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PREFACE

This final report documents the results of a parametric study conducted

and penetration performance of candidate earth penetrators. The results of
the atudy are in the form of trajectory and loading eanvironment histories
plus graphs which summarize performance &trends. The influence of media,
orientation (i.e., obliquity and angle cf attack), velocity, penetrator

weight to cross sectional area ratio, and penetrator length to diameter ratin
vere investigated. '

The program was conducted by Avco Systems Division under Contract DNAOOL-

75~C-0181 for the Defense Nuclear Agency. The work was administercd under the
direction of Mejor T. Stong.

to determine the influence of pertinent parameters on the terradynamic impact .
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1.0 SUMMARY

A Terradynamic Impact and Penetration Parametric study has been conduc-
ted in which the three principal parameters, i.e., impact conditions, earth
penetrator configuration, and target media characteristics, were varied to
establish their effect on che penetration events in question. The results of
the study are in the form of trajectory and loading environment histories
plus graphs which summarize performance trends. Performance trends refer to
selected event characteristics such as:

rigid body accelerations,
penetration depths,

local pressures and shears, and

ricochet characteristics.

A brief description of the computer codes used to conduct this study is
provided in Section 3.0.

A detalled discussion of the study and its results is provided in
Sections 4 and 5. 1o Section 5.0, summary curves and tables are provided
which convey the basic trends and results of the study. The detailed tra-
jectory histories will be provided under separate cover to DNA.
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2.0 INTRODUCTION

main objectives of this study are:

Determine if the differential force 1law was capable of correctly
accounting for variations in target media.

Establish, parametrically, & conceptual understanding of the loading
environments imposed on an earth penetrator from impact through

detonation.
basic mission of an EP includes:

delivery to the surface of the target with a given set of impact
conditions, i.e., velecity, obliquity, and angle of attack.

the dmpact phase during which peak structural design loads will
usually be experienced.

the penetration phase.

detonation.

In order to evaluate and develop an EP weapon system, the TI&P per-

formance

required

1'

characteristics must be well defined. TI&P characteristics are

for two lmportant reasons. These are:

Impact Loading Environments

These are necessary to EP structural design, component survival, aud
functioning.

EP Terradynamic Performance

This information is required for overall system performance and

effectiveness evaluation.

With a complete parametric data base (of which this study is only a

part) consisting of the two performance characteristics, other aspects associ-~

ated with the development of an EP weapon system can be addresszi. These

other aspects include:

pavload and component designation. e target selection.
EP packaging studies. e target vulnerability.
EP structural design. e EP effectiveness.

component design.

A i . sl

s




® collateral damage.

® delivery system considerations.

~ ———— | .

For this study, the TI&P characteristics were established through the
2D and 3D Terradynamic Impact and Penetration Simulater Computer Codes de-

veloped at Avco Systems Division. These codes are described in detail in
Section 3.0.

LD AR T

The parametric study was divided into six parts, each part being selec-

ted for the purpose of investigating certain EP performance phenomena., The

} «rts include the following series.

Series 1

e S S Y

To detrrmine the sensitivity of media variatione which are represented

by resistance-to-penetration phenomena used in the 2D and 3D codes.
Series 2

R T SN

To determine the effects of ballistic parameter (i.e., projectile weight/
crose section area) and velocity on TI&P performance,
Series 3

To determine the effects of obliquity and angle of attack on TI&P

. aird

performance,

Series 4

To determine the effects of L/D (i.e., EP length/diameter) on terra-
dynamic stability.

Series 5

3

To investigate the relationships between basic media engineering proper-

ties and resistance-to-penetration phenomena, and to predict the per—

o

formance of a specific impact event to be conducted at the Tonapa test
site in New Mexico.

Series 6

To determine the ricochet performance charucteristics of the Mk 82 and :
Mk 84 bomb warheads. :

The specific matrix of runs for these series are provided in Section 4.0

S
ity i p e anCl el X . nidel

along with example results from each series. The complete parametric study
results are provided under separate cover to DNA. The parametric study re-—

sults are summarized and discussed in Section 5.0,

RN U TR PN YT I O L IO, SISO ST I AR
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3.0 IMPACT AND PENETRATION SIMULATOR

Avco's approach to the analytical simulation (or prediction) of a terra-
dynamic impact and penetration event involves the use of a differential force
law. The derived forces or pressures (both normal and tangential) are inte-
grated over the suxface of any specified body of revolution to establish re-
sulting loads. The equations of motion are written (1, 2, or 3 dimensiomal’
and are solved to obtain rigid bedy acceleration, velocity, and trajectory
histories. The approach is basically the same as used in present aevodynamic
trajectory analysis problems, except for the specific form of the force law,

and the discontinvous nature of a typical impacted media.

Avco has developed these terradynamic trajectory programs for considera-
tion of the unique characteristics of typical target media and to incorporate
what we call Avco's General Resistance-to-Penetration Force Law. This force
law simply states the assumed form of several possible resistance-to-
penetration phenomena that can occur during a terradynamic impact event.

These phenomena include:

basic structural resistance to penetration.
equivalent fluid £flow.
compressibility effects.

surface effects.

The analytical form of this force law is:

dF

Normal Pressure = w0t 1/2p V2 Cn sin? £+ kVe™ @t (t— 1)
dF 2 : t

Shear Pressure = — = f + 1/2pV*C, sin{ cas { + fk Vet (t—1)
dA

where:
Y = Basic structural resistance to penetration
p = Media density

Local absolute velocity vector

Cy = Normal equivalent flow coefficient

o
L}

Local incidence angle

10
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Relative acoustic impedance hetween impacted media and penetrator

Exponential decay factor

Mathematical control on the timing of compressibility effects
Coefficient of friction

= Shear equivalent flow coefficient.

The level of influence of these phenomena for any specific impact event is

controlled by the values of the functional arguments which can vary with

respect to time, velocity, or displacement,

Ovexr the past several years, Avco has cbtained values of these co-

efficients, empirically, for many representative media through laboratory and

ballistic tests. The procedures used are equivalent to ohtaining the 1lift

drag coefficients of models in wind tunnels for the aerodynamic problem. The
pertinent laboratory tests included:

wmoistiire content analysis.,

sleve analysis.

wave velocity measurements !n the media.
static resistance to penetration tests.

penetrometer tests,

The ballistic tests included:

firing models and scale projectiles into instrumented media samples
at varying impact velocities and impact angles, and measuriag
velocity and displacement (angular and translational) histories.
firing instrumented full scale projectiles into hard (concrete)
targetas and measuring acceleration and structural strain histories,
directly. These data were obtained through telemetxy and recorded
on high speed magnetic tape systems.

performing reverse ballistic testing in which the target media was
fired at instrumented EP's and distributed strain histories were

obtained by conventional "hard lined" instrumentatiorn. systems.

The laboratory tests specifically yield the structural resistance-to-

penetration terms, the degree of influence of cowpressibility effects, and a

first estimate of the influence of the equivalent flow terms.

11
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Through data reduction and analysis of the ballistic tests, specific
dynamic values of 7, fc, CN, and C; have been ubtained. This procedure has
allowed Avco to characterize many target media and to simulate the behavior
of many full scale projectiles impacting these media. Accurate simulations
of the terradynamic performance of several rocket configurations, artillery
rounds, EP's, etc., relative to trajectory, loads and critical ricochet angle
have been made and agree well with actual field tests over the past several

vears.

This approach is relatively straightforward and, similar to aerodynamic
loads and trajectory analysis techniques, gives reasonably accurate engineer-
ing solutions to complex problems which otherwise would remain unsolved.

These codes were used exclusively to conduct the parametric study described
in this report. This technique which represents the only capability for
efficiently analyzing 3-D penetration problems is not without its limitatioms.
Compared with the finite-~difference technique now available, the force law
approach cannot produce as much detail in a given calculation. But, it is
important to note that the current finite-~difference calculations are limited
to axisymetric calculations and the cost is one to two orders of magnitude

greater than a corresponding force law calculation.

The limitations of the present force law technique are associated with
the simplification regarding media response, distributed pressures and shears
are based upon the character of the formulations presented above, the direction
and level of the zssumed total velocity field (which is based solely upon
rigid body motion of the projectile) and whether a given location on the
projectile is in the shadow of the assumed parallel flow field or not. The
finite~difference approach models the response of the media and therefore

computes such phenomena as separation, compaction, etc.

12
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4.0 EARTH PENETRATOR PARAMETRIC STUDY

As discussed in Section 2.0, the terradynamic parametric study was
divided into six series, the purpose of and the specific conditions of which
are listed in Tables 1-6 and 7-12.

Two sets of tables are provided: the first set being the initial
proposed parametric study and the second (identified by "M" for modified)
set consisting of the deletions and additions to the final matrix of runs
to be conducted. Wherever possible, the original numbering system was

retained to identify specific cases.

The principal target media for which this study was conducted was a
particularly hard (i.e., high resistance-to-penetration) concrete. Concrete
resistance-to-penetration can vary by as mucii as 200 percent depending on
its age, basic unconfined compressive strength, and the type and size of the
rock aggregute employed in the mix. The resistance-to-penetration parameter
used in the general resistance-to-penetration force law (described in Section
3) is "p" and this parameter was assigned a value of 50,000 psi for the
majority of the study. To relate this value to some equivalent homogeneous
media of known physical characteristics, some conversion technique is re-
quired. :The "7" term is representative of the local applied pressure exerted
on the EP which causes media failure neglecting inertial effects. Any proven
model which has been formulated to calculate this pressure can be used to
relate the value of the "7'" term to media physical properties. Such a method
is the so-called "Cavity Expansion Theory" (first used for the penetration
problem by J. N. Goodier of Stanford Research Institute). The baslc terms

in the "“Cavity Expansion Theory'" are similar to Avco's force law and include:

® Dbasic media resistance-to-penetration.
® inertial effects.

® apparent mass effects.

There is, therefore, a one to one correspondence between the two models in at

least the filrst terms.

13
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g TABLE 1 ;
’ SERIES NO. 1 - PREL. :
SENSITIVITY STUDY 1
l]
Projectile Data !
* Nose Remarks Attack ;
: Type Obliquity | Angle :
Problem | 2D W/A D CRH | Weight | Velocity y a Material
Number k)] (psi)| (dn) (1b) | (ft/sec) (deg) (deg) Property
1-1 20 | 12.1 |6.5 | 9.25 | 400 1500 0 0 |std o = 5000 psi
1-2 20 | 12.1 |[6.5 | 9.25 | 400 1500 0 3 |std o, = 5000 psi
' 1-3 20 | 12.1 |6.5 | 9.25 | 400 1500 0 0 !Vary 5 +50% |
1-4 20 | 12.1 6.5 | 9.25 | 400 1500 0 3 |vary y +50%
" 1-5 20 | 12.1 |6.5 | 9.25 | 400 1500 0 0 |vary f +50%
i
L 1-6 2D | 12.1 [6.5 | 9.25 | 400 1500 0 3 |Vary £ +50%
ge
B 1-7 2D | 12.1 |6.5 | 9.25 | 400 1500 0 0 |vary Cp +50%
i
T 1-8 20 | 12.1 [6.5 | 9.25 | 400 1500 0 3 |vary Cp =50%
] 1-9 20 | 12.1]6.5 | 9.25 | 400 1500 0 0 |vary cy =50%
1-10 2D | 12.1 [6.5 | 9.25 | 400 1500 0 3 |vary cy +50%
1-11 2D | 12.1 (6.5 | 9.25 | 400 1500 0 0 |vary k +50%
1-12 20 | 12.1 [6.5 | 9.25 [ 400 1500 0 3 |vary k +50%
i 1-13 2D | 12.1 (6.5 | 9.25 | 400 1500 0 0 |vary a +50%
i 1-14 2> 12.1 (6.5 | 9.25 | 400 1500 0 3 |vary « +50%
1-15 :
DELETED |
1-16 !
1-17 20 | 12.1 /6.5 | 9.25 | 400 1500 20 0 |Std o, = 5000 psi z
1-18 2D | 12.1]6.5 | 9.25 | 400 1500 20 3 |Std v, = 5000 psi ;
1-19 20 | 12.1 |[6.5 | 9.25 | 400 1500 20 0 |Most Sensitive {
Parameter !
1-20 2D | 12.1 |6.5 | 9.25 | 400 1500 20 3 |Determined Above i
Varied 50% |
!
1
i
;
i
E 14

