1954,

contracted to manufacture 133,600 T54E3, 750-pounu demolition bombs; how-

ever, the only available supplier of butt-welded tubing did not have the

plant capacity to produce a sufficient amount, Therefcre, the Walsh Company

used seamless tubing and developed a new method to form the ogive and base
The new method, a swagimg process, utilizing one small (400-tcn)

taper.,

press instead of the usual five heavy presses, could produce bombs nuch:

faster and cheaper than by competing methods,

2. Because the drawings were made for another manufacturing process
and the seamless tubing had a wall thickness tolerance of é 1235 percent,
the Walsh Company was unable to achieve the ogival wall thickness specified.
Howeve}, since special heat treating and swaging of the seamless tubing pro-
duced bomb casings with 25 percent more structural strength, 0CO granted
waivers for Walsh to manufacture 60,000 bombs with minimum ogival wall thick-
ness of 1,200, 0,700, 0,500, and 0.400 inch instead of tne s pecification
dimension of 1,295, 0,786, 0.575, and 0.425 inch,

3. Several bombs, each loaded by the manufacturer with 694 pounds of

wet sand, were dropped by a mobile crane from heights of 55 and 110 feet.

No major deformation occurred; nevertheless, Picatinny Arsenal initiated

studies to determine the maximum performance that could be expected from

these thin-nosed bombs.

L., As the first step in evaluation of T54E3 Bombs, Watertown Arsenal

was requested to have its laboratories conduct metallurgical tests on three

5
CONFIDENTIAL




CONFIDENTIAL
bomb casings, 1ibkRed A, =, «d C. (Cgsing a had welded inserts, but wus without
subseguant heat treatzent; B wus processed through full heat trestment and had
body wall cracks adjacent to the inserts; and ¢ was similar to B, except for
repair-welded crucks and Subsequent tempering treatment,

5. The three casings were subjected to chemical dnalysis, hot acid macro-
etching, micrB®scopic study, tensile property determination, hardness surveys,
and radiographic, nacroscopic, and micros#copic examination cf lug insert welds.

B Following andalysis of metallurgical examination results, 30 Walsh-manu-
factured bombs were selected at random for medsurements of wall thickness 4CCOoIt-
lag to Standards of A, 0, Smith Company, producers of the original T54 Bomb
Casing.

7. Of the 30 bombs, the 10 with the gredtest variation in wall thickness
were chosen for additional testing. Seven of the 10 were used for gun-firing [
penetration tests (Table 1); the remaining bombs were used to test the adapter

booster impact,

TABLE 1

Nall Thickness of Bombs Gun-fired it Naval Provihg Ground

Homb Messurement PDult;Jh Bomb Measurement Position
No. No., 1 No. 2 No. 3 No. &4 No. No. 1 No. 2  No. 3 No. 4
3 1.280 700 .L50 350 9 1,400 . 700 .490 . 380
1.260 . 780 60 370 1.460 660 490 . 390
1.400G Blu 450 . 360 1.590 iy, 40 490 LU0
1. 30U . BOO 45U « 350 PN 700 490 400
i) 1. 356 . 700 450 « 0 hel 1,560 + 150 430 sl O
1.300 .690 500 400 3. 590 A 460 400
1.300 .690 S50 410 1578 820 .500 . 380
» 5. 308 670 450 +3570 1528 s T 470 . 380
8 1.580 . 720 0520 355 15 1,459 o 740 sdp [ . 390
490 650 + 450 w270 L 456 g 450 « 350
1.400 .650 b © - LU0 LSO ey <450 . 380

1.600 700 500 .40
16 1.380 © 650 450  .370
1.390 650 480  .390
’ 1370 670 480  .390
1.350 & -716 e $050

6
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METALLURGICAL RESULTS

€. Visual exuminution showed the casings were similar, except that

Casing A had a 0.45-inch waill thickness, while Casings B and C each had
“

0.375-inch,

9. Because the casings were manufactured from seamless tubing by hot
forging, there were no longitudinal cr circumferential weld joints.

