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PREFACE

The work herein was sponsored by the Defense Nuclear Agency under
Task Y99QAXSC, Work Unit 00042, "Earth Penetrator Support.” The study
was conducted by personnel of the Structures Laboratory (SL), U. S. Army
Engineer Waterways Experiment Station (WES), during October 1981 through
June 1982, under the general supervision of Mr. Bryant Mather, Chief,
SL, and Dr. J. G. Jackson, Jr., Chief, Geomechanics Division (GD), SL.
Mr. D. C. Creighton developed and implemented the computer analysis
presented herein and prepared this report. Technical guidance was
provided by Drs. Behzad Rohani and R. S, Bernard.
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COL Tilford C. Creel, CE, was Commander and Director of WES during

the course of this work. Mr. F. R. Brown was Technical Director.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain
g8's (acceleration 9.80665 metres per second squared
of gravity)
feet 0.3048 metres
feet per second 0.3048 metres per second
inches 0.0254 metres
inches per second 0.0254 metres per second
pounds (force) 4.44822 newtons
pounds (force) per 6894,.757 pascals

square inch

pounds (force)- 10686893.0 kilograms per cubic metre
seconds squared
per inches fourth

pound (mass)- 0.0002926397 kilogram-metres squared
inches squared
pounds (mass) per 16.01846 kilograms per cubic metre
cubic foot
3
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NON-NORMAL PROJECTILE PENETRATION IN SOIL
AND ROCK: USER'S GUIDE FOR COMPUTER CODE PENCO2D

CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

In the interest of developing a two-dimensional (2D) penetration
code based on easily obtainable input, the U, S. Army Engineer Waterways
Experiment Station (WES) acquired a copy of Avco Systems Division's
differential-area force-law (DAFL) code from Picatinny Arsenal in 1975.
The code, in its original form, uses a numerical predictor-corrector
scheme to solve the nonlinear equations of motion for a rigid projectile
in three dimensions (3D). The differential force acting on each surface
element is specified as a function of the local surface velocity and a
set of empirical target parameters. Avco's force law is intended to
account for static resistance, surface friction, free-surface chipping,
target layer interfaces, shock motion, and other phenomena in proportion
to the values assigned to the various target parameters (Reference 1).

In the hands of an experienced user, the Avco DAFL code is a
useful device for extrapolating laboratory penetration test results to
field predictions. The various target parameters, however, are only
vaguely related to standard engineering properties and are difficult or
impossible to measure directly. For the engineer at large, the credi-
bility of the code diminishes with the amount of guesswork needed for
the target parameters.

From 1975-1979, WES undertook to redesign the DAFL code for users
who are not necessarily penetration experts. The general structure of
the code was changed in that motion in 3D was reduced to 2D, making the
equations of motion linear and replacing the predictor-corrector scheme
by simple Newtonian integration. The main thrust of the WES effort,
however, was to replace Avco's differential force model with a model

using standard properties and/or readily estimable empirical parameters.
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With the WES 2D code, named PENCO2D, there is less need for guesswork on

s -
WY ER) .

the part of the user. The major input parameters are unconfined

strength for hard targets (rock, concrete, etc.) and S-number for soil

(see Table I from Reference 2). The latter is a penetrability index
that can usually be estimated within a factor of 2 from visual descrip-
tions of the target.

1.2 SCOPE

This report presents PENCO2D as a black box; no attempt will be
made to familiarize the reader with the detailed inner workings of the
code. Instead, input and output variables (files and formats mainly)
will be defined and discussed (Chapter 2). To demonstrate code use,

three sample problems will be set up and run (also in Chapter 2),

displaying the resulting input and output of PENCO2D. The theory has
previously been presented (Reference 3); however, free surfaces above
and below the penetrating projectile are handled by PENCO2D differently
than in Reference 3, and are discussed in Appendix A. The 2D Newtonian
integration scheme is outlined in Appendix B with specific regard to
selection of time-step parameters. A glossary of input variables is
given in Appendix C. PENCO2D monitors the instantaneous lateral motion
throughout a given run and will cut it off completely if it becomes
insignificant; guidelines for lateral-motion cutoff are discussed in

Appendix D. Appendix E discusses an input parameter called ELAS, used

to smooth the end of the stress distribution and stabilize the numerical
scheme; guldelines are set forth to help the user select a reasomable
value for ELAS. Appendix F introduces a utility program called MOMENT

!' which can be used to calculate center-of-gravity (CG) location, total -

.}: weight, and mass moments of inertia for a penetrator; these quantities

:ff are required input for PENCO2D. Appendix G gives a listing of PENCO2D,

:Zj and Appendix H lists the notations used herein. g
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CHAPTER 2

USE OF PENCO2D

2.1 BACKGROUND

PENCO2D calculates the planar penetration of a rigid nonspinning
axisymmetric projectile into any target which can be characterized using
either S—number (soft soil-like materials) or density and yield strength
(hard rock-like materials). Input includes projectile weight and
geometry, target descriptors, initial conditions, separation and free-
surface parameters, integration time-step definers, and variable
limiters to determine problem end conditions. Output is available in
both printed and plotted format. Printout includes an echo print of the
input, calculated geometry table detailing each longitudinal element's
shape and location, and step-by-step time history in both the
projectile-fixed and target-fixed coordinate systems,

For the most part, PENCO2D retains the theory discussed in Refer-
ence 3. The methodology for handling free surfaces, however, has been
modified somewhat; a discussion of the current treatment of layer
interfaces and free surfaces appears in Appendix A. The original 3D
version of Avco's DAFL code used a RUNGE-KUTTA integration for four time
steps to start a predictor-corrector integration scheme used for the
remainder of the penetration event. Once WES's version was cut to 2D, a
simpler 2D Newtonian scheme replaced the original technique because
numerical problems arose while trying to integrate the current normal-
stress functional forms coupled with the often discontinuous separation
and frea~-surface effects. Details of the current integration method in
PENCO2D, including guidelines for selecting related input quantities,
are given in Appendix B. It may be useful for a prospective user to
first examine Appendices A through E, which all deal with PENCO2D input
quantities and give some insight for selecting the more subjective input

parameters.
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2.2 INPUT

PENCO2D has one input file. Figure 2.1 is a recor«-by-record list
of this file including the required format for each record. (Appendix C
is a glossary of PENCO2D's input quantities and contains the definitions
of all the variables appearing in Figure 2.1.) Each input data record
is entirely alphanumeric, integer or real (i.e., no mixed-format
records). The first record is the only alphanumeric record and contains
an identifying title for the current problem in a left-justified 3X,A45
format; titles longer than 45 characters will be truncated when printed
out. Integer records are read with a 12I6 format. Real records are
read with either 4E18.6 or 5El4.4 format; Figure 2.1 gives details,