e v e e+ e

(S

: oy o L T S o R
Ul e e i sttt B s, Mideis

o




TABLE 2
SERIES NO. 2 - PREL.
VARIATIONS IN W/A AND VELOCLIY
Projectile Data
Nose Remarks Attack
Obliquity | Angle | Material Property
Problem Type W/a D CRH | Weight | Velocity y « Standard Concrete
Number | 2D or 3D |(psi) [(in) (1b) (ft/sec) (deg) (deg) 5000 psi
2-1 2D 12,11 6.5} 9.25 400 500 0 0 Std
2-2 2D 12,11 6.5]9.25 400 1000 0 0 Std
2-3 3D 12.116.5]9.25 400 1500 0 0 Std
2-4 2D 12.116.5(9.25 400 2000 0 0 Std
2-5 2D 12.1(6.5(9.25 400 2500 0 o Std
2-6 3D 12,1 ]6.5]9.25 400 3000 0 0 Std
2-7 2D 6.016.5]9.25 200 1000 0 0 s5td
2-8 2D 6.016.5]9.25 200 2000 0 0 Std
2-9 2D 6.0]6.5]9.25 200 3000 0 0 Std
2-10 2D 18.0)6.5[9.25 600 1000 0 0 Std
2-11 2D 18.016.5}9.25 600 2000 0 0 std
2-12 2D 18,0 16.5|9.25 600 3000 0 0 Std
2-13 2D 24,0 16.519.25 800 1000 0 0 Std
2-14 2D 24,0 16.519.25 800 2000 0 0 Std
2-13 2D 24,0 6.5 |9.25 800 3000 0 ¢ Std
2-16 2D 30.0 (6.5 (9.25 1000 1000 0 0 Std
2-17 2D 30.0 |6.5}9.25 1000 2000 0 0 std
2-18 2D 30.0 |6.5]9.25 1000 3000 0 0 std
2-19 2D 31.8 14.0|9.25 400 1000 0 c Std
2-20 2D 31.8 4.0 9.25 400 2000 0 Q Std
2-21 2D 31.8 14.0 [ 9.25 400 3000 0 0 Std
2-22 2D 8.0 [8.0]9.25 400 1000 0 0 std
2-23 2D 8.0 |8.0j9.25 400 2000 0 0 Std
2-24 2D 8.0 (8.0 ]9.25 400 3000 0 0 Std
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TABLE 3
SERTES NO. 3 - PREL.
VARIATIONS IN OBLIQUITY AND ANGLE OF ATTACK
Projectile Data l
Noge Remarks Attack
Type Obliquity| Angle | Material Property
Probiem 2D W/A D Weight | Velocity y a Standard Concrete
Number 3 |(psi)| (in) | CRH (1b) (ft/sec) (deg) (deg) o, = 5000 psi
3-1 3 12.1 | 6.5 |9.25| 400 1500 0 0 Std
3-2 3 12.1 | 6.5 19.25| 400 1500 5 0 Std
3-3 3D 12.1 | 6.5 [9.25 400 1500 10 0 std
3-4 3D 12.1 | 6.5 |9.25| 400 1500 20 0 Std
3-5 ki) 12.1 | 6.5 [9.25 400 1500 30 0 Std
3-6 k)] 12.1 { 6.5 |9.25 400 1500 40 0 Std
3-7 3 12.1 | 6.5 }9.25| ¢0G 1500 50 c Std
3-8 3D 12.1 | 6.5 |9.25 400 1500 60 0 Std
3-9 2D 12.1 6.5 19.25 400 1500 0 +1 Std
3-10 3 |12.1 | 6.5 |9.25 | 400 1500 0 +2 Std
3-11 2D 12,1 6.5 |19.25 400 1500 0 +3 Std
3-12 2D i2.1 6.5 |9.25 400 1500 0 +5 Std
3-13 2D 12.1 6.5 [9.25 400 1500 0 -1 Std
3-14 30 12.1 6.5 19.25 400 1500 0 -2 Std
3-15 2D 12.1 6.5 19.25 400 1500 0 -3 Std
3-16 2D 12.1 6.5 [9.25 400 1500 0 -5 std
3-17 2D 12.1 6.5 [9.25 400 1500 20 +1 Std
3-18 3D 12.1 6.5 [9.25 400 1500 20 +2 std
3-19 2D 12.1 6.5 (9.25 400 1500 20 +3 Std
3-20 2D 12.1 6.5 19.25 400 1500 20 +5 Std
3-21 2D 12.1 6.5 19.25 400 1500 20 -1 Std
3-22 Kh] 12.1 | 6.5 [9.25 400 1500 20 -2 Std
3-23 2D 12.1 6.5 [9.25 400 1500 20 -3 Std
3-24 2D 12.1 6.5 [9.25 400 1500 20 -5 std
3-25 2D 12.1 6.5 |9.25 | 400 500 0 Std
3-26 2D 12.1 6.5 19.25 400 500 0 Std
3-27 2D 12.1 6.5 [9.25 400 500 10 0 std
3-28 2D 12.1 6.5 [9.25 400 500 20 0 Std
3-29 2D 12.1 6.5 19.25 400 500 30 0 Std
3-30 2D 12,1 6.5 |9.25 400 500 40 o] Std
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TABLE 3 (Concl'd)

SERIES NO. 3
Projectlle Data T
Nose Remarks Attack
Tyne Obliquity| Angle |.<terial Property
Problem | 2D W/A b CRH SLA Velocity a a Standard Concrete
Number 3 | (psi)| (in) Canudian (ft/sac) (deg) (deg) u. = 5000 psi
3=31 2D 12.1 | 6.5 9.25 400 2500 0 [¢] Scd
3-32 2D 12.4 { 6,5 [ With - Tip 400 2500 5 0 dtd
2 3-33 2D 12,1 | 6.5 | with - Tip 400 2500 10 0 Std
I 334 | 2 |12.1 | 6.5 [wien - 1ip 400 2500 20 0 Sed
o 3-35 2 [12.1 ] 6.5 | wieh ~ Tip 400 2500 30 o std
3=36 2D 12.1 6.5 With - Tip 400 2500 40 o} Std
3-37 2D 12.1 6.5 With - Tip 400 2500 50 0 Scd
: 3-38 | 20 [12.1 { 6.5 !wWith - Tip 400 2500 60 0 std
! 3-39 3D 12,1 | 6.5 Blunt Sama L/D Wt as SLA 1500 0 0 sed
{ 3-40 30 12,1 | G.5 Blunt Sawe L/D Wt as SLA 1500 +2 Std
i 3-41 3D ool | 6.5 Bilunt Same L/D Wt as SLA 1500 0 -2 Std
g 3=42 i 12.1 | 6.5 Blunt Same L/D Wt a8 SLA 1500 20 0 Std
| 343 3 (12,1 ] 6.5 Blunt Same L/D W¢ as SLA 1500 20 +2 Std
3-44 3D 12,1 8.5 Blunt Sama L/D Wt as SLA 1500 20 -2 Std
3-43 3L 12,1 | 6.5 Blunt Same L/D Wt as SLA 1500 10 1] Std
3-46 3D 12,1 | 6.5 Blunt Sama L/D Wt as SLA 1500 40 0 Std
3=47 k1] 12.1 6.5 Bilunt Sawe L/D Wt a8 SLA 1500 60 [¢] Std
3~48 2D 12,1 | 6.5 Biconlc | Same L/D Wt as SLA 1500 0 [1} Std
3~49 2D 12,1 6.5 . Blconic Samu L/D Wt as SLA 1500 20 0 Std
s 3-50 2D | 12.1 | 6.5 Biconic Same L/D Wt as SLA 1500 20 +2 Std
: 3-51 2D 12,1 6.5 Biconic Same L;D Wt 48 SLA 1500 20 -2 Std
? 3-52 2 (12,1 | 6.5 Biconic | Sume L/D Wt as SLA 1500 40 0 std
’ 3-53 2D 12,1 6.5 Biconic (| Same L/D Wt as SLA 1500 60 0 std
' $~54 2y 12,1 | 6.5 9.25 SLA Canadian 400 1b 1000 0 [ Std
' 3~35 20 12,11 6.5 9.25 SLA Canadian 400 1b 1000 20 0 Std
"l 3-56 2D 12,1 | 6.5 9.25 SLA Cunadian 400 1b 1000 40 0 Std
i 3-57 2D 12,1 6.5 9.25 SLA Canadian 400 1b 1000 0 [ Std
}. 3-58 20 12,1 | 6.5 9,25 SLA Canadian 400 1b 1000 20 0 Std
‘ 3-59 2D 12.1 5.5 9.25 SLA Canadian 400 1b 1000 40 0 Sed
! 3-60 Pl 24,0 6.5 9.25 800 500 20 +2 Std
E 3-61 2D | 24,0 | 6,5 9.25 &0 1000 20 +2 Std
{ 362 2D | 24.0 | 6.5 9.25 800 1500 20 +2 std
i 3-63 20 240 6.5 9,25 800 2000 20 +2 Sed
3-64 2D 24.0 6.5 9.25 800 2500 20 +2 Sed
17
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TABLE 4

SERIES NO. 4 - PREL.
EFFECT OF L/D ON STABILITY

b
k.
¥
E‘ : Projectile Data
' Nose Remarks Attack !
gﬁ Type Obliquity | Angle !
Protlem 2D W/a| D CRH | Weight | L/D| Velocity ¥ a Materjal :
g Numbez 3D (psi){ (in) (1b) (ft/sec)| (deg) (deg) | Property -‘
E 4-1 2D 6.5| 9.25 | 400 | 10| 1500 10 +2 Ti11 '
b 4-2 20 6.5| 9.25 | 480 12| 1500 10 +2 Till
b 4-3 e 6.5| 9.25 | 320 8| 1500 10 +2 Ti11
4-4 n 6.5| 9.25 | 240 6| 1500 10 +2 Ti11
4-5 2D < |6.5] 9.25 | 400 10 | 2500 10 +2 Till i
4-0 2D g 6.5 9.25 | 480 12| 2500 10 +2 Ti11 ;
4-7 2D 2 65| 9.25 | 320 8| 2500 10 +2 T111 f
H
4-8 2D 6.5| 9.25 | 240 6| 2500 10 +2 Ti11 i
4=9 20 6.5 | Blunt| 400 10| 1500 10 +2 Ti11
4-10 2D 6.5 | Blunt| 240 6| 1500 10 +2 Ti11 :
4-11 2D 6.5 | Blumt| 400 10| 2500 10 +2 Ti11 g
4-12 7)) 6.5| Blunt| 240 6| 2500 10 +2 Ti11 ;
| 4-13 DELETED :
; 4-14
i 415
% 4-16
x 417} TO BE PLANNED AT A LATER DATE
4-18
4-19
4-20

SEUURUE SR PR R
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TABLE 5

SERIES NO. 5 - PREL.
MEDIA VARIATIONS

Projectile Data
Type Nose Remarks Obliquity ﬁ:::k

Problem | 2D W/A D CRH SLA Velocity a a
Numbar 3D |(psi)| (im) Canadian | (ft/sec)| (deg) (deg) Material Property
S-1 2D 12.1 [ 6.5 | 9.25 400 1500 [} 0 g, = 5000 psl coancrete
5-2 2D 12.1 | 6.5 | 9.25 400 1500 20 +2 oc = 5000 psi concrete
5-3 2D 12.1 | 6.5 | 9.25 400 2500 0 . = 5000 psl concrate
5-4 2D 12.1 | 6.5 | 9.25 400 1500 0 0 oc = 3000 psi concrete
5-5 2D 12.1 ) 6.5 | 9.25 400 1500 20 +2 . = 3000 psl coucrete
5-6 2D [12.1 [ 6.5 |9.25 400 2500 o = 3000 psi concrete
5-7 2D 12.1 | 6.5 | 9.25 400 1500 0 0 “Asphalt"

5-8 2D 12,1 | 6.5 19.25 400 1500 20 +2 “"Asphalt"

5-9 20 [l2.1 | 6.5 | 9.25 400 2500 [ be] "Asphalt"

5-10 20 12.1 6.5 | 9.28 400 1500 0 0 “ri11"

5~11 2D 12.1 | 6.5 | 9.25 400 1500 20 +2 *ri11"

5-12 2D [l12.1 | 6.5 | 9.25 400 2500 0 0 "“rigg"

5-13 w [0

5-14 2D

5~15 2D

5-16 2D

5-17 2D

5-18 2D

5-19 2D g RESERVED FOR ATTEMPTED SIMULATION OF SELECTED ROCK PERETRATION

5-20 2 TESTS TO BE CONDUCTED BY SLA IN SPRING OF FY75

5-21 2D

5-22 2D

5-23 2D

5-24 2D

5-25 2D

5-26 2D

5-27 2D

s-28 | 2 |/

5-26 | 20 | ")

5-30 2D

5-31 2D

5-32 2D

5-33 2D

5-34 2D

5~35 2D g RESERVED FOR SPECIAL ORDER OF DR. BOB ROHANI, WESSD

5-36 2D

5-37 2D

5-38 2D

5-39 2D

5-40 20 |/

19
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TALLE 6

SERIES NO. 6 - PREL.
RICOCHET PREDICTIONS

O R T T i e e e o e o el

Projectile Data Attack
Type Obliquity | Angle | Material Property

Problem 2D W/A D Nose Remarks | Velocity y a Standard Cuncrete
Number 3D |(psi) | (in) {ft/sec) (deg) (deg) uc = 5000 psi
6-1 2D To Be Selected 1500 0 0 Std

6-2 2D To Be Selected 1500 20 0 Std

6~3 2D To 3e Selected 1500 40 0 Std

6-4 2D To Be Selected 1500 20 2 std

6--5 2D To Be Selecied 2500 G 0 Std

6-6 2D To Be Selected 2500 20 2 Std

6-7 2D To Be Selected 150¢ 0 0 3td

6-8 2D To Be 3elected 1500 20 0 Std

6-9 2D To Be Selected 1500 40 0 Std

6-10 2D To Be Selected 1500 20 2 Std

6-11 2D To Be Selected 2500 0 0 std

6-12 2D To Be Selected 2500 20 2 sStd

6-13 <D To Be Seiected 1560 V] 0 Std

6-14 2D To Be Selected 1500 20 0 Std

6-15 2D To Be Selected 1500 49 0 Std

6-16 2D To Be Selected 1500 20 2 Std

6-17 2D To Be Selected 2500 0 0 std

6-18 2D To Be Selected 2500 20 2 Std

6~19 2D To Be Selected 1500 0 0 std

6~20 2D To Be S=2lected 1500 20 0 Std

6-21 2D To Be Sclected 1500 40 0 Std

6-22 2n To Be Selected 1500 20 2 Std

6-23 2D To Be Selected 2500 0 (v} Std

6-24 2D To Be Selected 2500 20 2 Std

20
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TABLE 7

SERIES NO.

