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DNA/SANDIA SOIL PENETRATION EXPERIMENT
AT DRES: RESULTS AND ANAIL.YSIS

A . Introduction

g As a result of recent improvements in weapon delivery accuracy it appears that low yield earth
; penetrating weapons can, in many cases, replace high yleld air burst weapons with signiticant reduc-
: tion in collateral effects and with no degradation of desired weapon eaffects,

Recognizing the potential of earth penetrators, DNA assigned a project officer in Octobar

b 1973 to survey past efforts and current interest in sarth penetration and assess current state-of-

the-art, The survey, conducted during the period October through December 1873, pointed out that
" 5 while several empirical methods were available for predicting projectile penetration depth and de-
2 celeration, very little work had been done to develop pure analytical solutions such as finite=

) -'. difference techniques based on first principles of mechanics, Due to these findings, DNA fermu-

lated a program for FY 1874 to develop state-of-the-art studies for penetrating weapons and design,

& to award contracts to industrial and government laboratories for making empirical and theoretical
R " caloulations for a given projectile's performance in a medium with well defined mechanical proper-
5 tles, and to conduct actual field psnetration tests in that medium for comparison between calculations

and field test ruultl.1

In addition to the penetration tests for calculation comparison, tests to obtain data on possible
scaling effects were conducted using projectiles with four different diameters and weights, '

This report, which describes the field test portion of the program, includes location and
description of the test site, projectile description, instrumentation, test procedures, test results,
p data receivod, and data analysis, The comparison of actual field test data results to pretest predi-
¥ ctlonl_mnde by various contractors and government laboratories will be covered in a separate DNA

4 report,

Test Program

Qbjegtives

The objectives of the test program were to;

1. Penetrate 35 to 80 feet Into the glacial lake bed located in the vicinity of the Prairie Flat
HEST Test site with a 8, 5-inch-diameter 400-pound instrumented projectile and obtain a complete
rigid body deceleration-time profile of the penetration vvent,
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2. Measure stress levels in the sofl during penetration with the use of lithium niobate stress

2
geges,

3, Conduct penetration tests with 6,0-, 4,126-, 3,08-, and 1, 56-inch-diameter projectiles
to obtain scaling data,

Test Procedure and Set-Up
‘ An 8~inch-diamcter, smooth bore recoilleas rifle barrel mounted invertical position for
projectile impact normel to surface accelerated the 6,8-, 8,0-, and 4,125-inch-diameter projec- ' ‘ !
tiles to velocities up to 800 fps. An air gun accelerated the 3. 06~ and 1, 58-inch diameter projec- P
tiles to velocities up to 500 fps. e
o i~
it
Image motion and streak cameras measured impact velocity on each test, A Fastax camera

{approximately 3000 frames/sec) recorded the firing, In addition to the photographic methods, an
electromechanical method measured impact velocity, This system conaists of two printed circuit
(PC) boards, spaced one foot apart (verticully) and set over the impact point. Projectile travel 2
' time betwcen the boards is memsured with an electronic counter that starts when the projectile \
" ' impacts the top PC board breaking continuity in that circuit and stops when the projectile impacts ,{
j the hottom PC board. Since the distance between boards is one foot, the reciprocal of the mea- il ‘-,t-
F sured time is the projectile velocity, The two pulses resulting from loas of continuity as the PC i
Q; ' boards shatter are also recorded on magnetic tape for permanent storage in case the counter should

i malfunction, 1.
- R

A : Test Site '
I - \
X §
3 The penetration tests were conducted in the vicinity of the Prairie Flat BEST Test site at the i'—
‘ Defense Research Eatablishment Suffield, Ralston, Alberta, Canada, Figures 1 and 2 show the 'S
i location of each tesl Ly test number and relate the test points with the renge reference points. !' y

- This particular arca was selected because a comprehensive soil investigation had been conducted y.
4 thore for the HEST test event and thus the mechanical properties of the target material needed for :f-
) the caloulations were available, }
.

