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Abstract (Cont)

- hat the delay of onset of rapid yaw and swerve growth is Increased as striking
yaw is decreased, which is especially true for projectiles with very small
yaws. The tapered projectile concept offers promise as an earth penetrator for
both tactical nuclear and conventional weapon systems.
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I. IN1ROOlM.'rN

The Defense Nuclear Agency (DNA) contracted with the Ballistic Research
Laboratory (HRL) to design and test the stability, in earth, of low
length to diameter (L/0) penetrators,

3esigns for stable, deep earth penetrators exist but are of re-
latively long length, L/D of 10. Since such lengths are excessive
under certain weapon system constraints, an exploratory program of
short projectiles, L/D a 5, fired into concrete/clay targets was con-
ducted for several bi-metal designs of substantially different contour.
The objective was to zero in on a design class with good survivability
through a concrete or rock layer and with sufficient stability during
deep earth penetration to estimate the trajectory with a degree of
confidence fo- optimum time of detonation. Specifically, the BRL
was asked to select two projectile geometries and design monobloc

P penetrators and compare their stability when fired into a concrete/
clay target. This report presents the results of this experiment.

11. PROJE/"rlLE DESRIMYON

Figure 1 shows schematics of the projectiles, The pvjectiles were
fabricated from AISI-S7 tool steel and heat treated to a Rockwell C
number of 55. These two designs, having shown better penetration and
stability, were chosen from seven designs, Figure 2, tested for
DNA by Physics International (PI) 1 . The original seven designs were
radically different concepts proposed by personnel from DNA, BRL,
US Army Waterways Experiment Station, and Pl. The ogive cylinder
was originally proposed as a baseline design. The tapered projectile
with ogive nose was proposed by the ORL, the rationale being that
continuously and sufficiently increasing the cross section toward the
base might provide greater stability by additional contact (toward the
rear) between earth and penotrator. This additional contact might
occur by balloting (tail-slap) or by moving the formation of the
cavity rearward. (Fins could also provide rear contact, but they may
have greater survivability problems when penetrating a rock layer.
Finned configurations were included in the seven original designs and
they did break up.)

The ogival masses of the two designs are the same; hence, the
base diameter of the tapered projectile is necessarily greater than
the cylindrical, three-to-two. Since it was desired to maintain the
same weight, 428 grams, and the same overall length, 12.7cm, it was
necessary to bore cavities through the aft sectionb of the pro-
Jecti!es. Table I gives the physical properties of the projectiles.

'"Test Reesutte of i~arth Peflet2'tors.. Phiysio Inttentional Con'pczny,

. A

DNA Report 4180, o .o o .1....
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Figure 1. Schematic of Projectiles
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Table 1. Projectile Physical Properties

Calculated
Round Measured Moment of Inertia

Projectile Number Mass Mass Center of Mass Axial Transverse

(g) (g) (cm from base) (gc ) (gcm )

Cylinder 1 426
2 427
S 427
6 4269 427 426 5.64 334 4440

10 425
13 427
15 426

Tapered 3 430
4 431
7 4317 431
8 431 430 5.26 692 50701I 430

12 431
14 430
16 431

III. SABOT DESCRIPTION

The sabot consisted of a carrier, a pusher plate, and an obturator.
The carrier, Figure 3, was fabricated from polypropolux No. 944. The
purpose of the carrier was to prevent balloting while passing through
the gun tube. The carrier was designed to separaLe while in free
flight. The pusher plate, Figure 4, was fabricated from 7075-T6
aluminum. The putrpose of the pusher plate is to absorb the setback
forces. The obturator, Figure 5, was fabricated from polypropolux
No. 944. The purpose of the obturator was to provide a gas seal for
the sabot assembly and to push the sabot assembly through the gun tube.

IV. TARGET

The target consisted of brick clay with Scm (2 in.) of concrete
facing. The concrete used in these tests consisted cf the following
mixture: 46.7kg (103 lbs.) of Type I Portland Cernenx; 170.6kg
(376 lbs.) of concrete sand; and 26.8kg (59 lbs.) of wattr with
0.635cm diameter steel reinforcement, 15.24cm on centers at the
centerline of the slab. The Corps of Engineers specified Type Ill
Portland Cement to obtain an unconfined compressive strrngth of
27.6 MPa (4000 psi). Unfortunately Type I was used givng coT"-

12
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pre-sive strengths generally (but not always) of one half that desired.
However, the objective of the test was to determine projectile stability
in soil hence it was decided to conduct the tests with the Type I
concrete mixture. Table II gives the unconfined compressive strength,
the date poured, and the date tested.