In addition to the input guidance detailed in Appendices A through
E, Figures 2.2 and 2.3 will assist the user in the proper selection of
some of the projectile's geometric parameters. Figure 2.2 details the
four automatic nose geometries available in PENCO2D. If the projectile
is of one of the types shown, the appropriate value of IOPSHP is input
along with values for all of that shape's "required" parameters (indi-
cated in Figure 2.2) and three other variables: DELS(1l), NEMOV2, and
ARATIO. With this information, PENCO2D automatically divides the
projectile longitudinally into several elements, A typical longitudinal
element is shown in Figure 2.3. DELS(l) defines the thickness of the
first (nose-tip) element. NEMOV2 times 2 defines the number of circum-
ferential elements into which each longitudinal element will be divided.
In Figure 2.3, DA represents one of the surface differential areas that
results after the circumferential division occurs, with L and W
representing the length and width of each DA on that particular longi-
tudinal element. Eliminating L and W from the expression for ARATIO
in the figure and solving for DELS gives

ARATIO + COS(THETA(1)) < w « R({)

DELS(1) = NEMOV2 (2.1)

where the subscript 1 refers to the ith longitudinal element from the
nose tip. This expression shows how changing ARATIO and NEMOV2 will




affect the sizes of the longitudinal elements. Increasing ARATIO and/or

oy

decreasing NEMOV2 produces fewer longitudinal elements, each having a
larger thickness and larger differential areas.

If the current problem requires a nose shape different from the
types shown in Figure 2.2, there is provision for an arbitrary nose
shape initiated by inputting IOPSHP = O, The R-, THETAD-, and DELS-

arrays must be included at the end of the input file as shown on sheet 3 .

of Figure 2.1. NEL is the number of longitudinal elements to be input

;ﬂ and is calculated automatically if IOPSHP > 0. The user need not input - -
meaningful values of ARATIO and DELS(1l) (sheet 1 of Figure 2.1) if an ;fﬁ ]
- arbitrary shape is to be input, because neither quantity will be used. 54;4*%;«
é! Before concluding this section, it is worth noting that PENCO2D f_ ’:']W
allows stacking of data sets in its input file. In fact, execution

continues until an end-of-file is encountered in the input file. So, if

the user has several problems to run, either separate input files can be
set up and run or one large file with all the data sets sequentially

listed can be run.

2,3 OUTPUT

PENCO2D generates both printed and plotted output. The printout is
headed by the title that appears on the first line of the input file.
How much output a user receives depends on four groups of input varia-

bles. The first group specifies how many plots (NUMPLTS), in addition

to the two automatically-generated plots of projectile shape and final
trajectory, and which plot types (ICHOOZ-array) will be output. The

L second group includes NPRINT, FREKOT, and FREQI and defines the output
% station frequency. The third group is NSTP, GAMSTP, YSTOP, ZSTOP,
.

ALSTP, TIMEF, and VELF and encompasses the different ways to stop a
problem. The fourth group includes NUMSTP, DGAMAD, and DALFAD and
allows multiple executions with the same data by incrementing initial Pt
-, orientation and/or attack angle. "\‘-:ii'q
Plotting details are controlled with variables in the first group.
If NUMPLTS = 0, the user gets two automatic plots. The first is a plot

aad atad
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of the resulting projectile based on the calculated R-, THETAD-, DELS-
tables regardless of whether the user inputted the tables or allowed
them to be generated automatically. The second plot gives a trajectory
of the projectile's CG. If NUMPLTS > O, then an array (ICHOOZ) must be
input having NUMPLTS values. Each integer value of ICHOOZ indicates a
desired plot type according to the table shown under the ICHOOZ listing
in Appendix C. As shown in the table, NUMPLTS can be as large as 8
since there are eight types of additional plots available. If plot type

ke .-' INCMUET RIS = AN EUESERACIDI Sl sk gy .‘}

"8" is to be selected, it must be the last member of the ICHOOZ-array.

-

The variables in group two are important because they determine how

v
-

many output stations are to be generated. NPRINT allows the user to
select whether the output locations will occur in equal time intervals
- (NPRINT = 1) or equal path-length intervals (NPRINT = 2), FREKOT is the
size of the interval in seconds if NPRINT = 1, or in inches if NPRINT =
2. FREQI specifies how often, in projectile lengths, scaled projectiles

appear on the automatic trajectory plot discussed above. Making FREQI
equal to a very large number will result in projectiles plotted at the
beginning and end of the trajectory only.

The variables in group three give the user several ways to complete
the problem. The details of how each variable works are discussed under
the appropriate listing in Appendix C. Each printed output station
shows the current value of an output variable called RETURN. Table 2.1

lists the possible values of RETURN. All output stations except the
last one should have RETURN = (0. The last output station always shows a
value of RETURN greater than 1, indicating precisely why the problem
ended. The user should check this to make sure the problem ended as ;ff.js
intended. e
The variables in group four allow re-use of the input data with a

new projectile orientation and/or attack angle. The first run will set :f:“éﬁﬁ

- Ve
PR I R BV,

Y = GAMMAD degrees and o = ALPHAD degrees to begin the problem.

aa

After that problem is finished, ¥y and o are incremented so that the ;;fvftq
second run starts with vy = GAMMAD+DGAMAD degrees and a =
ALPHAD+DALFAD degrees. In general, the ith run starts with

PO PN
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Yy = GAMMAD + (i-1) + DGAMAD (2.2)

a, = ALPHAD + (i-1) + DALFAD (2.3)

where Yy and a, indicate initial values of ¥y and o , respective-

i
ly, for the ith problem with the current data set. NUMSTP is the total

number of runs to be made (i.e., i takes on values 1,2,...NUMSTP). If

only one run is desired with a data set, it is necessary to set NUMSTP =

1. A data set can be skipped over by making NUMSTP < O.

The next three sections will demonstrate use of PENCO2D by example
problems. Each problem will be verbally described, then the input file
will be set up, and finally the resulting output will be shown.

2.4 SAMPLE PROBLEM 1: SIMULATION OF
SANDIA TEST R 339-106

The first sample problem is a simulation of a test that was con-
ducted by Sandia National Laboratories in May 1970 (Reference 4).
Although PENCO2D was designed to handle 2D problems, this problem
demonstrates how it can be used to solve a one-dimensional problem
(i.e., normal impact).