The site is located on an old glacial lake bed and the near surfuce deposits consist of thin 1Y
N alternating layers of sand, sllt, and clay aized pm-th:lel.3 (Although the vertical profile of the target 1L
: is layored, it was expected that the materials would be aimilar in the horizontal direction and that ”

comparisons could be made with tests conducted along a line within a total distance of approximate- ;
R ly 100 feet,) ‘
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Projectile Deacription

Figure 3 shows the 8.6-1n, projectile (with instrumentation and telemetry components) which
was used in the tests lor calculation comparisons, The projectile with components weighed 400
pounds, The center of gravity was located 32,1 in, (83, 8 percent of body length) from the nose tip,
The nose was a 9, 26 caliber radius head tangent ogive (length to diameter ratio of 8).4 The projec-
tile was fabricated from D6AC steel which was heat treated to a Rockwell C hardness of 42 with a
resulting tensile yield strength of 180, 000 to 180, 000 psi. Table I gives a demcription of all of the

projectiles,
TABLE I
Projectile Dencription
) C.G.
Diameter Length Weight From Nose Nose
TostNo,  _lm) dp) 8 (in.) Shepe
484014-01 6.0 48 283 25,0 6.0 CRH
464014-02 6.8 80 400 32,1 8. 28 CRH
484014-03 6.0 48 283 25,0 8.0 CRH
454014-04 6.0 48 283 25,0 8.0 CRH
484014-08 8.5 80 400 32,1 9,28 CRH
464014-08 6.5 80 400 2.1 9,25 CRH
484014-07 6.5 80 400 32,1 9,25 CRH
484014-08 4,13 80 200 30.0 9.25 CRH
484014-00 4,13 80 200 30,0 9. 23 CRH
740717A 1,66 19.4 8.3 10.5 1/d = 2 Cone
740718A 3,086 36.8 30.7 16.8 6.0 CRH
740718B 1,56 18,0 8.3 10,1 6.0 CRH
740718C 3.086 36.8 30,7 156.8 6.0 CRH
740718D 1,86 18.0 9.3 10.1 6.0 CRH
740718E 3,00 37,38 87,3 19.5 6.0 CRH
1 t - -= The deceleration data from the 8, 0- and

8,.5-in, -diameter penetrators was tranamitted through the soll via a 10,5 kHz 300 Hez frequency
modulated carrier., These data were transmitted by two methods: a real time, single channel,
continuous transmisaion and a delayed time, multichannel, sampled data transmission. During gun
launch and subsequent deceleration, the output of a low range accelerometer was used to inodulate
the low frequency carrier directly, This allowed the continuous recording of the penetration data
in real time, with a maximum frequency response of 1 kg, The data transmittal time was con-

trolled by the data window chosen for the delay time transmission scheme,
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."'trlnnmi'uion. Once the memory was filled no new data could be entered and the output of the

The multichannel delayed transmission method utilized a pulse code modulator (PCM)
coupled to a semiconductor memory, The output of the low range accelerometer, & high range ac-
celecrometer, and a battery monitor formed the data base for this technique. The PCM encoded
the time multiplexed data from these three channels with six bit accuracy at a maximum rate of .
280K bits/sec (or 42K samples/sec) and these data were inputted to the memoary during decelera-

tion, .

When the projectile experienced 300g launch acceleration, the memory load cycle was initiated
and the memory accepted data untl its capacity was exhausted. The time to load the memory was
oontrolled‘ by the data rate (maximum of 350K bits/sec) and the size of the memory (48, 182 bits
for this.test series), This memory load time also controlled the duta window for the real time

memory became the modulating signal for the low frequency transmitter. The contents of the
memory, & ''snap-shot” of the launch, and deceleration time, were repetitively transmitied through
the soil at 1K bhits/wsec until the battery power was depleted. During the 30-minute battery life
following penetration the deceleration data were transmitted to the surface 360 times,

The nelection of the memory load cycle time (data window) required » compromise between
the "safety factor' used to insure that the window was sufficiently wide to cover the projectile ac-
celeration in the barrel and the deceleration event, and the quality of the sampled data acquired,
Operation at 380K bitg/sec would provide a data window of only 200 ms, but would result in sufti-
clent samples to recr natruct the sampled data y)_ﬁth a 2K He response, Reduction of the bit rate

to 167K bits/sec would result in a data window of 300 ms, but would result in samples sufficient .
only to reconatruct the data with a frequency response of 1, 4K He, Selection of a 600 ms window
would have resulted in data reconstruction with a 700 Hz frequency response, The aselection of .

the data window is also dependent on the frequency content of the data base and muat be chosen to
prevent aliasing in the data reconstruction. This was the limiting factor in this test series.