10. Chemical anulysis of specimens obtained from the body of each cesing

yielded the following results:

Cdsigg_ C Mn Si S 124 Ni Cr Mo v

A 0.305 0.8, 0.260 0,020 0.015 nil 2.031 Trace Trace
B 0.38 .1.02 0,25 0,025 0,018 nil 0.021 nil Trace
C O, 37 Q.98 £.22 0,082 0, 01% @il 0O.02L nil Trace

11, Although Casing A originated from a different heat of steel than
either B or C, ull three were manufactured from steel meeting chemical com-
position requirements of Picatinny Arsenal tentative Purchase Description
No. PA-PD-613 The composition of this steel was 1dadeqﬁé£e to transform
completely to nmartensite in the section thickness present ia'ége casing
ogives, This condition was even vorse with the standard,thicker section,

12. Macroscopic Examinaici: Longitudinal sections were machined from

the ogive and body of eich cusing, then surfaice-ground und etched in a hot
solution of HCl and H20, The resulting macrostructures (Figs. 1 and 2) were

typical of good guality hot-rolled steel. In Casings B and C the flow

pattern of the forged ogive sections was more pronounced than in Casing a.
Numerous fine cracks (resulting from the ogive-forming operation) were on

both the interior and the exterior surfaces of the B and C casing ogives.

it
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CASING C .. RETEMPERED

Fig. 1, Hot-Acid Macroetched Sections from Bodies of T54 Bomb Casings A,
B, and C, Manufactured by the Walsh Construction Company .

QU-NCHED AND TuMP.RED

“HW | e e e
'1-.-.1 -"- .."“I." ;

Fig. 2, Hot-Acid Macroetched Sections from Ogives of T54 Bomb Casings A,
B, and C, Mamfactured by the Walsh Construction Company,

8
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Figure 3 shows how these cracks appeared on the interior surface of the
ogives, The most severe cracks, found in Casing C, were 1/32 inch wide
by 1/8 inch deep. Comparison of the three sections (Fig. 1) showed con-—

siderable variation in the ogive wall thickness of Qasings A, B, and C,

Fig, 3. View of Interior Surfaces of Ogives from 750-Pound T54 Bomb
Casings A, B, and C Mamufactured by the Walsh Construction Company .

13. Microscopic Examinaticn: Specimens were machined from the ogive

and body of each casing, In Casing A (Fig. 4), microscopic examination re-
vealed very little difference in the microstructure in either locatiocn;
both areas consisted of fine pearlite and ferrite, The structures were
typical of hot-worked steel, slowly cooled from the forging temperature in
air. Casings B and C had structures in the body consisting of tempered

bainite, with some traces of martensite in B and considerable rejected

/
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X100 X1000 -B— =
Coarse-Grained Structure of Hot- Fine Pearlite and Ferrite in
Worked Steel, Same Area as -A-,

Moderate Grain Size, Ferrite, Bainite, and Fine Pearl-
ite in Same Area as —C-,

Fig. 4. Microstructures of Ogive Sections From Casings A, B,
and C.

ferrite in C (Fig. 5), Both casings had similar ogive structure which con-
sisted of bainite, pearlite, and ferrite, The nose structure was consistent
for steel of 4he composition employed which would not be expected to quench-

harden fully through the heavy wall section at this location,

10
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X100 | CASING B X1000

Fine~Grained, Slightly Banded Tempered Structure of Bainite
Stmcture. and Some Ma.r*bensite.

AE 40 ".“"j-: f '

CASING C
Fine Grained Structure with Sone Tempered Bainite and Grain Boun-
Elongated Hon~Met,llic Inclusion. dary Ferrite,

Fig. 5. Microstructures from Bodies of Bomb Casings B and C.

Li. Tensile Properties: Specimens for determination of tensile prop-

erties were taken from the cgive and body sections (in longitudinal and
transverse directions) of all three casings., Four specimens were obtained
for each position. Data contained in Tabls 2 show that yield and tensile
strengths were higher in the casing sidewall than in the forged ogive area,

