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m
Abstract

A study was conducted to characterize and investigate the performance of shaped
charge devices fabricated with powder metal liners. The investigation involved free-
flight flash radiography characterization of the jet to obtain the penetrator characteristics
and the penetration and hole size into rolled homogenous armor (RHA) plate at several
standoff distances. -
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1. Introduction

The U.S. Army Research Laboratory (ARL) obtained a sample of powder metal-lined
nonprecision shaped charges from Halliburton Energy Services located in Alvarado, TX. These
shaped charges, designated as the 4 5/8-in PM OMNI, are designed and manufactured for use as
oil-well or gas-well perforators. The agreement with Halliburton Energy Services involved a
complete study of these rounds. They were being investigated as a potential shaped charge to be
used in the controlled detonation, containment, and decontamination of chemical munitions by
the U.S. Army Garrison Directorate of Safety, Health, and the Environment (DSHE) at
Aberdeen Proving Ground (APG). ARL is interested in charges of this type due to their design
for optimum performance at short standoff, the short charge length and head height, the fact that
the charges are inexpensive, and their potential application as precursor charges against
specialized targets. The authors also have an interest in modeling the penetration of a
powder-metal jet. Thus, the penetration standoff data will provide experimental data to verify a
penetration model. This study is the subject of this report.

2. Charge Description

The 4 5/8-in OMNI refers to the outer diameter of the gun used to contain charges of this
type for oil-well completions. The shaped charge is loaded in a pressure-sealed hollow steel
container and fired downhole to establish a path of mass transport between a cased-well bore and
the reservoir. The complete details of the charge are proprietary to the Halliburton Energy
Services, but, basically, the liner was conical with an interior-included angle of 44°. The liner
had an outer diameter of 1.37 in (3.48 cm). The outer diameter of the explosive charge was
1.51 in (3.84 cm); the outer diameter of the body was 1.86 in (4.72 cm); and the maximum
overall diameter was 2.0 in (5.08 cm). The overall length of the charge was 1.72 in (4.37 cm).
The liner had a wall thickness of 0.048 in (0.122 cm) at the apex and 0.064 in (0.1626 cm) at the
base. The liners were fabricated from powder and were 43% copper by weight, 45% tungsten by
weight, 11% tin by weight, and 1% graphite by weight. The liner was pressed to a density of




9.70 g/cm®. The charge had a machined steel case. The explosive charge was 23 g of RDX
pressed to a minimum density of 1.65 g/cm®. The explosive contained approximately 0.5%
paraffin for use as a binder and desensitizer. The charge was initiated by Ensign Bickford
80 gr/ft det cord with a detonation velocity of 7,500 to 7,850 m/s. The actual measured
detonation velocity was 7,762 m/s. Figure 1 shows the steel-cased charge prior to the insertion
of the det cord. The blue foam, which had a hollow core equal in diameter to the diameter of the
charge, was used to set the standoff distance for the penetration vs. standoff distance shots. The
det cord was taped on top of the charge, parallel to the target plate and standoff box. The length
of det cord was 101.6 mm from the detonator to the RDX charge, with a 50.8 mm overlap past
the charge. The det cord was initiated with an RP 80 exploding bridge wire (EBW) detonator.
The known length and the detonation velocity of the det cord allowed the collapse timing to be

accurately determined. All shots were fired vertically, with the jet propagation downward.

Figure 1. Photograph of the 4 5/8-in PM OMNI Charge.




