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1. INTRODUCTION

The Army, as a part of the Tri-Scrvice HAVE NAME [HN] program, was
committed to develop a vulnerability model which could be used to assess
the vulnerability of an Army system to the carbon fiber [CF) threat, if
it cxisted. The model developed is an cxponential model and can be
written as

-fwE
P =1 - exp(—Cg.) M

where P, is the probability of failure, f is the input filter factor, w
is the internal distribution parameter, E is the outside exposure, and
<E> is the average exposure to failure. For a morc complete explanation
of the expoanential model, refer to references 1 and 2. The intent of
this work is to measure the internal distribution paramenter, w.

The system chosen to exercise the vulnerability model on was the
HAWK Air Defense Missle System. Because of the cxpense and non-availabil-
ity of major items of the HAWK System and the unknown future effects of
CF on these items, vulnerability measurement of these systems had to be
done by a non-destructive method. The approach that was adopted to de-
termine the HAWK vulnerability was to expose major items to an aerody-
namic simulant for the purpose of establishing the internal distribution
parameter to the major item's vulnerable components [power supplies,
amplifiers, etc.]. These components were then individually tested with
CF, to determine their <E>, average exposure to failure. The input
filters for all items were tested in a separate experimental setup to
determine the filter factor, f. After the variables f, w, and <E> had
been cstablished, it was possible to estimate from a known outside
exposure, E, a P, for a major item using equation (1). Further appli-
cation of vulnerability theory would yield the Pk for a complete HAWK
Battery.

2, EXPERIMENTAL PROCEDURE

Because it was necessary that the simulant material be a noncon-
ducting fiber, the active fiber detection method, the BRL ball gauge,
was not useful, In this section of the report, the simulant material,
the dispensing system, and the detector system will be discussed along
with a description of a typical trial procedure.

IR, D. Shelton and J. R. Moore, "Vulnerability of the Improved Hawk
System {U)," RRL Report No. 1964, February 1977, SECRET.

4
“ R. D. Shelton and J. R. Moorz, "A HAVE NAME Vulnerability Model (U),"
BRL Report No, 1912, August 1976, SECRET.
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2.1 Simulant Material

The HAWK component vulnerability tests werec performed using Hercules
HMS carbon fibers. The simulant selected for the internal distribution
parameter measurements was Baked Kevlar 49*. The density and diameter
of a Kevlar fiber are nominally 1.5 g/cm? and 10u respectively, as com-
pared to 1.87 g/cm3 and 8y for a Hercules HMS fiber and both fibers
have cqual settling velocities, 1.5 m/min. The simulant was cut into
7 mm lengths, the length selected for the component vulnerability
testing, and packaged in 250 mg units.

2.2 The Dispensing System

The experiments were designed so the simulant could be introduced
into the item under test in a controlled and repeatable manner. The
material was slowiy fed into a one cubic meter box by the venturi

action of a high pressure air flow line [100-120 psi]. The high flow
served to separate the simulant material into single fibers which could
then be exhausted from the mixing chamber by means of the normal air
intake of the item under test. All adaptors were made so that the
mixing chamber was connected to the major item's air intake by means of a
8.5 cm diameter input duct. In figure 1, the mixing chamber and con-
necting duct work can be seen attachked to the input of the transmitter
section of the Improved High Powered Illuminator [IHPI]. Other sections
which underwent test, such as the Radar section on the right, and the
Liquid Cooler and the Antenna section in the center, can also be seen

in the same figure.

A major concern for the dispensing method was its efficiency and
if it would cause any fiber break-up. Measurements showed a dispensing
efficiency for single fibers of 95% and less than 5% of the observed
fibers had experienced any length breakup.

