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PART A
T

SYNOPSIS
1, The tesis reported herein were copducted to determine

{(a} the maxfmum armor (STS) plate thickness whaich the 2000 1b.
G,P, Low Drag Type EX 11 Mod O bomb body will penetrate and
remain in an effective bursting condition, (b) the degree of
acteptable defornation of the homb Body resulting fron :Lgect ¥
and (c) the conditions under which the bomb will fail, Further,
a metallurgical study was made of thé fscovered bomb bodiss in
order to determine any points of weakness or ceuses of failure
andl to suggest any corrective measures that should he taken to
improve the bomb performancs 6ér facilitate production,

2¢ It 12 concluded that:
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~ @, “The maximm 875 armor plate thicknedgs the inert loaded
2000 1b. G,P, Low Drag Typs EX 11 Mod O bLomb will penetzale snd
remain in effective turstiag cohdition when fired at 1000 ft./=2¢c.

T T B K o mannd
R R[5

velocity at 20° obliquity is 1-7/8%, o A

" *b, ‘The firing condition which caused failure of the 2000 1b, i
6.P, Low Drag Type EX 11 Mod O bemb occurred when the bomb wes 4
fired at 20 '_;ﬂﬁi;i?éity against 280 STS armor using a striking 1

;
TG :‘;].'-‘
IR

- -@peeryable deformation resulting from impact; Defilsgration

b

tests were not copducted snd thus it éannot be estimated whet

AW
L~

o -

conditions wovld be ¢ritiecal ag far as deflagration is concerned. b
- Ftom the manner in which the bomb broke Gp when fired against 3
- 2439 SIS armor at 20° obliquity at 1000 ft./sec. it may be
‘reasonable to assume that 4Aeflagration would occur at these , e
Sormstions, {Ne pomb becomes ineffective waen eracking occurs .k
which takes place when bomb is fized at 340 STS armor 5t 50°
. obliquity at 1000 ft./sec., velocity, : . :
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. Plate Penetration Tests of the 2000 lb. Bomb, )
G,P (Low Drga) Type EX~119 Mod @ e

d. The primery cause for the fallure of Bom& #20 was the
segregeted condition of the steel in the area 180° from the ‘
weld, The other two bombs examined #3 and #7, were satisfactory

was oOmewhat 1ow° o ‘,

3. The A, O, Smith Cea is experiménting with = aQ?Oﬂ st eel
@er the marurfacture of this type of bowb, Also, the National
Tube Co, is recesigning the nose segtion and is modifying its
N=80 steel by subatituling a smell pevcentage of chrondwm for
the molybdeuam content; both of these changes being rmede Lo

b\ made at Prosent pendius the ocutcome of the abo ; mextioned
ex@erimentso_
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CONFIDENTIAL | NPG-REPORT NO. 950
R Plate Penetration Tests of the 2000 1b, Bomb,
- - G.P. {Low Drag), Type EX-11, Mod O
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L., AUTHORITY:

- This tesgt '.*.'as conducted by authority of references €a) and (%),
<he test was eonducted in accordance with enclosure (2) of
. reference (a}, _ - : '

‘2, REFERENCES:

' - E- BUORQ Conf 1ltr Ré3e-RENimt, NP9/ Serial 18721 of
] g - 28 Mareh 1951 - S ‘
. b, Task Assignment HPG=25~Re3ca3213 :

¢, NPG Report No, 646 of 21 September 195G
d, NPG Report No, 694 of 29 December 1950
e» NPG Report ‘No, 748 of 3 April 1951
, e  BPG Report No, 878 of 20 Oetober 1951

g ‘3. BACKGROUND: S |
[ . Presently existing AN standsrd G,P, bombs, because of

N ‘L ' R
s g

R —

-
e S T A e e e e P oS T Sty (Y

. eXcossive dpag, materfslly reduce the maximim performance of -
© 5iEh Speed alrcraft when these bombe ave suspended extornally,
- ine Bureau of Orduance, thevefore, has develcped o hiow family

‘of -boiibg designed to redu oy Are sugnended

> _the dreg when they are susponded

. THIE new Tamily of bombs is called

ly th rag bomb, The £irst tesi of this family

; odved the 1000"1b, Low Drag bomb, Type ‘EX~10, - The tesults

P this test were'reported in reference (¢). The. Second test

| l ~ Jas of the 250 1b. Low Drag, G,P, Bomb, Types EX-1 Mod Oy EX~1
f
}
f
|
!

Yod 1, and EXe2 Mod 0, 1he results of this test were heported
; «’r'e'férém;é (d), The thitd test involved the 1000 ib, Low Drag
o ‘Bomb, Type BE¥=10 Mad 3

G 3¢ . The resullts of this test were

- Toported Iin reforence (e)i  The fourth tegt was a further study
- OF the 250 1b," Low Drag G.B. bomb, Type Ex=2 Mod O, Results -of

this test were reported in reference (f), The prosent tost is
the first investigation of the 2000 1b, Low Drag @.P, -‘bomb
group, The bomb Type is EX=11 Mod O, e
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OBJECT OF TEST:

ot

The tests were conducted {a) to obtain ths maximum STS armor

plate thi
HMod O wil

5
.