Table I1. Concrete Target Data

Specomen Unconfined Compressive
Date Poured Numer Date Tested Date of Test Strength

(Mpa)

lb-12-77 1 12-1-78 24-1-78 14.3
lb-12-77 2 12-1-78 26-1-78 2S.4
15-12-77 3 31-1-78 27-1-78 12.5
1S-12-77 4 31-1-78 31-1-78 16.9
17-12-77 S 23-2-78 2-2-78 10.0
17-12-77 6 1-3-78 3-2-78 10.9
17-12-77 7 3-2-78 10-2-78 27.0
17-12-77 8 8-2-78 14-2-78 19.5
19-12-77 9 15-2-78 16-2-78 31.2
17-12-77 10 15-2-78 22-2-78 18.3
19-12-77 11 17-2-78 23-2-78 10.0
17-12-77 12 1-3-78 28-2-78 13.7
19-12-77 13 8-3-78 2-3-78 10.6
20-12-77 14 8-3-78 3-3-78 13.5
20-12-77 15 10-3-78 6-3-78 13.5
20-12-77 16 10-3-78 7-3-78 15.4

Two samples of the clay were sent to the Corps of Engineers for
gradation test. Figure 6 shows the results of the test. The size
of the concrete face was 122cm x 122cm x S.08cm and the size of the
clay portion was 122cm x 122cm x 500cm. The clay was tamped before
each test. Figure 7 shows the concrete/clay target placement in the
experimental set-up.

V. EXPERIMENTAL SET-UP

Figure 8 shows a schematic of the experimental test set-up.
X-ray sources were used to record the event. Two were situated1 to provide orthogonal views of the projectile just prior to impact

to obtain position and orientation of the projectile. The third
source was located 46cm ahead of the orthogonal station to provide
an additional position point for estimating striking velocity2 .

2 "X-ray M4,4ti-FZoash .etem for Neasure;,emt of ProJeotiZe Perfor•,nce
at the Target". C. L. Gr'abazek and K. L. Herr, Baltietic Research
Laboratories TeohnicaZ Note 1634, September 1966. (AD #807619)
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The time lapse between the two x-ray flashes was preset commencing
when the projectile passed through a trigger screen placed uprange
and in the path of the projectile. Figure 9 shows a typical photo-
graph of the dynamic event.

VI, TEST MATRIX

Table III shows the test matrix. The striking velocities and
obliquities chosen by the DNA reflect impact conditions of certain
weapons systems. Controlled angles of attack of 0" and 30 were
considered, but such control is very difficult and expensive.
Thus, the orientation of the projectile was not controlled, but
measured for each test.

Table III. Test Matrix

Projectile Striking Target
Type Velocity Obliquity

(m/s) (deg)

A 305 0
A 305 20
A 305 0
A 305 1s
A 305 is
A 610 0
A 610 0
A 610 20
B 305 0
B 305 0
B 305 20
b 305 15
B 305 15
B 610 0
B 610 0
B 610 20

A - cylindrical
B- tapered

VII. ANALYSIS

Self-foaming polyurethene, type PE2, manufactured by the WITCO
Chemical Corporation was pumped into the clay cavity. The foam is
a mixtvre of equal portions of two liquids, PE-2A and PE-ZB of chemical
composition known only to the manufacturer. The foam solidifies in a
few minutes. The mold was recovered by removing the clay.

20
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The position of the center of the cavity is measured Using a
plumb line to the top of the cavity and adding the approximate
radius of the cavity. These measurements, giving horizontal and
vertical positions, were taken every 15.24cm (6 in.) of pene-
tration along the line Of sight.

