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1. This test was conducted to determine the fragmentation

characteristics ~f AAP rod-producing warheads. These warhoads
were made from NE 8737 steel tubing

internallv grooved., heat
treated to Rockwell "C" 4044, and Gomposition C-3 loadad.

2. The 4AP washead expelled rod-like fragments up ¢o 8" in length

evenly about the warhead circumference ac an average velocity of
4160 fto/SQCo
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1. AUTHORITYs

This test was authorized by reference (a) and conducted under
Task Assignment NPG-Re3f-507-1-52, reference (b).

2. REFERENCESs

a. NOL Conf ltr NP/NOL/X11(27C) WGsSWembw Ser 01569
of 6 September 1951

"b. BUCRD Conf ltr NP9 Re3lf-EJHLsedb Ser 25777
of 18 September 1951

c¢. NPG Conf Report No. 858 of 13 Octobar 1951

d. NPG Conf Report No. 854 of 1 September 1951

3. BACKGROUND3

a. Reference (b) authorized the Naval Ordnance Labecratory
to work directly with the Naval Proving Ground in the development
and testing of guided missile warheads.

b. Reference (d) reported the fragmentation characteristics
of the notched ring AAP warhead. Reference (c) reportea the
fragment mass distribution of two types of AAP rod-producing
warheads] Type 4. Four additional AAP rod-producing warheads,
were delivered to the Proving Ground for Iragmentation tests.

A, OBJECT OF TESTs

This test was conducted to determine the fragmentation
characteristics of AAP rod-producing warheads. These warheads
were mace from NE 8737 steel tubing, internally grceved, heat
treated tc Rockwell “C" 40-44, and Conposition C-3 loaded.
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5. PERIOD OF TEST3

a. Date Project Lettar 6 September 1951
b. Dats Necessary Material Received 27 Sspiomber 1951
¢, Date Commenced Test S December 1951
d. Date Test Compieted 7 December 1951

6. REPRESENTATIVES PRESENT1$

This test was witnessed by Messrs, S. Wolf and J. E. BDurton
representing the Naval Ordnance Leboratory.

BARI C
DETAILS OF THST

7. DESCRIPTION OF ITEM UNDER TEST1

Four rcunds of AAP rod-producing werheads were assembled with
inert AAP rocket motors. Detailed assemblies ore shown in
Figures 1, 2, and 3. The warheads were made from NE 8737 stee”
tubing, 1nmerua;1' vrooved to produce 24 rod-like fregments and
heat trsated to Rockwa ngw 40-44, The warheads were assembled
with mock-up VI fuzes modified for static detonation and then
loaded with Composition C-3 at the Proving Ground. The weights
of the components wers as followss

Head Wt,
Rd. Serial Motos Wt. with Fuze Filler Totel Wt.
No. _No,  __1bs, . __1lbs. = W&, jbs., __1bs,
l 505=-1 38 85 17.10 4.@0 60.55
3 505-3 0 17.32 4,46 60.58
4 5"05-,‘“ }8 .80 17.15 4050 60 045'
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8. PROCEDURES

a. Hound No. 1, Aerial No, 505-1, was detonated in a sawdust

11lcd chambder for mess distribution data. After the detonation,

the sawdust was sifted and the fragments recovered by the use of
sieves and a magnetic separctor.

b. Rounds Nos. 2, 3, and 4, Serisals Nos. 505-2, 505-3, and
505-4, were detonated in a 30.6 foot radius velocity arena. The
arena consisted of 15 foot high 1" thick steel panels in longitude
zones 350°-55° and 125°-190°, A esne fiberboard peck 4' high 9!
wide, and 4' thick was placed with its center 5 fect off the
ground, in the 90° longitudinal plene, and 30.6 feet from the
centcr of the arena for rccovery of sample rod-like fregments.

The veloclty determinations wcre obtained by high gpeed photo-
graphic techniquc. Angular fragment distribution end fregment
lengths were recorded from impacts on the peanels. 4ll rounds were
vleced vertically with the warheaed up on a wooden stand in the
center of the arera and detonated statically.

9. REGULTS AND DISCUSSIONS
a. Mzss Distribution
Detailed mass distribution data of Round No. 1, Serial

No. 505-1 are listed in Table IV and shown in Figure 4. The
number and lengths of the rod-likc fragmants are as followss:

Approx. Approx.