3. Jet Characteristics

Figure 2 shows the charge setup prior to the flash radiography test to show the collapse of the
liner, which is shown in Figure 3. Figure 3 does not contain sufficient resolution to measure the
liner collapse angle but indicates that the liner appears to collapse (at least in a global sense) as a
conventional (solid metal) liner. Jet characteristics were obtained for the free flight of the jet in
air using the 300-kV flash x-ray system in the vertical test firing facility (described by Boyce et
al.') at ARL’s Experimental Research Facility 7A. The free-flight data were obtained from two
tests, namely rounds 4814 and 4815. Figure 4 shows the jet from round 4814 at 101.2, 121.3,
and 141.2 ps after firing of the detonator. The average tip velocity determined from the early
time exposures, less than 145 ps, was 6.6 km/s. Jet radii were measured using the exposures
(shown in Figure 5) obtained at 121.3 ps (from round 4814) and 121.5 ps (from round 4815)
after initiation. The jet radius measured near the front and the middle of the jet was 1.0 mm to
1.5 mm, and the radius near the rear of the jet was 3.0 mm to 3.5 mm. The jet from round 4815
was severely bowed. By 121.5 ps after initiation of the detonation cord, the jet-tip region was
ablating in air (Figure 5). The tip velocity measured between this time and an exposure 45 us
later was 6.3 km/s. This discrepancy between early- and later-time tip velocities may be due to
the ablation of the jet tip or to poor film contrast in the tip region of the later exposure caused by
the lower apparent density of the incoherent jet tip. Note that since the jet does not particulate as
conventional (solid metal) jets usually do, no other measurements were taken. The nominal
penetration into rolled homogeneous armor (RHA) was 9 mm at a standoff distance of

2,095 mm.

4. Penetration Results

Tests were conducted to obtain penetration and hole profile diameter into 6 in

(1524 mm) x 5.75 in (146 mm) RHA plate 2 in (50.8 mm) thick. Based on a rough

"1 Boyce, G. L., G. E. Blackburn, M. L. Lake, S. C. Shelley Jr., and F. R. Schall. “The Construction and Operation of
a New Warhead Test Facility.” ARL-TR-322, U.S. Army Research Laboratory, Aberdeen Proving Ground, MD,
December 1993.
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Figure 5. Flash Radiographs of the Jet Approximately 121 ps After Initiation for
Rounds 4814 and 4815.

measurement, one charge diameter (CD) was defined to be 3.35 cm, and penetration standoff
tests were conducted at 0.0, 1.0, 2.0, 3.0, 4.0, and 6.0 CD. Due to the scatter in the data, some
shots were repeated, including tests at 2.5 and 3.5 CD. The peak penetration occurred at
3.0 CD. The penetration shots are recorded in Table 1, which gives penetration in millimeters
and CD and standoff distances in centimeters and CD for penetration into 50.8-mm-RHA plate.

These data are plotted in Figure 6. The hole profile data for each shot are given in the




Appendix. The hole profile data were based on rough measurements using calipers, and the
plate was not sectioned to obtain exact hole sizes or final penetration. The hole size recorded is
based on the maximum hole diameter in the x-y plane. Thus, the hole diameters are rough
measurements and, as can be seen from the tabulations in the Appendix, jet material caused
significant hole plugging. This would cause several of the plotted and tabulated penetration

values to be low. The large amount of scatter in the data is discussed in the next section.

Table 1. Penetration Results

T
Standoff Penetration Penetration Plate Thickness
(cm) (mm) (CD) (mm)

50.8
50.8
50.8
50.8
50.8
50.8
50.8
50.8
50.8
50.8
50.8
50.8
50.8
30.8
50.8
50.8
50.8
254
254
25.4
25.4 at 60°

25.4 at 60°
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Figure 6. Penetration Into 2-in RHA Plate vs. Standoff Distance.

Next, the target RHA plate was changed to 6 x 6 in (152.4 x 152.4 mm) x 1 in (25.4 mm).
One test was conducted at 4.0 CD and two tests at 3.0 CD. The 4.0-CD shot is in agreement
with the results into the 2-in plate, and the two 3.0 CD shots show a low penetration value and a

second value in agreement with the earlier results for the 2-in plate.