2.3 Detectors

Because the simulant by necessity had to be a nonconducting fiber,
and as such could not be counted using active detection systems such as
the charge transfer technique, it became necessary to develop a passive
detection system. The method determined best was a piece of sticky
paper formed into a cylinder with the dimensions 1.3 cm diameter at
the base and 3.8 cm high. The dimensions were chosen such that when
the cylinder was split, it could be placed flat on a standard 35 mm
slide, The use of the 35 mm slide had two main advantages: 1) easy
storage and marking while performing the experiment in the files and
2) easy projection and magnification for the counting and data analysis.
Figure 2 shows the sticky paper cylindrical detector and the viewing
slide,

* Celanese Research Company, Summit, N.J.
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2.3.1 Detector Calibration

The rclationship between the counts on the sticky detector and

cxposure can be written
C

St
Sl & (1) (2)

where E is the exposure, K[u] is the calibration constant, a function of
velocity, and th is the total counts on a sticky detector. Since this

calibration was performed using the ball gauge as a standard, the same
type physical notation was applied wherc

K{u] = V g, (3)

where V is the e¢ffective sampling velume of the sticky cylinder de-

cff
tector. This effective sampling volume of the sticky cylinder detector
was determined relative to that of the ball gauge. Figure 3 shows the
effective volume of the sticky cylinder detector versus fiber velocity.
It can be seen that within the air flow ranges common in the HAWK
cooling systems (100-600 fp ), the effective volume is approximately
constant. Because of this, exposures at different detector positions
can be compared by total counts per detector without regard to fiber
velocity in the vicinity of the detector. For further information about
the calibration, sce reference 3.

2.4 A Typical Trial Procedure

Since it was known from previous work that the HAWK input filter
factor, f, was approximately 10%, it was decided to perform the trans-
mission function trials without the input filter in place on the sec-
tion being tested for better counting statistics in the data analysis.
Each section of the HAWK included many components, and judgment was
made in the field as to the number of detectors to be placed in each
component and the position of these detectors. Some considerations
given to the number of detectors and their position were: 1) counting
problems, 2) easy placement, 3) existence of air flow in the region of
the detector, and 4) high probability of fibers getting to the region.
The monitor or standard for each trial was a sticky cylinder detector
in the center of the input duct. Figure 4 shows the instrumentation of
a typical component. Detcctor placement is shown by the pointers on
the photo.

After the positions had been selected and the detectors were in
place, the trial was begun. The air circulator for the item to be

° John A, Morrissey, William I. Brannar, and Samuel C. Thompson, "Cali-
bratioa BRL Ball and Sticky Cylinder Detector System", Rallistic Re-
Search Laboratory, Technical Report ARBRI-TR-02070, Jun 78, (UNCLASSI-
FIED).  (AD #B0292041.) 13
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tested was activated and the simulant, which was being fed slowly into N -
the dispensing box, was drawn into the item by its air circulating

system. One package (250 mg) of the simulant was dispensed over a 2

i minute period,

The test item's air system, however, was operated a total of S :
minutes, to insure sufficient time for transmission through the complete . .-
system. The unit was then shut down, and the detectors were removed, ‘
marked, and placed on glass slides for easy storage until they could
be counted at a later time.

At the time these trials were being made, there was some concern
for the amount of exposure which might be delivered by residual material
from a startup procedure and a long operation. To study this effect,
the unit was completely reinstrumented and operated for an hour. These !
studies showed that this residual effect could be as high as 20% at '
some locations.

For each unit tested, this complete process was done twice. Between
trials, the item was completely vacuumed, brushed, and sprayed with a
high flow of air, to remove any remaining simulant fibers. Tests had
shown this cleaning procedure to be greater than 95% effective.

2.5 Data Analysis Method

Because the calibration constant is independent of velocity, the
internal distribution parameter, w, is simply a ratio of detector
I counts.

(4)

E
n
ZI 4
[

[o]

where Ni is the summation of the five minute and hour operation for the

-~

i, th detector, and No is the same summatioa of the input detectors.

The internal distribution is the average of the two trials.
3. DATA SUMMARY

Figure 5 is a schematic of a HAWK battery. Two major items, the

Improved Battery Control Center (IBCC) with its CBR protection and 3-
the launcher were not tested because they were judged nonpenetrable and il
invulnerable respectively. A third item, the Improved Range Only Radar 'ﬁ.7
(IROR), was not tested because its nonoperation would not severly hinder - Py
the operation of the HAWK batter. Table I lists the tested major items g.'

along with their sub-assemblies, A brief discussion of each tested
item foliows.
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TABLE I  HAWK ITEMS TESTED WITH SIMULANT

Low Powered illuminator
Radar Section

Improved High Powered Illuminator
Transmitter Section
Radar Section
Antenna Assembly
Motor Generator Assembly
Liquid Cooler Assembly