with the difference more pronounced in heat-~treated Casings B and C,

il
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JABLE 2

TENSILE PROPERTIES OF 750-Li TS5% BOMB CASINGS
Yle|a Stronlthf PSI Tensile
Direc~ Temp. . . Strength Elon. R. A
Location tlon {oC 0ffset 0ffeet Psi E ] -
CASING A
0glve T *28 40, 300 40, 300 77,000 25.5 81.8
Cgive T +23 41,000 81,800 78, 400 26.0 47.6
0give T ~65 55,000 53, 500 89, 200 21.0 2.7 ’5
ogive T (5 54,500 53,000 90,000 27.5 us,
Body T +24 34,500 n4,750 83,000 2.5 56.5
Body T o 48,780 %6, 250 82,000 2.4 55.0
30dy T +24 45,750 85, 750 82, 500 23.% 88,0
Body T +28 45,000 45,000 83,600 29.6 56.5
ogjve L +24 42,500 42,500 78,500 28.0 53,6
ogive L +24 42,600 43,500 79,000 28.5 55.1
ogive L 65 56,600 55,000 91,100 29.0 48. 4 31
cglve L 65 55, 500 53, 750 91,500 30.0 50. 2
Bogy L +24 47,250 47,500 85,500 26.5 58.5
Body L +2n u4,250 43,750 85,250 26.5 59.0
Body L +24 45,000 45,000 85, 250 26.5 58.5
Body L +28 46,500 46,500 85,250 29.6 58.5
CASING B
Ogive T +24 75,500 76,000 111,700 12.0 28.3
0glve T +20 81,800 81,800 114,800, 15.7 ¥
0glve T —65 86,000 84,000 124,000 13.5 26.0 10
Ogive T 65 88,000 90,000 126, 200 9.3 2.0
Body T +24 112,250 113, 750 133,500 14,4 46.3
Bogr T 424 113, 250 112,500 132,750 14,1 .8
Body T +24 110,000 111,250 132, 500 18,1 46,93
Body T .20 109, 500 111, 250 132,500 14, 1 %8.0
Oglve L *24 72, 509 71,800 109, 000 2.0 8.5
ogive L +24 71,000 71,000 107, 600 22.0 51,2
ogive L —65 84,200 82,290 121,300 23.0 49,8 17
Ogive L —65 84,500 83,000 123,500 210 874
Body L +24 105, 000 107,000 127,500 21.9 56.5
Body L +234 104,250 105,750 126,500 17.2 56.5
Body L +2u 106, 250 107,500 127,500 17.2 55.0
Body L +24 105, 250 106, 750 127,250 17.2 59.0
CASING C
dgive T +28 81, 300 82,300 113,800 14.3 31.5
0give T 28 86,500 86,500 116,000 17.9 81.4
0give T -65 88, 300 86,800 126, 100 18,5 23.2 3
Ogive T ~65 8Y, 500 84, 500 123,000 11.5 14,0
fody T +28 107, 500 108, 750 127,500 15.6 N85
Sody T +24 104,250 105,750 127,500 12.5 81,5
Body b 2 98,500 100,500 128,000 12.5 46.3
Body T +24 98,750 101,250 126,000 14,1 u3.5
0give L +24 70,000 70, 600 106, 500 19.0 45.7
Ogive L +24 69, 800 70,050 105,250 19.0 By.5
0give L -65 85,500 813, %00 118,000 20.0 39,7 9
Ogive L -65 81, 100 82, 100 120, 300 20.0 82,7
Body L +214 91,250 92,500 126,000 18.8 59.0
Body L +24 87, 500 88, 750 118, 750 21.9 60.0
Body L +24 90,000 89, 250 118,750 21.9 59.0
Body L +24 96,250 97,500 121,750 15.6 58.5
12
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I Casing a4, unheut-treated, had wield and tensile strengths somewhat

lower in the transverse direction; the opposite was true in Casings B and C,

which had been heat-treated by querich and temper operations. Casing A had

an average transverse yield strength of 41,000 psi in the forged ogive, and

45,000 psi in the body. Transverse sections of the heat-treated casings

exhibited 81,000 psi yield and 114,000 psi tensile in the c(give, and 106,750

psi yield and 130,000 psi tensile in the body.
16, At -65°C (-84OF) the strength of the ogive section showed an in-

crease over ambient temperature properties. This wus rmore pronounced in the

unheat-treated casing, which increased 3U to 35 percent in yield strength and

approximately 15 percent in tensile. At the lowitemperature, quencheda-ind-

tempered Casing B increased from 10 to 17 percent in yield strength and

from 9 to 13 percent in tensile. An increase of 3 to 17 percent in yield

and 8 to 12 percent in tensile strength was obtained in Casing C when the

test temperature was lowered from room temperature to -65°. No appre-

ciable effect was noted in the elongation and reduction of area values of

any of the casings.