= e ren L M

Based on preliminary penetration estimates the telemetry systems were designed to provide
@ 200-ms window. Final preshot calculations refined this estimate and indicated the deceleration
event would encompass 220 ms. It was possible to modify three of the four test units to provide a
300-ms window; however, time did not permit the modification of the fourth unit and its data
window remained at 200 ma (Teat No, 454014-08), Since approximately 30 ms of titne elapses
between memory load cycle {nitiation (300g launch acceleration) and impact, 270 me of penetra-
tion data could be received for the 300-ma window and 170 ms of data for the 200-ms window,

e

=

& g

Two piezoresistive accelerometers were used to scnae the deceleration event, One of these
was ranged to provide a full -scale output compatible only with the deceleration through the soll
and was overranged during launch, This low rangs accelerometer, an Endevco 3361-M4, was
ranged to provide a 280g, full-scale, deceleration monitor, The sensitivity of the mecond accel -
erometer was selected to monitor both the high acceleration launch environment and comparatively -
lower deceleration through the soil, This high range accelerometer, an Endevco 3261-M8, was
biased to give a 2300 g range for launch acceleration with a 800g range for deceleration,

)
s TRV




Instrumentation of Air Gun Fired Pepetrators ~- The 3, 08-in, ~diameter air gun penetrators

were fitted with a telemetry package which yielded real-time acceleration data, It utilized a crys-
tal accelerometer, usable from 8 to 1000g's. Data transmission for this system is in the 230 to
280 MHz band in a conventional FM/FM telemetry schems, using a simple subcarrier. Resl-time
acceleration data, along with timing and velocity data, is recorded on magnetic-tape and oscillo-
graphic recorders. This system provides a usable signal down to approximately eight feet in dry
soils, and somewhat less in saturated soils,

ot Resulis

ements R ery -- Impaoct conditions and penetration results for all
tests are given in Table I, Included in the table are the three different impact velocity measure-
ments (PC board, image motion camera, and streak camera) made for each of the 8-in, recoilless
gun shots, The powder charge for Teat 454015-06 failed to ignite properly and thus the projectile
exited the gun wo slowly that none of the impact velocity methods worked.

Penetration depth was determined by probing the penetration holes with 23-in, ~diameter drill
stems. A looal drilling company was hired to do the probing, A truck mounted derrick lowered
spproximately 30-foot sections of 2-in, ~diameter drill stem into the hole, With water flowing
through the drill stem, it was lowered into the hole under its own weight until it hit the back of the
projectile, After hitting the back of the penetrator, the operator raised and dropped the stem to
be sure it was in contact with the penetrator, The length of pipe in the hole was then measured to
obtain penetrator depth,

Two projectileas were recovered with a "flahing' technique used by the oil industry to recover
tools and casings. Bear Tool Co, Ltd,, Edmonton, Canads, was contracted to do the fishing,
In order to recover the projectiles, a 8-5/8 in, regular bit was used to open the hole, Then a
7-3/8-in, wash overshoe was used to increass the diameter of the hole further and to go over the
projectile and flush the attached soil from the penetrators. The washover tool was then removed
and an overshot (catcher unit) tool with grapplars was lowered into the hole and over the penetrator,
The grappler secured the penetrator to the overshot tool and was then pulled from the hole, The
454014-02 and -07 penetrators were recovered with the above method,

Decgleration Data -~ The 8-in, recoilless gun fired penetrators used in Tests 43401401, -03,
-08, -08, -07, and the air gun propelled penetrators used in Tests 740718A and C were instrumented
to measure rigid body decelaration during penetration, The -05 penetrator, reworked after the unsuc-
cessful powder ignition, was used for Test -07,

Rata Received -- The memory and real-time data (deceleration time) for each test are shown
in Figures 4 through 11, The data from the memory system are shown exactly as received after
digital-to -analog conversion. The real-time data have been processed through a 450 He low pass
filter,
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Pata Raduction -- The curves in Figure 12 show how the deceleration-time record is checked
for validity. Only deceleration traces with no zero shift can be used. A preliminary calibration of
the accelerometer/telemetry system is conducted in the laboratory before the test (usually on a
drop table) to determine the ratio of the accelerometer output (voitage) to the applied deceleration.
Using the laboratory calibration, the deceleration-time trace recorded during penetration is then
integrated which gives the projectile impact velocity.

o 100
g
= 50 -
s 0
2 201 -
Figure 12, Deceleration-time validity check &=
E
g o -
0
g 25— .
4]
a
% om  om  on

TIME IN SECONDS FROM IMPACT

The first check of the data validity is to compare the impact velocity determined from the
telemetry data with the impact velocity measured by an independent method such as impact cameras.
If tHe two velocities do not agree and the deceleration trace did return to zero at the termination of
the penetration event, an adjustment of the laboratory calibration is required, For final dynamic
calibration, the ordinate scale (deceleration) is increased or decreased (the shape of the curve ia
not changed) until the intagral of the deceleration time curve agreen with the independently mea~
sured impact velocity., A velocity-time curve is then constructed by graphical integration of the
new deceleration-time curve, The velocity~time curve is then integrated to obtain projsctile depth
which is then compared to the actual projectile depth measured in the field,