1 - FINAL
SENSITIVITY STUDY

Projectile Data

and 12 and Tables 13 and 14,

3

21

None Remaxt.s Attack|
Type Obliquity | Angle
Problem | 2D ] CRN | Weight | Velocity y “ Material Run Susmary
1 Number k] (in) (1b) | (ft/mec) (deg) (day) Property Number Figure No,
1-1 2D 6.5 $.25 460 1500 0 0 Std o = 5000 psi | 1-1-1 to 1~4-5 19,21
1.2 Fi] 6.5 9.25 400 1500 0 3 Std o, = 5000 psi |1-2-1 to 1-2-5 20,72,23,24
1-3 2D 6.5 9.25 4“0 1500 0 0 (Vary y +50% 1=-3~1 to i~3=5 19,21
-4 b 6.5 9.25 400 1500 0 h ] Vary n +50% 1=4=1 to 1~4-5 20,22,23,24
1-5 b1} 6.5 9.15 400 1500 /] 0 Vary £ +50% 1=5-1 to 1~5-5 19,21
1-6 b1} 6.5 9.25 400 1500 0 3 Vary £ 4502 1-6-1 to 1-6-5 20,22,23,24
1-7 pii} 6.5 9.25 400 1500 0 Q Vary Cp +50% 1-7-1 to 1-7-5 19,21
1-8 20 6.5 9.25 400 1500 0 3 Very Cp =50% 1-8-1 to 1-8-5 20,22,23,24
1-9 v} 6.5 9.25 400 1500 0 0 Vary Gy =502 1-9-1 to 1-9=5 19,21
110 20 6.5 .25 400 1500 0 3 Vary Cy +50% 1-10-1 to 1~10-5 20,22,23,24
1-11 i) 6,5 9.25 400 1500 1] 0 Vary k 4502 1-11«1 to 1-!i-5
1-12 i} 6.5 9.25 400 1500 0 3 Vary k +50% 1-12-1 to 1-12-5
1-13 2D 6.5 9.25 400 1500 0 0 Vary « +50% 1-13-1 to 1-13-5
1-14 i) 6.5 9.25 400 | 1500 0 3 Vary « 4502 l-l4~} to 1-14-5
1-15
DELET!
1-16
!

1-17 i} 6.5 9.25 400 1500 20 4 Std ¢, = 5000 psi {1-17~1 to 1-17-5
1-18 20 6.5 9.25 400 1500 20 3 std o, « 5000 psi [1-18-1 to 1-18-5
1-19 i) 6.5 9.25 400 1500 20 0 Most Sensitive 1~19~1 to 1-19-5

Paramater
1-20 2D 6.5 9.25 400 1500 20 3 Determined Above 1-20-1 to 1-20-5

Varied 507 (found

to be n)
1-24 3 6,5 9.25 400 1500 180% 3 1-2A-1 to 1-2A-10

Tabl

11 | B 6.5 | 9.25 | 4o 1500 1804 3 1-2A1-1 to 1-2A1-11 'y
1-17a k] 6.5 9.25 400 1500 200% [V} 1-17A-1 to 1-17A-10
1-184 3 6.5 9.25 400 1500 200% 3 1-18A-1 to 1-18A-10
*Note: The 3~D code utilizes a different refereunce system than tha 2-D code. See¢ Figure 17
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TABLE &

SERIES NO. 2 - FINAL
VARIATIONS IN W/A AND VELOCITY

Projectile Dats
Nose Remarks Attack
Obliquity | Angle | Materisl Proparcy
Problem Type W/A D CRH | Weight | velocity y « Standard Concrete Run Susmary
Number | 2D or 3D [(psi) |(in) {1b) (ft/sec) (deg) (deg) 5000 psi Number Curve No.
2-1 2D 12,1 6.5] 9.25 400 500 ] 0 Std 2-1-1 to 2-1-5
2=2 2D 12,11 6.5 9.25 400 1000 Q Std 2-2-1 tn 2.2-5
2-3 2 |12.1]6.5{9.25 | 400 1500 0 0 std 2-3-1 to 2-3-10 "::1'
24 pav] 12,1[6.5]9.25 400 2000 1] 0 Scd 2-4-1 to 2-4-5
2-5 2D 12.1}16.5]9.25 400 2500 ] 0 Std 2=5=1 to 2=5=5
2-6 a 12,116.5]9.25 400 3000 0 ] Std 2-6~-1 to 2-6-25
2=7 2D 6.016.5]9.25 200 1000 1] 0 std 2-7=1 to 2«7~5 25
2-8 2D 6,016.5]|9.25 200 2000 o] 0 swd 2-8-1 to 2-8-5
2-9 &r 6.0 16.5]9.25 200 3000 ] 4 Sed 2-9-1 to 2-9-5 26
2-10 pii) 18,0 | 6.5]9.25 600 1000 1] 1} Sed 2-10-1 to 2-10-5
2=11 2D 18.0 6.5 9.25 600 2000 0 0 Std 2-11=1 to 2-11-%
2-12 D 18.0 | 6.5 19.25 600 3000 ] 0 Std 2-12-1 to 2-12-5
2-13 2D 24,0 1 6.5]9.25 800 1000 4] 0 Sed 2=13=1 to 2«13-5
2-1¢4 2D 24,0 16,5 )9.25 800 2000 0 1] Sta 2-14=1 to 2-14-5
2-15 2D 24.0 | 6.5 | 9.25 800 3000 0 o Std 2=15-1 to 2-15-%
2-16 2D 30.0 (6.5 9.25 1000 1000 L] 1] Std 2-16-~1 to 2-16-5
2~17 2D 0.0 1 6.5 ¢.25 1000 2000 (1] V] Sty 2-17=1 to 2-17=5
2-138 2D 30.0 |6.5]9.25 1000 3000 [+] 0 std 2-18-1 to 2-18-5
2-1¢ 2D 31.8 (4.0 {9.25 400 1000 0 [} Sed 2-19-1 to 2-19-5
2-20 2D 31.8 |4.0)9.25 400 2060 [+] 0 Std 2-20-1 to 2-20-5
2-21 2D 31.8 [ 4.0 [9.25 400 2000 0 0 Sed 2=21-1 to 2-21-5
2-22 an 8.0 | 8.0 |9.25 400 1000 [¢] 0 Std 2-22-1 to 2-22-5
2-23 pi 8.0 |{8.0 [9.25 400 2000 0 0 Std 2-23-]1 to 2-23-5
2-24 D 8.0 | 8.0 ]9.25 400 3000 [+] 0 Std 2=24-1 to 2~24=5
2-25 20 21.1 | 5.0 |9.25 400 1000 [+] ] std 2-25«1 to 2-25-5
2-26 D 21.1 15.0 {9.25 400 1500 1] 9 Sed 2-26~1 to 2-26-5
2-27 20 21.1 |5.0 {9.25 400 2000 s} Q Std 2-27=1 to ¢-27-5
2-28 20 21,1 |5.0 [ 9.25 400 3000 V] 0 Std 2-28-1 to 2-28-5
2-29 W 12.1 |6.5 | 0.5 400 500 0 0 Std 2-29-1 to 2-29-5 27
2-30 2D 12,1 16.5 | 0.5 400 1000 7] 0 Std 2-30-1 to 2-30-5 28
231 20 12.1 6.5 0.5 400 1500 0 1} Sed 2-31-1 to 2-21-5 29
2-32 2 12,1 |6.5 |0 5 400 2000 [ [/} std 2-32-1 to =32-5
2-33 2D 12,1 16.5 [ 0.5 400 2500 0 0 Std 2-33-1 to 2-33-5
-3 2 {12.1 |6.5 {05 400 3000 0 ) 5td 2-3%-1 to 2-34-5 |
2-35 2D 18.0 |6.5 | 0.5 600 1070 0 0 Std 2-35-1 to 2-35-5
2~36 2D 18,0 {6.5 | 0.5 600 2000 aQ 0 Std 1-36-1 to 2-36-5 27
2-37 2D 18.0 [6.5 ) 0.% 600 3000 0 0 Sed 2-37-1 to 2-37-5 30
2-38 D 30.0 [6.5 (0.5 1000 1000 o 0 Std 2-38-1 to 2-38-5 31
2-39 20 30.0 }6.5 | 0.5 1000 2000 0 ] Std 2-39-1 to 2-39-5
2-40 30.0 {6.5 |0.5 1000 3000 1) 0 Std 2-40=1 to 2-40-5
2-41 o 12.1 [6.5 [ 2.25 400 500 ] [+ Std 2-4)~1 to 2-41-5 28
2-42 2D 12.1 6.5 }2.25 400 1000 (V] [*] Std 2-42~1 to 2-42-5 s
2-43 2l 12.1 |6.5 |2.25 400 1500 [+] 0 Std 2-43~1 to 2-435 13
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TABLE 8 (Concl'4)

Projectile Data
Nose Remarks Attack
- Ubliquity | Angle | Materia! Property

Problem Type W/A D CRH | Weight | Velocity ¥ a standard Concrete Run Summary
Number {2D or 3D |(psi) |(in) (1b) (ft/sec) (deg) (deg) 5000 psi Number Curva No.
2-44 b1 12,1 6.5 2.25 400 2000 0 0 std 2-44-1 to 2-44~5
2-45 2D 12.1] 6.5| 2.25 400 2500 0 [¢] Std 2-45-1 to 2~45-5
2-46 2D 12.116.5]2.25 400 3000 [+} Q std 2-46~1 to 2-46-5
2-47 2D 18.0; 6.5 2.25 600 1000 0 0 std 2-47-1 to 2~-47-5
2-48 2D 18.0} 6.5 2.25 600 2000 0 4] Std 2-48-1 to 2-42-5
2-49 2D 18.6| 6.5 2.25 600 3000 0 o] 5td 2-49-1 to 2-49~5
2-50 2D 30.0}16.5(2.25 1000 1000 o 0 Std 2-50-1 to 2-50-5
2-51 2D 30.0| 6.5]2.25 1000 2000 0 0 Std 2-51-1 to 2-51-5
2-52 2D 30.0|6.512.25 1000 3000 o ] std 2-52-1 to 2-52-5
2-53 2D 12,11 6.5} 6.0 400 500 0 0 Std 2-53-1 to 2-53-5 29
2-54 2D 12,1]16.5}6.0 400 1000 0 0 std 2-54=1 to 2-54-5 34
2-55 2D 12.116.5}6.0 420 1500 0 Q std 2-55-1 to 2-55-5
2-56 2D 17.1]6.516.9 400 2000 0 0 std 2-56=1 to 2-56-5
2-57 2D 12,1]16.5)6.0 400 2500 ] ] Std 2-57-1 to 2-57-5
2-58 2 12.116.5|6.0 400 3000 0 0 Std 2-58-1 to 2-58-5
2--59 il 18.016.5|6.0 600 1000 0 0 Std 2-59-1 to 2-59-5
2«60 2D 18.016.5 (6.0 600 2000 a 0 Std 2-60-1 to 2=60-5
2-61 2D 18.0| 6.5 | 6.0 600 3000 J 4] std 2-61-1 to 2-61-5
2-62 D 30.0(6.5]6.0 1000 1000 0 0 Std 2-62-1 to 2-62=5
2-63 D 30.0,6.516.0 1000 2000 0 0 std 2-63-1 to 2-63-5
2-64 2D 30.0]6.516.0 1000 3000 ] Q Std 2-64-1 to 2-64=5

