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I. INTRODUCTION

The purpose of this report is to present a comprehensive documentation
of experimental data generated in a small scale firing program within
the ACT Project*. Chief objectives were:

® to assure an adequate kinetic energy penetrator performance data
base for sarious long rod peuetrator designs and

to describe behind-target debris - mass, trajectory, speed and
type of individual fragments - associated with some rounds and
to thereby supply a partial basis for debris characterization.

Targets used in the firing program were single pféte rolled homo-
geneous armor (RHA) measuring 15,24 x 30.48cm for normal impact shots
and 15,24 x 45.72cm for oblique incidence with thicknesses ranging
from 1,91 tov 5.08cm. Penetrators were rods (right circular cylinders
with hemispherical noses) having length to diameter (L/D) ratios of
S, 10 and 20, The predominant penetrator composition was of monolithic
AISI-S7 tool steel of finished hardness Rc 55 but other designs and

other materials were used to some extent; c.f., Figure 1 for penetrator
characteristics. Impact obliquities were 0°, 45° and 60°,

In larae part, the essence of this report is confined to the five
apperdices; indeed, our most compelling purpose is to disseminate,
for the first time in anywhere near complete form, data that this
program has been sporadically yielding over several years.,

Basic raw data from the shots is provided in Appendix A and is
partitioned, according to penetrator/target situation. into 23 series
labelled ACT 1 through ACT 20 and ACY 1.1, ACT 3.1 and ACT 7.2,
Twenty-two of these series (all but ACT 3.2, in which there is only
one round with an acceptable level of yaw) were considered suitable
for determiration of VS, Vr curves and limit velocities, Derived

VS, Vr curves for these 22 cases ac¢ given in Appendix B, A summary

of processed tehind-~target fragmentation data for selected rounds is
supplied in Appendix C. In Appendix D we attempt, in a sequence of
rough sketches, to illustrate the pre-impact and residual penetrators
in perspective with an appropriate target plate section for each
round of ACT 19. Appendix E »rovides (for the later set of shots)
for a comparison tetween derived Vs‘ Vr curves and a predictive

modei that has been formulated for dealing with long rod penetrators.

¥The wide-ranging "Automatic Cannon Technology" project of which the
effort of concern here was but a emall part.
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This program has unfolded in three phases invoiving distinctly
different time periods, different range personnel and practices, and
different project managers; such diversity has regrettably and inescapably
been adverse to an orderly, coherent, productive effort. It is, for
example, exceedingly difficult now to adjudge the quality of data
generated early in the program, to interpret cryptic notes on old data

sheets, or retrieve misplaced information. The case for standardization
in data organization and in testing is clear.

II. RESULTS AND COMMENTS

The experimental setup and multiple flash x~ray system used to
record ballistic performance data are described in BRL Technical
Note 1634', A summary of ballistic Jimits and geometries for the
various test series is given in Table I. Minutiae are to be found

in Appendices A-E, In perusing the data, the following remarks
should be kept in mind:

a, The parameters a, p, and VZ of Table I are derived from the

"good" data of the series, By a "good" round is meant a shot for
which total initial penetrator yaw does not exceed 2.5°,

b. The penetrators in ACT 1 through ACT 15 (including ACT 1.1,
ACT 3.J and ACT 3.2) were of monolithic AISI-S7 tool steel having
finished hardness of RC 55. The steel for ACT 16 through ACT 20 was

also of finished hardness Rc 55 and would have been AISI-S7 but for

the inadvertent lack of molybdenum as an alloying agent.
c. ACT 16 and ACT 19 employed monolithic steel penetrators;
ACT 17 penetrators were of two-piece steel (steel cap on steel [tem);

and, in ACT 18 and ACT 20, the penetrators were steel (RC 55) with
tungsten alloy caps (Rc 42),

1. The steel used in rounds 231 through 268 (ACT 16 through
ACT ¢&n) was VIMVAR* processed. The difference made by this change
in pricessing is especially noticeable when comparing data foi
The st el used in some of the penetrators ol ACT 1i had a very hkigh
inclusson rate (Figure 2), ccntributing nc doubt to the Jarge scatter
in the vata for this series. ACT 19 is a recreation of ACT 11 {with

the slig - difference in penetrator material noted previously aud
the diffw *ent processing).