Nao, ~2izg £3. 24z
10 n é 4 172"
2 6" 27 2N w g1

The motor fregmented satisfzctorily, considering that it contained
no propellant.,
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b. Fragment Space Distribution

One of the three warheeads detonsted for space distribution
and velocity dectonated low order. The warhesd 1s shown in
Figure 6. The other two detoneted high order producing rod-like
frogments. The fragments were distributed esvenly, approximately
15° apart about the circumference of the warhead at epproximately
93° of latitude measurad from the forward end of the missile,
The rocket motor is the forward end of this missile with the
warhead the ba2se end, The rod-like fregments had a tendency to
remain about 6" to 8" in length with some broaking intoc twio
lengths., Detailed fragment length and angular distribution deta
are listed in Teble Y. Seample uwarhead and motor fragments recove~
ered ‘are shown in Figures § and 7.

ce Fregment Velocities

The rod-like fregment veloeity from the warheads
505-2 and 505-3 averaged 4160 ft,/sec. Thc motor fragments which
hit in jatitude zone 75°-78° averaged 2500 ft./sce. These frag-
ments were from tho rear section of the motor nearest the warhead.
The major portion of the motor fragments were found within 40C feet
of the arena ccndsr and their veloeity is cstimeated to be 200-500
ftéfiig. Detailced fragment velocity data are listcd in Tebles 11X
an .

£33 ™

CONCLUSIONS

10. The ALP warhead expelled rod-like fregments up to 8" in length
evenly about the warhead circumference at an averegc velocity of
4160 ft./sec.
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The tests upon which thi: report 1s based were conducted bys
V. PHILIPCHUK, Fragmentation Battery Officer,
' Fragmentation division,
Terminel Ballistics Depurtment

This repori was prepared by:?
V. PHILIPCHUK, Frogmentation Battery Officer,
Fragmentation Division
Terminal Ballistics Department

This report wes reviewed tys
R. H. LYDDANE, Director of HBcosearch

Terminal Sallistics Department
W. R. ROBERTSON

2 Lisutenant Commender, USN,
Terminel Brilistics Batteries Officer,
Torminel Ballistics Lepartmen

R. T. RUBLE, Liecutenant Tommender, USN
Terminal Ballistles Officer,
Terminal Ballisties Departiient

C. C. BRAMBLE, Director of Rescarch,; Ordnence Group

P
welu

ALPPROVEDs IRVING T. DUKE
Rear idmiral, USN
Commendeyr,; Navael Proving Ground

(/jdﬁwoz &

Cc. T. MAURO
Captain, USK
Ordnance Officer
By direction
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TABLE 1
ANGULAR DISTRIBUT ION DATA
; ALP Rod-Frodueleg WErtesd oof Tostes Moter
3045 FPoot Radius Arena, 15' High Panels
Rd, Noe 2 Rd, Ne. 3 Rd, Nos 4
' Serial No. 505-2 Serial Noe 506~3 8srial No. 505-4
i Longitude Longisude Langitude
Angle Pragmant - Angle Fragment Angle Fragmant
{Degrees) length {Inciesj (Desress) length (Inches} {Degreesj Length {Inches)
2 8 1/4 This rcund detonated 6 3
128 $1/4 Low Order, 8sec 25 8 1/4 {
19 33/ Figure 6. 39 7 3/4
34 7 66 ]
51 8 92 8
¥ 132 ] 137 5
H -132 4 153 5 1/4
I . 148 4 » 169 4«
- 164 3 * 186 6
180 3172 =

L A

¢ These fragment lengths wers probably greater., They penetrated the 1% thielk
STS panels and the impact openings wors recorded as the fragment lengths.
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24BLE Ii
FB4GMENT VELOCITY DATA

3150 fremes per sec.

35mm Festmx Cemera
Rd. 2 ND| 505-2 L4P
30,6 foot Ra:dius Arena
Total Welght 60.46 lbs.