L/D=1
2-1A 2D 12.1 | 6.5 | Blunt | 43.36 500 0 0 Std 2-1A-1
2-2A 2D 12.116.5 | Blunt | 43.36 1000 1} 1] std 2-2A-% to 2-2A-5
2-3A 2D 12.1 {1 6.5 | Blunt | 43.36 1500 0 [+] Std 2-3)~1 to 2-3A-5
2-4A 2D 12,1 ]16.5 | Blunt | 43,36 2000 0 0 Std 2-44~1 to 2-4A-5
2=5A 2D 12.1 | 6.5 {Blunt | 43.36 2500 0 4] Std 2=5A-1 to 2-5A-5
2-6A D 12.1 16.5 [ Blunt | 43.36 3000 0 0 std 2-6A-1 to 2-6A-5

L/D=2
2-1B 2D 12,1 16.5 | Blunt | 86.71 500 0 1} std 2-1B-1 to 2-1B-5
2-28 r 12,1 (6.5 [ Blunt | 86.71 1000 0 0 Std 2-2B~1 to 2-2B-5
2-3B 2D 12,1 16.5 {BlunL | 86.71 1500 0 0 Std 2-3B-1 to 2-3B-5
2-4B 2D 12,1 (6.5 [Blunt | 86.71 2000 0 0 Std 2-4B-1 to 2-4B-5
2-5B i) 12,1 | 6.5 |Blunt | 86.71 2500 9 0 Std 2-5B-1 to 2-5B-5
2-6B 2D 12,1 16.5 | Blunt 86.71 3000 0 0 Std 2-6B~1 to 2-6B-5

L/D-3
2~-1C 2D 12.1 | 6.5 | Blunt |130.06 500 0 0 Std 2-1C~1 to 2-1C-5
2-2¢C 20 12,1 [ 6.5 yBlunt }130,06 1000 0 0 Std 2-2C-1 to 2.-2¢~5
-3 2D 12 1 ]6.5 | Blunt (130.06 1500 < 0 std 2-3C-1 *o0 2-3C-5
2-4C 2D 12,1 | 6.5 [Blunt |130.06 2000 0 [ Std 2~4C-1 to 2-4C-5
2-5C 2D 12,1 16.5 | Blunt |130.06 2500 0 Q Std 2-5C-1 to 2-5C-5
2-6C 2D 12,1 16.5 | Blunt [130.00 3000 [] [ Std 2-6C-1 to 2-6C-5
2-18 3 12,1 (6.5 12.25 {130.06 3000 0 0 std 2-18-1 to 2-18-18

e




TABLE 9

SERIES NO. 3 - FINAL
VARIATIONS IN OBLIQUITY AND ANGLE OF ATTACK

Projectile Data

Nose Remarks Attack
Obliquity | Angle Material
Proparty Run Summary

Problen 2D Weight [Veiocity

b y a
Number k)] (in) (1b) |(ft/sec)| (dag) (deg) [Concrete (psi) Numbar Curve No.

-1 ] 6.5 400 1500 180 0 o = 5000 3-1-10
k)] 6.5 400 1500 185 [ = 5000 3-2-10
3D 6.5 ¢ 400 1500 = 5000 3-3-10

£ 6.5 400 1500 5000 3-4-10
a 6.5 400 1500 5000 3-5-10
Lt 6.5 400 1500 , = 5000 3-6-11
k1 150 5000 3-1-11
3-8 ) 12.1 1500 £900 3-8-12

3-9 to 3-11 DELETED
312 2 I 12.1
3-13 to 3-16 DELETED
3-17 2D : 3-17-5
3-18 30 3-18-10
3-19 2D 3-19-5
3-20 v 3-20-5
3-21 2D . 3-21~5
=22 k] . o 3-22-10
3-23 2D 3-23-5
3-24 2D 3-24-5
3-25 DELETED
3-31 2b
3-32 D with
20 slightly
2b conic

2D tip

3-36 2D of
3-37 2D 450

3-38 2D

3-39 to 3-47 DELETED
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TABLE - 10

SERTES NO., 4 ~ FINAL
EFFECT OF L/D ON STABILITY

Projectile Data
Nose Rumarks Attack
Type Obliquity | Angle |[Material
Problem 2D W/A D CRH |L/D[Weight! Velocity Y a Propetty Run Summary
Numbaer k] (pui) |(dn) (1b) | (£t/sec) (deg) (deg) Number Curve No.
4-1 2r Variable | 6.5 | 9,25 | 10{ 400 1500 10 +2 Till 4=1-1 to 4-1-5 55
42 2D Variable | 6.5 | 9.25 8! 320 1500 1] +2 Till 4-2-1 to 4-2-5 56
4-3 2D Variable | 6.5 [ 9.25 6| 240 1500 10 +2 Till 4-3-1 to 4-3-5 57
4-4 2D Variable | 6.5 | 9.25 4| 160 1500 10 +2 Till 4=4~1 to 4=4-5 58
&4=5 2D Vax$ ble | 6.5 | 9.25 | 10 400 2500 10 +2 Till 4-5-1 to 4=5-5 59
[ 2p Variable | 6.5 | 9.25 8| 1320 2500 10 +2 Till 4="-1 to 4-6-5
4-7 2D Variable | 6.5 | 9.25 6| 240 2500 10 +2 Till 4=7-1 to 4-7-5
4-8 2D Variable | 6.5 | 9.25 4| 160 2500 10 +2 i1l 4-8-1 to 4-8-5
49 2D Variable | 6.5 | Blunt| 3| 320 1500 10 +2 Till 4-9-1 to 4-9-5
4-10 20 Variable | 6.5 | Blunt| 4| 160 1500 10 +2 Till 4~10-1 to 4-10-5
4-11 2D Variable | 6.5 | Blunt{ 8; 320 2500 10 +2 Till 4=11~1 to 4~11-5
4-12 2D Variable | 6.5 | Blunt| & 160 2500 10 +2 Till 4-12~1 to 4-12-5
TABLE = LL
SERIES NO. 4 - FINAL
MEDIA VARIATIONG
Projectile Data
Nose Remarks Attack
Type Obliquity | Angle
Problem | 2D w/D T CRH | Weight Velocity y a Matevial Run Summary
Number 3D (psi) (in) (1b) (ft/sec) (deg) (deg) Property Number Curve No.
5~4 2D 12,1 6.5 | 9.25 400 1500 J 0 9" 3000 psl | 5-4-1 to 5-4-5
Concrete
5=b 20 12,1 6.5 | 9.25 400 1500 20 +2 g, = 3000 psl | 5-5-1 to 5-5-5 60
Concreta
5-6 2D 12,1 6.5 | 9.25 400 2500 0 0 g, » 3000 psi | 5-6-1 to 5-6-5 61
Concrete
5-10 2D 12,1 6.5 | 9.25 400 1500 0 0 Ti11l 5~10~1 to 5-10-5 60
5-11 D 12,1 [ 6.5 | 9.25 400 1500 20 +2 Till 5-11-1 to 5-11-5 61
5-12 2D 12.1 6.5 | 9.25 400 L 2500 0 0 Till 5-12-1 to S-12-§
TONAPA TEST PREDICTIONS
5-1A D 12.1 6.5 9.25 517 1500 [y} 0 Ti1ll S5-1A-1 to 5-1A-5 66
5-24 2D 12.1 6.5 | 9.25 517 2000 0 0 Till 5-2A~1 to 5-2A-5 67
5-3A 2D 12.1 6.5 | 9.25 517 1640 0 4] Till 5~3A~1 to 5-3A-5

25
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SERIES NO.
RICOCHET PREDICTIONS

TABLE 12

6 - FINAL

Projectile Data
Nosa Remarks Atteok
Type Obliquity | Angle
Problem | 2D WAL D Waight | Velocity y a Run Summary
Number D | (pet)] (dn) | Mk (1b) (£t/sec) (deg) (deg) Matarial Proparty Number Curve No.
6-1A DELETED
6-2A 2D 82 500 700 40 0 Target Layersd Madis | 6-2A-1 to 6-2A~-3
6-3A 2D 82 500 700 50 0 Target Layered Media | 6~3A~1 to 6=3A-3 71
6=4A 2D 82 500 700 55 0 ‘Target Layersd Media | 6-4A-1 to 6~5A-3 73
6~5A 2D 82 500 700 60 0 Target Layered Media | 6~5A~1 to 6~5A-3 75
6-6A 2D 82 500 700 65 0 Target Layersd Media | 6-6A-1 to 6-6A~3
6-7A 2D 82 500 700 70 0 Target Layered Media | 6-7A-1 to 6=7A-3
6-8A 2p 84 2000 700 30 0 Target Laysred Madia { 6-8A-1 to 6-8A-3
6=9A 2D 84 2000 700 40 0 Target Layezed Media | 6-9A~1 to 6-9A-3 72
6~10A 2D 84 2000 700 50 o Target Layerad Mudis { 6-10A~1 to 6=10A-3 7%
6-11A 2D 84 2000 700 55 0 Target Laysred Media | 6=11A=1 to 6-11A-3 76
6-12A 2D 84 2000 700 60 0 Tatget Layi'red Msdias | 6-12A-1 to 6-12A-3
6-13A 20 84 2000 700 65 0 Target Layarsd Msdia | 6~13A-1 to 6-13A-3
6~14A 20 84 2000 700 70 0 Target Laycred Media | 6-14A-1 to 6-14A-3
6-15A 2D 84 2000 700 75 1] Target Layered Media | 6-15A-1 to 6~15A-3
6-16A DELETED
6-4 k)] 82 500 700 235 0 Target Layered Madia | 6-4-1 to 6-4-10
6-5 k) 82 500 700 240 0 Target Layered Media | 6-5-1 to 6=-5-12
6-12 3 84 2000 700 240 0 Target Layerad Media | 6-12-1 to 6-12-6
6-13 k] 84 2000 700 245 0 Target Layered Media | 6-13-1 to 6-13-10
6-1B 2D 82 500 700 30 +5 Target Layered Media | 6-1B-1 to 6-1B-3
6-28 2D 82 500 700 40 +5 Target Layerad Media | 6-2B-1 to 6-2B-3
6=3B 2D 82 500 700 50 +5 Target Layerad Media | 6-3B-! to 6-3B-3 71
6=4B DELETED
6~3B 2D 82 500 700 60 +5 Target Layered Media | 6-5B-1 to 6-5B~3 75
6-78 2D 82 500 700 70 +5 Target Layored Media | 6-7B-1 to 6-7B-3
6-8B 2D 84 2000 700 30 +5 Target Layered Media | 6-8B-1 to 6-8B-3 72
6-9B 2D 84 2000 700 Y] +5 Target Layerad Media | 6-9B~1 to 6-98-3 7%
6-108 2b 84 2000 700 50 +5 Target Layersd Media | 6-10B-1 to 6-10B-3 76
6-12B 2D 84 2000 700 60 +5 Target Layerad Mediam | 6-12B-1 to 6-12B-3
6-148 2D 8 2000 700 70 +5 Taxget Layered Madia | 6-14B-1 to 6-14B~3
6~1C 20 82 500 700 30 =5 Target Layered Madia | 6-1C-~1 to 6-1C-3 ¥l
6-2C 2D 82 500 700 40 =5 Target Layered Madia | 6-2C~1 to 6-2C-3 73
6-3C 2D 82 500 700 50 =5 Target Layered Media | 6-3C~1 to 6-3C-3 75
6-4C DELETED
6~5C 2D 82 500 700 60 -5 Yarget Layered Media | 6~5C~1 to 6-5C-3
6-7C 2D 82 500 700 70 -5 Target Layered Media | 6-7C~1 to 6~7C-3
6-8C 2D 84 2000 700 30 =5 Target Layered Media | 6-8C~1 to 6-8C~3 72
6-9C 2D 84 2000 00 40 =5 Target Lsysred Media | 6-9C~1 to 6-9C-3 74
6-10C 2b 84 2000 700 50 -5 Target Layered Media | 6-10C-1 to 6-10C-3 76
6-12¢ 2D 84 2000 700 60 -5 Target Layered Media | 6-12C~1 to 6-12C-3
6-14C 2D 84 2000 700 70 -5 Target Layerad Media | 6-14C-1 to 6-14C-3




The equation of motion used to describe the terradynamic trajectory of
a penetrator based on the Cavity Expansion technique is:

M d%z  gD? 2 D [d%z dz \? l .
';:2-1“ < ¢3+-_,;Pp ¢1~5I§+¢2 rr 5 ¢))

The parameters in Eq. (1) are given in terms of target properties by the
following relations:

¢1 - 1~--81/5 ¢3)
3 /3 1 4/3
b7 ~_-[:_2.—(1+azp)8 + —2-8 ]fN (3) 1
4 2 2 4
¢3 = -§- E[l-exp(—?;ﬁ)] --.5' Yind +2—7'”2Et—-§- Et'q (4)
Po
&= 1= — ecxp(-38) (5)
Pp E
Pp .
n :
7] - 8 Sn— (7) ‘
Z n2 !
n=1 j
Y it ;
= — — c— 8 2
A 2E 3 ® ;
Pp = Po o (e (9)

L iretnh

where:

Po ™ initial demsity of target material, slugs/ £e3

Y = yield strength of target material, psf

E = Young's modulus of elasticity, corresponding to locked elastic
region, psf = 3G

E, = strain-hardening modulus, corresponding to locked plastic region,
psf = 3G¢

*Rohani, R., Waterways Experiment Paper, S-73-58, June 1873.
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e; = volumetric strain related to the elastic region of the pressure-
volumetric strain curve

e = volumetric strain related to plastic region of the pressure-
volumetric strain curve

n = 3,1416

fy =sin 6+ 1/3 cos? ¢

0 = nose angle

The equation of motion using Avco's force law approach for one dimen-—
gional motion is:
42

-M —-;— ‘ﬁ’?(l"" fJ4+ 1/2 pV2 (CN sin? (i C, sin{ cos {) dA (10)
de .