Finally, two tests were conducted at 3.0 CD into a 1-in plate at a 60° obliquity. These
results, accounting for the fact that the penetration channels were often plugged, are in rough
agreement with the results into the plate at 0° obliquity. These hole profiles (for all the shots
into a 1-in plate) are also listed in the Appendix. For the 60° obliquity tests, copper was
observed between the 1-in plates. Figure 7 adds the data points for the tests into the 1-in plate to

those shots into the 2-in plate.
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Figure 7. Penetration Into Both 1-in and 2-in RHA Plates vs. Standoff Distance.

5. Interpretation of Results and Conclusions

As previously mentioned, there is an excessive ro_und~to-round variability in the penetration
performance of the powder metallurgy liner shaped charges at standoff distances greater than
2 CD (6.7 cm). The performance is repeatable at short standoff distances (the standoffs where
the jet was to be optimal) since the jet has not had time to form completely. At longer standoffs,
the severe bowing and misalignment of the jet, as evident in Figure 4, would cause erratic jet
performance. It is noted, however, that the shaped charge devices tested were not designed for
RHA penetration, but for porous target penetration. Also, a peak penetration into RHA of
203.2 mm from this charge is impressive. The lack of repeatability is attributed to two factors.
First of all, the liners tend to age or disintegrate over time due to humidity and other factors.
(The liner actually begins to disintegrate.) The tests reported here were conducted over a period
of several months, so the liners were exposed to local humidity for some time. Secondly, the

wall thickness of the liner varied from charge to charge as did the concentricity between the liner




and the body. The test results reported herein supported Halliburton Energy Services program to
acquire more precise assembly and parts presses and tooling to better control the uniformity of

the liner and the alignment between the body and the liner.

Other test results seem to indicate that there was minimal difference in penetration between
25.4- and 50.8-mm-thick plates. Also, with due consideration given to the round-to-round
variability, the effect of target plates at obliquity was minimal. These tests were conducted in
order to establish whether or not the powder jet could be readily dispersed (like liquid jets) by
oblique targets.

Finally, data were obtained that will aid in efforts to model the penetration of powdered jets

into porous and/or nonporous targets.
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Appendix:

Hole Profile Data
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Penetration Into 50.8-mm RHA Blocks

Standoff 0.0 CD, 50.8-mm RHA blocks

Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 1.5x 1.5 0.92 x 0.38 slot
P =50.8-1nm

Standoff 0.0 CD, 50.8-mm RHA blocks

Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 1.215 x 1.215 0.95 x 0.42 slot
P=50.8-mm

Standoff 0.0 CD, 50.8-mm RHA blocks

Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 1.03 x 1.18 0.72 x 0.32 slot

2 0.77 x 0.32 slot

P =54.0 mm

Standoff 1.0 CD, 50.8-mm RHA blocks

Block No. Entrance Hole (cm)  Exit Hole (cm) Comments
1 1.35 x 1.35 0.625 x 0.66

2 0.62 x 0.54 0.42 x 0.42

3 0.44 x 0.38 slight bulge

P=142.2 mm

Standoff 1.0 CD, 50.8-mm RHA blocks

Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 1.38 x 1.28 0.66 x 0.66

2 0.55 x 0.55 0.28 x 0.36

3 0.41 x 0.35 bulge

P=151.2 mm
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Standoff 2.0 CD, 50.8-mm RHA blocks

Block No. En Hole (cm) Exit Hole (cm) Comments
1 1.32 x 1.25 0.54 x 0.56

2 0.61 x 0.57 1.0 x 1.04 hole plugged

3 1.0x 1.0 0.43 x 0.48 hole plugged

4 splash

P=157.2 mm

Standoff 2.0 CD, 50.8-mm RHA blocks

Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 1.28 x 1.11 0.62 x 0.62 hole plugged