17. Hardness Tests: Rockwell hardness readings were obtained on

surface-ground longitudinal sections from the ogive and body of each casing.
Table 3 contains readings on the ogive sections; body section readings were
uniform and not tabulated. Casing A, as forged,wus sligntly higher in
hardness at the cuter surfuce of the ogive (84 Rockwell B average) with
the hardness decreasing toward the interior (8l Rockwell B average).

18, Near the outer surface of the ogive, theg other two cusings showed

higher readings (19 to 28 Rockwell C) which decreased toward the midwall

(15 to 16 Rockwell C) and increased again slightly at the cuter surface (ig

to 21 ttockwell C).
13
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TAME 2
HARDNESS REACINGS ON OGIVE SECTIONS OF 730-COUADR ROE CALLEGD. -
ape Casipg & ‘.“.“ 'S'I ]

Casin
g -inch Below ¢—-inch Below  4-Inch Below Center $-Inch Below #—Inch Below
Surface Surface Surface cf _ Surface Nurface
Quter  Inner Outer inner Outpr _Inner Section Outer Inngr Quisc lnner
83.5 —- 0.5 --- 200 --- --- $.6 -+- 178 =--
."o = = = .1-0 80.0 18_-0‘ - - - 17.5 1.—‘-5 -- - 17.0 = =
8.5 - -- g0 #0.5 8.0 2.5 17.0 18.% - - - 16.%5 18.5
88.0 .0 820 01.0 19.0 23.5 15.6 18.0 9.0 17.0 1a.8
1 X ] .0 81.0 21.5 18.5 21.5 16.0 9.0 21.0 16.5 18.0
88.0 --- 981.0 1.5 17.5 29.0 16.0 19.0 20.0 1.0 17.0
”05 ey .2-0 31.5 ”lo 2’-0 16‘5 1’05 m-s 17-0 17.0
68.5 --- 81,5 2.0 8.0 2.5 18.0 18.3% 21,0 7.0 17.0
5.0 --- 820 g2.5 7.5 23,0 17.5 18.85 22.0 17.0 18.0
8.0 --- 020 1.5 19.0 23.0 17.5 8.5 23,0 17.0 18.0
88.0 --- 2.0 --- 48,0 280 18.5 18.5 --- 16.5 200
8.0 --- 8.8 --- 1885 --- 205 9.0 --- 7.0 - -
8.0 --- 8L --- 190 --- 220 1.5 --- 9.0 - --
3.0 --- e --- o -=-~- 2.0 9.0 --- 9.6 ---
8’-5 T ET .2-0 - e 1.-5 - 21-5 ”oo O m.c (L O
82,0 ~-- 2.0 --- 3.0 -~-- 268 8.5 --- 208 - --
8205 S .2-0 - - e 19.0 G ’no 1.5 <) S 2°.° - - -
e.oo e .200 e ) 1'-5 T~ 2.05 1.'3 = “-5 CogiC O
21.0 - “-5 1’9-0 - 1‘.5 (2 1O

19. Hardness readings obtained every hzlf-inch apart on a section from
Casing Afs sidewall were similar to those obtained near the outer surface of
its ogive, HReadings obtiined on sections of B and C casing sidewalls were
fairly uniform and averaged 25 and 23 Rockwell C, respectively,

20, Radiographic Examination of Cracked Ar-~as: Radiographs, covering an

approximate l2-inch by l€-inch casing areca, were taken of both lug inserts in

each of the three casings. No cracks or other defects were cbserved in either

the rear insert welds (circular inserts) or the forward. insert weld of Casing
A, In Casing B (visible withcut X~-ray), an ll-inch long crack was shown tun-
gznt to the forward edge of the insert weld and extending into the casing met-
al an ecual distance on each side of the insert (Pig. S)a 'Ifjhe radiograph of
Casing C revealed a repair wsld of a crack which extended into the casing
metal appro:.imitely seven inches to the left and 3/4 inch to the right of

the insert. A 1/4~-inch section at the end of the crack on the right side
of the insert vas not filled completely by the repair welding operation,
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il

SPECIMEN

CR

BOMB ((C\\

Fig. 6. lug Insert Welds of Test Bomb Casings A, B, and C,

2l. Examination of Lug Insert Welds: Sections of lug insert welds were
taken from the three bomb casings (Fig. 6) so that in each case the section
of Specimen No, 1 examined was approximately in the centerline of the lug in-
sert. Macrograpbs of these sections are shown in Figures 7 and 8, As a

point ¢f interest ,a macrograph of the opposit< [ace of Specimen Cl is shown

in Figure 8,
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SPECIMEN Al
Bomb A As Welded

SPECIMEN Bl
Bomb B After Quench and Temper

Fig. 7. Lug Insert Welde of Casings A snd B,
Showing Cracks in Casing Wall.

