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SUMMARY

This report describes the fabrication, instrumentation, test procedures
i and results of four reverse ballistics tests conducted at the Avco Ballistic
[ Test Facility.
: The testing was performed using the Avco 15.2-inch gun to propel media
i targets of concrete and compressed sandy till at a nominal velocity of
1500 ft/s into two different earth penetrators (EP). The resultant strain and

acceleration response of the EP's were recorded at several critical locations.




PREFACE

The objective of this test series was to provide an improved and expanded
data base for critical impact environments on earth penetrators. This was
accomplished by reverse ballistic testing a total of four instrumented pro-
jectiles, three at various obliquities and angles of attack on the DNA half-
scale penetrator, and one test at a 5° angle of attack on a 1/8 scale low L/D
model penetrator.

The program was conducted under Modification P00002 to Contract DNA 001-
75-C-0181 for the Defense Nuclear Agency. The work was administered under
the direction of Major D. Spangler.

The author wishes to acknowledge the contributions made by the members
of the Avco Ballistics Laboratory and Mr. Edward Plamowski of the Avco Struc-

tures Laboratory.
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SECTION I

INTRODUCTION

The Impact and Penetration Technology Program was initiated to demonstrate
the capability of analytical techniques to predict the response of representa-
tive earth penetrator configurations following impact with various media.

This was accomplished by careful selection of configuration and impact param-
eters that would exercise a particular effect on the projectile response. In
addition, a detailed study of the required types of instrumentation and the
manner in which electronically obtained data were recorded was necessary to
obtain reliable experimental data that could be used to evaluate analytical
predictions.

This report details the results of the final task (Task 6) of this pro-
gram, the Shock Attenuation Tests. The purpose of this task is to provide
additional response data for correlation with analytical predictors. The test
series consisted of four tests with both high and low L/D penetrators with
various impact obliquities and angles of attack.

The chronology of earlier Avco studies under the Impact and Penetration
Technology Program (DNA 001-C-75-0181) over the period from February 1975
through May 1977 is described below.

Task 1 Impact and Penetration Parametric Study (Reference 1)

Task 2 Reverse Ballistic Testing (Reference 2)

Task 3 Materials Investigations and Model Generation

Task 4 P-2 Half Scale Reverse Ballistic Testing (Reference 4)

Task 5 Off-normal Impact Study

o —— R — A I R

"
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SECTION II

REVERSE BALLISTIC TEST TECHNIQUE

Reverse ballistic testing (RBT), as the name implies, involves ballistic
tests during which the target is impacted into a stationary projectile instead
of the projectile being impacted into the stationary target. Reverse ballistic
testing is used in place of standard ballistic tests to reduce the overall
cost, and to improve the quality and quantity of data gathered from each test.
The principal advantage of this procedure is that significant numbers of
channels of instrumentation can be "hard lined" to standard recording equip-
ment, thereby eliminating the need for channel-limited high "g" telemetry
systems which would be required for straight ballistic shots. A typical re-
verse ballistic test setup is shown in Figure 1.

The forces experienced during an RBT are the same as would be experienced
in a projectile during a standard ballistic test, if the size of the target
being impacted is large enough to preclude boundary wave reflections in the
time window of interest. The equivalence of the two types of tests is demon-
strated by the fact that in a coordinate system transformation which involves
translational displacement and/or velocity alone, the forces are invariant in
a Galilean reference frame.

One of the areas in which a variation from the standard ballistic test
results would be found is caused by the practical aspect associated with
having to use a limited size target. This limitation results in discrepancies
caused by:

® momentum exchange, and

@ stress wave reflections from free surfaces.

During a straight ballistic impact event the projectile undergoes a rigid
body deceleration dependent only on the interaction forces and the mass of the
projectile. During an RBT this deceleration is also dependent on the inertia
of the target media which for a reasonable simulation, the initial kinetic
energy of the target media would be much greater than the work done during the
duration of the impact event. In other words, the target media should be as
massive as possible to simulate the real event by adapting a semi-infinite

talf space. A large mass directly affects target media velocity change, i.e.,
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a low velocity change is an indicator of a realistic simulation. In the tests
under this program the velocity change was on the order of 20 ft/s which is
small compared to the nominal impact velocity of 1500 ft/s.