2 0.64 x 0.63 0.57 x 0.61 hole plugged

3 0.50 x 0.49 0.13 x 0.25 hole plugged

4 splash

P=152.4 mm

Standoff 2.0 CD, 50.8-mm RHA blocks

Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 1.42 x 1.05 0.66 x 0.78

2 0.67 x 0.61 0.64 x 0.56 plugged exit

3 0.54 x 0.56 plugged hole

P =101.6 mm + plug

Standoff 2.5 CD, 50.8-mm RHA blocks

Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 0.93 x 1.46 0.52 x 0.57

2 0.55 x 0.50 0.40 x 0.55

3 0.46 x 0.54

P=130.7 mm

Standoff 3.0 CD, 50.8-mm RHA blocks

Block No. Entrance Hole (cm)  Exit Hole (cm) Comments
1 1.04 x 1.07 0.71 x 0.71 plugged

2 0.53 x 0.56 0.40 x 0.44 plugged

3 0.32 x 0.38 0.40 x 0.40

4 0.42 x 0.38 slight bulge

P=196.2 mm
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Standoff 3.0 CD, 50.8-mm RHA blocks

Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 0.83 x 0.83 0.52 x 0.51
2 0.58 x 0.54 0.42 x 0.38 plugged
3 0.41 x 0.42 0.31 x 0.31 plugged
4 0.43 x 0.43 0.38 x 0.47 plugged
5 0.45 x 0.55 hole plugged
P =203.2 mm + plug
Standoff 3.5 CD, 50.8-mm RHA blocks
Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 1.09 x 0.88 0.46 x 0.37
2 0.45 x 0.51 0.41 x 0.41
3 0.43 x 0.42 0.45 x 0.36 plugged
4 0.43 x 0.42
P=165.3 mm
Standoff 4.0 CD, 50.8-mm RHA blocks
Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 0.79 x 0.96 0.60 x 0.83
2 0.56 x 0.76
P=81.1 mm
Standoff 4.0 CD, 50.8-mm RHA blocks
Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 0.66 x 1.0 0.97 x 1.02
2 0.77 x 0.81
P=74.5 mm
Standoff 6.0 CD, 50.8-mm RHA blocks
Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 0.95 x 0.87 Irregular, oblong hole
P=28.8 mm
Standoff 6.0 CD, 50.8-mm RHA blocks
Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 0.71 x 0.88 0.74 x 0.64 Irregular, oblong hole
2 0.53 x 0.76
P=74.6 mm
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Block No.
1

P=43.1mm

Block No.
1

2
3
4

Standoff 6.0 CD, 50.8-mm RHA blocks

Entrance Hole (cm) Exit Hole (cm) Comments
0.79 x 1.02

Penetration Into 25.4-mm Blocks

Standoff 4.0 CD, 25.4 mm RHA blocks

En Hole (cm) Exit Hole (cm) Comments
0.8 x 0.72 0.82 x 0.45 slot

0.88 x 0.86 0.55 x 0.45 entrance plugged
0.45 x 0.495 1.42 x 1.80 large exit plug
1.78 x 1.77 entrance plugged

large splash area

P =76.2 mm + plug

Standoff 3.0 CD, 25.4 mm RHA blocks

Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 0.87 x 0.71 0.68 x 0.73
2 0.65 x 0.62 0.82 x 0.73 Cu splash
3 0.52 x 0.74 1.03 x 1.13 Cu splash; rear bulge
4 1.09 x 1.29 entrance indentation
P=76.2 mm

Standoff 3.0 CD, 25.4 mm RHA blocks
Block No. Entrance Hole (cm) Exit Hole (cm) Comments
1 0.775 x 0.81 0.57 x 0.6
2 0.56 x 0.53 0.5 x 0.48
3 0.48 x 0.49 0.48 x 0.42
4 0.45 x 0.445 0.50 x 0.45 exit plugged
5 0.52 x 0.53 0.37 x 0.35 entire hole plugged
6 0.42 x 0.48 0.51 x 0.59 entire hole plugged
7 0.95 x 0.62 entire hole plugged
P=152.4 mm + plug
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Standoff 3.0 CD, 25.4 mm RHA blocks, 60° obliquity