22. A s=cond specimen, C2, was taken from Bomb C to give a cross sece
tion of the repair weld and a section of the insert weld. The black dots in

the macrographs indicate approximately where photomicrographs were taken,

16
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SPECIMEN C1

AFTER
‘WELD
REPAIR

Bome C

OPPOSITE
FACE
OF
SPECIMEN

(e} x5

Fig. 8. Bomb Casing C with Lug Insert Weld Repaired.

23+ TFhotomicrographs in Figure 9 were taken from the location on Bomb
A, shown in Figure 7, to show the "as welded" condition. The bomb casing
wall was a hot-worked metal with a banded, coarse pearlitic structure, and
the weld metal had a coarse dendritic structure with some pearlite. Tigure
9E shows the coarse pearlite of base met.l in the heat-affsctad zone was re--

finzd considerably by successive hzaat applications of the two weld layers,

o
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CASING WALL

Fig. 9, Photomicrographs of the "As Welded! Condition of
Lug Insert Section of Test Bomb Casing A,

24. In the quenca- and temper-treated bomb casing, the coarse pearlite
was refined considerably and had been transformed largely to tempered bainite,
Coarse dendritic structures of the weld were eliminated by heat-treatment

which left a structure of fine-grained pearlite with soms bainite, The

18
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heat-affected zone, us such, dissppeared, and the structure reverted to that

of the heat-treated casing wall

25, Casing C's wall exhibited 4 structure of tempered bainite with a

small amount of tempered martensite. The repair weld wus dendritic, similar

to the lug insert welds, but much finer grained because of alloy content and

because specimens for the photomicrographs were in a layer of weld metal

-

below the surfuce.
Casing C's lug insert weld showed a structure of fine-grained

26.

pearlite with some buainite, plus 4 slight iren carbide precipitation due to

tempering. The repair weld showed that the structure in the surface layer

was not reheated! by a subsequent' layer,
27. As shown in Figure 6, a typical example, quench rracking occurred
approximately 4t right angles to tne centerline of the lug insert, and the

crack was t ;mgent to the weld at the centerline of the lug insert, ixcept

for a short distance in the region of tangency, the crack was not associated

with the lug insert weld but extended into the bomb casing away from the weld,

19
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GUN~-FIRING RESULTS

28, All the saven bombs fired penetrated their respective targets,
and a2ll bombs were recovered after firing., Three were in an effective
condition and four, in an ineffective,bursting condition,

29. In general, nose ends of recovered bombs were in very good con-
dition. Conical nose plugs and the areas around them were only slightly
deformed. All impacts were at a velecity of about 1000 ft/sec¢ which rough-
1y corresponded to a free fall from 25,000 feet altitude, In each case the
concrete target was at 15 degrees obliquity from the line of fire ( the angle
at peint of impact, between the line of fire and the normal to the plate),

30. The first bomb, with a mean velocity of 1C1C ft/sec, was fired 29
Mar<h 1956, against l6-inch, single-thickness reinforced concrete, instead of
the 18-inch requested by Reference B, An 18-inch target was not available
and previous result- had indicated thet this bomb would not penetrate 20
inches of concrste and remain effective., Nose plug and nose area were in
good condition. Figure 10 shows thit the body was uncracked and, except
for a 180-degree fold around the lLase,
Was in good shape, However, the bomb
base was torn open, the =xplosive cave
ity exposed, and the base well broken
and deformed (Fig. 1),

31. The sscond bomb was fired on

L April 1956, against 20-inch, single-

thickness reinforced concrete at a ve-

Fig. 10. Target Penetrationu and lccity of 1025 ft/ secy Nose plug and

Fold at Ogive Base of First Bomb.
nose area remained in good condition,

pAl
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but the tody fractursd along the weld
for the multiple lug insert (Figs, 12
and 13), and a heavy 300-degree fold
appeared around the main base of the
ogive (Fig. 14). The external base
ring w°s pdrtially separated from the

body of the bomb as shown in Figure 12,

Fig, 11, Base of Recovered
Bomb, Showing Broken External
Base Ring, Missing Base Plug,
and Distorted Fuze Cavity
Liner,