$

Wy ;
(;'.'f\ rgv. 'ﬂ:
1.

o

-.........,..—i Ii] “I

lckness the 2000 1b, (Low Drag) G.P, .bomb, Type BX-11
L1 pénetrate and remain in an effective e@nd**ﬁnﬂ—

{b) to determine the conditions which will cause bomb failure,
{c} to determine the degree of acceptable deformation resulting
from lmpact and, (d) to determine

causes of failure in design and sugge«* any eorrective measures
per aining thereoto,’

f, PERIOD OF TESTz

AW T S TP

mol al.i.ur atvde any

Date Project Letter
Date Material Received
s Date Commenced Tests
Date Tests Completed

28 Marech 1951
27 June 1951
27 Juiy 1951
17 Auvgust 1951

| pm'-gims o TReT

DESCRIPTION OF ITEM UNDEB TEST:

G 1A, Oy Smith Corp, Dm. MV-9048-A shows the experimentdk
"1b. Low Dyag C P

- ag

We

C.

FIDNR

-l.uu

SECURITY INFORMATION

—-ge o bvmu

,'&ypu EX-11 Mod O, as modified for
gun firing,. The bomb bodies were inert loaded with vermiculite
cement having 2 speeific gravity of 1,5%.

8@ ) DESCRIP!PION ‘OF TEST EQUIPMENT: ,
18“/4‘7 Rifled Gun Mic A Mod © No. 1L

ou xns. of SPDN-3369 powder uged with 3 -
» powder boosters :

Targots: Various thickness of STS armor plate,
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| ‘ Platc _Penetration Tosts of the 2000 1b. Bomb,
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z .

9, Pljwcﬂbvémz | ' y

a. Bleven (1)) EX-11 Mod 0, 2000 1b Low Drag Ci.P. bombs
Wére inert loaded with vermiculite cement of speeific ﬂfaviﬁy
1:5%¢ _ Theso bombs were fired apainst various thickness (U8
through 2¥35) of ST arpor plats at a velocity of approximately
1000 Tts/sec, The targets weve set at 20° ebliguity to the. line
af fire, The armor plate targets were h#ek@ﬂkﬁn~hv 2 lawnoe :

Sandpilc’ whith was nsed ag £he recovery medivmi, The ‘back haif .
of the gandpils was sovered with lafge gteel piates to apeiset
in holding the fired bowbs in the sandplle, Each bBomb was
Pocovered and examined prior to firing the next round; Veloeitles
were measured by using c¢oils and counter chr@nographs‘

) e Meothod of Metallurgical,Sampling _

Samples for metallurgical examdnatieh wercléut from the
l fractureé slde walls of Lomb #20, (impact Wo, 39181) which broke
11 up ona fram the least deformed side walls of boibs #3 {(impact
| ) #39196) and #7 (impact #39204) which were ini:act and only
|- o mo&erateiy flattened when tecovered after firing,

, - 10. RESUETS AND DISCUSSIGNt ‘

| , | O
E ' a. Table I, Appendix (B} summarizes the firing conditions
o and tost z-esuu-s, Appendix (B), Tebles IT through XII, includes
' the butt impact records, Figuies 1 through 10, e.ppené.ax (c),

- - thé tion ef the b bsséfter firin _ -

¢ 'QELHTi;,Mff*
e analysesy te nsile B' nell hardness Charpy
1mpqct, hot'aeid atch tests ang mierSLOpic exam{hation,

: ‘QORFIDENTIAL '
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The.results of ¢hemical and spectrograpliic analyses
were as followss

L Mn. R & 8L oS JE. o
Bomb #.w' 229 1,32 .0f2  ,03¢ Noms 10 None None
Bomb #3 31 337 020 . 031 Trace (07 (06 .07
Bomb #7 - W32 © 107 L0227 ,031 Trace 07 06 .07

. Thede analyses represent,a wedium h¢gh.manganese carbon’
steel, The copper; nickel and chromium contents are _ingidental,

|
é‘ : D¢ to the bent and fraetured eondiﬁion of Boub #20 no
i - %tonsile test specimens were faken. The results of triplicate
N K Jongitudinal tehsile tests of Bombs 3 and 7 and of transveise
[ Brinell hardness teSts are shown belcw.- ' :

sruiz =T R e T SN TIPS W WSOl P

Bomb #3 104000

59000

| .-, 104600
10 Boub#7 . - 97100
T 5a000

P ....-....\....4._

“gqf the three bombs were efbhed A9
golution at 160°F for twenty minutes and the
, in Figures 11 and 12, Appendix (D). Twe
sectior - Wo,  20-are shown in Figure 12, At the top 48
. ”} area of the electric ‘butt weld showing sound steel and a -
-"good weld° At the boctom 18- s&g_,_a seetion 180° from the weld,