Improved Continuous Wave Acquisition Radar
Radar Section
Motor Generator Assembly

Improved Platoon Command Pest
Main Console Area
Automatic Data Processor

Improved Pulsed Acquisition Radar
Radar Set Group
Amplifier-Cooler Group

-
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3.1 Low Powered Illuminator [LPI)

Because it is no longer an intergral part of the Improved HAWK Sys-
tem, the LPI1 was a major item which was available for an active CF test.
This item is the one which was used for vulnerability validation tests
both in the laboratory“ and the field.®> To judge the simulant experiment
performance, a simulant test of the LPI was performed in the laboratory.
The LPI is composed of 3 major sections, the radar section, the antenna
pedestal, and the motor generator assembly. The only section tested was
the radar section. Transmission to the antenna pedestal and the motor
generator assembly were not measured because tests of the vulnerability
of the LPI were only concerned with the radar section. These distribution
ratios were used to predict the vulnerability of the LPI. For more
information see reference 4.

3.2 Improved High Powered Illuminator [IHPI]

The IHPI and the missile are the most essential items in the HAWK
battery. The IHPI is composed of five sepzrate sections, each having
its own air intake and exhaust. Each section was tested separately. A
brief discussion of each section follows, and a summary of the data can
be found in Table II.

3.2.1 Transmitter Section i

The Transmitter section is composed of three main cabinet sections.
One is used to house the Klystron equipment, the other houses the pump
for the Klystron coolant, and the third houses the sealed electronic
units for the Klystron control. The air circulation is a two fan push-
pull arrangement with the main feed into the cabinets through plenums
! connected to the air-cooled components of the system. The boxes, which
require the maximum cooling and are connected directly to the cabinst
input air plenum, have the highest transfer function, which is on the
order of 40%.

3.2.2 Radar Section

The Radar section is composed of 11 separate cabinets and drawers.
Eight of the sections are forced-air fed by a pienum. The exhaust is
through filters at cach end of the Radar unit. All sections were moni-
tored with detectors including the ones which did not have a direct
air-feed to them. The highast transmission factor for the Radar unit
was approximately 50%.

E . Braerman, E. M. Vogel, J. A. Morrissey, and C. Tayler, "HAWK LOW xf?{
! Powered Illuminator Vulnerability Tests (U)," Technical Report ARBRL-TR- Py
i 02076, June 1978, SECRET. t;%
! e
} S g Michael Vogel and Jill H. Smith, "Vulnerability Model Validation °§
b x*e

At

EIead o

Testing - Project HAVE NAME (S5)," Technical Report - to be published.
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3.2.3 Antenna Assembly

The antenna air is drawn through an input on the side, passes down
through a screen, and runs up through the slip rings into the box behind
the receiver antenna which contains the electronics for the receiver
system. The box behind the transmitter antenna does not have an air flow
through it. The maximum transmission factor for the antenna pedestal is
at the air input to the slip rings, and that transmission was on the
order of 10%.

3.2.4 Motor Generator Assembly

Air input to the motor assembly is into a large volume containing
the motor and the associated connectors. The exhaust is through the
motor itself. Transfer functions into the motor generator area are on
the order of 30%.

3.2.5 Liguid Cooler

Input into the liquid cooler cabinet is through the cooling radi-
ator and exhausts are out the rear of the cabinet. The flow velocity is
very high. Fibers are entrained in the air moving through the radiator
and very little air is exchanged with that section of the cabinet con-
taining the electronic pieces. Thus there is a minute amount of trans-
fer of approximately 2%.

3.3 Improved Continuous Wave Acquisition Radar [ICWAR]

The ICWAR has three main sections to be tested, the Radar Section,
the Motor Generator Assembly, and the Antenna assembly. Tests were not
performed on the antenna assembly because of its simularity to the IHPI
antenna assembly. Tests werc performed on the two remaining sections
and a summary of the data can be found in Table II.

3.3.1 Radar Section

The Radar Section of the 1CWAR was very similar to the LPI and
IHPI. The air handling system is the same as that vsed in the LPI and
the 1HPI Radar Section. There are nine separate sections all of which
were instrumented to measure the CF transfer function. Two cabinets
were not directly fed from the plenum. The results are a transfer
function of 15% maximum.