* From firings into other dense nonmetallic media3, it has been
learned that non-deforming gyroscopically unstable projectiles
penetrate a short distance before the onset of catastrophic growth
in yaw (projectile tumble). The d,-viation from a straight line
penetration path arises from the lift force induced by yaw. This
force will be proportional to the sine of yaw up to 20 degrees or
so. Therefore, we expect the lateral deviation of the ponetratorA
from the line Of sight path (swerve' to be proportional to the second
integral of yaw. Since the growth of yaw is essentially exponential
for yaws to 20 degrees, the second integral of yaw and, hence, the
swerve are also exponential from the onset of tumble. Thus, when

* comparing gyroscopically unstable motions of different projectile
designs, the size of swerve at onset of tumble is proportional to
the size of the lift force and the log of the percentage growth in
swerve during tumble is proportional to the square root of the over-
turning moment coefficient (slope of the overturning moment vs.
yaw curve). Hence, we should expect a larger lift force for the
swm yaw for the tapered projectile because the cross section at
that position where cavitation bo-gins will be larger than that for
the cylindrical projectile. On the other hand, the overturning
moment and the percentage growth in swerve can be reduced by tapering
if the rearward shift in initiation of cavitation is sufficiently
large (past the center of mass) to reduce the lever arm of the moment
significantly.

To analyze the measurements, we separated the event into two
stages; trajectory prior to impact and trajectory through the soil,
or before and after the concrete face. This procedure identifies
the deflection, if any, due to concrete pene~ration and the stability
of the design in clay given an entrance path.

The deflection through the five-centimeter concrete face amounted
on the average to displacements of 4mm to the right looking down-
range and 13mm down. The deflections from line Of sight computed for
such displacements are larger than those estimated for the initial
paths in clay. We conclude that the jump conditions result in deflecting
the penetrator, therefore the pre-impact positions cannot be used as the
line of sight survey to the clay position measurements, but only for
estimating the striking velocity.

3 "Stability of Penetrators in Dense Puida"l, R. T'. Roeoker and
A. Jr. Ricchiazzi, Proceedings of the 14th AnnuaZ Meeting of the /.

Society of Engineering Science Inc.,* Lehigh University,
Beth~ehem, PA, November 1977.
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The coordinate system for the clay measurements was such that
z was directed along the line of sight, y was vertical, and x completedI. the orthogonal system. We chose the initial tangent to the tra-
jectory in clay as the effective line of sight, the p direction, to
free our clay data from concrete effects in order to analyze more
properly the stability of the projectiles in clay. The lateral
displacement from the p-axis becomes the swerve and is called r.

t The swerve Vs. effective line of sight distances for the rounds are
given in Figures 10 through 24.

Examination of these swerves showed that the penetration path
was a straight line along the effective line of sight until someI ~position where marked deviation took place. This position we infer -

to be the onset of large yaw growth. We separated the motion into
* two carts: the initia) straight line path and the departure with

rapid growth of swerve, i.e., before and after onset of large yaw

growth.

The length of the straight line path is a function of striking
yaw, as well as yawing velocity to some extent; of projectile design;
and of random conditions during transi tion from air to full immersion
in the clay. With the exception of projectile design these variables
were not controlled in the experiment. Where relatively larger
striking yaw was encountered, it can clearly be seen that a very
short length of straight line path exists, Figure 25. For the mostL ~ ~part, therefore, the length of the straight line path is a function ,

of impact conditions (primarily striking yaw) and other stochastic
variables. Since these variables are not particularly related to
projectile design, we turn to the deviation portions of the tra-
jectories for our stability comparisons*.

To examine the effect of target obliquity, we superimposed the
rapid growth in swerve portions of the trajectories. These super-
positions, shown in Figures 26 through 29, reveal that the 0 to 20
degree obliquity of this experiment did not alter the swerve vs.
effective line of sight data although rounds 1, 12, and 16 did not
supe:.impose upon their colleagues. Rounds 1 and 12 we assume to be
spurious. Round 16 was fired at 200 obliquity while the other
-tapered, high velocity rounds, 7 and 8, were at 0* obliquity. We
disregard this as an obliquity effect since the other categories:
tapered, low velocity; cylindrical, low velocity; and cylindrical, -_

high velocity show no obliquity effect. Rouind 16 joins rounds I
and 12 as mild deviants.

*ZIt ise expected that any design M~th reduced instabilityj after on-
set of ra~pid Me growth wiZZ also t~and to increase'the 7.ength of
the straight Zine portion, other variables being equal. Hence,
this tack is conservative.
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We are now in a position to compare the relative stabilities
of the two projectiles at high and low velocities. Ignoring minor
fluctuations, the growth of swerve with effective line of sight
distance can be estimated by visualizing a straight line through
pooled data in Figures 26 through 29. The slope of the line is
then a measure of the relative instability of the projectile, as
well as of the deviation from the shot line. The results are:

Projectil.e NMinal Striking Velocity Deviation Angle(m/s) ( . :

Tapered 300 5
Cylindrical 300 45
Tapered 600 30
Cylindrical 600 30

The results are strikingi At the lower velocity the cylindrical
projectile's instability is an order of magnitude greater than the
tapered. Further Figure 27 shows distinct fluctuations about the
mean swerve. This is a manifestation of stabilizing forces at work.
We conclude that contact between the clay and the aft portion of
the projectile wei made.