L

, LGTE 1:1 zme rracmre(l ared.,

ure 11 skows ggctions of 8 3 and 7 which are satisfactory
,_ugﬁ_Bomb 3 shows*cansiderabie segregatiuu and slight

|
i 4
Y\‘i" . laminavions, A ‘ : o
Lo
I
t
}

B ""«'_normpmmz. o -
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' Plate Penetration Tests of the 2000 1b, Bomb,
G.P. (Low Drag), Type EX=11, lod O

hunnwuiuanuo\-“ﬂw—&-nmunu-—mu'—nmnwbu“

_',r*
t
1723000 W P | P 2

. Figures 13 through 18 show photomicrographs of the three
bembe token at magnifiéatidéns of 250X nnd 1000X; and are
1ndic~tive of quenched apd drawn he-~t treatment Figires 13 and
,14 were takeh néad the fracture in Bomb #PO and show oxides and
-6thed 1n&:i.eauions of segt regation. -

A Table XIIT and Figures 19 and 20, .@pyemlix {B) show the
values of- imﬂact tosts obtained from standard Yencheh Charpy

$pecimeny, On Bomb #20 the impact values obtair;ed from the
specimens cubt away from the fracture aren cémpare with values
obtained on Borbs 3 and 7 at room temperature whils ths unpacts
from the fraci:ure arca show somewhat more brittleness,

On Bombs #3 angd #7 1m§m, ts wore made at temperatures renging
from 100°C to minus 78°C and the results were plotted as shown
in Figurcs 19 and 20, On the bagis that the transition frem
toughness to brzttleness 1s taken to be 'the point on the curve
where the fracture is 507 gramuiar and 507 fibrous, the
trangition temperatures for Bombs #3 and #7 are +36 C and +2z5°C
reépectively which is approximately room teomperature or sIightly
above, This is rather a high tomperature for the transition

but 1t may be acéounted for in. part by the fact that the steel
was test.ed after f‘irirg which may have eaused. some work hardening,

;:Ll.t It s concludad «aham L e e T .
) The maximtm STS armor Jp;ate thickness that the inert
1oaded 2ooo 1b,, Liow Drag G,P.. bomb Type EX«1l, Mod O will =
' até And remain ln ei‘féctive ‘Bursting coqd%tion ‘when fized

C fs’:‘%’,‘f’.?éé??— ‘veituity with target set at 20' o'blimuitv is

_ b. The firing t\ondition whieh will cause i‘ai lurc of the
2000 b, Low Drag G,P. bomb Type EX-11, Mod O occiurs when the
bomb is fired at 20° obliquity against 2"0 878 awmor plate using
a velocitv ‘of 1000 £8./3¢c,
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G.P. (Low Drag), Type EX-11, Med O

a‘.qnmnnnnmuabmoaan-uuonmnm-udu‘&-

é. No quantitative figures ¢an be grvan for the amount of
acceptable deformetion resulting 1rcm impact, It is conclusive
that when cracking decurs the bomb becomes ineffective but the

amount of defermation which will cause & bomb g0 beeame
;Inn'f‘ﬁ’nof'lvn hna not Man Aai-nqmﬁm

JURLIBE Y a.u-a-n.uvv..

d. The primary cause foi the failire of Bomb. #20 wag the
aaghepated condition of the steel in the area 180° from the weld.
Ths Qtner two bombs examinsd, No. 3 and No. 7, were satisfactory

metallurgically with the possible exeeption that the ductility
was somewhat low, - 7 -

I3
i

REQGMME?DATIQNS

12, The A, O, Smi th Co. is experimenting with a boren steel for-
the mara‘avture £ this type of vomb., Also the Natidhal Tube Ce.
i1s ‘redesigning the noge Section and is medifying its N-B0 stecl
by’substituting a sagll pereéntagse of chromium for the molybdenum
-¢ontent, both of these chahges beitig made for strengthening
purpoges, CQnsequently, no recommendations will bs made at
, presenm pending tha outcome of the above mentionsd experlments,
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°1ate Penﬂtrat*on Tests of the 2000 1b, Bomb.
. (Low Drag), Type EX»11l, Mod O
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The test upon which this report is based were conducted by:
W, QE‘MEV?hs Ordnanee Engineer. Plate Rattervy 8fficer,

Termin=1 Ballistice Department

" This report was prepared by:
W, W. MEYERS, Crdnance Engineer, Fiate Battery Officer,
Terminal Ballistics Departient
We Ho HALL, Metallurglet, A & P Laboratory,
Terminal Ballistics Department
« I, IBVSTIK, Iisubenant Coumander, T8N, Special Projects
Design and Drafting Officer,
Terminal Ballistics Dapar*ment

|
L
(. Thig report was reviewed bys -
; ; R, H, LYDDAIE, Dirgctor of Research,
: : Terminal Ballistics Department
.|| W, B. ROBERTSON Lieutenant Commander, USN,
Torminal Ballistics Batteries Officer,
Terminal Ballistics Departmend :
R, ?s RUBIE, Lieutenant Commandar, USH.
|  Terminal Ballistics’ officer,
Terminal Ballistioes Deparnment
C. C. BRAMBLE, Director of Research, Ordnance Group

o e AR i 0 o g

T PRV PN P 2N S 1 A S S O A O P S

o

APPROVED: IRVINZ T, DUXE - -~
Rear Admiral, Usy
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