Equating similar terms:

2/3 Py fy b2 vZ. 1/2pV2(CN sin? ¢ + C, sin { cos {) (11)
D d?
2/3 b ¢| = — = modified nose shape (12)
P 2 g + increased mass
$3 = 7 (1= £) (13)

Referring to Eq. (11) bouh sides represent equivalent fluid flow terms. The
Cavity Expansion Theory offers no direct or fundamental method of obtaining
the correct values of the requireu coefficlents, consequently, empirical
evaluation of these are necessary unlezs a conversilon process can be derived

from, for example, trial finite difference ~alculations.

The Cavity Expansion term represented by Eq. (12) is representative of
an equivalent mass of fluid entrapped by the nose of the pznetrator and de-

celerating with it.

The conversion here is direct; however, in the case of a iarge sharp

nose penetrator, the term becomes negligible.

In the Cavity Expansion Theory sliding friction between the media aud

the projectile surface is not represented. Consequently, Eq. (13) becomes:

(14)
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The "7" term used in Avco's force law approzch is a measurable quantity
established by conducting static penetration tests. "g3" 1s the analytically
derived static resistance to penetration. Consequently, """ can be obtained

by evaluating the "¢3" expression,

To gummarize, only two of the penetrability terms for Avco's force law
approach can be derived from the Cavity Expansion technique. These include
the apparent mass term, which already has been included, and the normal
pressure term associated with the media's static resistance-to-penetration.
The sliding or Coulomb friction term used in Avco's force law techaique is
not currently present in the Cavity Expansion technique, and the equivalent
fluid flow terms used in both techniques must be arrived at empirically.

This conversion or equivalency technique can therefore be used to de-
scribe the strength characteristics of the concrete used in the parametric
study.

Performing the indicated operations suggested by Eq. (14) and assuming
that Young's modulus remains that of typical concrete, i.e., 3 x 106 psi,
the equivalent unconfined compressive strength is approximately 10,000 psi.

It is apparent that if the above procedure can be used to arrive at and
describe an equivalent strength media, it can also be used to find the
approximate "»" term given the properties of the media. This technique has
been used in the past to aid in predicting penetration events into "un-
characterized" media and an example of this procedure and outcome is
described in Section 5.0 in which a prediction was made for the Tonapa

Test Series conducted ia the Spring of 1975.

The following sections dwuscribe the results of the parametric studies
for Series 1.0 through 6.0.
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5.0 IMPACT AND PENETRATION PARAMETRIC STUDY RESULTS

In this section each series of runs is deascribed and summarized to allow
the reader to quickly grasp the more significant aspects of the particular
area of investigation. Under conditions where a more in-depth review is
desired, the reader is referred to the detailed time histories of the event. ’
When specific runs are referred by run number (i.e., 3.8, 3.60 etc.) the
variables are defined in the appropriate table of this report and the complete
run data i{s available under separate cover through DNA.

o VB e AL

R . =

5.1 SERIES 1 -~ SENSITIVITY STUDY

The matrix of runsa conducted for Series 1 is presented in Table 7. The
EP used in this study is shown in Figure 1. The EP weighs 400 pounds, is
60 inches long with a diameter of 6.5 inches. The nose shape is described by
the parameter "CRH" which represents the ratio between the tangent ogive
radius and the EP diameter,

[
P

3
z

I = o

The nominal media for this series is the "hard concrete" described in
Section 4.0 and variations from the nominal are given in percent. In each of
the series, there are generally two types of runs made; i.e., 2-D and 3-D. All
the impact conditions are described in a plaue and because none of the EP's

WO R G R T

is spinning, no out of plane motion is incurred. Consequently, the impact
event can be described in the 2-D plane of symmetry which they are. The pur-
pose of the 3-D runs is to provide three dimensional distribution plots of
the local pressures and shears.

e e o cam—

‘ Examples of the 2-D and 3-D plets for Runs 3.60 and 3.8 are presented in
Figures 2 through 6 and 7 through 16, respectively. The output format fer
2 these plots is described in detail in Tables 13 and 14,

There are generally five separate graphs for each 2-D run consisting of:

a pictorial description of the event. (See Figure 2.)

the rigid body resulting loading environments. (See Figure 3.)

]

]

® the basic trajectory data. (See Figure 4.)

® the rigid body axial accelerations. (See Figure 5.)
]

the rigid body lateral accelerations. (See Figure 6.) !
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- DNRO3 TERRADYNAMIC PARAMETRIC STUDY  PROBLEM 3.60
|

"23.28 L200.00 OANIs20.0  VELsO. XCOe32.10  XMs900.00 ;

‘ » - 4 |
2
o o - I
. i
| ». - !
E “. - |
;.
s’ |
|
? N W -
, W
; ' P =4 i
/ X} |

b 4 0. -

-y

..l -

- 2

7 -
§

b =)0 -~

| § | |
! 48, -30. -20. -10. 5. 18. 2. ”». 0. 0. .

X - INCHES

- Figure 2. Trajectory |
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ONRQ3 TERRADYNAMIC PARAMETRIC STUDY

—

R23.28 Ls60.00 GMI=20.0 VEL=0. 2C0=32.10

PROBLEM 3.60
X800 .00

FXP/10*
(L8S)

-
FZP/10*
(LBS)

o
MCG/10¢
{ IN-LBS)

———

PN

1 T T
0.7 1.4 2.1 2.0 3.8 4.2 4.9

TIME - MSEC

Figure 3. Loads
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ONRO3 TERRADYNRMIC PRRAMETRIC STUDY

Re3.20 L280.00 OMNMIs20.0

PROBLEM 3.60

vEL=0. AC0232.10  XM=000.00

». - / Xu10? |
LINCHES)
». |
I=10° :
LINCHES } ’
", .
. !
H
VEL/10* \
L { IN/SEC) ;
s
8 - ALA=10!
I DEGREES)
48, ~ ' :
GAM= {0° !
{DEGREES)
=M. ~
~199. Y Y =Y T T L v 1 ‘
.8 [ 1§ (1Y ] 2.4 2.8 1.8 4.2 4.9 9.4 :
TIME - MSEC |
Figure 4. Trajectory data ?
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ONRO3 TERRROYNRAMIC PRRAMETRIC STUDY
L280.00 OMM1S20.0  VEL20. ACGeIT. 10 24aB00.00

PROBLEM 3.60

GZis10?

_a

(6'S)

GZ2s10°
(6*s)

Gz3s/10?
16'S)

!?l l.‘l 8—:6 C.Ti
TIME - MSEC
Figure 5. Axial accoieration
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ONRO3 TERRADYNAMIC PARAMETRIC STUDY
R:3.25  L:60.00 OAMI=20.0  VELsO.

PROBLEM 3.60

XC0s32.10 XN=9C0.00

GX1/10?
- (G'S)
a
Gx2/710¢
- {G'S)
— &
Gx3/10
- (G'S)
[ 2 O:" t -IC lx l.‘. 3:. l.‘t C-rl l-‘i
TIME - MSEC
Figure 6. Lateral acceleration
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ONQOS TERRRDYNRHIC FPARAMETRIC 3D 3-8 ALPHA

0MM1=240.0 PH1120.0 VELOCITY=18000.

h v v v
. s. 5. 190, 1. 200. 0.
h h

Figure 7. {3D) Trajectory
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ONRO3 TERRADYNAMIC PARAMETRIC 3D 3-8 ALPHR ©
P811:0.0 OAN1=240.0 PH1120.0 VELOCITY2 18000.
100. -1

T FXxw=10°
(LBS) ‘

SN AR T PR

R

Fys10°*
(LBS)

B N

. ‘ a
| FZ/10%

‘ 0. -J s — — o (LBS)

]
" —— -~ Mx/10°
(IN-LBS)

-80. »®
MY=]10°
(IN-LBS) ‘
-%. - ;
¢ |
MZm10° :
{IN-LBS) |

o A L AT BB P Y, - ST AL e R

! J T 1 T =T T 2}
0.0 1.0 2.0 3.0 4.0 8.0 6.0 7.6 8.0

TIME - MSEC ,

Figure 8. (3C' Loads
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ONRO3 TERRADYNAMIC PRARAMETRIC 3D 3-8 RLPHR O
P811=20.0 OM1=2240.0 PH11=0.0 VELOCITY= 18000.
100. -
». YAWx10°
(DEGREES)
«©. |
PCH/10! g
(DEGRELS) l
®. - ——- — !
[ Y
ROLx10° |
o. - e =—— (DEGREES) ‘
u b
2. - YAR=10° :
(RAD/SEC) ;
i
-0, x '3
PCR»10°
(RAD/SEC) i
8. -
[
ROR=10°
-190. T i T ; . r T , IRRD/SEC) :
0.8 5.0 2.0 3.0 4 8.0 s.0 7.0 .0 )
TIME MSEC
Figure 9. (3D) Rotational data




ONARO3 TERRADYNRMIC PARAMETRIC 3D 3-8 ALPHR O
P$1120.0 0MM1s240.0  PHII=0.0 VELOCIYYs 18000.

r—.—t*atg 4 — !
1

». Xu10°
( INCHES)

Y100
{ INCHES )

- R a
Z=10°
o. o —= { INCHES)

. o
. ALAx10'
(DEGREES )

-80. x

ALL=10°
(DEGREES)

®
R —— VEL/10?
{ IN/SEC)

Ll i ) 1 T !
.0 1.0 2.0 t B ] 4.0 8.0 8.0 7.0 e.0

TIME - MSEC

Figure 10. (3D) Translational data
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‘ONRO3 TERRADYNAMIC PARAMETRIC 30 3-8 ALPHA O :

3 P81120.0 OMMI=240.0  PHI1s0.0 VELOC1TY=18000. TINEs0.80 :
' [1 N -
P=TAUR
5 —_——
’ ». 0:=TAUL
i R=S1GMAN
] PO *iz100
F 80 110
. RO )10
; »
%. - PLED %)/500
080 *1uj00
RS0 *)/300
a
PLIBD*)IZ100
0. - g ~ P 01 180°)/10}
RL100%)/710%
-]
PLE70%)e)0®
0LN0%)e100 ;
-1, RUEI0*1n100 ]
3
-80.
]
-78. g
]
!
~100. T T -7 T T T T 2|
0. N 1. 2. ”. . . .. .. ,

DISTANCE FROM NOSE

Figure 11, (3D} Stress data
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] ONRO3 TERRADYNAMIC PARAMETRIC 30 3-8 ALPHR O
! P811:0.0 0MM1=240.0  PHINs0.0 VELOCITYs 19000, Ting=1.07
..l

P=TRAUR

—— ¢ e—

. 0=TAUB

?: S I_O.HR'T

.
0 */108
@o *ie!
Mo w100

L
PL80 vi/308
0190 *)=i0®
Ri90 *)/10?

2.

&
PLI0D%)/100
> o> L o o Prnmaue . 011807100

RE100%1/100

L
PL270%)=10¢
ot 270°1m10° )
R(2I0°)u10?

«MWe

-109. - T T T T T T T 1
0. 0. 1. 2. » ». . ». .

DISTANCE FROM NOSE

Figure 12. (3D) Stress data
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- ONRO3 TERRADYNAMIC PARAMETRIC 30 3-8 ALPHR O

"1" ‘ PS11=0.0 OM1=240.0 M11:20.0 VELOCITYs 10000 . TINE=) .88

. 199 -

P=TRUA

if' ———  —

T 0:=TRUB

— =

¥ R=SIGMAN

} PO 1100 ’

k 8o *wi0t 1

? a0 *ii0? :

:‘ . !

PLOO *)/100

' (80 *)u)o®

: RSO *1/18° i

3 o i

v PLIBO* 17100

o110 )/10t \

i H KU 17100

PR I10d !