Longituds Frame in %hich
—fone = Ho, _Hit Qcourred.
5 22
4 23
) 24

hverzge

Motor Hitm

Longituse
—rOne

350°-55°
125°-190"

350°-55°

- o o . - o
LE2T LN

(N N -
Gt w
\LP o

CONFIDENTE 4L
SCCURITY ZNFOR N

was

Com.p [3 C-3

Piller Weight 4.61 1lbs,

No. Rod-like
—skoEments

fred P\

NO » Motor

W

Yelocity (£/s)
4380
4190
2020
4380

4270
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TLBLE 11X

FRLGUENT_VELOCITY DLTZ

35mm Festax Camera
Rd. 4 NOL LiP Wwarhead 505
30.6 foot Radius Arens

. Total Weight 60.4% lbe.

Longitude Frame :in wnich
—izone.. Bos _Hit Ocourred
350¢ -55° 4

125°-190° 4 24
Lverage
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3i80 fremes per sec.

Calp . 0-3

Fiiler Vaight 4.50 1bs.

No. Rod-liike

DTragments  Yelocity (£/3)
8 4050
405C
ALAPIENDIX C




1 LIy EDIIVHEASNI J1YTASET
. VI LIAGT A¥0Q

*g3usFul] 2055 §'8 PoqN]0 AT3Ne)JEAPUUT oJom SJUMLh 1] PUSy JeUtZ W] JO WS 3IY3
P @y Qg poaperdxe nf eyyy cemsiR gz Aq Jojom eqy Jo I yoa (VIITUY oy Pepesoxo sjuendeag J10m @4y J0F LIFAnded [9303 4T e»

POy JOJ TU30L WY pepnyony

1969 - * W02 SYRLT 3 SOML © $IST ¢ 2P  8SY T O3 8T &4 QL OIE LT 60T S2 LT 9% 18 LY OF o - 53°G%ke
: BOLOR

48690 8 8T Yv9 BALL =~ - - =~ I ORI IT 0081 %2 €M1 02 9.8 82 ReL 29 ¥y L <2 60T 8LY 982 61 268 09"y 0412
avaE

Say by, SN ..OE.J coﬂwlo .o_u-_!c “oxt* #mp .oﬂ.c aca..lu .onuqla *og”ifip *oy Sp Yoy wwpy “op® g °OR’ ey *Oy® Ay “q[ ‘6]
2R sjmex T30y m a ! w@ * ml "oy Ul
ojoqy eSexy » .?—8 ¥ m . !3.— n!ﬂu Woad . 2oTIT4° dwog

g Lﬁmhnﬂrgfﬁwwlbﬁm .o Su9°0=0 -9

i E [ S0
T84 JIIVI8 Wi QMIAIGON FZ0d 1A 40~X¥OOR HITM GTTINISSY T- 908 .oz .}Qﬁm acﬂmg .:w.w .mo smaéaﬁ..ﬂv«dh

VIvd WOTi061HISId SeVi
Al gl

Jo uogyuiuenduly ‘tor0n 3ex00g egw pusyLeyR ?«Sn?&aocm aw
8%3 "OR W48 OdN TYIINICT ANOD

Ll . s i BT LA > > a0 e . - '
h SRS DR N L A iag. ¥ o




..h..u_-a_ -q.-;Giawd ] -]

....._...q.._c-u._-.__“onw:w o @.__Q ‘a

iokddc . - ¢ se..v r ¢ & \ﬂﬂ
ben gl pav® J @ rmqm _m“

teg q__?- PEE | » [} B

.

-ewm%n f
jLé

_ _
Y
vien ve?

—~—

~
Q'

1

v ™ Pee

nlrgdr e o -
1 '_.‘-:'.’-,09.5 L Y l
.;_.!_.___?_-a:'.-ah*w%n Q.,

N
L T ia.. Yy l. 1 s
LY 4 [ 2 ] P » —
{

3
-

fYeopph o Y Y | Q 8
-_."q-._n..w ) .OG o ﬂ m
v.a.:_.oenﬁ . G, H
bl b vy
.n-o..ﬁ”a _‘GG - ﬂd
wreap sl 1 9o :
a.-?i.v—.ﬁmﬂ.' 3.
».y.._n-!-eﬂhw ’
essanltpr YR B
.-_-_.:-abs-..ﬂ_ @
spee :ﬁh:-n
teralva s Fe |
n:.ﬂ_‘o”_ W
T¢URIL X R A
-:.u._v.c@ —_. .s.
- £0
e O <

Y g == s AW

[

——

[RY;

_mv&dﬁ

80 m:..&»?