If both the impact velocity and depth determined from the motion curvea constructed from the
recalibrated deceleration-time curve agree with the independent measurements, the accelsrometer
is now properly callbrated and the shape of the curve is assumed to be correct, However, if both
velocity and depth do not agree with the independent measurements, it must be assumed that a non-
linear shift did occur in the accelerometer output and that the data are questionable,
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After the validity of the duta has been established, cross plots of veloéity-depth and decelera-
tion-depth are constructed. The deceleration-depth curve is moat useful in studying penetration be-
cause deceleration levels displayed on the curve at a given depth can be compared with field data on
the material penetrated at that depth, '

The only 8-in, gun test where'a'completu_decelaratmn pulse was received was 454014-07,
- These data wece calibrated by the above method and the displacemont determined by double integra- ' .
tion of the calibrated decsleration~time record differed from the probed depth by 8 percent for the

real time data and 10 percent for the memory data. The 4 percent difference hetween real time
and memory data is within expected system tolerances and may be ttributed to the different trans-
mission frequencies of the two techniques., The 8 percent differsnce between probed depth aud into-

!
grated depth ls within the tolerance of the velocity measurement, . ; ‘t
" _ In order to show the rigid body motion of the projectiles more clearly, the memory and real- '
;| time deceleration-time data were processed through a 200 Hz low pass filter. To insure that the R
‘, : filtering did not affect the rigid body data, the 200 Hz filtered data were processed exactly like the K 4
unfiltered memory and 450 Hz filtered real-time data, Both sets of processed data (velocity-time

- and displacement time) for a typical test, 484014-06, are given in Figures 13 and 14,
A comparison of these figures shows that the 200 Hz filtered data yield the same results as

i
N | the unfiltered data. The data for all of the tests were processed in the above manner and the filter- [ ¥
ing did not affect the results, The 200 Hz flltered processed data for the other tests is included ;

i\: ' in Appendix A. Ol
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Complete deceleration pulses were not obtained on Tensts 454014-01, -02, and -08 because
the time duration of the penetration event uxceeded the data window acquisition time, (See instru-
mentation section.) Since & complete pulse was not obtained in the ~01, -02, and -0C tests, there
is no way to be absolutely sure that no zero shift occurred; however, no zero shift ocourred in
either tostas -07 or any of the tests conducted in preparation for the Canadian test series., Assum-

ing that no zero shift occurred, the partial recorda were calibrated in the following manner:

1. The recorded deceleration-time pulse, using the laboratory calibration of the ratio
of accelerometer output voltage to the applied deceleration, was integrated to obtain
a velocity-time curve, The initial velocity used in constructing the v-t curve waa

the velocity measured with impact cameras,
2, The valocity-time curve was then integrated to obtain a displacement-time curve,

3. Cross plots were then constructed to obtain velocity-depth and deceleration-depth . ,
curves,

4. The velocity-depth curve was then studied to determine if an extrapolation of the
curve to zero velocity yielded a depth within 8 to 10 percent of the probe measured
depth, If these depths did not agree, a linear calibration of the recorded decelera-
tion-time record was made and the process was repeatad.
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Comments on Data -- The memory and real-time data for Test -01 could not be calibrated by

- the above technique, All of the curves are included (Figures A-1 through A-10), but must be con-

sidered questionable data, It appears that a burst of nolse, perhaps caused by the receiving coils
being located at a null point for the depth of penetration, gave a false deceleration in the real time
data.

The calibration worked well for Test -02 and, &8 ocan be #een in Figures A-14, A-15, A-19,
and A-20, data were recelved for npproximately 98 percent of the penetrator depth and 270 ms out

of the approximately 290 to 300 ms of penetration. No calibration was required for Test =08,

Data Analysig -- Cross plots of deceleration-displacement for Tests 484014-02 and -08 were

" | analyzed to determine depth, thickness, and penetrability of each layer of the penetrated medium at
o each of the two locations. Impact points for Tests -02 and -08 were approximately 100 feet apart,

| The analysis assumed that an {ncrease or decrease in rigid body penstrator deceleration occurred

| whan the penetrator nose enterad a laysr, It further assumed that the penetrator rigid body decel-

eration was constant after the nose was completely into the layer and remained constant until the
nose began to exit that layer to enter the next layer. It was necessary to idealize the deceleration-
displacemant curves so that the depths where rigid body decsleration changed and the displace-
ments where deceleration remained constant could be determined,

k} '
sl ¥ | ® ] g
wobF| T |3 T §' -

Displacement {ft)

Figure 15, R-4854014-02, real time, 200 Hz, LPF,
deceleration-displacement with dashed
line representing idealized curve,