3.3.2 Motor Generator Assembly

This motor generator assembly is the same as the one used on the
IHPI and the LPI except that the input air comes through an input at
each end of the unit. The air flow is approximately the same, 15 cfm.
The fiber transmission function into the cabinet is approximately the

21
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sare as the IHPI, 20 to 25%.

3.4 Information Coordination Central [ICC]

Because the ICC has two separate air flow patterns, the van was
divided into the main console and personnel area, and the automatic
data processing area. Both areas were individually tested with simu-
lant. These results can be found in Table II.

3.4.1 Main Console Area

This section is the main area of the van and contains the central
communications units, radio sets, power supplies, etc. It is also the
area occupied by the command personnel. The air handling system is an
air conditioning unit with a recirculating system and a manually con-
trollable air makeup valve. To produce a worst case scenario, the
air conditioner was run in the vent mode, i.e. recirculating air but
without the compressor operating, air makeup vent completely open, and
the air conditioner input filter removed. The van, which is operated
at a positive pressure, would have minimum fiber leakage from the out-
side. The maximum transfer function measured was 2%,

3.4.2 Automatic Data Processor

The alir cooling system for the ADP consisted of three muffin fans
at the base of each rack. The air was drawn from the vutside across
heaters, passed up through the racks, and exhausted through a vent in
the roof. There are two input ports for the system, both of which were
tested with simulant. The maximum transfer function achieved to any
rack from either input wes on the order of 5%,

3.5 Improved Pulsed Acquistion Radar

_ The IPAR trailer has four main sections, the Radar Set Group, the

N High Voltage Supply Group, the Receiver-Transmitter Group, and the
Amplifier-Cooler Group. The Receiver-Transmitter and High Voltage

¢ Supply groups were not tested because they were sealed to outside air
and a transfer function of zero was assumed. The other two groups were
tested and the results are shown in Table II.

3.5.1 Radar Set Group

Because there is not much heat generation, the cooling in this
system does not have to be very good. Air was circulated through the 7]
five cabinets by a small fan. The air flow through the system was on ©f g
the order of S00 cfm. Also the air was not channeled, so there was a g.*
very random flow and transfer function. The maximum transfer was about E
80% directly inside the input fan at some low voltage power supplies,
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3.5.2 Amplifier-Coo:er Group

Cooling air flow in this group was by leakage from the cooler
system, The maximum transfer function in the amplifier cabinet was 2%,
The cooler section hal a transfer function of approximately 10% but is
considerad invulnerable to fibers,

4. CONCLUSIONS

1. The internal distribution parameter of the Improved HAWK battery
was measured using a carbon fiber simulant, Kevlar 49. The results
ranged from 2% to 80% and were dependent upon the amount of cooling
required for the various compenent.

2. The experimental apparatus,i.e. the detectors, simulant, and dis-
penser, were more than adequate to perform the tests.

3. These tests were used to deiermine susceptible HAWK components for
laboratory vulnerability testing.

4. The detectors used and their counting system were more than adequate
to perform the experiment.

5. The fiber dispenser and injection system produce a minimum of fiber
breakup and are very useful both in the laboratory or field environment.

e e —— -
CEr o T NN
B T UL LR
R B L A PSR W




R aadhe Ol ol e bl S

o —

ACKNOWLEDGEMENTS

The authors would like to express their appreciation to the Raytheon
employees at the Raytheon Pelham Test Site. Their help and cocperation
assured completion of these difficult trials.

The authors would also like to express their deep appreciation to
their typists, Miss Judy Sanders, Mrs. Judith Hamilton, and Miss Diane
Reid, for their patience and cooperation during the assembly of this
report.

24

L I I . .
AU N T
B i A T LR TP T N




(28]

REFERENCES

R. D. Shelton and J. R. Moore, 'Vulnerability of the Improved Hawk
System (U),™ BRL Report No. 1964, February 1977, Secrct.