Figure 2.4 depicts the projectile and initial conditions in the
problem. The nose shape is an ogive; thus, the IOPSHP = 3 automatic
generating routine can be used. From Figure 2.2 it is clear that only
RJ (the ogive radius) and RO (the aftbody radius) need be specified,
in addition to DELS(1l), ARATIO, and NEMOV2 to automatically generate the

longitudinal elements (see Section 2.1). Because this is a normal

impact problem with no attack angle (i.e., y = 180 deg, a = 0), it is

obvious that there should be no net lateral motion. To ensure this, the

o

transverse moment of inertia was made very large (1.0 x 1020 lb-inz)*
E to avoid possible rotation caused by computer round-off error. The
< aftbody of the actual projectile used in this test is nonflared and the

* A table of factors for converting non-SI units of measurement to
SI (metric) units is presented on page 3.
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motion is totally axial, so only tangential-type forces could occur on
the aftbody. The theory in PENCO2D, however, contains no tangential
force mechanisms (e.g., friction), and thus the aftbody can be made
arbitrarily small. The location of the CG is also unimportant since
there is no rotation.

The target is a three-layer system (1 foot of 3500-psi concrete

over 1.5 foot of sand over a deep regime of cemented playa material). - ®
Because there is a hard layer over a softer layer, semifree-surface '
conditions exist at the concrete/sand interface (see Appendix A), and a

reasonable estimate for I of the concrete should be included in the 5 RI

input. The density of the concrete is estimated to be 150 lb/ft3 '“ﬁ:iff
(=0.2246 x 1073 lb-sz/iné). The S-numbers for the last two layers, sand ;":};]
and cemented playa, are estimated to be 10 and 1.75, respectively. B

The projectile in the actual test penetrated about 162 inches. Lo
NPRINT was set to 2, so that path-length intervals are used for output R
incrementing. 1In order to obtain from 100 to 150 output increments, i:fﬂf'q

FREKOT was set at 1.25 inches (i.e., 162 inches/1.25 inches per incre-

ment = 130 increments). The only plot of interest, besides the auto-

matic shape and trajectory plots, is the graph of axial acceleration * :f
y - ...
versus path length (NUMPLTS = 1, ICHOOZ(1l) = 8). If:ﬂ”"]

It is necessary to set only one stop condition within reasonable

limits, that of final velocity. Ideally, one would like to run this i~;‘ﬁf£
problem until V = 0, However, at low velocities numerical problems " e

arise that make it impossible to run all the way down to zero velocity.

The smallest tolerable velocity is generally from 10 to 40 ft/s,
depending on problem conditions. For this problem, 200 in/s (=16.67 _ ,
ft/s) will be used. Because the last layer is so hard, it is clear that e

the penetrator would not go much further after a speed of 16.67 ft/s
is reached anyway; thus, it is a reasonable end to the problem. The
other stop conditions are set so that they will not interfere with ,
e program execution. e
The remainder of the input data is either straightforward or was ?;iif B

Q;” achieved following guidelines outlined in Appendices A through E. The

o 11 R




resulting input file, when put together according to the format speci-
fied in Figure 2.1, looks like

SANDIA SLAB TEST R 339-106 (MAY 1970)
8 3 195 4 1 1 60

0 2

8

0.250000E-01 0.200000E 01 0.100000E-01 0.

0. 0. 0.740000E 02 .

0. 0.400000E 01 0. 0.

0.300000E 02 0.250000E 02 0.240000E 02 0.

0. 0.834000E 04 0.125000E 01 0.

0.200000E 03 0.100000E 07 =0.100000E 07 0.

0.200000E 00 0.100000E-02 0.100000E-06 0.100000E 00

0.670000E 03 0.100000E 21 0. 0.500000E 01

0. 0.100000E 01 0.250000E 01

0. 0.200000E 03 0. 0.180000E 03
0. 0.2246E-03 0.3500E 04 0.1200E 02 0.3500E 03
1.0000E 01 0. 6. 0.30C0E 02 0.1000E 02
0.1750€ 01 0. 0. 0.1000E 07 0.1000E 02

Figure 2.5 shows the first three pages, a selected intermediate page,
and the last page of the resulting printed output. As previously
discussed, the first page echoes the inpyt while the secornd page gives
the resulting longitudinal sectioning of the projectile, as done by the
automatic generating routine for IOPSHP = 3, The last element (I = 34)
shows a THETAD-value close to -90 deg. The automatic generating rou-
tines add a thin (DELS = .00l inch) element to the tail end of the
projectile with almost perpendicular sides to close the rear end. As
long as the tail is closed, PENCO2D can handle situations in which the
penetrator tumbles and/or flips over and goes backwards. Besides, this
additional section does not affect forward motion at all. The column
labeled S(I) is the axial distance from the center of each longitudinal
element to the CG of the projectile (positive if forward of the CG).
The column labeled RCAV(I) gives the local cylindrical wake-cavity
radius r., discussed in Section 2.4 of Reference 3 ('Wake Separation
and Reattachment").

Sheet 3 of Figure 2.5 shows the first few output stations. Step 1
gives the initial conditions for the problem. Y and Z positions,

velocities, forces, and g's refer to CG components in Y and Z (target-
fixed) directions. Axial force and g's refer to net CG force and K
acceleration in the z (projectile-fixed axial) direction. All the f:gi_n,;f
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quantities labeled "PITCH" refer to rotational motion about the CG:

3 ANGLE = Yy, RATE = y, FORCE = nydA, g's = FORCE/m, MOMENT = fdez-J’zdFy
X (Lgquation B.3), where all integrals are taken over the entire projectile
] surface. DEL refers to the time step used just prior to outputting the
current variable values. COUNT indicates how many time steps have
elapsed since the last output station.

Sheet 4 of Figure 2.5 shows that lateral cutoff (Appendix D) occurs
between steps 58 and 59, because the four rotational quantities PITCH
RATE, PITCH FORCE, PITCH g's, and PITCH MOMENT have all been set to
zero. PENCO2D does not allow cutoff to occur until the projectile is

fully embedded in the deepest layer.

The last sheet of Figure 2.5 indicates that, as intended, there
were about 130 output stations. The value of RETURN for the last step
is 7, indicating that the CG velocity has dipped below the user-
specified VELF (see Table 2.1), ending the problem as desired. PENCO2D
also prints out final statistics consisting of total path length,
elapsed time, final velocity, and peak values of lateral and axial
accelerations.

Figure 2.6 gives the PENCO2D-generated plots for sample problem 1.
The projectile shape curve (sheet 1) is provided for user verification.
The trajectory plot (sheet 2) indicates the path traveled, with projec-
tile orientation shown every FREQI projectile lengths. In this run,
FREQL was input as 2.5. The horizontal lines extending across the
trajectory plot indicate layer interfaces. Sheet 3 of Figure 2.6 is the
requested axial deceleration versus path length graph (ICHOOZ = 8).

‘ This particular curve is useful because recorded test data are often
. _ plotted this way.

2.5 SAMPLE PROBLEM 2: BLUNTED
CONICAL PROJECTILE IN SOIL
The second sample problem is an oblique impact problem to demon-~
el strate the NUMSTP > 1 option to obtain multiple runs with the same data
T set. The multiple-run capability is to be used to search for the
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limiting ricochet angle for a blunted conical-nosed projectile impacting
a soil target (S = 5) at 750 ft/s.