The dashed line in Figure 18 is the idealized curve for Test -02, The thickness of the layers
and their depths were determined using the above assumptions and the idealized curves, Projectile
rigid body deceleration in each layer was then obtained from the idealized curves, The results are
recorded in Table lIl, These results were then used for inputs into the Sandia Empirical Depth
Prediction Equatlon,5 and "S" numbers (index of soil penetrability) were calculated, Calculated S
numbers for each layer are recorded in Table III.
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Once the S numbers were calculated for Test -02, they were used with the empirical depth
prediction equation of Reference 5 to calculate depth of penetration for all of the other 8-in, gun
fired tests, Thenthe S numbers calculated from Test -08 data were used to calculate depth of
penetration for all of the other B8-in, gun fired tesits, Table IV gives the results of the analysia
and the percent difference between predicted depths using the experimentally determined S numbers
and the actual measured deptha, The results are well within the published 30 percent prediction
accuracy stated for the prediction equation for all testa except -08 and -09, Since the penetration
depths for these two tests were 86,1 and 99, 0 feet, while the penetration depths for the tests used
to determine S numbers (Tests -02 and -08) were only 48,3 and 87, 0 feat, good correlation could
only be expected if the last layer from Test =02 or -08 was of constant penetrability., The actual
penetration results of Tests -08 and -09 indicate that there was & harder iayer of material below
the 6B8-foot depth,

TABLE 111

Layer Data Derived From Deceleration-Displacement Curves

Depth to
Layer Thickness Layer Deceleration 8
et No, Ne, {ft) {f) a) Numbep
484014-02 1 0 41 16,7
2 8 17 9.6
3 7 13 42 18.7
4 10 20 73 11,6
8 Assumed 30 a7 28,0
Infinite
454014-08 1 8 0 88 12,8
2 ] 8 108 8.1
3 18 12 42 20,7
4 7 27 84 1,7
8 Assumed 34 80 a0

Infinite
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TABLE 1V

Penetration Prediction Using Teats -02 and -08 Deccleration Data

Measured

Test Depth/Velocity Calculated Depth % Calculated Depth %
No, (tt/fpe) -02 S Nos, Diff, =06 3 Nos, Diff,
-01 73.2/883 80,8 ] 10.8 4
-02 48,3/403 48,3 o* 8.2 )
-03 30, 8/410 39,3 1 88,1 4
-04 5. 7/620 87,6 3 80.3 )
-06 67.9/493 76.3 12 87.9 o*
07 20.8/308 27,2 10 20.7 0.9
-08 99, 0/650 142,2 44 118.8 21
-08 868.1/618 131,8 83 111,83 29

®
S numbers were ¢alculated from this test and therefore the calculated and mensured
depths are equal.

Conclusions

Data from all of the tests except 454014-01 are bellvved to be corract and to be & correct
representation of the rigid body deceleration of the penetratora, The deceleration-time data
recorded in Test 434014-01 is questionable because a burst of noise during the first 40 ms of
penetration gave a false deceleration pulse on the record, Due to this apparent deceleration, the
data could not be calibrated.

Analysis of the data derived from the Decelaratlon-Displacement curves of Tests 454014-03
and =08 indicates that five different layers of penetrability ocour in the first 68 feet of depth, The
indices of penetrability (8 numbers) derived from the -03 and -08 data adequately describe the
penetrability of the overall test area, Calculated penitratlon depths, using the Sandia Empirical
Depth Penetration Equation and soil penetrability numbers derived from Tests 454014-03 and -06
data, compared with actual measured depths within less than 12 percent for all tests where penetra-
tor depths did not exneed the 88-foot depth for which daceleration data were available, For the two
tests with penetrator depths grester than 88-foot (-08 and -08) calculated depths were¢ greater than
measured depths by 31 to 53 percent, Thin large variation leads to the conclusion that another,
lews penetrable layer, exists below the 88-foot level,
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200 He Fliltored Processed Data
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DEPARTMENT OF DEFENSE

Assistant to the Becretary of Defense
Atomlc Energy

ATTN: Honorablc Duaan’ 3. Cotier
Director g )
Defense Clivil Prepareduuy &r.ensy

ATTN: Technloal Liurary '

Defense Documentation Canter
12 oy ATTN: TC

Director
Defense Intelllgence Agency
ATTN: Teohnical Library
ATTN: DT-2, Wpns. & 8ys. Dlv,
ATTN: DI.TE
ATTN: DI-7D, Edward O' Farrell

Director
Dofense Mapping Agenoy
ATTN: H, Lindsey

Director
Defense Nuolear Agency
ATTN; STSI, Archlves
ATTN: DDST
20y ATTN: STTL, Technical Library
15 oy ATTN: 8SPS8S