; | S 2N 1u100 ‘

' | RLEM* /104 1

3 | |

| |

-

2 !

lﬂ i

=108. T T T T Y T T \l i

} . o . 2. . .. .. ». . .

DISTANCE FROM NOSE |

t-'?v Figure 13. (3D) Stress data é i
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TABLE 13

- PURPOSE: To give the output format for 2D plots.
s

GENERAL FORMAT: At the top of each sraph directly under the main title
- specific dats on the penetrator characteristics and impact
: conditions are included.

b DB, SR . AR NI NG NG

5 Symbol Characteristics Units
R Cylindricai radius inches
L Cylindrical length inches .
E GAMI Impact obliquity angle plus angle attack degrees :
3f’ VEL Impact velocity of the penetrator, while it is inches/sec j
: zero when the angle of attack is not zero. i
; XCG Center of gravity acceleration ft/sec? . 1
3 Xw Weight of the penetrator pounds i

1. Graph 1: Trajectory Schematic

The penetrator axis lies in the XZ plane. Velocity of the penetrator is
shown as an arrow from the center of gravity and point along the axis of
! the penetrator, Alpha is the angle of attack which is defined as follows:

il o Hmim—

as y-6’

vhere y is obliquity angle measured from the normal of the target to the
axis of the penetrator as shown below:

t
t

Mo b
o

v
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2 TABLE 13 (Cont'd)

and 6’ is defined as

LT T T e

e
\

therefore a is positive when y ~ 0’
a 18 negative when y < ¢’

B G e e A

2. Graph 2: The Loading History of the Penetration

i . Symbol Characteristics Units
é § FXP The lateral loads pounds
; i
" ! FZP The axial loads pounds
i‘ i MCG The applied moment (or torque) acting about the in-pounds k
E ] center of gravity. A
; 3
y i 3. Graph 3: The Trajectory History of the Penetration %
& i
E ‘ ; Symbol Characteristics Units k
e The lateral displacement inches 1
£
g z The axial displacement inches i
%} VEL The velocity at the center of gravity inches/sec ;
4 ALA The angle of attack amplitude radians 1
GAM The angle of obliquity degrees k
(orizatation of the penetrator measured from .
the target normal) !
4. Graph 4: The Axial Acceleration History of the Penetration ?
1
} Symbol Characteristics Units ;
1
Gzl ' - ! The axial acceleration at point 1 g ‘
GzZ2 ' » ! The axial acceleration at point 2 8 ; %
Gz3 ' & ! The axial acceleration at point 3 g :
and the three points are referred to the positions un the penetrator !
delected by the user. (For this study at the cg).
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TABLE 13 (Concl'd)

() « ®cc

5. Graph 5:
Symbol

GX1
GX2
GX3

3 2 1

The Lateral Acceleration History of the Penetration

Characteristics Units

The lateral acceleration at point 1
The lateral acceleration at point 2
The lateral accelaration at point 3
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PURPOSE:

GENERAL FORMAT:

Symbol
PSII '¢°

GAMI 'y’
PHII ' ¢°
VELOCITY

TIME

TABLE 14

To give the output format for 3D plots:

conditions are included.

Characterigtics

Initial rotational displacement in yaw of the
flight path frame with respect to ineriia frame.

Initial rotational displacement in pitch »f the
flight path frame with respect to inertia frame.

Initial rotational displacement of body fixed
frame with respect to flight path frame.

Impact velocity of the penetrator, while it is
zero when the angle of attack is not zero.

Time at which the plot is taken.

For further reference gee Figure 17,

1. Graph 1:

Penetrator Orientations in ZY Plane and XY Plane

At the top of esch graph directly under ths main title
specific data on the penetrator characteristics acd impact

Units

degrees
degrees
degrees
in/sec

sec -

Velocity of the penetrator is not shown on this graph, but the definition
of obliquity angle is a little different (by adding 180°) from the on-
defined in 2D cases.

2. Graph 2:

Symbol
FX ' .
Fy ' & °
FZ ' &'
MX '
MY 'x '
MZ ' e

3. Graph 3:

The Loading History of the Penetrator

Characteristics

The lateral loads in X~direction
The lateral loads in Y-direction
The axial loads in Z-direction
The shear-moment in X-direction
The shear-moment in Y-direction
The bent-moment in Z-direction

Rotational History of the Penetrator

Characteristics

Angular displacement with respect to local non-
spinning frame of 2j.

30
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Units

pounds
pounds
pounds
in-pounds
in-pounds
in-pounds

Units

degrees

i
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Symbol Characteristics

PCH '*' Angular displacement with respect to local non-
spinning frame of Zj.

ROL 'A'! Angular displacement with respect to local non-
spinning frame of Zj.

YAR ‘0D Rate of change of angular displacement with
respect to Zj along the direction of Zj.

PCR 'X' Rate of change of angular displacement with
respect to Z; along the direction of Zj.

ROR '¢' Rate of change of angular displacement with

TABLE 14 (Cont'd)

respect to Z3 along the direction of Z,.

NOTE: All rotations were made using right-hand rule.

4. Graph 4: Translational History of the Penetrator

Symbol
X'.! The
Y '#®' The
Z'a' The
ALA 0’ The
ALL 'X' The
VEL '¢' The

Characteristics

lateral displacement in X-direction
lateral displacement in Y~direction
axial displacement in Z-direction
akial amplitude of angle of attack
lateral amplitude of angle of attack

resultant translational velocity

5. Graph 5 to Graph 10: Stress History of the Penetrator

Symbol Characteristics
P Axial shear at a local surface
Q Lateral shear at a local surface
R Normal pressure at a local surface
P(0°) Axial shear at 0°
Q(0%) »'.' Lateral shear at 0°
R(0°) Normal pressure at 0°
E(909) Axial shear at 90°
Q(90°)>' * ' Llateral shear at 90°
R(90°) Normal pressure at 90°

51

Units

degrees
degrees
rvad/sec
rad/sec

rad/sec

Units

inches
inches
inches
degrees
degrees

in/sec

Units

psi
psi
psi
psi
psi
psi
psi
psi
psi

SR o SRR
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TABLE 14 (Conecl'd)

270° + 90° - Y

| For further reference see Figure 18. ;
;
i
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The 3-D graphical output format is similar to the 2-D except that the rota-
tional and translational trajectory data are separated (to avoid confusion)
and several additional graphs (the number depending upon the times during the

trajectory of interest) are generally provided to define the pressure and shear
distribution on the body.

The 3-D graphical displays include:

® a pictorial representation of the impact and penetration event. (See
Figure 7.)

® the total rigid body applied loads and moments. (See Figure 8.)
(The center of gravity accelerations can be obtained through division
of these quantities by the EP weight or rotational inertias.)

® the rotational motion and raie histories. (See Figure 9.)
® the translational trajectory histories. (See Figure 10.)

® local pressure and shear distribution plots. (See Figures 11 through
16.)

For specific definition of these displayed quantities, the reader is referred
to Tables 13 and 14,

The 2-D output information is readily understood as to the manner of the
quantities in question. In order to understand the output quantities of a
3-D event, it 1s necessary to understand the reference frames in which the

data is provided. The 3-D data 1s specified in three separate reference
frames.

) Inertial.
e Flight path.

® Local non-spinning.

These reference frames and the coordinate transformation sequence are pre-

sented and defined in Figures 17 and 18, Referring to these figures:

® the translational state vectors are specified in the inertial refer-

ence frame X, Y, ar+2Z.

® the rotational state vectors are Eulerian rotational displacements

and rates.
53
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ROTATIONAL SEQUENCE
o 3 V8¢

XYZ ~ Inertia frame (right handed coordinate system)
X &Y are in the plane of target surface

Y1Y2Y3 ~ Flight path frame (fixed in the body of projectile
but not spinning with it)

X1X2X3 ~ Body fixed frame {cpinning with it)

Figure 17. Reference coordinate systems
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ROTATIONAL SEQUENCE
a A

Y1YaY3 ~ Flight path frame

X¢XqX3 ~ Body fixed frame (spinning)
242223 ~ Local non-spinning frame

Figure 18. Local non-spinning frames
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L] the resulting forces and moments are specified in the flight path
frame (?1,?2 ’ and ?3).

AT TR T L

® the pressures and shears are defined in the local non-spinning refer-

ence frame (2, Z;, and Z;). (See Figure 18.)

| TTeeTETER TS

. , In order to obtain the body fixed rotational vectors (wj, wp, and wj) *
f‘ | which lie along the X;, X; , and X3 axis respectively in Figure 17, the follow-

ing relationships are provided:

ms ==¢;+ QZICOS)’

TTRT T TR 7 RS

wy = (siny«i& ~y sin@/cos)/(sin?¢ + cose)

O.)l = ()‘l + wz Sill¢)/COS¢

When studying the stress dietribution data (i.e., Figures 11l through 16), it
should be noted that each of these graphs provides surface traction informa-
tion (1b/in2):

® at a specific time during the penetration event,

©  at specific locations around the periphery of the EP.

® distributed along the length of the vehicle (the nosetip being the

;; zero station) and after stations along the abscissa.

® consisting of three compomnents, SIGMAN - normal to the surface,
" TAUB - perpendicular to the body longitudinal axis in the plane of
the surface, and TAUA - also in the plane of the surface directed aft.

T TR P e

Some discussion relative to the shape of these surface tractions distri-
butions is in order. The specific value of the pressure or shear is of course

the direct vectoral sum of the force law terms described in Section 3.0.

ol b AT €

In the majority of runs conducted for this study, these terms consisted

of the media resistance terms (i.e., n and f.n ) and the equivalent fluid flow

&

terms (Cngq, and C,q, where q is th¢ dynamic pressure). Because of the shape

of these EP's (mostly sharp nosed) little compressibility effects were noted

SIS NP WA ¥ A
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and only for high obliquity cases (i.e., 45° and above) were surface effects
introduced. As a result, cthe surface traction data appear, in general, as
steady-state conditions. This requires some explanation. Avco theorizes
that there are three penetration regions for a normal impact event into a
semi-infinite target half space.

1. 1Initial region -- where the presenca of the free surface significantly
effects distributed sviface tractions.

2. The transition region -~ where the free surface is becoming less
influential.

3. The steady state region -- where the presence of free surfaces no
longer effects the surface tractioms.

Little real test data is available which quantitatively describes the first
two phases or the transition between Phases 1 and 3. In addition, these
phases vary significantly depending upon target media, EP nose configurationm,
and velocity. Fortunately, the resulting (integrated) loads experienced by
an EP during this phase of the vent do not appear to alter subsequent steady
state loading environments or penetratinn performance significantly. For the
majority of runs therefore, the steady-state (i.e., third phase) force law
theory was used. This accounts for the somewhat square appearance of the sur-
fact tractions distributions. Recently, finite difference calculations of
the initial phase of the penetration event have been made and these surface
tractions are more triangular in shape. In this parametric studv, where the
initial phase of the penetration event significantly effects subsequent pene-
tration performance, the initial phase theory is used. The effect of this is
to produce surface traction distributions more similar to those predicted by
the finite difference techniques.

The detailed trajectory and loads history data for the Series 1, Sensi-
tivity Study, was indicated in Runs 1.1.1 through 1.20.5 as defined in

Table 7. These data have been analyzed, reduced, and summarized in Figures 19
through 24 of this report.
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Angle of attack a = 3°
T Projectile: W/A = 12.1 psi, L= 60", D = 6.5",
CRH = 9.25, W = 400 Ib
T
240
%
[ ]
.. 1
! -
¢ 8
t = 230
. K
[]
! =
-
| $ / g
; £ n
S « 220

190 fﬂc" N #

> ,
i
0 10 20 30 40 50 ; ]
Percent changs | k

?

Figure 24. Moment enwironment, a = 3° i
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i Figures 19 and 20 show penetration depth effects caused by changes in
£

t the Avco's Force Law coefficients (i.e.,Cy, G, fc andn) and angle of
i

|

attack where:

Cy = Normal pressure coefficient due to flow effects.
C, = Shear pressure coefficieat due to flow effects.

Lo i

n = Media structural resistance to penetration.
f. = Media coefficient of friction (used as f.*y).

Only two variacions of these parameters were . :ed, (i.e., 0.0 and 50%

e g e ey

change from the nominal value), consequently only a straight line can be
drawn connecting the points. It is appsreut from thege figur: s, that *'3" has
th: most significant effect on penetration depth achieved. The change in

depth caused by the 3 degree angle of attack was less than 10 percent as shown
in Figure 20.

{
i
|
1

The variation in resulting rigid body g's for the normal impact situation
caused by these parareter changes is presented in Figures 21 through 24. The
peak axial nominal value expected for this impact situation would be on the

T W T T T

order of 8000 g's. The maximum variation congists of an increase to 11,000
g's, again because of the "p" change.