The penetrator for this problem is shown in Figure F.3. Utility
program MOMENT (Appendix F) was used to calculate weight (132.55
pounds), CG location (10.97 inches) from nose tip, and transverse moment
of inertia (3793 lb-inz) as listed in Figure F.5. The shape can be
program-generated using the IOPSHP = 4 option (Figure 2.2) with RB =
1.0 inch, RO = 3.0 inches, THETIND = 21.8014 deg, and inputting appro-
priate values of ARATIO(=1.25) and NEMOV2(=10).

Because this example is concerned with projectile ricochet, a wake-~

ﬁ separation angle ¢min = 3 deg (Reference 3) is to be used along with a
3 free-surface parameter IT = 10 (Appendix A). Wake separation and free-
E surface relief both contribute to the rotational motion necessary for

ricochet; the values chosen for ¢min and I,, are typical for a soil

3 T

g target.

- An obliquity vy = 230 deg will be input with the attack angle

[ a = 0. Setting NUMSTP = 3 and DGAMAD = 15 deg produces three runs with

- initial values of vy = 230, 245, and 260 deg (Equation 2.2). Hopefully,

b Y = 230 deg will produce penetration without ricocheting, while y =
245 deg or vy = 260 deg will produce ricochet. If this is the case, a

limiting ricochet angle can be interpolated from these results; or

{ another series can be executed, starting with the least oblique case

P that did not ricochet, and setting DGAMAD to a smaller increment. Plot

: types 2, 3, and 8 are to be selected (NUMPLTS = 3, ICHOOZ = 2,3,8) so

g that the effect of obliquity on lateral and axial accelerations can be

g examined.

The limiting variable again will be final velocity VELF (set =

D 0wy

: 200 in/s for this problem), as the purpose of the problem is to run the . .
E problem until the projectile either stops or ricochets. If it ricochets ;;~' '7§?
E (i.e., exits the soil halfspace and reenters the air layer above it), fi'“ o
H PENCO2D will stop the calculation; the printout will indicate this end » @ 1
2 condition with a value of RETURN = 6 (see Table 2.1) in the last output T?f'f“i'}
; station. ::‘: ;
: L "
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To select a printout increment, it is necessary to have at least a
rough estimate of either the event's duration or total path length. An
estimate of path length can be calculated using Young's penetration

formula for normal impact (Equation 2 from Reference 2), which is
W
Zf .0031 - S - N \/; (Vo - 100) s Vo > 200 ft/s (2.4)

where A 1s the aftbody cross-sectional area (-nroz). The units for
this equation are W(pounds), A(inz), Vo(ft/s), and Zf(feet). Sub-
stituting S = 5, W = 132,55 pounds, A = 28.27 inz, and Vo = 750 ft/s
(9000 in/s) and estimating the nose performance coefficient (see Table
II from Reference 2) N = 0.6 for the blunted cone, Equation 2.4 gives
Z; = 13.09 feet (157.1 inches). If NPRINT = 2 and FREKOT = 2.0 inches/
output increment, then an estimate of the number of output stations is
Zf/FREKOT = 79 (to the nearest whole number). If the user knows about
how many output stations (Nout) are desired, then zf/Nou
estimate of FREKOT.
The resulting PENCO2D input file looks like

¢ will give an

BLUNTED CONE INTO S=5 SOIL (OBLIQUE IMPACT)
10 4 198 2 3 3 20 0

2
2 3 3
0. 0.125000E 01} 0.100000E-01 0.150000E 02
0.100000E 01 0. . 0. 0.
0. 0.300000E 01 0. 0.
0.200000E 02 0.109700E 02 0.500000E 01 0.218014E 02
0. 0.900000E 04 0.200000E 01 0.
0.360000E 03 0.100000E 07 -0.100000E 07 0.
0.250000E 00 0.100000E-01 0.100000E-07 0.100000E 00
0.132550E 03 0.379300E 04 0. 0.300000E 02
0. 0.100000E 02 0.200000E 01
0.300000E 01 0.200000E 03 0. 0.230000E 03
0.5000€ 01 0. . 0.1000E 07 0.1000E 02

Figure 2.7 lists pages 1, 2, 3, 10, 11, 18, 19, 22, and 23 from the
23-page printout. Sheet 2 lists the longitudinal elements that result
from the selection of ARATIO = 1.25 and NEMOV2 = 10, The best way to
obtain more elements is to lower ARATIO slightly. This is probably not
necessary because ARATIO = 1.25 means that each DA is already close to
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being square (ARATIO = 1.0 would be square). Thus, although there are
only 23 elements, this is good enough for the current problem. The
first element has a value of THETA almost equal to 90 deg. The reason
for this thin (DELS = .00l inch) element is the same as for the rear
element being almost -90 deg (explained for sample problem 1, Section
2.4). The projectile must be a closed surface in the direction of
travel; the bluntness of the nose requires a near 90-deg element for
closure.

Sheet 3 shows the beginning of the first run with step 1 showing
the initial obliquity y = 230 deg. Note that even at step 1 there are
already finite values for all the forces and accelerations. PENCO2D
orients the projectile so that the nose tip sits initially at the origin
of the target-fixed coordinate system, and this results in the initial
partial embedment of one corner of the blunted nose. To resolve this
problem, a user can input a negative value of ZSHIFT to start the
calculation in the air layer (see Appendix C and sheet 1 of Figure B.2).

Sheet 4 shows the end of the first run with a value of RETURN = 7,
indicating that the final velocity was reached. Thus, the projectile
must still be embedded in the target as the final-position components
indicate. There were 74 output stations for this problem which is close
to the prerun estimate of 79.

Sheet 5 initiates the second run with the same data set with

Y = 245 deg. The initial axial and pitch accelerations are both larger
in magnitude than the case for vy = 230 deg because more of the nose is
initially embedded as the angle of entry approaches the horizontal.
Sheet 6 ends the second run, again indicating that the final velocity
was reached (RETURN = 7) with the projectile still buried in the target.

Sheet 7 starts the last run of the sequence with y = 260 deg. The
projectile is nearly horizomtal (y = 270 is exactly horizontal). As
expected, the initial axial and pitch accelerations are higher than the
first two runs because a larger section of the nose is initially
embedded.

The most interesting occurrence appears in step 37 (sheet 8), when

all the forces and accelerations suddenly go to zero. The position
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coordinates indicate that the projectile has ricocheted and reentered
the air, but the calculation continues until the automatic check finally
shuts down activities in step 46 (sheet 9). This is verified with the
value of RETURN = 6.

Figure 2.8 shows the requested plots for this entire problem.