Dirgotor of Defonse Research & Engineering
Department of Dafenso

ATTN: R, Thorkildseu

ATTN: Milton J. Minneman

ATTN: DD/TWP

ATTN: DD/8488

ATTN: Qeorge R. Barse

ATTN: AD/8W

ATTN: Cralg W, Hartsell

Commander

Fleld Command

Defenme Nuclear Agency
ATTN: FCPR

Dlrector
Interaervioe Nuclear Weapons Sohool
ATTN: Technloal Library

Direotor
Jolint Strategic Target Planning Staff, JCS
ATTN: STINFO Library

Chlef
Livermora Division, Fisld Command, DNA
ATTN: FCPRL

Waapons Systems Evaluation Group
ATTN: Document Control

DEPARTMENT OF THE ARMY

Aasletant Chief of Staff for Foroe Dovelopmeut
! Department of the Army
ATTN: Technloal Library
ATTN: Dir. of Chem. & Nuc. Opa.

DISTRIBUTION LIST

DEPARTMENT OF THE ARMY (Continued)

Direotor
Ballistic Missile Defonse Advanced Technical Center
Huntsville Office

"V ATTN: CRDABH-8

"ATTN: 1CRDABH-X

Managar
Ballistic Missile Defense Program Office
ATTN: John Shea

Heoadguarters
Contral Army Group
ATTN: CENEN, LTCJ, L, Sprutll

Chlef of Research, Development & Aoquisition
Department of the Army
ATTN: Tochnioal Library

ATTN: DAMA-CSM-N, LTC E. V. DeBoeser, Jr.

Commander
Frankford Arsenal
ATTN: L. Baldinl

Commander
Harry Diamond Laboratorios
ATTN: Frank J. Vrateric
ATTN: Allen Holmeos
ATTN: AMXDO-REH, James H. Gwaltney
ATTN: AMXDO-NP B

Department of the Army
Offloc Chlof of Engineers

2 oy ATTN: DAEN-MCE-D
2 oy ATTN: DAEN-RDM

Commander

Pioatinny Araenal
ATTN: Paul Harris
ATTN: KEmlie Zimpo
ATTN: Technloal Library
ATTN: P. Angelloti
ATTN: Jerry Pental
ATTN: Ray Goldstein
ATTN: Marty Margolin
ATTN: Willlam Meyer
ATTN: Rny Moomner

Dlireotor

U.8. Army Hallistlo Rosearoh Laboratories
ATTN: J. H, Kcofor
ATTN: G, Roeokor
ATTN: Norris J. Hufflagton, Jr.
ATTN: B. Relter
ATTN: W, Taylor
ATTN: AMXBR-TB, J. T. Frasler
ATTN: AMXBR-X, Julius J, Meszaros
ATTN: J. W, Apgar
ATTNt G. Grabarek
ATTN: D. Dunn

R oy ATTN: Toeohnioal Library, Edward Baicy

Commander & Direotor
U.8. Army Cold Reglon Res. Engr. Lab,
ATTN: G, Bwinsow
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DEPARTMENT OF THE ARMY (Continusd)

Commandsr
U.8. Army Communioations Command
ATTN: Teochnloal Library

Project Englneor
U.8. Army Engineer Distriot, Huntaville
ATTN: HNDSE-R, Michael M. Dombo

Divislon Engineer
U,.8. Army Enginear Dlstrlot, Ohlo River
ATTN: Technionl Library

Direator

U.8. Army Engineer Waterways Experiment Statlon
ATTN: A. Rooke
ATTN: Lao Ingram
ATTN: Guy Jackson
ATTN: D, K, Butler
ATTN: John N, Strango
ATTN: P, Nadala
ATTN: Kim Davis
ATTN: Technloal Library
ATTN: William Flathau
ATTN: Behsad Rohan!

Commander

U. 8, Army Matorials & Meohanios Research Center
ATTN: John Mesoall
ATTN: Techniocal Library
ATTN: Richard Shea

Direotor

U.8. Army Material Systemas Analysis Agenoy
ATTN: M. Reches
ATTN: Joseph Sperazga

Commander

U.8. Army Matorlel Command
ATTN: Technical Libravy

2 0y ATTN: AMCRD-BN

2 0y ATTN; AMCRD-WN

Commander
U.8. Army Material Command
ATTN: Research & Conoepts Branch

Commander

U.8. Army Misslla Command
ATTN: Technioal Library
ATTN: F. Flaming
ATTN: W. Jann

Commander

U.8, Army Nuclear Agency
ATTN: Technloal Library
ATTN: MAJ F, P, Walchel
ATTN: COL Quinn