Block No. En Hole (cm) Exit Hole (cm) Comments
1 1.07 x 1.01 0.625 x 0.58

2 0.59 x 0.61 0.59 x 0.50

3 0.71 x 0.61 0.65 x 0.76 hole plugged

4 0.47 x 0.44 hole plugged

P = 152.4 mm + plug (Line-of-sight penetration)

Standoff 3.0 CD, 25.4 mm RHA blocks, 60° obliquity

Block No. Entrance Hole (cm) Exit Hole (cm) Comments

1 0.945 x 1.125 0.82 x 0.62 slot

2 0.52 x 0.74 0.78 x 0.67

3 0.86 x 0.74 16.4 mm penetration

(line-of-sight)
P =118.1 mm (line-of-sight)

17




INTENTIONALLY LEFT BLANK.

18




NO. OF

COPIES ORGANIZATION

2

DEFENSE TECHNICAL
INFORMATION CENTER
DTIC DDA

8725 JOHN J KINGMAN RD
STE 0944

FT BELVOIR VA 22060-6218

HQDA

DAMO FDT

400 ARMY PENTAGON
WASHINGTON DC 20310-0460

OSD
OUSD(A&T)/ODDDR&E(R)
RJTREW

THE PENTAGON
WASHINGTON DC 20301-7100

DPTY CG FOR RDA

US ARMY MATERIEL CMD
AMCRDA

5001 EISENHOWER AVE
ALEXANDRIA VA 22333-0001

INST FOR ADVNCD TCHNLGY
THE UNIV OF TEXAS AT AUSTIN
PO BOX 202797

AUSTIN TX 78720-2797

DARPA

B KASPAR

3701 N FAIRFAX DR
ARLINGTON VA 22203-1714

US MILITARY ACADEMY

MATH SCI CTR OF EXCELLENCE
MADN MATH

MAJ HUBER

THAYER HALL

WEST POINT NY 10996-1786

DIRECTOR

US ARMY RESEARCHLAB
AMSRL D

DR SMITH

2800 POWDER MILL RD
ADELPHI MD 20783-1197

19

NO. OF

COPIES ORGANIZATION

1

DIRECTOR

US ARMY RESEARCH LAB
AMSRL DD

2800’ POWDER MILL RD
ADELPHI MD 20783-1197

DIRECTOR

US ARMY RESEARCHLAB
AMSRL CI AI R (RECORDS MGMT)
2800 POWDER MILL RD

ADELPHI MD 20783-1145

DIRECTOR

US ARMY RESEARCH LAB
AMSRL CILL

2800 POWDER MILL RD
ADELPHI MD 20783-1145

DIRECTOR

US ARMY RESEARCHLAB
AMSRL CI AP

2800 POWDER MILL RD
ADELPHI MD 20783-1197

ABERDEEN PROVING GROUND

DIR USARL
AMSRL CI LP (BLDG 305)