Relative to stress wave considerations during a straight ballistic impact
event, the interactions (surface tractions) are dependent on the stress fields
set up within the target media and in the penetrator (generally secondary).
These stress waves propagate according to the laws of wave transmission out
into the semi-infinite half space of the target media. When this half space
is reduced in size, as it is for RBT, the stress waves reflect from these
boundaries and after returning to the surface of the penetrator, modify the
existing surface stresses. Of interest in the assessment of this phenomena
are:
stress wave reflection time from free surfaces,
extent of reflections,

effect of reflected waves on target media (potential fracturing), and

attenuation of reflected stress wave at the penetrator surface.
Clearly, the minimum duration of the event during which the target media

appears as a half space is the time of stress wave passage to the boundary

and back to the projectile. In the case of the 15.2-inch diameter RBT facility

used during this program, this time is approximately 200 psec (assuming a wave

speed of approximately 7000 ft/s).

10




SECTION III

EARTH PENETRATORS

Two half-scale and a single 1/8 scale earth penetrator models were re-
quired for this test series. All of the test specimens were designed, fabri-
cated and instrumented by Avco Systems Division. The two projectile designs
are shown in Figures 2 and 3. The earth penetrator used in Test 1 was re-used
in Test 3, to provide as many tests as possible. This EP is, with the excep-
tion of the detail in the vicinity of the two accelerometer mounts, of the
same design as the penetrators used in the Avco RBT's reported in Reference 2.

All the EP models were fabricated from grade 300 maraging steel. The
projectiles were hardened to a Rockwell Rc 45 (approximately 215,000 psi
tensile strength). Hardening is accomplished by heating the projectile to a
temperature of 9259 to 950° F, for three hours and then air cooling to room
temperature. The accelerometer mounts were also machined from grade 300 steel,
unless otherwise indicated in Figures 2 or 3.

The nominal dimensions of the earth penetrator models and weights have

been tabulated.

Large L/D Low L/D
(1/2 Scale) (1/8 Scale)
Length (inches) 27.92 7.69
Outside Base Diameter 3.00 215
(inches)
Wall Thickness (inches) 0.578 0.187
Weight (1bs) 39 3r7

A schematic of this projectile is shown in Figure 2 and was scaled from
Reference 5. A schematic of the low L/D projectile is shown in Figure 3.

Design dimensions were provided by DNA.

11
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SECTION IV

MEDIA TARGETS

The media targets that were explosively propelled at the stationary EP's
were of two types, either concrete or compacted sandy silt. The concrete
media targets were fabricated as shown in Figure 4. The concrete was contained
by an aluminum canister which was machined from a standard size 16 inch 0.D.,
1/2 inch wall 6061-T6 aluminum tube, with a 1-1/2 inch thick 6061-T6 aluminum
plate welded to the tube to form the base. Prior to pouring the concrete
into the canister a one-inch thick dry sand shock cushion is used to separate
the concrete from the l.5-inch thick aluminum base. The concrete mix (Table
1) used in the targets was poured 7 to 10 days prior to the test to achieve
a desired strength of approximately 4,000 psi. The actual strength of the
concrete was determined on the day of the test by Universal Testing Service
using a sample cast at the same time as the target.

The glacial till target material was obtained from a site in Billerica,
Massachusetts.

A gradiation analysis (see Figure 5) and visual classification by the
USAE Waterways Experiment Station indicates the material is classified as a
Sandy Silt (SM) in the Unified Soil Classification System.

The sandy silt is contained in an aluminum canister similar to that
described for the concrete targets. The soil with a water content by weight
of 6.9% was placed in the container in small amounts and tamped down to obtain
the desired hardness. (See Table 1.) The procedure for establishing the
hardness by penetration resistance is described completely in Reference 4.
Following the filling of the aluminum cups with the appropriate media the
aluminum cup is machined down to a 15.2-inch diameter.

The concrete and glacial till media target characteristics are summarized

in Table 1 and a sketch showing all of the targets is shown in Figure 6.