TP

As the angle of attack varies from zero to three degrees, the axial loads
) will increase because of the addition of frictiuvn and shear along the cylin-
& drical portion of the EP. (See Figure 22.) Side loads and moments are also
generated as indicated in Figures 23 and 24. The variation of axial loading
environments caused by changes in obliquity is included in Figures 21 and 22.
Changes in the lateral loade and moments caused by an obliquity of 20 degrees

is negligible compared to the effects of angle of attack. The minor differences

can be noted by referring to detailed trajectory history results preseated in
the data of Volume I. The most sensitive parameter for these cases is again

[1]
n

The largest variation occurs for the axial loading, again caused by “p"

Less change occurs for tie lateral load and almost no change occurs for
the resulting moment. The reason for this is because in the case of the axial
loads, each component of the increasing load (i.e., normal and frictional

component) add thereby generating a relatively large overall increase. In

64
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the case of the lateral load and the moment, these components subtract and
result in a smaller in.rease.

Cases 1-2, 1-17, anu 1-18 were selected from Series 1 for 3-D runs to
determine the surface tractions data. Peak values of pressures and shears
were extracted from the basic data and are provided in Table 15. The varia-
tions in the peak levels are nct significant. What is significant follows
from the integration of tnese distributions which causes significant lateral
loads and moments to be applied to the EP structure.

5.2 SERIES 2 - VARIATIONS IN W/A AND VELOCITY

The purpose of parametric simulations defined by Series 2 is to establish

the effects on performance and loading environments caused by variations in

"W/A" (EP weight to cross sectional area ratio, a ballistic parameter), and
impact velocity. The runs selected to demonstrate these effects are presented
in Table 8. Two other variables are included in the study. These are EP
diameter and the parameter '"CRH'", '"CRH" is defined as the ratio between the
ogive radius and the cylinder diameter of the EP. '"CRH" therefore is a

L e T T T

i measure of nose sleekness. Series 2 consisted of Runs 2.1.1 through 2.64.5
i

as defined in Table 8. The data summary curves for Series 2 are presented in
! Figures 25 through 36.

N g D T A T
AR R VIR e L OIS I e B S R

For a "CRH" of 9.25 and an EP diameter of 6.5 inches the relationship
between depth of penetration and "W/A" for velocity of 100G, 2000, and 3000
ft/sec is shown in Figure 25. The neak axial rigid body "g'" loads for these

R R T o . TS TR g T L i dens

i same variations are presented in Figure 26, The only significant trend noted
; for this series of runs is rc¢lated to penetration performance trends as in-
fluenced by W/A as oupposed to velocity. As a result of the loading theory

; (i.e., being relatively constant which in Avco's view is characteristic of

penetration events intc hard targets), increasing velocity is a much more

ey P o IR, - W

effective way to improve penetration performance than equivalent linear

*a}

{
|
% increases in W/A. At the same time, .e rigid body loading environments, over
i

o elteada b

the velncity range of interest are not sigunificantly altered by increases

e

in velocity.
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Figure 25. Penetration performance: CRH = 8.25
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Figure 26. Axial acceleration: CRH = 0.26
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Figure 35. Penetration performanca: blunt nose
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Figures 27, 28, and 29 show how performance changes as a function of
"CRH" as all other parameters are held constani. There is a crossover in the
effects of "CRH'. 7This is not a very signifinant anomaly, but the data does
imply thai as "CRY" varies from 9.25 to 6.0 to 2.5 to 0.5 the penetration
performance at first improves a little and then pr-ceeds to get worse as the
EP becomes fairly blunt. [fhis effect is caused by the analytical formulation
of Avco's force .aw and wpecifically by how bluntness (as controlled by "CRH")

is treated in each term of { .e force law; i.e.:
The Impact Shuck Term = f(sinf), 1.e., i8 a function of sin 6

Structural Resistance Term
Norv .. Pressure $ £(0)
f (sin 6/~ )

Friction Terr

Equivalent Fluid Fiow Term

f (sin? )
f (cosz 0)

Normal Pressure

Shear Pressure
where "0" 1s tte local sl-ve of the EP differential surface area.

The overall implication of this effect 1s that a nose shape of i1 .ei-

mediate bluntness way be the best configuration for impacts into hard targets.

The peak loading environments for this varlation in ''CRH" are presented
in Figures 30 through 34. For "CRA's" of 0.5 and 2.25, twc pesks are given;
cne associated with chock {or compressibility), and one which mauy be related
to rigid body g's. The distinction is made because the shock loading is a
shnrt dura.ion phenomena and would be of interest to the dynamic structural
design of the EP, while thke rigid body lcading would be of more interest to
component inertial loading. The "Shock” effects are only prevalent for the
low "CRH" values because of the "¢" effect previously discussed. The penetra-
tion performance end loading environments for the "blunt" nosed EP are sum-
marized in Figures 35 and 36, respectively. The trends in penetration are as
expected with respect to L/D, which basically represents a welght change only
(i.e., ncrmal in.acts do not generate any side loads), and performance 1is

somewhat below similar weight designs with shaiper noses. Unllke the sharper
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nose design the loading envirounment shows significant increases with velocity.
This is because of the shock effect which is prevalent with blunt nosed projec-
tiles. Accurate simulation of blunt nose projectiles requires the consideration
of the effect of apparent mass. These phenomena appear to occur early in the
impact event (i.e., during the initial phase) and consist of a wedge being
entrapped on the nose of blunt projectiles. This wedge acts as an integral
part of the EP and can significantly effect subsequent performances. Refer-
ring to Figures of the Series 2-2A, the nose can be seen as a conical ex-
trusion to the "asic configuration. The 3-D results for Runs 2-3, 2-6, and
2-18 were reviewed. The peak surface tractions have been obtained from this
data and are summarized in Table 16. The peak stresses are the same for the
400 and 1000 pound EP (as they should be) with a fairly large increase in
stress going from the 1000 to the 3000 ft/sec case.

5.3 SERIES 3 - VARIATIONS IN OBLIQUITY AND ANGLE OF ATTACK

The penetration events simulated in Series 3 were selected to establish
the effects of obliquity and angle of attack on penetration performance, loads
accelerations, etc. The runs selected for this series are outlined in
Table 9. To avoid confusion and to separate different effects, these runs
are grouped as shown in the table. Series 3 consisted of Runs 3.1l.1 through
3.64.5 as defined in Table 9.

The purpose of group 3A (i.e., Runs 3-1 through 3-8) is to determine

the effects of obliquity on the penetration parameters. These runs are sum-
marized in Figures 3/ through 39. The penetration depth (i.e., vertical dis-
placement) is aluo a designator of ricochet performance. Although in the rums,
ricochet did not a- 1wlly occur, the shalluw depth achieved at an obliquity

of 60 degrees indicates that this type of impact condition is marginal as far
as ricochet performance is concerned. The loading environments (rigid body
g's) are summarized in Figure 38, 1t is apparent that the lateral loads in-
creare swoothly up to 60 degrees, while only slight increases in axial loads
are indicated with a sudden drop off at 50 degrees. This is because of surface
effects which 1s shown in the detailed stress histories. Peak surface stresses

remain pretty much the same over this obliquity range and are presented in
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VERTICAL PENETRARTION ~ 1IN

DNAR PRRAMETRIC

0.0
-

40.0

L

20.0

16.0

STUDY - SERIES 3. PROBLEMS 1-8

Projectile: W/A = 12,1 psl, L=80", D= 65" CRH=9.25, W=4001b
Velacity = 1600 ft/sc

Target:  STD 5000 psi concrete

L ]
0 40.0 80.0

%
GRMA - DEGREES

Figure 37. Penstration performance: obliquity
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12000.0

Prajectile: W/A = 12.1psi, L= 680", D« 85", CRH =025
Impact velocity = 1500 ft/sec

Target:  STD 5000 psi concrete

10000 .0

N‘“\

-

BoRY G'S
0000

RIGID
000.0

2000.0
.

0.0

ONR PARAMETRIC STUDY - S .~ 3. PROBLEMS 1-8

Ad Bd

-
0.0 10.0 20.0 «0 40.0

0
GRMA - DEGREES

Figure 38. Laading environments (Rigid body g's)
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ONR PRRAMETRIC STUDY - SERIES 3. PROBLEMS 1-8
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t : Projectile: W/A = 12.1 psi, L » 60", D= 85", CRH = 0,25, W = 400 Ib

' ' ° Impact velacity = 1500 ft/sec
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Figure 39, Variation of surface tractions
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Figure 39. The integral of the stress distributions is the parameter of
importance.

Group 3B (i.e., Runs 3.17 through 3.24) represents an angle of attack
effect investigation with some changes in velocity and CRH. This data is
summarized in Figures 40 through 44. The effect of angle of attack on pene-
tration performance, axial and lateral rigid body accelerations, and surface
stress is shown in Figures 40 through 44 for both positive and negative

values of angle of attack, respectively.

It is apparent that penetration performance (i.e., trajectory depth) is
not significantly affected by angle of attack as is not the axial loading
environment. The lateral load however is significantly affected by angle of
attack (Figure 42) and this (as was verified by angle of attack impact tests)
has structural integrity implications relative to EP impact survival., A steep
gradient occurs between a = 0° and 19 because the angle of attack must first
overcome the ~ffects of obliquity, which produce a lateral load opposite to

that of pogitive angles of attack,

Cases 17, 19, and 20 were rerun with an increase in velocity to 2500

ft/sec., These runs arc designated 17A, 19A, and 20A and, referring to

Figures 40, 41 and 42 as expectod, a significant increase in penetration depth
was achieved. These same cases were again run with a velocity of 1500 ft/sec
and 2500 ft/sec with a CRH of 2.25. Little change in terradynamic performance
occurs because of tuls change. TFigures 43 and 44 represent what changes occur
when tHe angle of attack switches from a nose down to nose up situation. VFor
this low obliquity situation, little change in penetration performance occurs.
The shape of the lateral accelerator curve however is somewhat smoother than

tfor the nose down angle of attack situation.

Caseg 3,31 through 3.38 involved a slight modification in the configura-
tion and a change in impact velocity (i.e., 1500 te 2500 ft/sec) as baseline
conditions for determining the effects of obliquity. The configuration change
congisted of a small 45 degree angle tip over a length of 0.25 inch on the
nose of the EP instead of a pure ogive shape all the way to the point. Runs
3.31.1 through 3.38.5 are summarized in Figures 45 and 46, The overall
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Figure 41. Axial acceleration: positive attack angle
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Figure 42. Lateral acceleration: positive attack angle
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W/A =121, CRH =925

i‘ o Projectile: D = 6.5%, L =60, W =400 Ib
£

Torget:  STD SOCC psi concrete

| ' Impact: V= 1500 ft/sec, obliquity 7= 20°
3 ; Argle of attack as showr:

; —4— e

g — A ————

Depth, inches

My AT

20

T T Y

0 -1 2" -3 4 .5
Attack angel, degrees

Figure 43. Penetration performance: negative attack angle
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V « 1500 ft/mc, obliquity y=20°
Angia of attack as shown
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Figure 44, Axial and lateral acceleration: negative attack angle
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: | ONR PARAMETRIC STUDY SERIES 3. PROBLEMS 31-38 |

Prajectile: W/A = 12.1psi, L =680", D =6.5" CRH=19.25, W =400 b
Velocity = 2500 ft/sec

Target: STD 5000 psi concrete

-
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- |
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Figure 45. Penatration performance: {With nosa tip of 459)
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; ONA PARAMETRIC STUDY SERIES 3. PROBLEMS 31-38
A

5 ‘ Projectile: W/A 12,1 si, L= 60", D =6.6", CRH = 9.25,

s Impact velocity = 2500 ft/sec

:: g- Targer: STD 5000 psi concrete

-

24000.0

180020

§2000.0
k.
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Figure 46. Loading environments: (With nose tip of 46°)
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effect of the tip by itself is difficult to ascertairn because of the signifi-
cant change in velocity, however its overall effect is expected to be wumall,
The effect of this increase in velocity is to delay the onset of ricochet by
approximately five degrees.

Cases 3.39 through 3.47 were deleted from the original matrix,

Cases 3,48 through 3.53 involve investigation into the performance of a
biconic EP configuration, This design 1s shown in Figure 47. The biconic
design represents a departure from the ogive nose type EP in that resulting
flow flelds are induced to separate at the shoulder of the forward cone for a
period of time during the penetration event. There are two pertineat questions

to be asked dud resolved relative to the performance of this type design:
® TFor how long a period during the event is separation induced?

® How much of the after flare remains in the vold generated by the
wake?