At the higher velocity both the tapered and the cylindrical
projectiles have about the same degree of instability, about 2/3
that of the cylindrical projectile at the lower velocity. It would
seem that the taper angle was insufficient to achieve contact be-
tween the clay and the aft section of the projectile at the higher
velocity. This means, then, that the taper angle required for
reducing instability must be increased for increasing striking
velocity even though the level of instability reduces therewith.

VIII. CONCLUSIONS

Low L/D projectiles with tapered bodies appear to be a feasible

solution for systems requiring predictable deep earth penetrators.

Obliquity up to 20 degrees poses no problem.

Minimum body taper required for stability probably increases
with increasing striking velocity.

For such yelocities and shapes where contact between clay and the ,"
aft end of the projectile has not taken place (such as the cylindrical
shape base), path deviation decreases with increasing striking
velocity.

44
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Delay of onset of rapid yaw and swerve growth is increased as
striking yaw is decreased, markedly so for very small yaws.

Absence of the five centimetre concrete face on the clay target
would not likely alter the above conclusions.

IX. RECOMM4ENDATIONS

The authors strongly recommend that the tapered projectile concept
be explored further as an earth penetrator both for tactical nuclear
and conventional weapon systems. We further recommend that this explor-
ation be done in model scale by using flash radiography, 300 key
sources, in order that swerve, yaw, time, and distance be all tied
together and in order to observe visually the contact between the
earth and projectile.

45

N~ -

A--/,f



I)ISTgIkiuTION LIST

No. of No. of
copies Organization Copie Org-ftni zatiofl

12 cmmader1 Institute for Defense

Defense Documentation Center Analysis v

ATTNI DDC-DDk 400 Army-Navy Driv
Camern SttionATTN: IDA Librarian,
Camern SttionRuth S. Smith

*Alexandria, VA 22314 Arlington, VA 22202

7 Director of Defense Research
and Engineering 19 Director

AT'1N% Assistant Director Defense Nuclear Agency

strategic weapons ATTN: STSI, Archives

Deputy Director. STTL, Tech Lib (2 cys)

strategi~c systems SpSS, LTC Spangler

H4. J. tMinnemaf (IS cys)

George Borse DOST

Craig Hlartsell Arlington, VA 22209

R,. ThorkildsenI Comne
Deputy Director, omne

Tactial WafareField Command

Washington. DC 20301 DfneNcerAec
ATMN: FCPR

I Assistant to the Secretary Krln PN 71

of Defense Atomic Energy Drco

WATTiNgtDonal RCo20301 Joint Strategic Target
Washigton DC 0301Planning Staff, JCS

10 DiectorATTN: Science and Tech-
10 DiefeseAvadoeeac nology info Lib

Projects' Agency Offutt AFB, ONAMA, NB 68113

ATrN: COL B. Wae
NI4RO 1 Commander

Paul C. McJ4,nigal US Army Materiel Development

CDR J. Beatty and Readiness Conmafd

LTC 14. Franklin kTTN: DRCDI4D-ST, Mr. N. Klein

s, Lukas ik 5001 Eisenhower Avenue
Alexandria, VA 22333

PHD

Eric H,. Willis1 Co ane

Tech Lib US Army Aviation R~esearch

140Wilson Boulevard and Development Coimmand

Arlington, VA 22209 AT RA-

Po Box 209

St.Lois M 616

47

A~~~~~~ ______________A__

Z ------



DISTRIBUTION LIST

No. of No. of
Copies Organization copies Organization

Dire ttor 1 Commander
US Army Air Mobility Research US Army Armar.ent Materiel

and Development Command Readiness Command
Ames Research Center ATTN: DRSAR-LEP-L, Tech Lib
Moffett Field, CA 94035 Rock Island, IL 61299