14




Fabrication Procedure
(1)  Weld 16" OD Al Tube to 1-1/2"
Al Plate.
(2) Install Sand (1) Layer.
(3) Cast In-place Concrete Media.
(4)  Finish Machine OD, “O" Ring 0.375
Groove, etc.
0° to 5° (Typ) c‘lr" -~ 0.562
32
Break Edge j
0.005 R - o X
12 \J I
16" OD — 1/2"" Wall Weld 0.236
Al Tube /
Ve
/
— = — — 1
A )
' D Y “
A : » il \
AR/ i “0O"" Ring Groove
K e B
c ' » q dN\
> .
Concrete ARSI : \
L 4 L
> . \ 15.180 dia.
¥ v | 15.190
Sand 5 . Sl ; \
s . s |-
. LR \
~ 4 v [
v
Y b : \
3 5
* ¢ 5 |. \
. 4.0
1.0-—u l<— 1.5 Al plate
t——— 9.0 ——ad
97327 o B e

Figure 4. Schematic of thinwall aluminum — media projectile.
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SECTION V

TEST CONDUCT

1. TEST FACILITY

The Reverse Ballistic tests were conducted at the Avco Ballistic
Facility which is located in Otis Air Force Base, Cape Cod, Massachusetts.

A photograph showing a typical ballistic test setup is shown in Figure 1.

A schematic of the 15.2-inch smoothbore reverse ballistic gun test
facility is shown in Figure 7. The major components include a 10-foot long
barrel section and a separate recoiling breech section. The EP model is
supported by wires attached to a 4 x 4 inch wood beam mechanically attached
to, and supported by the barrel section. Perturbation of the model result-
ing from the gun ignition shock is negligible because the barrel section
does not recoil.

The EP projectile catcher details are shown in Figure 8. The catcher
was filled with screened sand material and had internal dimensions of 20 x
6 x 6 feet. The soil below grade level was removed to a depth of 5 feet and
backfilled with screened sand. The sides and top of the catcher were lined
with railroad ties to prevent impact of the EP on concrete or steel. A double
layer of ties was placed at the rear of the catcher. A total of 12 four
foot cube concrete blocks were positioned to provide a containment wall
around the sides and rear, and the top was covered with 6 x 6 foot steel
armor plates.

2. INSTRUMENTATION

The data acquisition system is similar to that used successfully in
recent DNA tests (Reference 3). A block diagram of the data acquisition
system is shown in Figure 9.

Electronic sensors were installed to measure axial strain at 12 loca-
tions on each EP. In addition, four accelerometers were installed to measure
"rigid body'" axial and transverse acceleration at forward and aft stationms,
except for Tests 3 and 4, where the aft transverse accelerometer was omitted

(damaged during earlier test).

19
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Gun breech pressure was measured with a PCB 118A Ballistic pressure
transducer. Velocity of the media projectiles was measured by make circuit
switches and high speed motion picture cameras.

Time of impact was obtained very reliably by two strain gages located
180° apart and 0.2 inch from the nosetip of the EP. (See Figures 2 and 3.)
Because of reliable impact time data, and location of all data on one re-
cording head stack, time base errors were reduced to a minimum. Hence, it
is believed that time relationships for data keyed to the impact time can be
resolved to an accuracy limited primarily by the time resolution (approxi-
mately 15 to 20 psec) resulting from the oscilloscope sweep speed used to
record the data.

A schematic of the EP models showing sensor locations is presented in
Figures | and 2.

The strain gages used were BLH type FAE-06-12S6ELI which have integral
Teflon covered leads about four feet long. Gages were bonded to the EP
projectile with EPY 150 epoxy. Bond layer thickness is estimated to be less
than 0.5 mil. Assuming a wave speed of 0.2 inch/usec, the time required to
equilibrate the strain in the gage with strain in the steel (assuming five
reverberations in the adhesive) is about 0.025 microsecond. The time re-
quired for the strain pulse to traverse the length of the 60-mil strain gage
filament is about 0.3 pgsec resulting in a 10/90 rise time capability of better
than 0.3 microsecond.

Endevco type 2264-50K-R piezoresistive shock acceleromaters were mounted
at various locations. These accelerometers have a measuring range of *50,000
g's and a useful frequency response from dc to 30 kHz. The nominal mounted
resonant frequency is 180 kHz.