As a demonstratiou of the lmportance of these phenowera, consider an approxi-
mate loads comparison between the biconle design in question and a design

which allows the forward cone to continue out to the full diameter of the flare.
Assuming that flow separation is induced at the shoulder of both designs so
that the entire aft flare and/or cylinder is in the wake, the load on the

cylinder cone configuration is approximately proportional to:

Fac = PR}
and on the biconic,

Fan : PrR2
AB BC

where

Fyc = resultiug axial load on the cone cylinder design
Fap = resulting axial load on the bicomnic

p = sverage normal pressure

R, = cylindrical radius

Rpc = forward cone radius
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The ratiuy of resulting loads is therefore approximately RS/R%C or in this

i case, 4, It 1s apparent that: 1if separation did occur at the shoulder; and
i ; 1€ the entire flare were within the wake; and if the flare remained so during

}
F i the entire penetration event, then the penetration performsance would improve
! by a factor of 4. Actual performance is somewhat below this optimistic figura.
| At the present time, there 1s not sufficient data to define exactly the extent
E of these possible effacts. A limited number of scale model test shots were

conducted into a hard target in which an ogive nosed EP was compared to a

AR e ma

: biconic configuration where the ratio RE/Rﬁc:' 2.4 The increase in penetra-

tion performance of the biconic was only 15 percent which was a reduction of

|

2,1 less than the area ratio factor. Assuming that this reduction factor ru-

mained constant (a big assumption) then the biconic design would have a per-

o

formance increase on tha order of 4/2.1 = 1.9 timey better than the straight
cone EP design. 1t is Avco's opinion that the performance improvements

indicated by the above manner of deduction i1z very optimistic for impact

e s ek ] W

situations into hard targets. The trend, howaver, 1is real and in conducting

Runo 3.48 through 3.53, a coneervative assumption of the degree of wake of-
fects was made. The summary curves for these cases are prusented in Figuraes 48
through 50. The improved performance factor of this biconic design over the
standard ogive EP computes to be 1.08; i.e., Run 1,01l achieved a penetration

depth of 66 inches while the biconic nonfiguration went 71 inches,

The detailed trajectory data for Runs 3.60 through 3.64 1is summarized in
Figures 51 and 52. These runs were conducted to provide more detuiled data

on the effects of velocity and weight increases. As before, the wost signifi-

cant trend is the real improvement in penetration depth with velocity accom-

tenlied by not too great an increase in rigid body loads.

5.4 SERIES 4 - EFFECT OF L/D ON STABILITY

P - R

Runs 3.17, 18, 20 and 22 were rerun in the 3-D format to provide surface
traction information. These data are presenced in Figures 3.17,1 through

3,22.10. The peak pressures are summarized in Table 17,

s il e i

i The purpose of the Series 4 parametvic study is to determine the effects

3 of EP L/D (length to diamcter ratio) on projectile stability. The target
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Projectile: W/A = 12,1, D= 6.5", blconic nose
Target: STD 00O psl concrete

100
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N

Depth, in

B
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+ u = nose down \D
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i

i
H
Y ! j
i : 0
i ! 0 10 20 30 40 50 60 )
wl 'i, i.
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: Figure 48. Panetration performance: biconic nose
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Projectile: W/A = 12,1, D = 6,6, biconic nose
Target: STD 6000 psi cuncrets

o
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16,000

Projectile: W/A = 12.1, D =6.5", biconic nose
Target: STD 5000 pai concrets
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Figure 50. Lateral acceleration: biconic nose
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Projectile: W/A = 24 psl, L =~ 60", D =6,5”, CRH = .26 /

Waight = 800 Ib

Obliquity = 200

Angle of gttack = 20

{ Target: STD 6000 pei concrete /

2m / -

W

X

T RO IR T TR

R T T T PR R A R e T T A
Depth, inches

-
T~

B

100

0 500 1000 1500 2000 2500

Velocity, ft/sec
Figurs 61, Penetration psrformance: veiocity affects
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media in this case is 4 relatively standard vlasy sand amix (glacisi t§ll).
This media has been tested extensively st Avco tOT resistance-to-pecstyacson
characteristics. Consequantly, the resuits of this study can be coasidered
quite accurate and relutable to the real world.

The L/D range considered variad from & to 10 where the 10 vilue was as-
sociated with the standard ogive 400 pound EP. The P weight tor the Otlr
EP's was decreased proportiomally by the L/D vatio. 7ha exterivi contigura-
tions of these EP's are shown in Figure 53, Blunt nosed EP's weie &leo con-
sidered iu this study and are showa in Yigure 4. The detail trajectory tor
the ogive and blunt nose EP configurations is detailed in runs ¢.CL.1 through
4.08.5 and 4.09.1 through 4.12.5 respactively and sre summarize? io Figures
55 through 59%. 1t is apparent that the woet significant result of this study
is that the low L/D EP's are not that much iuss stable than the higher L/D

EP's. There are basically two reasons which expiain thi» result. They are:

® the center of gravity location;
® the penetrated media is till,

For EP's, as it is for all things that fly, the location of the center
of gravity (cg) with respect to the cffective center ot applied torces (s ot
prime importance to its stability. Aa ait located c¢g will cause the projectile
to be unstable while a forward cg will énhance its stability. Duriag this
study, the center of gravity was assumed to remain at 33.5 percent of the
%P's overall length, This 1s slightly arft of the mid point. When dealing
with actual EP designs, msintaining this cg location becomes wore ditticuit
as the EP becomes shorter. This is particularly true for ogive shaped LP°s
because the ogive shape itself does not provide as much volume up torward for

ballast. For this study therefore, placement of the cg was suomevhat optimistic.

The fact that the penetrated media was till, aided in stabilizing the
EP's because of particular characteristics relative to its resistance-to-
penetration., Till exhibits relatively high shear strength and friction. This
characteristic results in relatively high shear stress applied along the
length of EP when the EP develops angle of attack. This shear siress is

stabilizing and contributes to a large degree to the stable flight pattemns
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Tiwgure 3. Extarior configuration of EP
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Figure 68. Lateral acceleration: CRH =9.26
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of these EP's. This would not be the case in & media such as air, water, or
dry sand. In such media, these short EP's would probably be quite unstable.

5.5 SERIES 5 - MEDIA VARIATIONS

Series 5 was reduced in scope from the original matrix to include three
simulations iuto a raduced strength concrete and three simulations into till
(1.e¢.,, the same madia used in Series 4) and a prediction into welded tuff.

The matrix of runs saelected for chis study is given in Table 1l. The data are
sumnarized in ¥igures 60 and 61. No significant conclugions were drawn from
this study except that, in the casa of the concrete runs, this performance is
more typical of what would be aexpected in the field., As discussed before, the
baseline concrete resistance~-to-panetration parameters used in this study wae
selected conservatively high. The value of the trajectory data and the per-
formance trends provided during thie study is dependent on the craedibility of
the tools used to generate the information. As an indication of accuracy of
the results & prediction was to be made of an impact event into a welded tuff
target at the Tonapa test site and was to be made prior to an actual test.
This type of check was done once before into a soft target (i.e., the Watching
Hill Test Site in Canada) with remarkable success.*

The conditions of the proposed test shot included the use of the standard
oglve nose EP, 400 pounds, 65 inches long and 6.5 inches in diameter to be
firaed normally at 1500 ft/sec into a welded tuff target media, The media
properties data were providad by WES (Waterways Experiment Station) and ave
gummarized in Figure 62. Avco fitted the bilinear curve through the data pro-
vided and executed the conversion procedure described in Section 2.0 to estab-
lish the force law coefficients with which to make the required predictions.
The vacriation in target strength was used in the simulations.

Two predictions were initially made, one at 1500 and one at 2000 ft/sec
with the 1500 ft/sec predictlon submitted to DNA prior to the test. (This was
done in memo form and is included in Appendix A, dated June 9, 1975.) The
impact velocity however was 1640 ft/sec Instead of 1500 ft/sec and the nose
of the EP achieved a depth of 11.0 feet,

*Impact and Panetration Study, Contract DNA 001-76-C-0181, Final Report 1974,
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These impact conditions were resubmitted for a new estimate of predicted
depth with the result being 11.3 feet, The final prediction is based on Runs
5.1A.1 through 5.3A.5 summarized in Figures 63 through 65. It shouid be
pointed out, referring to Figure 65, that the sudden iuncrease in axial g's is
caused by the separation of a 157 pound asabot used to accelerate the EP.
Figures 66 and 67 summarize the trend of penetration depths achiaved within
the range of 1500 to 2000 ft/sec. It is evident that the accuracy of the
simulator and the conversion techniques to establish the dappropriate force
law coefficients is quite good.

5.6 SERIES 6 - RICOCHET PREDICTIONS

Tha purpose of Series 6 was to establish the ricochet performance of two
operational bombe, the Mk 82 and Mk 84, in a represencative hard target.
The physical characteristics of these two warheads aand thelr configurations
are shown i{n Figures 68 and 69.

The hard target is wmade up of four layers shown in Figure 70 along with
their engineering properties. Using the Cavity Expansion Theory conversion
procedure, the structural resistance tert computes to be 35,545 psi, 2,536 psi,
747 pui and 431 pui, for the four layers, respectively. The matrix of runs
salected for this study is summarized in Table 12. The impact velocity of
700 ft/sec was specified by expected delivery conditions, with the obliquities

chosen to establira the ricochet angle to an accuracy of 5 degrees.

The detailed trajectory data was generated in Runs 6.1A.1 through 6.14C.3
and are defined in Table 12. The simulations which depicted ricochet are
provided in Figures 71 through 76. Summary curves for the ricochet perform-
ance are provided in Figure 71 for the Mk 82 and Figure 72 for the Mk 84. It
is apparent from these curves that for the 0 degree aagle of attack case the
Mk 82 experiences ricochet at 5% degrees and the Mk 84 at 60 degrees. The
difference 18 attributed to the increased size of the Mk 84 over the Mk 82.
Referring to the summary curves (Figures 71 and 72) a t5 degree angle of
attack causes a change of approximately 10 degrees in the ricochet angle. A
reasonably smooth curve can be estimated and drawn between the apparent

ricochet peoints for the angle of attack cases.
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10in. concrete

v =160 pef, | = 1000
cq = 1108 psi, g9 = 420
€y = 1862 psi, gp = 30°

74 = 36.545 psl

12in. crushed (ock

¥ =136 pef, | = 160
¢q =og =72 psl
¢1 -¢2-450

79 = 2,636 psi

36 in. Improved soll

Y =110 pef, | = 100
€q = co = 20 psl
¢1 -¢2-350

73 = 747 psl

natural soil
w dense sand

& = density

¢ = friction angle

¢ = cohasion

- shear modulus
shear strength

Y = 110 pcf, | = 100
€4 = cg =16 psi
¢1 -¢2-350

74 = 431 psi

The material constants are defined as follows:

where the Mohr-Coulomb failure surface is approximated by:

shear stress

Normal stress

Figure 70. Mark 82 and 84 target duscription
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Referring to the loading environment curves, it should be pointed out
that after the onset of ricochet a severe and potentially destructive loading
environment is applied tu these warhead designs. This enviroanment has been
designated "tail slap" and is caused by excessive lateral loads being applied
to the tail section of the warhead after the nose has bounced clear of the
target. This type of loading has been observed to crush the back end of

it
L

i g S

similar projectiles and could result in structural design integrity implica-

- ———

}‘ tions relative to the Mk 82 and 84. In the case of aft mounted fuzing systems
this could cause problems relative to fuze functioning.
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APPENDIX A

9 June 1975
G500-75~-DH-53

Major Todd Stong
Defense Nuclear Agency
Washington, D.C.

Dear Todd,

Enclosed you will find Avco's terradynamic performance predictions
of the 1500 ft/sec Tonapa DEP Test. The structural resistance-to-
penetration parameter " y ' was based on a conversion process usiag
the Cavity Expansion Theory with the basic data being supplied by
WES. The inertial resistance-to-pemetration was based on our own
estimates of the characteristics of Weldaed Tuff.

Referring to Figure A-3, the estimated penetration depth is a little over
9 feet.

Accelerations are obtained from Figure A-4. Initial peak acceleration is
on the order of 3700 g while the launch sabot is still attached. The
slope to 4600 g is caused by the assumption that the sabot does not
detach instantaneously.

Relative to the ongoing "Impact and Penetration Technology Program,"
Tests 3 and 4 were conducted this week (i.v., June 27th and 28th) and
they both went well.

Test 3, which consisted of an impact velccity of 1500 ft/sec and an

angle of attack (« ) of 2 degrees produced stresses (based on strain

gage readings) as expected in between those of ¢ = 00 and 59, Test 4,
which consisted of an impact velocity of 1500 ft/sec and a = 10° produced
peak structural stresses of approximately 300,000 psi, again a nearly
linear extrapclation of the other tests.
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Now that the pressure is off (i.e., because of test setup requirements
and transducer deelopment efforts) we can reproduce the data from the
four tests in hard copv for distribution to DNA and WES. This will be

accomplished witnin the next week.
Very truly yours,
\$5§Zt¢u4;(:;é:;aqzéZuLCebt_,____

Duvid Handerson
Senior Consultant Engineer

Enclosure

cc: Dr. Puul Hadala, Waterways Experimental Station, Vicksburg,
Migsissippil
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