\Grabarek, . and Herr, L., "X-Ray Multi-Flash System for Meugurement c}
Projectile " rformance at the Target", BRL TN 1£34, Sepiember 1966
(AD 377657).,

4yacuum Induc: won Melt, Vacuum Arc Remelt.
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Figure 2. Steel with High Inclusion Rate
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e. Finally, we note that the Vs, Vr tests from ACT 16 on are

significantly more economical of shots « there were no shots lost (in
the sense of being unsuitable for deriving a Vs, Vr curve) dve to

excessive yaw. Indeed, in rounds 231 through 268, only one round (234)
proved unsuitable.

I11I. FUTURE PLANS

Further exploitation of the data generated in the ACT program
continues. A report on penetrator residual mass variation with impact
energy and target geometry may be anticipated.
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APPENDIX A: BASIC RAW DATA

Notation:

# Round number

M Penetrator macs, grams

L Penetrator length, centimeters

D Penetrator diameter, centimeters

T Target thickness, centimeters

H Target hardness, BHN

« Vertical penetrator yaw at impact, degrees

B Horizontal penetrator yaw at impact, degrees

é Total penetrator yaw at impact, degrees

V5 Striking penetrator velocity (speed), meters/second
Ve Residual penetrator velocity (speed), meters/second
M; Recovered residual penetrator mass, grams

Mr" Estimated (from radiographs) residual penetrator mass, grams
A Mass loss of target plate, grams

A Cone angle of residual penetrator path, degrees

$ Phase angle of residual penetrator path. degrees

- Indicates that item is not applicable; e.g., cone angle, etc.

ifv =0
T

A

Indicates that item is applicable but unknown

Key to Remarks:

1 - Total yaw exceeds 2 1/2°, round not used in VQ determination
2 - Perfor§tio? but Vr not obtainable, round not used in VQ
determination
3 - Non-perforation, small bulge in rear target surface
4 - Non-perforation, large bulge in rear target surface
5 - Non-perforation, rear target surface fractured
é Rod siightly bent at launch
7 -~ Perforation, penetrator severely shattered
8 -

Penetrator made from "dirty material”
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APPENDIX B: DERIVED Vs, Vr CURVES

This section is comprised of the Vs, Vr curves derived from the

experimental data of Appendix A. The standard form used to represent
dependence of residual velocity on striking velocity is

0, if0 <V <V
- 5 - %

» Py P\/pP
a(v.P-v YYE i v o> v,

with the constraints, p > 1 and 0 < a < 1,

Values for the limit velocity, Vg, and the other parameters, a and

p, are derived via a non-linear least squares algorithm which extracts
an optimal adaptation of the form to the data. For an elaboration on
the above form and related methodology, see BRL Report 1852%2. There
is available at the Terminal Ballistics Division of the BRL a program
in BASIC, called "Impact®, which contains the algorithm and provides
graphic capability; we have used this program to derive parameters for

our various data sets and to generate the following figures. Vs’ Vr

data corresponding to rounds for which the total yaw of the penetrator
at impact exceeded 2 1/2° was excluded from this analysis, In each
figure "'S" denotes the root mean square error associated with the fit
of form to data.

2Lembert, J. P. and Jonas, G. H., "Towards Standardization in Terminal
Ballistic Testing: Velocity Representation”, BRL Report 1852,
Januory 19768 (AD A021383).
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APPENDIX C: FRAGMENT DATA

Summary of processed? behind-target fragmentation data for 29
selected rounds.