The data acquisition scheme is presented in Figure 9. All strain and
accelerometer data were recorded on an Ampex FR-1800H recorder. The FR-1800H
recorder has 14 tracks of direct record capability having a frequency response
of 400 Hz to 1500 kHz. Twenty FM record channels were frequency-multiplexed
onto the first four odd tracks of the FR-1800H recorder. Each strain gage
signal (resistance variation converted to proportional voltage changes)
modulates a voltage controlled oscillator (VCO) to provide a deviation of the

center carrier frequency proportional to the amplitude of the signal. The
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outputs of five VCO's are combined to form a composite FM multiplex suitable
for recording five channels of strain data onto one track of the magnetic tape
recorder. The multiplexed signal, when reproduced from the tape recorder, is
passed through an FM Demultiplex System which separates the various carriers,
demodulates the selected channels, amplifies and shapes the resultant output
so that it accurately reproduces the original signal. The bandwidth of each
data channel is determined primarily by the reproduce filter bandwidth of

the demodulator. A dc to 32 kHz (3 dB) bandwidth having a signal-to-noise
ratio better than 35 dB is available. This bandwidth can be reduced to 20
kHz to increase the S/N ratio if the data frequency permits. Both constant
amplitude and linear phase filters are available to faithfully reproduce com-
plex as well as sinusoidal type signals.

The multiplexed channels accept low level analog voltages. Ranges of
+5 MV P-P to 10V P-P are switch selectable. Strain gage data signal lines,
and the conditioning unit, were designed to provide a bandwidth commensurate
with the record/reproduce capabilities. The conditioning unit and data
acquisition system used for these tests was identical in response and band-
width to that used for previous tests and is described in Reference 3.

Accelerometer outputs were transmitted directly into a wideband VCO
having a dc to 500 kHz record bandwidth. Line equalization was provided to
broaden the frequency response capabilities of the data lines. Line
equalization increased bandwidth to about 24 kHz. Accelerometer data pre-
sented in this report was reproduced via a 32 kHz filter to reduce high
frequency noise and accelerometer ringing.

Gun breech pressure, velocity make circuit outputs, and an IRIG time
base were also recorded on the FR-1800 magnetic tape recorder.

The entire data acquisition system, with the exception of the con-
ditioning unit and connecting cables, was contained and controlled from an
instrumentation van located approximately 150 feet from the reverse ballistic
gun. The van was protected from shock and debris by an earth berm.

Data was recovered by playback onto an oscilloscope equipped with a
Polaroid camera. The scope was triggered by the first velocity probe output.
In the first three tests the time of impact can be related to each data trace

by using Velocity Probe 3 and impact gage signals. 1In Test 4 the data trace
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starts at impact and because recorder skew and electronics phase shift
probably contribute less than 10 psec error, no corrections are deemed
necessary.

3. HIGH SPEED PHOTOGRAPHY

A set of high speed cameras was provided to record the projectile and
target position and condition immediately before and during penetration.

The photographic coverage provided high resolution position-time data
for the target and media projectiles. The location of the two cameras is
shown in the sketch of Figure 10. The 8 MM Hi-Cam, high speed motion picture
camera (16,000 frames/sec) was positioned normal to the trajectory centerline
to record position-time data with a high speed shutter installed to provide
a sharp object image. The second camera was a Fastax high speed motion
picture camera (5,000 frames/sec, 16 MM) and was used to observe the overall
impact event. The target and media projectiles were back-lighted using a
reflector and an array of FF-33 long duration flash bulbs. A sequencer was
incorporated to synchronize the camera operation, flash bulb triggering, and
gun firing.

4., TEST PROCEDURE

This section describes the setup and procedures followed during the
actual Reverce Ballistic Tests. The photographs of the setup for Tests 2, 3,
and 4 are shown in Figures 11 through 13, respectively. The EP model was
suspended from an expendable wooden support by two rubber covered AWG 18
wires. Yaw and lateral sway was prevented by additional wires between the
EP and other wooden beam projections attached to the bottom of the gun barrel.
The model was aligned with the gun centerline to obtain less than *1/4 degree
alignment error. The lateral alignment was accomplished using a straight
edge and the vertical alignment by a precise gunners quadrant.