Sheet 1 shows the shape graph, verifying the outer surface geometry of
the projectile portrayed in Figure F.3. Sheets 2 through 5 represent

output from the y = 230 deg run, sheets 6 through 9 the y = 245 deg

run, and sheets 10 through 13 the Yy = 260 deg run.

Comparing the three trajectory plots (sheets 2, 6, and 10), the
increased initial embedment of the projectile with increasing initial vy
is clearly evident, along with the ricochet for vy = 260 deg. Based on
these three runs, the limiting ricochet angle (the smallest y for
ricochet) must be between 245 and 26N deg. The foregoing procedure
could be repeated, starting with y = 245 deg and incrementing by 5 deg,
to more closely define the limiting angle.

Sheets 3, 7, and L1 are the three axial deceleration-time histories
(ICHOOZ = 2) requested. Comparison of these three graphs shows a
decreasing peak axial deceleration as Yy 1increases. Similarly, sheets
4, 8, and 12 give the three lateral acceleration-time histories
(ICHOOZ = 3) showing the negative extreme growing with increasing
initial obliquity. As <y gets closer to horizontal, the projectile
encounters greater lateral forces from below due to the top-side relief
from the free surface. Because ¢m1n > 0, there is a cavity around the
bottom side of the aftbody, and the unbalanced loads can easily cause
rotation to occur. With the increased angle of attack, the axial forces
must fall off more rapidly because these lateral loads are causing
significant kinetic energy loss from the projectile.

2,6 SAMPLE PROBLEM 3: SIMULATION OF

SANDSTONE 3-DEG REVERSE BALLISTIC TEST

In 1977, Sandia Fational Laboratories conducted four reverse
ballistic tests (RBT) into sandstone for the Defense Nuclear Agency
(DNA). Reference 5 contains a complete description of the test series.
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The last sample problem is a simulation of two of tha tests (Tests 2 and
3) which were done at a 3-deg angle of attack. Figure 2.9 indicates the
nominal impact conditions for the tests: Vo = 1500 ft/s (18,000 in/s),
Y = 183 deg, and a = 3 deg. Figure 2.10 shows the surface geometry of
the actual test projectile. This sample calculation omits the aftbody
flare (from diameter = 1.702 to 1.900 inches). The automatic generating
routines can handle a flared aftbody if the diameters behind and in
front of the flare section are the same. The RBT projectile, however,
flares out to the new diameter (1.900 inches) and then holds that
diameter constant. In the latter case, the user must input IOPSHP = 0
and input the entire R-, THETAD-, and DELS-arrays. For this example,
IOPSHP = 3 will be used to show the automatic generating routine's
ability to place the conical tip on the ogival nose (see Figure 2.2 for
IOPSHP = 3). The flared aftbody will be replaced by a straight aftbody
having a diameter of 1.702 inches.

Because of the dimensions of the test target, only the first 1.2 ms
of the experiments were considered valid. Thus, the limiting variable
for this problem will be TIMEF. If NPRINT = 1 (to set output increment
units to time) and FREKOT = 0.00001 second, then there should be 122
(=14+(TIMEF-TIMEIL) /FREKOT) output stations if TIMEI = 0 and TIMEF =
0.00121 second.

Of interest in this problem are axial deceleration-, lateral
acceleration-, and total CG moment-time histories, because the projec-
tiles in this test series had instrumentation to measure axial and
lateral accelerations as well as axial strains at several locations. To
obtain these plots, NUMPLTS has been set to 3 with the ICHOOZ-array
equal to 2, 3, and 4.

Because it is necessary to obtain more detail in this problem than
in most penetration problems (i.e., FREKOT is small), the time-step
parameters FRAD, FANG, NUMNOS (Appendix B) are much smaller than in the
first two sample problems. They must be set small enough so that one or
more integration steps occur between each printout step. In this
problem it was decided to set the time-step parameters so that 7 to 1l

integration steps would occur during each printout increment. For most
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problems, the time-step parameters can be set much larger and still give

a converged solution.

In any event, with all the above information taken into account, '(‘..
the following input file was used: )

SANDSTONE RBT SLED TEST...ALPHAS3 DEG
8 3 195 2 3 1

150 0 1

2 3 4

0.250000E-01 0.200000E 01 0.200000E-0C1 0.

0.176000E 00 0. 0.102120E 02 0.

6. 0.851000E 00 0. 0.

0.181500E 02 0.871000E 01 0.379700E 01 0.

g. 0.180000E 05 0.100000E-04 0.

0.100000E 07 0.100000E 07 =-0.100000E 07 0.
0.200000E-01 0.300000E-03 0.200000E-07 0.200000E-04
0.948000E 01 0.221900E 03 0.300000E 01 0.500000E 02
0. 0.121000E-02 0.200000E 01

. 0.240000E 03 0. 0.183000E 03

0. 0.1947E-03 0.3400E 04 0.1000E 07 0.3500E 03

Figure 2.11 lists the first three pages and the last page of the
resulting printout. Sheet 1 verifies the input discussed above. Sheet
2 reflects the longitudinal sectioning resulting from the IOPSHP = 3
shape routine. The conical nose tip is evident, as the first six
elements all show a constant surface angle THETAD of 50.3 deg. Sheet 3
is the beginning of the problem. Step 1 shows a small initial Y-
velocity (.5 x 10-3 in/s) when it should be identically equal to zero,
indicating the presence of computer round-off error. The last sheet is
the end of the problem (time equal to TIMEF). RETURN = 3 in step 122
verifies that TIMEF was the source of problem termination.

Figure 2.12 exhibits the requested plots for this problem. Sheets
1 and 2 automatically verify the projectile shape and path traveled.
Sheets 3, 4, and 5 show the axial deceleration-, lateral acceleration-,

and CG moment-time histories, respectively.
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Table 2,1 Values of RETURN in PENCO2D printout.

RETURN EXPLANATION

0 Code executing normally; no stop conditions encountered
yet.

2 Maximum number of printout increments (NSTP) has been
reached; calculation stops.

3 Current time t has exceeded TIMEF; calculation stops.

4 Absolute value of Y (horizontal coordinate of CG) has
exceeded YSTOP; calculation stops.

5 Value of Z (vertical coordinate of CG) has become less
than ZSTOP; calculation stops.

6 Projectile has exited the earth target and passed up
into the air (layer 1); calculation stops.

7 CG velocity V has become less than VELF; calculation
stops.

8 Orientation angle Yy has exceeded GAMSTP; calculation
stops.

9 Absolute value of angle of attack o has exceeded

ALSTP; calculation stops.
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TITLE

3X,A85

NEMOV2

10PSHP

NSTP

NLAY

NUMPLTS

NUMSTP

NUMNOS

IREDUC

NPRINT

I6

16

16

I6

16

16

16

16

16

Note:

Include this record only if NUMPLTS > 0.