Notation

Type -

Cone

Phase

P: penetrator fragment
T: target fragment (spall particle)

Cone angle of fragment trajectoxry: the acute angle
between the fragment path and the initial penetrator
path. c.f., Figure C-1.

Phase angie of fragment trajectory: the angle, between

0 and 360 degrees and measured clockwise as perceived

from the target hole, between the vertical upward Jirection
and the projection of the fragment path on a plane behind
the target orthogonal to the initial penetrator path.

c.f., Figure C-1.

3grbuckle, A. L., Herr, E. L. and Ricchiazzi, A. J., "4 Computerized
Method of Obtaining Behind-the-Target Data from Orthogonal Plash

Radiographs"

BRL Memorandum Report 2264, January 1973 (AD 3083862L).
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APPENDIX D
PENETRATION SKETCHES FOR ACT 19
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APPENDIX D:

PENETRATION SKETCHES FCR ACT 19

e

We attempt, in a sequence of rough sketches, to illustrate the pre-
3 impact and residual penetrator (and/or "plug') and target plate section
for rounds 258 through 265 (which constitute ACT 19).

Figures are
(roughly) 3/4 of actual size and the attempt is to convey approximate
positioning and shape.

o vt

In each sketch the initial penetrator position
(with respect to the target plate) is representative of the situation

50 usec before impact and (except for Round 264) the residual penetrator
suggests the situation 50 usec after perforation is complete (i.e.,
after the tail of the penetrator clears the rear target surface),

We recall that ACT 19 involves L/D of 10 monolithic steel penetrators

impacting 1" RHA at 60° obliquity. Mr is used to denote recovered

E residual penetrator mass. Ordering of the sketches reflects an increas-
ing sequence of striking velocities.

2 LA T iaE e 32 B
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Following the sketches is a photograph of the sectioned target
plates for these shots together with a representative original
penetrator and recovered residual penetrators. In the photograph 4 is
used to denote mass loss of the target plate. In a few cases there is
L a small discrepancy between the velocities given in the sketches and
those on the photograph - those in the sketches are derived from a

later, presumably more careful 'reading" of the radiographs and are
regarded as the official values.,

The sequence of rounds in the photo-
graph is as follows:

e e

P PRI £ -

& W Tal Al

top row, left to right - Rounds 264, 263, 262, 261

bottom row, left to right - Rounds 265, 260, 259, 258

Remarks:

these "lips" were formed by pusher platee impacting the targets and

g

H

1

f

!

i

Each plate shows an indention on the upper front surface - z
=2

are not consequent to penetrator/target interaction. %

80

e
RS Wotwc 2, $5r s g O I +




i
:
R L
:

=

Care

o e e A e T T Y e RS I R O AT R O R LR s SR S KRR S e LR ST SRR CLS S B i e A R

. ) ) 5

yoz punoy I03 Yo3as ‘1-q #IN3T4

3¢-v9
s/w 1021

o
N
>

R T ORI R T M O S AT
v p——— ST IR i

103eajouad [enprsax ou

31°6 = ssen Snig

81

Lo e

| SRkt B

REREEL W S AR T AR S L Ty #;w 2

S omEt




M oot e e [ o

% WE7RRR AT

T 7 T EEAR S iR T i e

£9Z puUnNoy JIOF O3S -z-g FINB14

3p-v9
s/u L7221

C

noon
v
= x

398
s/® 402

(]
=

82

o etk LT R T

) 1 L 3 s st i

e e e R Nl AR S




C9Z PuUnoy I0F UDILSYS -¢-q sanSty

v
~
=]
0o
& N
0 .
N <
~ O
]
n X
>

3z°61 = ssey Snig

' .
YA |
- . . S LR
ol ) b 4 i B g [ 0 ® 43 cpte o pincn DA B h A 1 A et fy X o P IO S s T L A » o RS