A set of three velocity probes (normally open make switches) were
attached to a steel beam which was then clamped to the gun barrel. In-
strumentation leads from the EP projectile were connected to a barrier
terminal strip attached to the wooden EP support arm. Shielded twisted
pair wires, contained in a multipair cable, approximately 25-feet long,
completed the connection between strain gages/accelerometers and the signal

conditioning unit.
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Figure 11. Test 2 — half scale EP test setup.
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After loading the media projectile in the gun, the data acquisition
system was checked to confirm that it was functioning properly. The tape
recorder band edge was set for each channel to accept the maximum expected
sensor output. Then the strain gage bridges were balanced for zero voltage
output and finally, simulated compression strain calibration signals were
generated and recorded by shunting known resistances across each strain gage.

The propellant was loaded into the barrel and the gun was prepared for
firing.

The following steps were included in the final countdown and firing
sequence:

1. Check firing line for continuity.

2. Turn on tape recorder and verify proper operation.

3. Connect firing line to sequencer box.

4. Start high speed motion picture cameras.

5. When the primary camera is at the proper speed, a camera operated
switch completes a circuit in the sequencer box to start a timer
and apply power to flash bulbs to reach peak illumination; the
sequencer automatically fires the gun.

Following the test, the catcher was disassembled to recover the EP model

and the strain and accelerometer data were reproduced on-site by playback

into an oscilloscope equipped with a Polaroid camera.
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SECTION VI

TEST RESULTS

A brief summary of the post test parameters is shown in Table 2.

Table 2. Shock attenuation test results summary.

Test #1 Test #2 Test #3 Test #4

Impact velocity (ft/sec) 1360 1290 1050 1750
EP angle of attack (deg) 0 0 5 5
Media obliquity (deg) 0 20 0 0
Strain gage reliability (%) 92 92 100 100
Average* axial strain (pe) -900 -700 -640 -2200
Accelerometer reliability (%) 25 75 100 60
Average* axial acceleration (g) 8000 5000 5000 40000
Average* transverse acceleration (g) No Data 1000 3000 20000
Concrete media strength (psi) 4740 4600 6650 N/A

In general the quantity and quality of data obtained from the four tests
was very good. Strain data was recovered from 46 of the 48 gages installed
and apparent response data was recorded for 10 of the 18 accelerometers in-
stalled. The response data appeared to be well within the system response
limits, wherein signal amplitude and phase are accurately reproduced. The
basic FM noise level was typically 2 percent rms or 8 percent (peak to peak)
of peak band edge. In some cases, transients induced relatively minor (noise-
like) responses 200 to 400 psec before impact. This is believed to be caused
by either thermal and mechanical effects of the pressure wave preceding the
media projectile on the small (0.008-inch diameter) strain gage leads, elec-
trical effects caused by gas ionization, or charge/discharge of media

The data obtained is only credible for a limited time period because of
wave reflection from media surfaces or removal of exterior gages during pene-
tration. The internal gages generally do not fail until the leads coming out
the aft end of the model are damaged by debris at approximately one millisecond
after impact.

* Average of the peak axial strain acceleration indicated at 50% penetration for all sensors with due consideration for validity of peak

values (i.e., in some cases peak value of a noise pulse or ringing exceeds reported peak values). In cases where there is only one sensor
(transverse accelerometer) average and peak are the same value. See Tables 4 and 5 for peak values.
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A chronology of events is summarized in Table 3 which can be used to
analyze the results of the acceleration and strain data in Sections 6.2 and
6.3.

3. IMPACT CONDITIONS AND VELOCITIES

The purpose of this section is to discuss the relevant parameters before
and during impact of the target and the projectile. The distance from the
end of the muzzle of the gun to the tip of the projectile, and the velocity
as determined from either the high speed cameras or the velocity probes is
discussed. In addition the condition of the projectile and target during im-
pact are also described.

The first test was conducted at a normal impact, i.e., zero degree
obliquity and zero degree angle of attack. The EP projectile nose was located
8.4 inches from the gun muzzle and at the time of impact the concrete media
velocity was determined to be 1360 f;/s by the electrical velocity probe cir-
cuit. There were no redundant velocity data available from the high speed
cameras because of a camera timer malfunction. Inspection of the post test
condition of the target canister base plate showed an off-center penetration
of approximately 1.5 inches which indicates a change from the 0° angle of attack
during penetration. This may be caused by the breakup of the concrete which
would result in a different loading on the projectile. One potential cause for
concrete failure is a misalignment of the velocity probes which project into
the path of the projectile canister.