éIIOOZ(l )

1CHO0Z(2)

1CHO0Z

(NUMPLTS)

v v ey
O d - K
[P N GV . -

16

16

16

16

16

16

16

16

ol A g

N
DR
s

Cad
3

r’

DELS(1)

ARATI0

ELAS

DGAMAD

£18.6

E18.6

E18.6

€18.6

EJ

RJ

RN

E18.6

E18.6

£18.6

£18.6

RC

RO

XFA

XFF

E18.6

€18.6

E18.6

E18.6

xLP

Xce

SN

THETND

E18.6

E18.6

EV8.6

£18.6

THETFD

VEL

FREKOT

DALFAD

€18.6

£18.6

E18.6

E18.6

. R . B P f ‘, )Al~‘-l .

Figure 2.1
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Data format for input file 5 (Sheet 1 of 3).

CJSan Jnai Snmnic et

AT -

el




IRRUOIRS
e
" eamste YSTOP 5T0P ZSHIFT S
£18.6 £18.6 £18.6 E18.6 PN
.—' ~-—-o—=l
7~ FRAD FANG DTMIN DTMAX ® ‘
£18.6 E18.6 £18.6 E18.6 :
7~ MEIGHT | XICG ALPHAD ALSTP T
LT
£18.6 £18.6 £18.6 £18.6 ¢
M TIMEF FREQI R
£18.6 £18.6 £18.6 o
- ""‘=<
SRR
" PHININ VELF Wt GAMMAD o
£18.6 £18.6 £18.6 £18.6 T
SRR
Note: Include this record for each target layer I. Lo e
2 < I < NLAY (Layer ) is air and need not be specified) Y e
( SNUM(T) DENSITY(I) YIELD(I) (1) XIRD(1) R
e
€14.4 E14.4 £14.4 E14.4 €14.4 AP
End here if I0PSHP # 0. o
Note: Include the following records only if IOPSHP = 0. e
5 NEL RN
16 : :-':.
3 ) e
Figure 2.1 (Sheet 2 of 3). -
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Note:

Include enough records to exhaust entire THETAD-array.

THETAD(1)

THETAD(2)

THETAD(NEL )

£18.6

£18.6

E18.6

E18.6

Note:

Include enough records to exhaust entire R-array.

\

R(1)

R(2)

R(NEL)

£18.6

Ei8.6

£18.6

E18.6

Note:

Include enough records to exhaust entire DELS-array.

\

DELS(1)

DELS(2)

DELS{NEL)

E18.6

£18.6

£18.6

E18.6

Figure 2.1 (Sheet 3 cf 3).
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Value of Shapes Showing
10PSHP Required Input Remarks
: SN (nose length) may be input instead
1 I T of THETND; THETND will then be calcu-
T~ : o lated; if THETND is input, SN will be
RO ) calculated.
x
=
s | Fm==——-- A1l input shown is required.
Roi RYDA
T A
u
| W RC
I = |
I SNy
(a) If a conical tip is desired, all
input shown is required.
3 (b) If no conical tip is desired, set
RB = 0; input either SN or RJ and
the other will be calculated; all
other input shown is required.
A1l input shown is required; SN is
calculated; DELS(1) is not required
4 input.
Figure 2.2 PENCO2D projectile shape optioms.
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Figure 2,3 Longitudinal element.
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Figure 2.4 1Initial conditions for sample problem 1,
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it S A N AT N
N

VTN DG DR s
RS FIE A HIRE Gl EE Gl e
i fW el B Wmm Ll )
W o r,,mmw funt] FRGE aal im ;

| WO PHIEEE YU HE R e o T

VRPN EE DG MRS s
O A AT R oz
SR el Rl R e mwm Ll e .

e R UM B e

w uﬁwm d ,.,Jmm I uwmwm mwM 3 s a&w&w st zwmmq v s aus .




v avTe T o

w0 R SR IR wall
W i GG R R L e .
WS A B ,ww R ] e "
WU I O e el R e e e
um,ummmamé CHIE B YRR el O o) im0 0
WU G R R e R e e =
SN Rl A LR R mxm e s 2 IS
WIS R B ARG e R R e
wHCC PR e R ,mmﬁ B
B R 5 T T —
'

PP I SPTRSGA R ST S WY O S £ I I X VINLE S VWS N % AT




*(6 3o ¢ 3I99Ys)

g B U
o e, R WG
i
o e LSRE Y
|
e IRE DR
ey TR
T
e JRE SIWE
R, JCHE Y

veteietatel

REERIRT. 1 SENRRARI R

), :
G°Z @2andy4 : ’ _
m“m.muwmw u - “ n.mm» n »xu .z ,
(14 20 260SET°0 ) °NI £0 3115 M,m «MM mwm- MMM -...-- g
SSTIeTIvIE ImmIs .
$.9 JviX R heaciid mm 2004 ._< ) . L
ot A OHRE e - et s .
X 9 9! .0-= 30404 X i
%mww I gl v .
Xy 9 g 22804 JvIX
o) R i e
£.9 <W“ 404 <u|c‘ .
SR W m e
$.9 v : 9 nmm\wmmq». mm 32804 m<wx ! .
MR »wxw mm“w_ﬁm” DR
[ 1Y) <| 0|w i.,...m mmnusu <M< i .
ot UL ol
m.ww: 0-mmmmmw§mm i .
m : mewwm &wmw il
T e .
- - ‘0= [ 149
.GW z 9 - 0 m mm NUS& N<WNN i .
o R gl e
§:9 vIXy 90 Jueryst -z 3004 méxu .
o FHE e e




PROJECTILE SHAPE

32.0 r

24 0P - ol 4
g - T{
z T
; 0 16-0 -
! 2
- =
[ 3
L~ o« B
:
u w

®w

B !
. x
L [~
'F 0.0 |-
;: -8.0 1 ] 1 ] 1 | 1 ] 1 J
! -8.0 0.0 8.0 16.0 24.0 32.0
3 DIST FROM CO (IN)
Figure 2.6 PENCO2D-generated plots for sample problem 1 (Sheet 1 of 3).
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APPENDIX A L

INTERFACE AND FREE-SURFACE EFFECTS S

The penetration resistance near a layer interface or free surface

will usually differ from that of a purely homogeneous medium. The

E PENCO2D code acknowledges the presence of such boundaries in a manner

that is crude but qualitatively correct.

b Each target layer is assigned a parameter IT which loosely

corresponds to the rigidity index (Reference 6) in tension., For soft

C,

X materials (soil) the recommended value is I, = 10, and for hard mate-

S

P PR TN

T A
: rials (rock and concrete) the recommended value is IT = 350, 1In any .