Commandant
U.8. Army War College
ATTN: Library

Commander

U.8. Army Weapons Command
ATTN: Technloal Library
ATTN: COL C. Treat
ATTN: Frank Black

DEPARTMENT OF THE NAVY

Chief of Naval Research
Navy Departmont
ATTN: Technioal Library

Officer-In-Charge

Civil Engineering Laboratory
ATTN: R, J. Odello
ATTN: Toohnlcal Library

Commander
Naval Electronic S8ystoma Command
ATTN: PME 117-21A

Commander
Naval Faollities Engineering Command
Headquarters

AT'IN: Technical Library

Superintendent
Naval Postgraduate School
ATTN: Code 2124, Tech. Rpts. Lib,

Direotor
Naval Researoh Laboratory
ATTN: Code 2027, Technioal Library

Commander
Naval Surface Woupone Center
ATTN: Codo 1224, Navy Nuo, Prgms, Off,
ATTN: Codo 730, Technloal Library
ATTN: Q. Briggs
ATTN: Robert . Heldonreich
ATTN: Jules Enig
ATTN: Mary P, King
ATTN: Mr. Kasdorf

Commandaer

Naval Surface Weapons Centor
ATTN: M. Woelland
ATTN: Ted Willlams
ATTN: William Wisherd
ATTN: Techniocal Library

Commander
Naval Weaponu Centor
ATTN: Paul Cordle
ATTN: Carl Austin
ATTN: Code 533, Technloal Library

Commanding Officer
Naval Woapons Evaluution Faollity
AT'I'N: ‘Tevhnical Library

Director
Stratogio Systems Project Office
ATTN: NSP-43, Teohnlogl Library

DEPARTMENT OF THE AIR FORCE

AF Armamont Laboratory, AFSC
ATTN: Maj Thomas Tomasett|
ATIN: Maagy Valentine
ATTN: DLO3L, Library
ATTN: Dr. Kulp
ATTN: Willlam Cramer
ATTN: Leonard Wilson
ATTN: John Colllns
AT'TN: Capt Larry Looney -
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DEPARTMENT OF THE AIR FORCE (Continuad)

AT lnstitute of ‘Technology, AU
ATTN: Library, AFIT, Bldg. 840, Area B

AF Weapons Laboratory, AFSC
ATTN: SUL
ATIN: Robert Port
ATTN; DEV, M. A. Plamondon

Headquarters
Alr Force Systems Command
ATTN: Technlonl Library

Commander
Armament Davolopmont & Test Cantor
ATTN: Technlon! Library

Commander
Forelgn Tavhnology Division, AFSC
ATTN: TD<BTA Library

HQUSAF/IN
ATTN: INATA

HQUBSAF/RD
ATTN: RDPM, Col J. E. McCormick

Commander
Romo Air Devolopment Conter, A¥SC
ATTN: EMTLD, Dooument Librury

8AMBO/DE
ATTN: DEB

ENERGY RESEARCH & DEVELOPMENT ADMINISTRA'TION

Division of Mllltary Applloation

U. 8. Energy Research & Dovelopment Adminlatration
AT'TN: Dooument Control for Test Office

Los Alamos Solontific Laboratory
ATTN: Documpnt Control for G. Dials
ATTNt Document Control for Roportr Library
ATTN: Dooument Control for Tom Dowler
ATTN: Document Control for €. Cromor

Sundia Laboratories

Livarmorp Laboratory
ATTN: Document Control foi Tochnion! Library
ATTN: Document Control for 'T'. Gold

Sundla Luborulories
ATTN: Dooument Control for 3141, Bandin ftpt, Coll,
ATTN: Dooumont Control for Waltor Harrmann
ATTN: Document Control for John Colp
ATUN: Dooument Control for Willlam Pattorson
A'l'IN: Document Control for John Kelzur
ATTN: Dooument Control for W, Altymelror
A'I''Nt Dooument Control for Willlam Caudle
A'l'I'N; Dooument Control for Luke J. Voriinan

University of Californiu

Lawronve Livarmore Laboratory
ATTN: ‘Tech. Info, Dept, L-3
ATTN: Larry W. Woodruff, L-128
A'T'TN: Dooument Control for W, Scaniin
ATIN: Mark Wilkine
A'l'TN: Dooument Conteol for R, L. Walker
A'TTN: Frank Walker

%NERGY RESEARCH & DEVELOPMENT ADMINISTRATION
ontinue

U.8. Energy Resvarch & Development Administration
Albuguerque Operations Office
ATTN: Dooumant Control for Technleal Library

U.8, Energy Resonrch & Development Administration
Divislon of Heardquariers Services
ATTN: Document Control for Olass. Tech. Lib.