Following the test, the residual location of the EP model indicated pene-
tration into less than four feet of sand, and the projectile had turned approxi-
mately 180° with the nose oriented toward the rear of the catcher. The post
test condition of the model and media container base plate is shown on Figure 14.

Because the EP in Test 1 was to be refurbished with exterior strain gages
and reused for Test 3, the post test condition of the internal strain gages
and accelerometers was determined. The interior strain gages, 9 through 12,
located at Station 13.85 survived without damage and were reused for Test 3.
Accelerometers 1 (S/N AF 94E) and 3 (S/N AG 68E), both transversely oriented,
survived. Accelerometer serial number AG 68E was reused in Test 3 as Accel-

erometer 2 (axial). Accelerometer serial number AF 94E was reused in the
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Figure 14. Test 1 — post test EP and media base plate position.
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1/8-scale projectile as Accelerometer 3 (axial) for Test 4. The axial accel-
erometers (2 and 4) were damaged during the test. A post test inspection of
these accelerometers (and also other failed units) indicated that the crystal
had fractured into several pieces.

Test 2 was conducted with the EP at a 0° angle of attack, but the surface
of the concrete was at a 209 oblique angle to a perpendicular with the EP
axis. The concrete media was oriented in the gun so that the larger concrete
mass was at the bottom of the barrel as shown in Figure 5. The Test 2 media
projectile velocity was measured to be 1290 ft/s by electrical velocity
probes. Again, no corroborating velocity data were available from the high
speed camera because of a timer malfunction. As described in Test 1, the
concrete may have been cracked near the start of penetration. This phenomenon
would affect the loading distribution on the projectile.

The EP nose was located 6.1 inches from the gun muzzle prior to the test.
The final position of the EP following the test indicated penetration into
less than three feet of sand, as shown in Figure 15. The orientation was not
altered significantly because the nose was still facing toward the gun muzzle.
A post test inspection of the base plate indicated a penetration slightly off-
center which again suggests the possibility of early concrete breakup. A
post test examination of the accelerometers indicated that all four had frac-
tured crystals and did not survive the test, but all of the interior strain
gages survived.

The third test was conducted with a 0° oblique angle concrete media im-
pacting the half-scale EP, but with the projectile oriented nose down at a
5C© angle of attack. The EP nose was located 4.9 inches from the muzzle end
of the gun.

High speed film data were obtained for this test and are summarized in
curves describing the motion of the media projectile and target in Figures 16
and 17. Analysis of this film data indicated that the EP penetrated the con-
crete with a velocity of 1050 ft/s and no observed change in angle of attack
until approximately 300 usec after impact. (See Figure 18.) The concrete
media integrity was maintained until after impact. A post test photograph of

the EP and media container base plate is shown in Figure 19.
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Figure 16. Test 3 — concrete media projectile velocity history.
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The fourth and final test was conducted with a 00 obliquity compacted

sandy silt media target impacting a 1/8-scale low L/D EP model, with the model

oriented nose down at a 5° angle of attack at a distance of 3.8 inches from
the gun muzzle. Film velocity data for the media projectile is presented in
Figure 20. Analysis of the film record indicated an impact velocity of 1750
ft/s and that the EP maintained the 5° angle of attack during initial pene-
traticn, and the till media remained intact until after impact.

Upon retrieval of the projectile (Figure 21) at the conclusion of the
test it was observed to be deformed. It was determined, by reviewing the
strain responses, that the failure occurred during penetration of the target
cannister aluminum base plate and not during media penetration. Post test

and pre test dimensional measurements of the 1/8-scale EP are compared below:

0-180 0-180
Pretest Post Test
Station Dia Dia Remarks
(in) (in)
3.07 1.98 1.96 Strain Gage Location
5.00 2.30 2.18 Strain Gage Location
5.38 PASB 2521
5.50 Z2.39 2,23
6.00 2.47 2.34
6.50 255 2.93
7.00 2.64 2.63
7.50 22 2072
7.69 LoD 2.75

The EP catcher condition following Test 4, and which is typical of all
tests, is shown in Figure 22.
2. ACCELEROMETER DATA

The location of the accelerometer sensors for the half-scale EP are
shown in Figure 1 and for the 1/8-scale EP in Figure 2. The accelerometer
response traces for Test 1 are presented on Figure 23. Accelerometers 1, and
3 indicate anomalous data which may have been caused by the pressure wave

preceding the target, possibly disturbing the lead wires that exit through
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Figure 20. Test 4 — low L/D projectile velocity.
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Figure 21. Test 4 — post test EP position.