Commander 1 Project Manager PERSHING
US Army Electronics Research Redstone Arsenal, AL 35809

and Develop-ent Command
Technical Sup1 art Activity 3 Commander
ATTN: DELSD-L US Army Harry Diamond Labs
Ft. Monmouth, NJ 07703 ATTN: A. Holmes

DRXDO-NP, A. Santucco
Commander DRXDO-RBH, J. Gwaltney
US Army Commiunications 2800 Powder Mill Road

Research and Develop- Adelphi, MD 20783
ment Command

ATTN: DRDCO-PPA-SA 3 Commander
Ft. Monmouth, NJ 07703 US Army Materiels and

Mechanics Research Center
Commander ATTN: DRXMR-T, Dr. J. Mescall
US Army Tank-Automotive Tech Lib

Research and Development Richard Shea
Command Watertown, MA 02172

ATTN: DRDTA-UL
Warren, MI 48090 1 Director

US Army TRADOC Systems
2 Commander Analysis Activity

US Army Missile Research ATTN: ATAA-SL (Tech Lib)
and Development Command White Sands Missile Range

ATTN: DRDMI-R NM 88002 -

DRDMI -YDL
Redstone Arsenal, AL 35809 1 Commander

US Army Nuclear Agency
4 Commander ATTN: Tech Lib ,

US Army Armament Research 7500 Backlick Road, Bldg 2073
and Development Command Springfield, VA 27?50

ATTN: DRDAR-TSS (2 cys)
DRDAR-LCS-A, 1 Interservice Nuclear Weapons

M. Hauptman School
P. Angelloti ATTN: Tech Lib

Dover, NJ 07801 Kirtland AFB, NM 87115

48

S- ... . .. , , .. . . . ,

V&V; •! L,,: ", ;:••.:- .. ••L' :,. •- .,.• -•, .•-• •-• .,•-,•:,.:=;•'T'•'..k;,•,••:'" ;•: •-."•,;• •.!•..•.:L •'/ :; ;, ., -- "''



DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization

Deputy Assistant Secretary 2 Commander/Director
of the Army (R&D) US Army Cold Regions and

Department of the Army Engineering Laboratory

Washington, DC 20310 ATTN: G. Swinzow
D. Farrell

HQDA (DAMA-ARP) PO Box 282
WASH DC 20310 Hanover, NH 03755

HQDA (DAMA-MS) Comumander
WASH DC 20310 Naval Surface Weapons Center

ATTN: DX-21, Lib Br

2 Director Dahlgren, VA 22448

US Army Ballistic Missile
Defense Advanced 3 Commander
Technology Center Naval Surface Weapons Center

ATTN: BMDATC-X ATTN: Mr. Kasdorf

CRDABH-S Tech Lib, Code 730

PO Box 1500 Ralph Craig
Huntsville, AL 35807 Silver Spring, MD 20910

1 Director 2 Commander
Ballistic Missile Defense Naval Weapons Center

Program Manager ATTN: Code 603, Dr. C. Austin
ATTN: DACS-BMT, Dr. J. Shea Code 533, Tech Lib

Huntsville, AL 35807 China Lake, CA 93555

Commander 1 Commander
US Army Research Office Naval Research Laboratory
ATTN: Dr. E. Saibel ATTN: Code 2047/Tech Lib

PO Box 12211 Washington, DC 20375

Research Triangle Park
NC 27709 1 Director

Strategic Systems

3 Director Proj ect Office
US Army Engineer Waterways ATTN: NSP-43, Tech Lib

Experiment Station Department of the Navy
ATTN: Tech Lib Washington, DC 20376

P. Hadala
B. Rohani 1 ADTC/DLJW (LTC J. Osborn)

PO Box 631 Eglin AFB, FL 32542
Vicksburg, MS 39180

A. "49

4' i
i -. , o

: -•.,• .• ; ., • .~.. ,. , ,. . ,• ,"Z "" , .. , . - , ____•: ,_______. . .