R. D. Shelton and J. R. Moore, "A Have Name Vulnerability Model (1),"
BRL Report No. 1912, August 1976, Sccret.

John A. Morrissey, William I. Brannan, and Samuecl C. Thompson, 'Cal-
ibration BRL Ball and Sticky Cylindcr Detector System,' Ballistic
Research Laboratory, Technical Report ARBRL-TR-02079, June 1978,
Unclassified. (AD #B029204L)

W. F. Braerman, E. M. Vogel, J. A. Morrissey, and C. Taylor, 'HAWK
lLow Powered Illuminator Vulnerability Tests (U),'" Technical Report
ARBRL-TR-02078, June 1978, Secret.

E. Michael Vogel and Jill H. Smith, "Vulnerability Model Validation
Testing -~ Project HAVE NAME (U)," Technical Report - to be published
Sccret.

r
(73]

.’ ;k-: TR “‘_,; ) ._7.:;
T ALl '\ﬁ'_‘-;y__. L ot _,',,“..!\ ~




—

No.

DISTRIBUTION LIUST

of

Copies Organization

B
-~

Commander

Defense Technical Into Center
AITN:  DDC-DDA

Cameron Station

Alexandria, VA 22314

ODUSDRE (R/AT) (ET)

ATTN: Mr. Persh

Ruom 3D1089, The Pentagon
Washington, DC 20301

HQDA (DAMA-CSM, LTC Germann)
Room 3C443, The Pentapon
Washington, DC 20310

Commander

US Army Materiel Development
and Readiness Command

ATTN: DRCLDC, Mr. T. Shirata

5001 Eisenhower Avenue

Alexandria, VA 22333

Commander

US Army Materiel Development
and Readiness Command

ATTN: DRCSA-JS, COL Henne

5001 Eisecnhower Avenue

Alexandria, VA 22332

Commander

US Army Materiel Development
and Readiness Command

ATTN: DRCDMD-ST

5001 Eisenhower Avenue

Alexandria, VA 22333

Commander

US Army Armament Research
and Development Command

ATTN: DRDAR-TSS

Dover, NJ 07801

No.

of

Copics Orpanization

1

Commander

US Army Armament Matericl
Readiness Command

ATIN: DRSAR-LEP-L, Tech Lib

Rock Islund, 1L 61299

Director

US Army ARRADCOM

Benect Weapons Laboratory
ATIN: DRDAR-LCB-TL
Watervlict, NY 12189

Commander
US Army Aviation Rescarch
and Development Command
ATTN: DRSAV-E
DRDAV-N, Mr. D. Weller
P. 0. Box 209
St. Louis, M) 63166

Director

US Army Air Mobility Research
and Development Laboratory

Ames Research Center

Moffett Field, CA 94035

Commander

US Army Communications Rsch
and Development Command

ATTN: DRDCO-PPA-SA

Fort Monmouth, NJ 07703

Commander
US Army Electronics Research
and Devclopment Command
Technical Support Activity
ATIN: DELSD-L
DELSD-EM, Mr. Nolan
Fort Monmouth, NJ (7703




DISTRIBUTION 1.

No. of No. of

533!55_ gluggﬂ;utign Copics
1 Commander/Director 1

Otfc of Missile Electronics
wartare (LRADCOM)

Us Army Electronic Warfarce lLab

ATIN:  DELEW-M-MSC, Ms. Arthur

White Sands Missile Range

NM 88002

3 Commander
US Avmy Missilce Command
ATEN:  DRSMI-R
DRSMI-Y DL
DRSMI-Z (RND) (R.Vaughn)
Redstone Arsenal, AL 35809 1

! Commander
US Army Mobility Equipment
Rescarch & Development Crd
ATIN:  DRDME-WC, H. Barker 1
Fort Belvoir, VA 22060

1 Commander
US Army Tank Automotive Rsch
and Development Command
ATTN:  DRDTA-UL 1
Warren, MI 48090

1 Commander
: US Army Dupway Proving Ground
N ATTN:  STEDP-MT-S
. Mr. John
Dugway, Ul 84022

to

Trethewey

1 Director

US Army JForeign Science and
Technology Center

ATTN: DRXST-MT1l, Mr.Schlesinger 1
220 Seventh Street

' Charlottesville, VA 22902

] Direcctor 1
US Army Materials and

i : Mechanics Rescarch Center

i - ATTN:  DRXMR-R, Dr. G. Thoumas

Watertown, MA 02172

e - -
Ve YRRy

IST

Organization

Dhjrector
US Army TRADOC Systems
MAalysis Activity

ATTIN:  ATAA-SL, Tech Lib
White Sands Missile Range
NM 88002
Comnander

Naval Material Command

ATIN:  Code MAT-08T32)
br. llerber Moore

washington, DC 20362

Commander

Naval Air Systems Command
ATIN:  AlIR 350, Mr. E. Fisher
Washington, DC 20361

Commander

Naval Sca Systems Command
ATTN:  SEA 035, Mr. G. Sorkir
Crystal Mall, Bldg. 4
Washington, DC 20360