= case, there corresponds to IT a damage radius LN defined at each "t

. -

point on the projectile surface

& T, = rp(IT)ll3 (A.1)

k¢
-l
‘ ..
N {'-'u-'.,

The quantity rp represents the local cylindrical radius of the projec-

!I tile. At each point on the projectile, a damage vector is defined such o ;‘ B
rors
: that RN

T T
)

> > 1/3 rf:w,ﬁf
rD =n rp(IT) (A-Z) s 8

< sy -
¢
-d

where n is a unit vector normal to the projectile surface. The target _ P
properties to be used in defining the normal stress acting on any {}\u.f‘
differential area on the surface of the projectile depend upon the ,
. particular layer in which the tip of the damage vector lies. In Figure ‘."“f"
R A.l the points A', B', and C' are the tips of damage vectors emanating .
from differential areas centered at points A, B, and C, respectively.

L' If the tip is in the same layer occupied by the center of the projectile
x surface-area element (e.g., point B' in Figure A.l), the stress is R
calculated in the usual manner for that layer. But if the tip falls in
an adjacent layer (e.g., points A' and C' in Figure A.l), the stress

- . P . w|
(T R T S S R SO o
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T

LD

ooy v ryrTer
.o .

D—

TV Y

calculation is made using the properties of the softer of the two

layers.
The foregoing scenario represents an attempt to incorporate the

effects of chipping and spallation into PENCO2D. For example, when a
projectile penetrates a soft layer followed by a hard layer, the latter
has no effect until contact is actually made. On the other hand, in the
case of hard followed by soft, the soft layer begins to have an effect
as the interface is approached. 1In general, whenever a projectile
surface element is near an interface or free surface, there may be a

reduction in the resisting stress if the adjacent layer is softer than

the immediate layer.
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Figure A.1 Embedded projectile with damage vectors.
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APPENDIX B
PENCO2D'S NEWTONIAN INTEGRATION
WITH GUIDELINES TO RELATED INPUT

PENCO2D uses a two-dimensional (2D) Newtonian scheme to ‘ntegrate

the following equations of motion:

FY =mYy = Fy cos Y ~ Fz sin vy (B.1)
Fz = mZ = Fy sin v + Fz cos Yy (B.2)
M=1Iy = Idez - fzdFy (B.3)

Equations B.1l through B.3 are Equations 2.9 through 2.11 from Reference
3, rewritten using PENCO2D's coordinate system. Figure B.l shows the
difference between the two coordinate systems. The integrals in Equa-
tion B.3 are evaluated over the projectile's entire surface area.

Figure B.2 is a flowchart of the solution procedure used by PENCO2D.
This integration begins by initializing Y , Z , and y (the two
spatial coordinates of the projectile center of gravity (CG) and the
penetrator orientation) and their respective velocities, as well as time
t . The current speed is calculated and used to compute a time step At
according to the flowchart in Figure B.3. Subroutine FORCES is called
to sum the stress components over the projectile's surface to obtain
total force components FY and Fz and total CG moment M . The
changes in the translational and rotational velocities can then be
calculated for the current time interval. New velocity components, as
well as average velocities over the interval, are then determined so
that the displacement component changes over the current interval can be
computed. Once these components, along with the time, are updated and
all stop conditions checked, the integration loop cycles to the next
time interval. The problem continues until one of the inputted stop
conditions is met.
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The following parameters are responsible for adjusting the current
time step to be used in the problem of interest: NUMNOS, FRAD, FANG,
DTMIN, DTMAX, and IREDUC. Initially, NUMNOS is used to embed the pene-
trator nose. The nose is divided into NUMNOS equal-thickness sections,
and each of the first NUMNOS time steps embeds one of these sections.
If S(t) 1is the path length traveled by the projectile up to time ¢t ,
and LN is the projectile nose length, then

L
N
5(ey) = 8t = Yovos (8.4)
during the nose-embedding process. For a small interval At ,
ViAci == S(ti) - S(ti_l) (B.5)

where Vi is the velocity at the beginning of the current interval.
The first part of the penetration event is thus characterized by a time

step given by

(nose embedment) (B.6)

Generally, 10 to 50 is a reasonable range of values for NUMNOS, depend-
ing on target material, impact velocity, and nose length.

The time step used in the next portion of the penetration event is
characterized using FRAD and FANG. FRAD is used to calculate a time
step At that will translate the penetrator by a distance equal to
FRAD projectile radii, while FANG is used to calculate a At that will
rotate the penetrator by an angle equal to FANG radians. PENCO2D uses
the smaller of the two time steps, allowing both rotational and transla-
tional limitations to be set., Some problems require that the rotation
in a given time interval be limited (e.g., problems involving high

angular accelerations) while other problems rely on translational motion
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to determine time-step size., The time interval can be summarized as
follows after nose embedment

FRAD * r, pang (B.7)
At, = MIN , TA
i v, A

where L is projectile radius and Vi and ?i are the current CG and
angular velocities, respectively. How big should FRAD and FANG be? In
multilayer problems, take the thinnest layer to be penetrated (-Tmi ),

n
estimate the number of time steps desired in this layer (-ND), and

calculate FRAD as

FRAD = iLin— (multilayer problem) (B.8)

In homogeneous problems, decide how many steps are required to accurate-
ly integrate the equation of motion; generaliy, ND = 100 to 500 are
required depending on target material, projectile size, and impact
conditions. Let Tmin be an estimate of the total path length and use
Equation B.8. This will give a starting value for FRAD. In all prob-
lems, two or more values of FRAD should be tried to check for conver-
gence. If a problem is not dominated by rotation, FANG can be made
large enough so that it will not affect the time interval calculation.
Most of the current experience is with problems of relatively low
angular motion. To select a value for FANG, estimate the maximum
orientation change |Ay1| that can be tolerated during one time inter-
val for the problem at hand. FANG is this value in radians.

When the velocity gets close to the final velocity, PENCO2D fixes
the time step at a constant value to finish the calculation. Specifi-
cally, it uses the At of the increment just before V1 gets within
2AVi of the final velocity (VELF). IREDUC is used when the standard
termination procedure is inappropriate, such as when significant lateral
motion still remains at the end of a problem. If TIREDUC > 0 , then
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IREDUC reductions, each by a factor of 3, will be made in both FRAD and

FANG when the current CG velocity V, has fallen to certain fractions

i
of the impact velocity Vo » as given by Table B.l.

If lateral motion
has been cut off (Appendix D) before Vi _<_.0.2Vo » then these reductions
do not occur.