32. The third bomb, fired

11 April 1956, against 20-inch,

single-thickness reinforced con-
Fig. 12, Second Bomb, Showing Fold
crete, had a mean velocity of at Junction of Ogive and Body, Split
Along Multiple Insert Weld, and Sep-

1005 ft/sec. MNose plug and nose -aration of External Base Ring.

area were in good condition, but the body had a fracture along the weld for

the multiple lug insert and, at the ogive base, two h2avy folds, on: of

Fig. 13. Sectioned Multiple Lug Insert From
Second Bomb, Showing Metal Failure Along Weld,

22
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Fig. 14. Photo of Second Bomb Fired, Showing Fold at Base
of Qgive and Penetration Through 20 Inches of Concrete.

which extended 360 degrees around the body (Fig. 15). The external base
ring was partially separated from the body (Fig. 16), and the body section

had a fracture along the weld for the multiple lug insert (Fig. 17).

Fig, 16. Closeup of 3rd Bomb Base
Fig. 15. Third Bomb Fired, Show- Showing Separation o? External Base
ing Heavy Folds Around Body. Ring and Exposed Cavity,

33, The fourth bomb was fired
18 April 1956, against 1l6-inch re-

inforced concrete, Mean velocity

was 1013 ft/sec. The nose plug,

nose area, and body were in good
rfig. 17. Metal Failure Along Lug
condition; the body had no fclds Insert Weld of Third Bomb Fired,
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or bulges (Fig, 18). The exterual base ring in this bomb was broken and

deformed, nevertheless, as shown by Figure 15, the explosive cavity was not

exposed, The bomb remained effective,

Fig, lf_3. Nose of Fourth Bamb Fig. 19. Base of Recovered Fourth
Appears in Good Condition Fol- Bomb, Showing Broken Exterral Base
lowing Target Penetration, Ring and Sheared Rim on Base Plug,.

e - =

34. The fifth bomb wa. fired 26 April 1956, against 24-inch,laminated
(three 8-inch slabs stacked together) reinforced concrets, Mean velocity was

988 ft/sec, The nose plug was in poor condition and had been forced into the

nose fuze well, although the surrounding nose area was in good condition. The

body wa: not damaged, except ior a slight 180-degree bulge around the base of
the ogive,(Fig. 20). A slight separation appeared between the external base
ring and the body,.

35. The sixth bomb was fired 2 May 1956, against 24-inch, laminated
(two 12-inch slabs stacked together) reinforced concrete. Mean velocity was
1016 ft/sec. Although the 1083 plug was in good condition, the surrounding
area was fractured (Fig. 21). The body was badly fractured but the bomb base

was in good shape, and no cracks appeared near the insert weld (Fig. 22).

2
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36, The seventh *omb was
fired 10 May 1956, against 2/4-
inch, lominated (three 8-inch
slabs stacked together) rein-

forced concrete., lean veloc—

ity was 978 ft/sec. Hose plug

Fig, 20, Fifth Bomb Fired, Showing
Penetrated Target and Bulge Around and ogive were in good condi~

Base of Ogive,
tion, except for a dent thit

Fig. 21. Sixth Bomb Fired, Showing that Area Sur-
rounding Noss Plug was Fractured, Although Plug was
in Good Condition and Target was Penetrated.

Fig., 22. Sixth Bomb Fired with Base in Good Condition
and Lug Insert Weld Area Free from Cracks,

25
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resulted from secondary impact (Fig. 23). The base of the seventh bomb
was in gocd condition and so was the body. However, as shown in Figure

2L, a 180-degree fold appeared at the base of the ogive,

- TMPACT ‘__:::; I

Fig. 23. Seventh Bomb Fired,
Showing Dent from Secondary Im-
pact.

Figa 21&0 Photo Shmfing How
Seventh Bomb Penetrated Target,

26
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DISCUSSION OF RESULTS

37. although chemical unalysis indicated incomplete transformation to
martensite (refer to par. 1l1), a fully martendstic structure was probably
not essential for use in the T54E3 Bomb.