U.8. Energy Rosearch & Development Administration
Naevada Operations Offico
ATTN: Doocument Control for Technloal Library

OTHER GOVERNMENT AGENCIES

Bureau of Mlaos
ATTN: R. E. Thill

DEPARTMENT OF DEFENSE CONTRACTORS

Aerospace Corporation
ATTN: Goorge Young
ATTN: R, Strickler
ATTN: Tech. Info, Sorvicos

Agbablan Assoclntos
ATIN: M, Agbablan

Applied Theory, Inc,
2 oy ATTN: John ¢, Trullo

Aveo Research & Bystoms Group
ATTN: Duvid Hondorson
ATTN: John Atanasoff
ATTN: Rpsearch Library, AR30, Rm. 7201
ATTN: Frank Lusher

Battollo Memorial Inatitute
ATTN: 'Tovhnlonl Libravy

The BDM Corporation
AT'TN: Hank Ponsford

‘The DDM Coxporation
ATTN: Technical Library

I'he Doeing Company
ATTN: Reyuold Atlas
ATTN: Acrospave Library

Cullfornia Resonroh & Technology Inc,
AT'TN: Ken Kroyenhagon
AT'I'N: "'ochnleal Library

Civii/Nuciony Systoma Copp,
AT'IN: Robort Crawford

radqa, Ino,
Albuquerque Divirion
ATTN: Teohaloul Library

General Dynumios Carp,
Pomonan Operation
ATIN: Kolth Andorson

Clonoral Eleciric Company
TEMPO-Lentor lor Advanced Studles
AT'TN: DASIAC




DEPARTMENT OF DEFENBE CONTRACTORS (Continued)

11 Resoarch Institute
ATTN; Technloal Library

Institute for Dofense Analysas
ATTN: IDA, Librarian, Ruth 8. 8mith

Jd. L. Merritt

Consulting & Speolal Engr. 8vs,, Ino,
ATTN: J. L. Merritt
ATTN: Teohnloal Library

Kaman Avidyne

Divislon of Kaman Solences Corp.
ATTN: Norman P, Hobbs
ATTN: Techuloal Library
ATTN; E. 8. Criscione

Kaman Suiences Corporation
ATTN: Library

Lookheed Misslles & Spaoe Co. Inc.
ATTN: Teohnlcal Library

Lookhged Missiles & Space Co,
ATTN: Tech, Info. Ctr., D/Coil.

Martin Marietta Aerospace
Orlando Division
ATTN: Al Cowan
ATTN: M. Anthony

Nathan M, Newmark
Consulting Engineering Services
ATTN: Nathan M, Newmark

Univorsity of New Mexico

Dept. of Cumpus Security & Polloa
ATTN: Q. E, Triandafalidle
ATTN: H. D, Southward

Phyuslca International Company
ATTN: Dnoumont Control for Dennis Orphal
A'T'TN: Document Control for Robort 8wift
ATTIN: Doocument Control for Larry A, Bohrmann
A'TTN: Dooument Control for Fred M. Sauer
ATTN: Document Coatrol for Charles Godfray
ATTN: Documont Control for Technloal Library

R & D Associates
ATTN: Harold L, Brode
ATTN: Henry Cooper
ATTN: Technioal Llbrary
ATTN: Cyrus P, Knowles
ATTN: J. Q, Lewis
ATTN: William B, Wright, Jr.,

Boicnce Applioations, Ine,
ATTN: D. E. Maxwell
ATTN: David Bernsteln

DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Solence Applioations, Inc.
ATTN: William M, Layson

Sclencu Applioations, Mo,
ATTN: C, Hudson
ATTN: 'l'echnical Library

Stanford Ressarch Institute
ATTN: Lynn Beamanas
ATTN: SRI Library, Rm, G-021
ATTN: George R. Abrahamason
ATTN; Carl Pyterson

Systeams, Soclenve & Software, Ino,
ATTN: Donald R, Qtine
ATTN: Robert T, Allen
ATTN; Technioal Library

Terra Tek, Ino,
ATTN: Sldnay Orecn
ATTN: A.H, Jones
ATTN: Tochnlosl Library

Texas A & M Univeraity Bystem
ATTN: Harry Coyle

TRW 8yatema Croup
ATTN: Taeoch, Info, Ctr., 8-1030

Uanlversity of Oklghoma
Resvarch Inutitute
ATTN: John Thompson

Waldiinger Assoo, Consulting Enginecrs
ATTN: J. W, Wright
ATTN: Malvin L, Baron

Waldlinger Aasoc. Consulting Engineers
ATTN: J. Isenberg

e T e e
AT TRANTS

=

T M R

e