-I-...:



DISTRIBUTION LIST

No. of No. of
Copies Organization copies Organization

4 AFATL (Tech Lib; MAJ T. 1 General Electric Company
T. Tomasetti; John Collins; TEMPO-Center for Advanced

Wendell Thomas) Studies
Eglin AFB, FL 32542 ATTN: DASIAC

816 State Street

AFWL (SUL, Tech Lib) PO Drawer QQ
Kirtland AFB, MN 87117 Santa Barbara, CA 93102

AFIT (Tech Lib) 1 H. P. White Laboratory
Wright-Patterson AFB# OH 45433 Bel Air, MD 21014

AFFDL (FDT) 1 Honeywell, Inc.
W.ight-Patterson AFB, OH 45433 Defense Systems Division

ATrN, Dr. Gordon Johnson

Director 600 Second Street, NE
Lawrence Livermore Laboratory Hopkins, MN 55343
ATTN: Tech lib
PO Box 808 1 lIT Research Institute
Livermore, CA 94550 10 West 35 Street

ATTN: Tecd Lib

Los Alamos Scientific Chicago, IL 60616
Laboratory

ATTN: Doc Control for 1 Kaman Avidyne, Division
Reports Library of Kaman Sciences Corp.

PO Box 1663 83 Second Avenue
Los Alamos, NM 87545 ATTN: Tech Lib

Northwest Industrial Park

Aerospace Corporation Burlington, HA 01803
PO Box 92957
ATTN: Tech Info Svcs I Kaman Sciences Corp.
Los Angeles, CA 90009 PO Box 7463

ATTN: Tech Lib
Avco Government Products Colorado Springs, CO 80933

Group
201 Lowell Street 1 Lockheed Missiles and Space
ATTN: David Henderson Company
Wilmington, MA 01887 PO Box 504

ATTN: Tech Lib
California Research and Sunnyvale, CA 94088

Technology, Inc.
6269 Variel Avenue
ATMN: Dr. K. N. Kreyenhagen
Woodland Hills, CA 91364

50

• -. •• " ... * ', •.. . -". ... ", , "'- • ' ,•... . ' __ • . • ...... ... ••I- .. . .__

*1 \

.. , - . •,\ .,:



DISTRIBUTION LIST

No. of No. of
Cop ies Organi zation Copies Organi zation

2 Martin Marietta Aerospace 2 Systems, Science and
Orlando Division Software, Inc.

PO Box 5837 PO Box 1620
ATTN: M. Anthony ATTN: Dr. R. Sedgwick

Gerbert E. McQuaig Tech Lib
(MP-81) La jolla, CA 92038

Orlando, FL 32805
1 Terra Tek, Inc.

Pacific Technology, Inc. 420 Wakara Way
F0 Box 148 ATTN: Tech Lib
ATTN: R. L. Bjork Salt Lake City, UT 87108
Del Mar, CA 92014

1 Drexel University
3 Physics International Department of Mechanical

2700 Merced Street Engineering
ATTN: Doc Control for: ATTN: Dr. P. C. Chou

Mr. Fred M. Sauer 32 and Chestnut Streets
Tech Lib Philadelphia, PA 19104
Mr. Larry Behrmen

San Leandro, CA 94577 1 Oklahoma State University
Field Office for Weapons

SRWD Associates Effectiveness
PO Box 9695 ATTN: Ed Jackett
ATTN: Tech Lib Stillwater, OK 74074
Marina Del Rey, CA 90291

1 Stanford Research Institute
Sandia Laboratories 333 Ravenswood Avenue
Livermore Laboratory ATfN: SRI Library
ATTN: Doc Control for Menlo Park, CA 94025

Technical Library
PO Box 969 2 University of California
Livermore, CA 94550 Los Alamos Scientific Lab

ATTN: Dr. R. Karpp
4 Sandia Laboratories Dr. J. Dienes

ATTN: Doc Control for: PO Box 1663
Dr. W1. Herrmann Los Alamos,.CA 94550

John Colp
John Keizur
W'illiam Patterson
Al Chabai

Albuquerque, NM 87115

51

. . . .



DISTRIBUTION LIST

Or.-ani zation

Aberdeen Provin, Ground
Dir, USAL iAA

ATTN: Dr. J. Sperrazza
Mr. M. Reches
DRXSY-MP, H. Cohen

Cdr, USATECOM
ATTNI: DRSTL-SG-H

Mr. M. Romanell
Mr. S. Keithley
Mr. D. Gross

Dir, USAHEL
ATTN: Dr. J. Weisz

Cdr, USACSL
ATT4: Dr. W. Sacco

Mr. L. Sturdivan
Dir, Wpna Sys Concepts Team,
Bldg E3516, EA

ATTN: DRDAR-ACW

5/
52

--- ---- - -

. . . , . ' . ; , . . -__.', 2 - • . . _ _ _ _,,4