T T T T T T T T R T A Ol T PR e Ty (ot J A o WS gy P T e Ty PR S A Sn R S et e e e PN BT U NS PR B T R B T R T R R TS P T A R AT R TR

o 4
»
- '
a1 H

T AT e

83

e ——— A e, At ——
- -
o -y




oo A S T AN S s i e ) Y AR L RS

LA

TRy TSR AR e

T R

192 punoy I0F yolaeyg ‘p-q oan8r.:
- L=

“w X

A

80z
s/m g9y

i

L}




£ §$9Z punoy I03 Yd2idxs ‘-0 andtyg

, 30°v9 = H
. ‘ S/u TLyT = SA

C

8581
s/w 166

85

o b o

Cepl o 04 !




i Ll i o 2 b by il SR Vh IR ah

Ecal i sl 2 b v TR TTT A R T O AR sy NIVETI R

09Z PUNOY I0F Y333%S ‘9-q 9xnByy

3y = p .
s/@ 6371 = Sy )

86

N i il n ;:;gi:;




BT TS T IR ORI FREQATOWY T 5T RGH PRI LIRS YTE AMT " N T RN O M TR T S

SEdch LA 2 P8 R SR Pk Wt S g X e it NE

=

€SZ PUNOY I03 yozeng ‘/-g danBty

P

32'v9 = W .
S/W Lp9T = A

38°91 ‘
s/m SyI1 ﬁ ||_

(.

]
>

87

o=zt

Som

P

. .
~
. L Bip LR

FOP T T R A7 R L e i 0 S0t sy o o o [ PRI TR L T "




. o LR " L W SRR (I A T, AR
b LIS i b L e pe s e A e e e L L i R T e L N R R

e

8SZ PUnoy I03 yd193g -§-d 2anStg )

g s a

-

R

3y v9
s/w 0081

# n
L
>

-3 e et e gy o e 3 i e bl




e e i JT 4 AP ST U TSRS AN O P R AR s TRECYMTE SR ARSI 7% ARG ST R TR T DRSS IO S I R IR UAT AT BRI R T IR T TR WY TR AR L Y TR ST T
b i d ATV R Lae ol
.. "
. ,
Y
. ii
&% ) G

61 L2V 103 sxoiexjeuaq [PNpISay pue sis8aeg PoUOT3Id8S yo ydeidoioyy *6-0 @andryg ,,
N«; LI LY el AR g, “ay i sty o 550 -

SSBY SOy ®rojsey x?

brLr. ¢
59,0 %y
sw sget - 24
Sl 103 9% w)

i




 — ———— -

P

PRppre




ENTDRRN SR  ona up PO S P e R gt B RN .

Y13 o b, s R

APPENDIX E

PREDICTED CURVES
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APPENDIX E: PREDICTED CURVES

A predictive scheme has been formulated for obtaining limit velocity
and Vs’ Vr curve estimates for situations involving long rod penstrators

and single plate RHA targets“; pertinent equations are given below.
For the final phase of this firing program, these equations were used
to generate initial estimates of limit velocity (and of the full VS, v

r
relationship), Figures on the following pages provide for graphic
comparison between the Vs’ V, curve predicted for the nominal situation

and that derived from the experimental data for each of ACTS 16, 17, 18
and 19. In each case the data and predicted curve are graphed, and the

derived curve, which also appears in Appendix B, is plotted as a
dashed curve,

The predictive scheme is specified by:

0,1f0_<-Vs_<_Vx'

Py PyU/P .
a(v.P-v )P igv >y,

where

LMo
&= W7 Pt

A\ 15
anc V, = 40C0 (ﬁ-> Q,f(z)-g% s

z = sec‘7se. £(z) = z+e”% « 1,

(e T

M' = 9—3- D3y, p = 7.8,

and where L, D, T are in centimeters, M in grams, V, in m/s,

o

B s

Srambevt, J. P., "4 Residual Veloeity Pradiztive Modei for Long Rod
Penstrators”, tu appear.
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