38. It appears that in Casing A, fabricated from .45einch-thick tubing,
the flow pattern was less distinct than in Casings B and C because less
forging was reyuired to increise wall thickness from .45-inch to the rejuired
dimensions of the nose,

39. Microscopic examination indicated that the ogive and body structure
of Casing A was consistent with the mechanical properties of the casing which
had approximately a 55epercent yield to tensile §£rength ratio. The structure
of the body of Casing C indicated that the austenitizing treatment was not
periormed'with as drastic a yuench as employed for Casing B, This accounts
for the ferrite rejection. Again, the yield to tensile éérength ratios are
consistent with the microstructures of Casings B and C.

LO. The lower ogival strength levels in the unheat-treated casing, shown
by tensile strength tests, resulted from slow cooling from the forging tem-

perature. In the heat-treated casings, lower strenglhs in the ogives werc

attributed to insufficient hardenability of the steel composition employed and
the slower cooling rate in the thicker sections during quenching.

41. The variation in hardness (shown by Rockwell tests) existed from
both the interior and exteriur surfaces to the center of the heat-treated
ogive sections. It demonstrated the lutk ol "through-hardening" qualities

of the steel employed, and also revealed that the casings were cooled on

both the exterior and interior surfaces during the quenching operation.

27
CONFIDENTIAL




CONFIDENTIAL

{ appeared *hat the interlor quench was mere efficient than the exterior, be-

-ause of higher hardaness values cbtained pear the interior,

2, The elightly bigher readings in the sidewall of the heat-ireated

e
casings (refer to par. 18) resulted from the mere rapid cooling of the thinner

sections during quenching from the austenitizing temperature, Because of their

iniformity, individual readings obtained on the sidewall sections were not pre-

senved,

4%, The repair weld or th> lug insert showed that the structure in the

-

surface layer was not cheated bty a subsequent layer, This indicated that

the tempering had a negligible effect on weld metil structure,

4L Review of lug insert examination results indicates that the lug in-

sert did not fit the opening in the casing wall accurately enough to fit
smigly against the inside of the casing wall pricr to welding., This condition

caised a tandency tc the rcot cracking of the weld metal, A root crack was

present in the first, or root layer of weld metal, The peculiar nature of
the welding precess was also a contributing factor to the root cracking be-
sause the process gave a penetration grea®t in depth but restricted in width,
This condition resulted in 2 constriction ¢f the weld metal, at the root of the
Joints where the poor fit of the back-up produced a sharp re-entrant angle on
the side ¢f the casing wall, that was hbelieved to be a contributing facter te
root cracking upon cooling of the weld,

45+ Root cracking was not asscclated with cracking of the casing wall
during the heat treatment cycle, since the casing cracked through the heat-
affected zone, contiguous to the toe of weld reinforcement and away from the
tond line, over the inner half of the casing wall thickness, This indicated

that cracking was “triggered" by restraint of the lug insert mass and weld

<8
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reinforcement, upon cocling from the guench. Small variations in snugness

of fit of the lu’ insert against the inside of the casing wall, the height

of weld rei-.crcemenc, or contour of the toe weld can cause "triggering".

46. It will be noted that quench cracking occurred ipproximately at

right angles to the centerline of the lug insert, tangent tc the weld at

the centeriine of the insert. Except for a short distance in the region

of tangency, the crack was not associated with the lug insert weld but ex-

tended into the bomb cuasing away from the weld.
L7 It is possible that quench-cracking of the bomb casing (about one

percent of production) was associated with the stress pattern imposed by the

relatively massive insert welded solidly into the thinner casing wallf{ The

weld reinforcement could act as an effective stress raiser from longitudinal

shrinkage of the bomb casing during the quench. It was not evident that

variation in welding technigues would affect the incidence of cracking, ex-

cept, possibly, insofar as the amount of weld reinforcement would be affected

by such variations.

48, The first bomb fired was considered ineffective because the base

closure failed. A body fracture and resulting exposure of the explosive

cavity made the second bomb ineffective. Separgtion of the external base

ring from the body, exposure of the explosive cavity, and a fracture along

the weld rendered the third bomb ineffective.

49. Although its external base ring broke and deformed, the fourth

bomb was considered effective because its explosive cuvity was not exposed.