NO. OF
COPIES

2

ORGANIZATION

COMMANDER
US ARMY ARDEC
AMSTA ARFSAE
JPEARSON

E BAKER

PICATINNY ARSENAL NJ 07806-5000

COMMANDER

US ARMY AVIATION & MISSLE CMD

AMSAM RD PS WF
SHILL

D LOVELACE

M SCHEXNAYDER

REDSTONE ARSENAL AL 35898-5247

COMMANDER

US ARMY RESEARCH OFFICE
KIYER

JBAILEY

S FDAVIS

PO BOX 12211

RESEARCH TRIANGLE PARK NC

27709-2211

NAVAL AIR WARFARE CTR
S A FINNEGAN

BOX 1018

RIDGECREST CA 93556

COMMANDER

NAVAL WEAPONS CENTER
N FASIG CODE 3261
CHINA LAKE CA 93555

COMMANDER

NAVAL SURFACE WARFARE CTR

DAHLGREN DIVISION
W E HOYE G22

17320 DAHLGREN RD

DAHLGREN VA 22448

AIR FORCE ARMAMENT LAB
AFATL DLJR :
JFOSTER

EGLIN AFB FL 32542-6810

20

NO. OF
COPIES

4

ORGANIZATION

LOS ALAMOS NATIONAL LAB
L HULLMS A133

JVREPA MS A133

P HOWE MS P915

JKENNEDY MS P915

PO BOX 1663

LOS ALAMOS NM 87545

SANDIA NATIONAL LAB

MAIL SERVICES MS-0100

A ROBINSON MS 0819

M VIGIL MS 0819

PO BOX 5800

ALBUQUERQUE NM 87185-0100

DIRECTOR

LLNL

MS L35

D BAUM

M MURPHY

PO BOX 808
LIVERMORE CA 94550

CDR NSWC

R-12 R GARRETT

T SPIVAK

P WALTER

FZERILLI

10901 NEW HAMPSHIRE AVE
SILVER SPRING MD 20903-5000

SOUTHWEST RESEARCH INST
C ANDERSON

JWALKER

PO DRAWER 28510

SAN ANTONIO TX 78228-0510

AEROJET

JCARLEONE

SKEY

PO BOX 13222
SACRAMENTO CA 95813-6000

ALLIANT TECHSYSTEMS INC
G R JOHNSON MN11-1614

P SWENSON MN11-2720

600 SECOND ST NE

HOPKINS MN 55343



NO. OF
COPIES

1

RGANIZATION

COMPUTATIONAL MECHANICS
CONSULTANTS

J A ZUKAS

PO BOX 11314

BALTIMORE MD 21239-0314

DYNA EAST CORP

P C CHOU

R CICCARELLI

W FLIS

3620 HORIZON DRIVE
KING OF PRUSSIA PA 19406

RAYTHEON MSL SYS CO
T STURGEON

BLDG 805 M/S D4

PO BOX 11337

TUCSON AZ 85734-1337

TEXTRON DEFENSE SYSTEMS
FRLASCHER

201 LOWELL STREET
WILMINGTON MA 01887-4113

R JAMESON
624 ROWE DR
ABERDEEN MD 21001

D R KENNEDY & ASSOC INC
D KENNEDY

PO BOX 4003

MOUNTAIN VIEW CA 94040

LOCKHEED MARTIN ELEC & MSLS
G W BROOKS

5600 SAND LAKE RD MP 544
ORLANDO FL 32819-8907

ORLANDO TECHNOLOGY INC
D A MATUSKA

J OSBORN

R SZEZFEPANSKI

4565 COMMERCIAL DR #A
NICEVILLE FL 32578

PRIMEX TECHNOLOGIES INC
C ENGLISH

D OLIVER

D TUERPE

T GRAHAM

2700 MERCED ST

SAN LEANDRO CA 94577-0599

21

NO. OF
COPIES

1

15

26

ORGANIZATION

TRACOR ARSPC MINE
CNTRMN DIV

R E BROWN
BOLLINGER CANYON
SAN RAMON CA 94583

ZERNOW TECHNICAL SVCS INC
L ZERNOW

425 W BONITA AVE SUITE 208
SAN DIMAS CA 91773

PM JAVELIN PO

SSAE FS AMEG

C ALLEN

REDSTONE ARSENAL AL
35898-5720

PM TOW

SFAE TS TO

JBIER

REDSTONE ARSENAL AL
35898-5720

HALLIBURTON ENERGY SVCS
JET RESEARCH CENTER

DR. D LEIDEL

P O BOX 327

ALVARADO TX 76009-9775

ABERDEEN PROVING GROUND

DIR USARL
AMSRL WM

E SCHMIDT
AMSRL WMT

B BURNS
AMSRL WM TB

R DOWDING
AMSRL WMTA

‘M BURKINS

W GOOCH
AMSRL WM TB

RFREY

P BAKER

P PEREGINO
AMSRL WM TC

T W BJERKE

R COATES

K KIMSEY

M LAMPSON

D SCHEFFLER




NO. OF

- COPIES

ORGANIZATION

ABERDEEN PROVING GROUND

AMSRL WM TC
R SUMMERS (6 CYS)
W WALTERS (6 CYS)
AMSRL WM TD
A M DIETRICH

22



REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE

Public reporting burden for this ion of is to ge 1 hour per resp ing the time for g i ing data
gathering and maintaining the data needed, and and ing the collection of information. Send ing this burden or any other aspect of this
Nection of i fon, includi i for ing this burden, to i k Services, Di for Information Operations and Reports, 1215 Jefferson

Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget,_Paperwork Reduction Project{0704-0188). Washington, DC 20503,
3. REPORT TYPE AND DATES COVERED

Small-Caliber Shaped Charges

6. AUTHOR(S)
William Walters, Philip Peregino, Richard Summers, and David Leidel*

February 2001 Final, October 1999 — October 2000
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
A Study of Jets From Unsintered-Powder Metal Lined Nonprecision 1L162618AHS0

Aberdeen Proving Ground, MD 21005-5066

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
U.S. Army Research Laboratory REPORT NUMBER
ATTN: AMSRL-WM-TC ARL-TR-2391

I T S YR YT ¥ YT 7" e
9. SPONSORING/MONITORING AGENCY NAMES(S) AND ADDRESS(ES) 10.SPONSORING/MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

*Halliburton Energy Services, Jet Research Center, P.O. Box 327, Alvarado, TX 76009-9775

Approved for public release; distribution is unlimited.

et ————————— e
12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

13. ABSTRACT(Maximum 200 words}

standoff distances.

A study was conducted to characterize and investigate the performance of shaped charge devices fabricated with
powder metal liners. The investigation involved free-flight flash radiography characterization of the jet to obtain the
penetrator characteristics and the penetration and hole size into rolled homogeneous armor (RHA) plate at several

14, SUBJECT TERMS
penetration, shaped charge, powder jets, unsintered powder metallurgy

15. NUMBER OF PAGES

24
16. PRICE CODE

I — T e —
17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
23 Prescribed by ANSI Std. 239-18  298-102




INTENTIONALLY LEFT BLANK.

24



USER EVALUATION SHEET/CHANGE OF ADDRESS

This Laboratory undertakes a continuing effort to improve the quality of the reports it publishes. Your comments/answers to
the items/questions below will aid us in our efforts.

1. ARL Report Number/Author ARL-TR-2391 (Walters) Date of Report_February 2001

2. Date Report Received

3. Does this report satisfy aneed? (Comment on purpose, related project, or other area of interest for which the report will be
used.)

4. Specifically, how is the report being used? (Information source, design data, procedure, source of ideas, etc.)

5. Has the information in this report led to any quantitative savings as far as man-hours or dollars saved, operating costs
avoided, or efficiencies achieved, etc? If so, please elaborate.

6. General Comments. What do you think should be changed to improve future reports? (Indicate changes to organization,
technical content, format, etc.)

Organization

CURRENT Name E-mail Name
ADDRESS

Street or P.O. Box No.

City, State, Zip Code

7. Ifindicating a Change of Address or Address Correction, please provide the Current or Correct address above and the Old or

Incorrect address below.

Organization

OLD Name
ADDRESS

Street or P.O. Box No.

City, State, Zip Code

(Remove this sheet, fold as indicated, tape closed, and mail.)
(DO NOT STAPLE)




DEPARTMENT OF THE ARMY

OFFCIAL BUSINESS

BUSINESS REPLY MAIL

FIRST CLASS PERMIT NO 0001,APG,MD

POSTAGE WILL BE PAID BY ADDRESSEE

DIRECTOR

US ARMY RESEARCH LABORATORY

ATTN AMSRLWMTC

ABERDEEN PROVING GROUND MD 21005-5066

NO POSTAGE
NECESSARY
IF MAILED
IN THE
UNITED STATES