PR T o —ag o b Pl 2=



"uonipuod Jayoles 358} 3504 “zz 94nbiy

98-6861¢C

43




"e}ep 48)13W043)329¢ | 153 UOnENUBLIE XI0YS ‘£z anbiy

8EE-L6

i@dmmy 002 AIQ/bM 0T ._,,,E\wumr 002 AIQ/BY 0z

o0 °3
oOBT 0
pud 33y
OL ©SON
I93U8D © €°/LZ VIS b# TIODV 00 ® 6°9Z YIS £€# TIDDVY
Tetxvy 9sJI8ASUe I],
‘.Lo\ummr 002 AIQ/BA 0¢ ALIQ/23S b ooz AIQ/BY 0T

uoT 303 T
UOT 3eI8T3DD /

IBjuald © 6°¢2T YIS Z# TADOY o
TeTXY

0® €°¢1 °"V¥iS 1# TT3DO0VW

asxaaAsue 1],

TI933WOI8T8ODe Byl JO aseq dYl 0OIUT

UOTjeJtsTadde I0J ST PIa3EDOTpuTr UOTIDBITP UOTIRLISTIOOY
"ZHXMZE 03 DA sem yipimpueq adonpoadad/pIoday

# 9qoxd A3To0T9A UO paishbTij saoeq) 1IvY
‘Sdd 09€1 ® ®38aduod snbrirqo 0 o3uT }oejjy 3Jo

Garrer N Py e
2 oThuy 0 °d "3

2

s s

44

SRR G, 2




the rear of the projectile. Accelerometer 2 failed possibly due to either
the sensor crystal or lead wire being damaged. Accelerometer 4 provided re-
sponse data, although some high frequency "ringing' is apparent. The peak
rigid body deceleration is estimated to be approximately 8000 g at the time
the projectile has penetrated half way through the concrete target, approxi-
mately 300 psec after impact.

The accelerometer response traces for Test 2 are shown in Figure 24.

The spurious response for Accelerometer 1 from the start of scope sweep to
impact is again postulated to be disturbance of the leads caused by the pres-
sure wave. In Tests 3 and 4 the leads were securely fastened together to
preclude the possibility of this re-occurring. Accelerometer 2 exhibited
some high frequency '"ringing" but the direction and magnitude of the rigid
body response, 3000 g, appeared reasonable. The aft mounted transverse
sensor, Accelerometer 3 exhibited some spurious response prior to impact, and
with this accounted for, a peak rigid body level of 1000 g is indicated. The
aft mounted axial Accelerometer 4 indicates a peak rigid body acceleration of
10,000 g.

In Test 3 only three accelerometers were fielded because of the failure
of the accelerometers in the previous tests. From Figure 25, at 400 psec
(time to 507% concrete penetration) the rigid body transverse Accelerometer 1
indicates approximately 3000 g. In the axial direction, forward Accelerom-
eter 2 indicates a peak rigid body response at 400 pusec of 5000 g. For the
aft axial Accelerometer 4, the peak rigid body response is also 5000 g. A
summary for all of the peak acceleration levels for tests 1 through 3 is pre-
sented in Table 4. In Test 4, using the low L/D projectile, the forward and
aft axial Accelerometers 1 and 3, both indicate peak rigid body levels of
40,000 g at 240 pusec after impact as shown on Figure 26. In the transverse
direction, Accelerometer 4 indicates a peak rigid body acceleration of
20,000 g. The rigid body accelerations are summarized for Test 4 in Table 5.
3. STRAIN DATA

The gages used to monitor the strain history on the projectile shell are
located as shown in Figures 2 and 3, for the half-scale and 1/8-scale (low L/D)

EP's, respectively.
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As noted previously, the number of channels of strain data retrieved and
the quality of the responsc was excellent. The only spurious response is
found in Test 1 where at the time of impact there is a sharp spike which may
be caused by a static charge built up on the media projectile and discharged
upon impact. In subsequent tests the distance between the gun muzzle and
projectile was reduced and this problem was apparently solved.