The fifth bomb was also deemed effective because the body remained in good

condition with the explosive cavity unexposed.
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50. A badly fractured body made the sixth bomb ineffective; however,
it should be noted that this bemb was fired against a target heavily rein-
forced (in a cubic fa$hion) with 3/8-inch bars on six-inch centers,

51. The seventh bomb was in an effective cerdition because both body
and base were in very good shape,

52. Examination of recovered bombs indicated that two areas lacked
adequate strength; the weld for the multiple lug insert, and the base
closure. Only one bomb out of seven failed because of body fracture; the
other failures were results of weld or base construction weaknesses. Re-

fer to Table 4 for complete data,

TABLE &

Summary of Firing Conditions and Results

Inert Target
?zted Jomb  Filler veloee - Thick-  Through
B2 wm G e g O SR e "
< ec. Type Inches Inches om Remarks
3/29 750 1,71 1010 S 16 26 x 27 Ineffective foly deformed; tase rins broken
' off; explosive cavity exposed,
L4 776 1.73  102% 5 20 21 x 13 Ineffective  Body deformed and split along
weld; base ring loose.
4/11 775 1.72 1005 S 20 25 x 27 Ineffective ‘ody Jeformed and e;lit along
o - weld; tase ring broken,
4/1 775 1.71 1013 S 15 25 x 27 Effective Pody intact; ‘ace ring broken,
; ) J but explorive cavity unerposed,
L2 785 1.76 988 L B+8+8 26 x 28 Effective Body 'ii**?,ly deformed; base
p. ring loose,
s/2 751 o7l 1016 L 8+8+8 22 x 28 Ineffective Body badly fractured; base
- ” ring intsct,
s/1c 789 1,74 979 1 “gaels 22 x 71 Effective Boly deformed; vese ring intset.

*' Figurgs listed are striking velocities obtained; bomb was designed for a velocity of 1000 ft./3ec.
?:(:E 1: Lnsjer “Target Type® S = single~thickness, L = laminated,
LCTE 2: A1l bhombe penetrated the target, and all targets were at 150 obliguity,

-
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DESCRIPTION CF TEST BOMSS
53. Walsh Company 75U-pound demclition bombs.used in the gun-firing
tests were identical to the T54E3 Bomb shown in Figure 25, except that the
ogive wall thickness was below specification rejuircments. The Walsh bomb
had a maximum diameter of 16.13 inches and an overall length of 50.94 inches.
el 1ug inserts,fuze chargimgtubes, and fuze wells were included in the
bombs. Sample bombs were prepared from scumless tubing, with the ogive &nd

base taper formed by a swaging prccess. The lug inserts were formed

separately and welded into the bomb body.

54. The bombs were ircvic-loaded with a mixture of Pearlite (volcanic
glass, specific gravity 0.125), Potland cement snd water to simulate the

density of tritonal high explosive. This inert filler wuis allowed to harden

a minimum of ten days before firing.®

55. To increase the diameter of the bombs to gun bore diameter and seal
against the escape of propellant gases, an aluminum pusher plate (Fig. 26) and
a four-inch cloth tape bourrelet were pluced on each bomb, The pusher plate,
attached with four é-inch bolts, Wis designed to strip off upon target impact
without damage to the bomb body. The bombs were provided with regular
conical steel.nose plugs, and the fuze wells were left empty.#*

TEST EQUIPMENT

56. an 18-inch/4417 Mk A, No. 1L (Rifled Bure) gun was used to fire the

test bombs, The propellant, Index SPPN 10546, in 40-pound charges, was used

* NOTE: Bomb labeied 'Vermiculite' on Frontispiece typifies description in
paragraph 55, and does not pertain to loading described in paragraph

Sko
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Fig. 26, Pressure Plate for .750-Pound Bomb.

with Combination MK 15-2, Lot 2M10, 1952, primer., The powder was packed
ir 6-inch/52, three-section, raw silk bags. Targets were of various
thicinesses of reinforced concrete with 5000 psi compressive strength,

Refer to Table 5 for complete details,
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EXPERTMENTAL PROCEDURE

57 After a minimun of 10 days for curing of the inert filler, the

bembs were prepared for firing by addition of the tape bourrelet and alume

inum pusher plate,
58. Each bomb, seated i27.5 ivches from the mishroom face of the

closed breech wlecx of the 18-irth gun, was fired by a charge adjusted to

Produse a mizzie velocity of 1400 ft/sec, The range was approximately 45

feet to the rainforced target, secured at —>-degree obliquity in a butt

backed by a iarge amount of sand,
57+ Velccities were measureg by counter chronographs, and pressures,

by copper frusnper-cylinder gages, After each bowb was fired, it was re-

covered, examined, and phct ugraphed,

o
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