>
o

¥Cs

20

s 20-40 Gms

-
‘.!
)i

f

]

-~
X - N ruiges Y untror I

T

Pcs. T2

G ms

z3
80- 160
1"

49-

]

bl — % - N-.. |

- -

b
]

S

ottt

g T
W%

R e - T
| sces—— T
T

. SR

Pce
Gms

3
160-320 Gms.

e

P
—

T

Ve

* 5

i

Pcs.

7
1144
l 320-640 Grs.

2
‘d
-

Lo B

14
-
S

/

it
‘'vlim
&..-—'s-

A\ 4
=S¢

=\
-

L
o -
o

S on

{

_ : .-—-‘\‘
PCS. Mﬁ‘
.‘.- i

". CEOARRS
". N /-s‘ ]

S am [] *

[/
Bme o
by

82

Fuze - FRAGS
igad

[

L1
P~
ea?

1 d:_' 1y

B

R S,

Aot G s




s e e Ty e B s wm m = e e T g v e e - - — - > S

1 R it e DO O WA e oml” . T St T T

NOL Sos-2 |

135 {; ol

EREESESEREINERENEERE
sScarr J”

2= Leoer el
—_FSampJe Rggk et otor ﬁﬂi~mant5
the fléid. =l . ,\ﬁr oo
Syl 20 .fﬂml L hk
g _ :




T e

e -




T X

243 Gms.

i 357  Gms.
B S
: 562  Gma.
738 &
20¢ G

ms.

s
H ms.

ERAERESENSEEREESEEN
SCALE |~




SRR g Ll B L e S ST

bl ls St o

W BN RS S BT

S i bt

A PETRTIN € ST 0

..... —bh NFG REPORT NO., 948
4LAhP Rod-Producing Werheads and Rocket Motor, Fragmentation of

- W e Y s R W @ & T W™ W W e @ M e B S S W e o " B B B e

Bureau of Ordnances

&43
Re2
Be3
Ke3f

VR -

Chief of Ordanance
Department of ths irmy
Attns ORDIX-AR : 2

Navy Researzh Section
uihrarv of Ccngress
Washingten 25, De Co
(Via BUORD Re3) 2

Commanding General
Aberdeen Proving Ground
Lberdaen. Marviend
ttns Technical Information Section
Development and Proof Services 2

Uommander, Cparatlonal Development Force
D, S. Atlentic Fleet, U. S. Naval Base
Norfolk 11, Vlrginia

Navel Orcénance laboratory
Naval Ordnance Laboratory
Ltins Explosives Divisica 1
Attny Mr. He W. Semon 1

Picetinny 4Lrsenal, Dover, N. J.
sttns Technical ﬁivision 1

Reports Oiflce
LPL, THU Silver Spring,uaryland

ood

‘)?LIImJ U..A-.'sv i wpea ing ‘4—‘.\-
Attn: Nr. H. S. Morton
{Vie INSORD, Silver Spring, Md.) 1

et

SECURITY INFORNATION

|

LPPENDIX E

e N




e

O ()

o BT i S T LT N T e, ¢

R NPG I IFORT NO. 948
ALP Rod-Produeing Warheads and Rocket Mokor, Frage ntetion of

- Es W e B W e,

RISIRITULION (Contlnued)

Bursau of Oronance Techricszl Liaison Office
Bell Telephane Lsberatories

Whippany, New Jerasey

USNOTS, Invokern, China Leka LA E S 8

Inst, for Cooperative kesearch

m:1 g S QA." "lb
F A DA Wwe & arvs

Vias (District Chief Phila. Ord Dist*iet
J.‘OG Chestru’ Philao =y Pa.
Attns Mr. Euwerd R. C. Niles)

Director, Rescarch and Development Division

New Hexico Institite of Mining and Technology
Socorro, New Mexico

Vias Development Contract Officer

Hew Mowico Imgtitute of Minil.g and Technology

Socorro, New Mexico

Boeing airplane Companv
Seattle Divieion
Seattie, Wasnirgton

Locels OT
Nz
=1
¥ile
SECDA..,Ix MEQRMLTION 2

w A WP R WP B W @ G WP P B ® G w e am @ @

w e e W e w =

s

4

o e e et

¢ PENDIZ B

e e ey e e A SR AR AT WCE T TR A N\

-

2Rty
P



UNCLASSIFIED

UNCLASSIFIED




	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024