The strain response traces for Test 1 are presented on Figures 27 through
29. On all strain gages in Test 1, up to the time of half penetration of the
concrete target (~ 300 psec), the peak strains are compressive and range from
800 to 1100 pin/in. The peak strains for all of the strain gages are presented
in Table 4.

In Test 2 with the 20° obliquity the accelerometer response traces for
Gages 1 through 12 are shown on Figures 30 through 32. Gages at 09 indicate
peak strain levels of 3000 to 5000 pin/in (compression); at 90° the peak
strains are 300 to 800 pin/in (compression); at 180° the peak strains are
1200 to 4000 uin/in (tension); and at 270° the peak strains are 800 to 1100
pin/in (compression). The peak strains for each gage are summarized on
Table 4.

For Test 3, the 5° angle of attack of the half-scale penetrator, and the
strain gage response traces are presented on Figures 33 through 35. The peak
strains for the gages at 0° are in tension and range from 1100 to 2500 pin/in;
at 90° the peak strains are compressive and range from 450 to 800 pin/in; at
180° the peak strains are compressive and range from 2500 to 3800 gin/in; and
finally the gages at 270° are compressive and range from 500 to 700 pin/in.
The peak strains for each gage are summarized on Table 4.

The strain results for Test 4 due to the short length of the EP have a
very limited time for data recording of the external strain gages. The
forward external gages which are located ~3 inches from the tip are destroyed
in approximately 150 to 200 usec after impact. For the fourth test, the
strain response results are presented on Figures 36 through 38. The peak
strains recorded are presented in Table 5. In summary, the gages are all in
compression and at 0° indicate a peak strain range from 1200 to 1800 pin/in;
at 90° a peak strain range from 1600 to 2300 pin/in; and 180° the strain range
from 2400 to 4000 pin/in; and at 2709 the peaks are from 1500 to 2100 pin/in.
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SECTION VII

CONCLUSTIONS

The series of four tests performed on a half-scale and 1/8-scale earth
penetrator were successful. Valid acceleration response data was obtained
from 9 of the 14 installed accelerometers, however, on some of the data
traces, severe ringing (high amplitude, high frequency response at natural
frequency of sensor unit or mount) is observed.

The measured impact velocities were less than the desired value of
1500 ft/s for the first three tests and slightly above the desired 1500 ft/s
value for the fourth test.

A preliminary examination of the strain response data for Tests 1 and 2
indicates that the concrete media may have cracked or shattered about 300 psec
after impact. This would result in different responses than expected. In
addition, the film data for the first two tests did not provide any coverage
because of camera timer malfunctioning. For the final two tests the film
data indicates that the impacting media remained intact for both tests, the
desired EP angle of attack was maintained, and negligible momentum change
occurred during the measurement time of interest.

In Tests 1 through 3 a post test inspection of the projectiles indicated
no permanent deformation, but in Test 4, the 1/8-scale EP walls collapsed in-
ward. It is believed that the damage occurred during penetration of the

1.5 inch thick aluminum base plate and hence, after the data range of interest.
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ATTN: Doc. Con. for Tech. Library
ATTN: Doc. Con. for Larry A. Behrmann
ATTN: Doc. Con. for Dennis Orphal

70

R & D Associates
ATTN: J. G. Lewis
ATTN: Paul Rausch
ATTN: Tech. Library
ATIN: Arlen Fields
ATTN: Cyrus P. Knowles
ATTN: William B. Wright, Jr.
ATTN: Henry Cooper
ATTN: Harold L. Brode

The Rand Corporation
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Science Applications, Inc.
ATTN: Tech. Library

SRI International
ATTN: Jim Colton
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Systems, Science and Software, Inc.
ATTN: Edward Gaffney
ATTN: Robert Sedgewick
ATTN: Tech. Library

Terra lek, Inc.
ATTN: Tech. Library

TRW Defense & Space Sys. Group
ATTN: Tech. Info. Center/S-1930
ATTN: Peter K. Dai, R1/2170

TRW Defense & Space Sys. Group
San Bernardino Operations
ATTN: E. Y. Wong, 527/712

Weidlinger Assoc. Consulting Engineers
ATTN: J. M. McCormick
ATTN: Melvin L. Baron

Weidlinger Assoc. Consulting Engineers
ATTN: J. Isenberg