Conmander

Naval Intelligence Support Ctrv
ATTN: Code 43, Mr. St. Aubin
4301 Suitland Road

Washington, DC 20390

Commander
Naval Surface Weapons Center
ATTN: Code CF-56
Mr. Gene Gallaher
Mr. Raymond Polcha
Dahlgren, VA 22448

HQ USAE/RDPE (LTC R. Halder)
Rm 5C470, The Pentagon

Washington, DC 20330
AESC/DLAE (MAJ E. Zak)
Andrews AFB, DC 20334

..
v.

. .
N ey

- e ——————




DISTRIBUTION LIST

No. of
Copies Organization
1 AFATL/DLJW (Mr. Glendenning)
Eglin AFB, FL 32542
1 RADC/RBQ (Mr. Q. Porter)
Griffiss AFB, NY 13441
1 AFISC/SES (Mr. J. Tilson)
Norton AFB, CA 92409
1 AFLC/MAX (COL Thogersen)
Wright-Patterson AFB, OH 45433
1 AFML/MBC (Mr. W. H, Gloor)
Wright-Patterson AFB, JH 45433
1 Office of Science and

Technology Policy
ATTN: COL Kay
01d Executive Office Building
Room 481
17th Street § Pennsylvania
Avenue
Washington, DC 20500

29

CoBics

of
Organization

1 Federal Cmergency Management
Agency (FEMA)
Plans and Preparedness
ATTN: Mr. John Nocita
Washington, DC 2030l

1 PM, GFRAP
NASA Langley Research Center
MS 231
Hampton, VA 23665

Aberdeen Proving Ground

Dir, USAMSAA

ATTN: DRXSY-D

DRXSY-MP, H. Cohen

Cdr, USATECOM

ATTN: DRSTE-TO-F
Dir, Wpns Sys Concepts Team,

Bldg. E3516, EA

ATTN: DRDAR-ACW

S

P R -
T B 24
R N - R N R 2R T

WAL

I S



A d L

. ——

- | T ae T T =l Pl gi ek 2 g

USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this sheet and return it to Director, US Army Ballistic Research

Laboratory, ARRADCOM, ATTN: DRDAR-TSB, Aberdeen Proving Ground,

Maryland 21005. Your comments will provide us with information

for improving future reports,

1. BRL Report Number

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

3. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.)

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

5. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)

6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
please fill in the following information.

Name:

Telephone Number:

Organization Address:

St I i

o e T R
[IREL R T SN 28 [P RN A - S




DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
ARMY RESEARCH LABORATORY
ABERDEEN PROVING GROUND MD 21005-5066

AMSRD-ARL-O-AP-EG-SI (380) 30 November 2004

MEMORANDUM FOR SEE DISTRIBUTION

SUBJECT: Distribution Statement - Ballistic Research Laboratory
Memorandum Report ARBRL-MR-03008

1. Reference: Ballistic Research Laboratory Memorandum Report
ARBRI-MP-03008, “Hawk Transfer Function Experiments: Project HAVE
NAME”, by William F. Braerman, John A. Morrissey, and Clifford
Taylor, April 1980, AD number B0473541, UNCLASSIFIED.

2. Subject matter experts from the Army Research Laboratory
(ARL) and the Joint Technical Coordinating Group, and the ARL
Security/CI Office have determined that the subject report may
be released to the public. Request that you mark your copies of
the document with the following distribution statement:

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

3. Questions may be directed to Mr. Douglas J. Kingsley at
commercial telephone number 410-278-6960.

[SW-2
DAVID W. ORE
Manager
Experimentation Support Group

Printed on @ Recycled Paper