Throughout the entire penetration event, the time step will never
be less than DTMIN nor greater than DTMAX, regardless of the values of
FRAD, FANG, etc. If for some reason a constant time step At is
desired for a particular problem, just set

DTMIN = DTMAX = At (constant time step) (B.9)
Otherwise, DTMIN and DTMAX should be used to keep the time interval from
getting too big or too small.
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L A

1 Velocities at which integration parameters FRAD
and FANG are revised using time-step reduction.

Reduction Velocity New FRAD New FANG
Level
First 0.2.V FRAD /3% FANG /3%%
o o o
Second 0.1.v FRAD /9 FANG /9
o o o
Third 0.05~Vo FRAD°/27 FANG°/27
Fourth 0.025-Vo FRAD°/81 FANGO/81
etc. etc. etc. etc.
* FRADo = input value of FRAD.
%% FANGo = input value of FANG.
BS
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PENCO2D
Variable Explanation

PENCO2D

Reference 3

Projectile-fixed lateral direction,
positive on clockwise-side of z-axis

Projectile-fixed axial direction,
positive forward of CG

Target-fixed horizontal direction,
positive to the right

Target-fixed vertical direction,
positive upward

Projectile orientation angle,
measured from positive z-axis
clockwise to upward vertical

PENCO2D
YA

A

XN\

Reference 3

—>=X

>y

A

Figure B.1 Comparison of PENCO2D and Reference 3 coordinate systems.,
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Y =19, 1
4

3
BEGINNING OF S

NEW TIME STEP

4 o ;."d
CALCULATE At A
(SEE FIGURE B3) .
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L
INTEGRATL o OVER . f‘”i
PROJECTILE SURFACE TO OBTAIN M
Fy, Fz, M el
(SUBROUTINE FORCES) SR
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a = Fy 1 veocrty :
m COMPONENT
CHANGES
g ¢ OVER :
m CURRENT ®
INTERVAL T g
. . At - M
| 6y = S J | s
L ® .
Figure B.2 Flowchart for PENCO2D's Newtonian i
integration scheme (Sheet 1 of 3). |
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i P OF CURRENT
¥, = ¥ INTERVAL
N3

Y=Vp+a¥ ) VALUES AT
I=1p+al END OF

7=¥p*dy ) INTERVAL

CURRENT

Y
- - o) AVERAGE
Yave=0.5-(Yp*¥) | yp us
Zaye=0.5- (Zp+z) OVER

R ey CURRENT
Yave™0-5-(p*Y) ) InTERVAL
\' 4
Av:?ave-At DISPLACEMENT
. COMPONENT
AZ=1_ -t CHANGES
ave OVER
AY=Y. At CURRENT
ave INTERVAL
v
Y=Y +aY DISPLACEMENTS
- AND TIME
=7+
=1+ AT END OF
Yy =y + Ay CURRENT
t=t+at INTERVAL
¥

la] =

If(?9 ia Y)l

Figure B.2 (Sheet 2 of 3).
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next step Z @ - -
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V3 ~NUMROS
YES
\' 4
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At' = —vi_
~
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. LOW ROTATION
Y] <™ YES! "IN CURRENT
N 5 se PROBLEM
NO \{,
at* = EANG at, = at'
Iy
at, = MIN(at', at“) \(
\ 4 .
™~
¥
at; = MAX{at, ,DTMIN)
at; = MIN(at,,DTMAX)
P V.
2 h
CALCULATE a¥; AND aly
- USING at; AND CURRENT FORCES
\ A Y -
avy = (a¥32 + a2t
Aty = Aty UPDATE MOTION VARIABLES
A USING at, AND NEWTONIAN
InTEGraT ION
=1
- _ N0
Y
<€

Figure B.3 Flowchart for determination of time step At .
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ALPHAD

ALSTP

ARATIO

DALFAD

DELS(I)

DENSITY(J)

DGAMAD

DTMAX
DTMIN
ELAS
EJ
FANG

FRAD

FREKOT

FREQIL

GAMMAD

APPENDIX C

GLOSSARY OF INPUT VARIABLES

Initial angle of attack, deg

Problem ends if absolute value of angle of attack a
ever exceeds ALSTP, deg

A differential area's length-to-width ratio; used by
the geometry-generating routines if IOPSHP > O,
dimensionless

Used if NUMSTP > 1, to increment ALPHAD for subse-~
quent run(s) using current data, deg

Thickness of the ith longitudinal element, in

Target mass density of jth layer; used for rock-like
2
1b~-s

in4

targets,
Used if NUMSTP > 1, to increment GAMMAD for subse-
quent run(s) using current data, deg

Maximum allowable time step, sec

Minimum allowable time step, sec

Normal-stress smoothing parameter (Appendix E), rad
Secant ogive offset, in

Rotational time-step parameter (Appendix B), rad

Translational time-step parameter (Appendix B),
radii

Print output increment, seconds if NPRINT = 1,
inches if NPRINT = 2

Distance along trajectory path between successive
scaled projectiles on automatically-generated
trajectory plot, projectile lengths

Initial projectile orientation measured from the

line connecting the center of gravity (CG) to the
nose tip clockwise around to vertical, deg
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GAMSTP

ICHOOZ (K)

IOPSHP

IREDUC

NEL

NEMOV2

Problem ends if obliquity angle y exceeds GAMSTP,
deg

Selects the kth plot to be output according to this
table:

ICHOO0Z (K) PLOT

1l CG axial acceleration versus time

CG axial deceleration versus time
CG lateral acceleration versus time
CG pitch moment versus time

CG velocity versus time

CG Y-displacement versus time

CG Z-displacement versus time

0 ~N O S WN

CG axial deceleration versus CG
path length, (must be chosen last
if chosen at all)

K=12,...,NUMPLTS

[1f NUMPLTS = 0, no plots are output except two
that are automatically generated. ]

Nose shape selection variable (Figure 2.2)
= 0 arbjtrary shape (input R, THETAD, DELS arrays)
1 cone
2 cone with spherical tip
3 ogive with optional cone tip
4 blunted cone

Number of times to reduce FRAD and FANG in order to
complete a problem with significant lateral motion
occurring late in the event (Appendix B)

Number of longitudinal elements making up the
projectile; an input quantity only if IOPSHP = 0

Half the total number of circumferential elements

comprising each longitudinal element; must be an
even number (Figure 2.3)
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NLAY Number of target layers + 1 (layer 1 is the air
layer above the target); must be < 5%

NPRINT Determines if FREKOT has units of time (=1) or path

length traveled (=2)

NSTP Maximum number of output steps

NUMNOS Number of time steps to be used in nose embedment
(see Appendix B)

NUMPLTS Number of plots desired (i.e., using ICHOOZ-array to

select specific plot types) in addition to the

automatic projectile shape and trajectory plots;

0 < NUMPLTS < 8

NUMSTP Total number of runs to be generated with current

set of data; subsequent runs use the same input

except that DGAMAD and DALFAD are used to increment

GAMMAD and ALPHAD, respectively

PHIMIN Angle of approach ¢pin at which separation occurs

(i.e., wake separation angle), deg (see Reference 3,

Section 2.4)

R(I) Average radius of the ith longitudinal element, in

RB Radius of the conical frustrum (IOPSHP = 4...blunted
cone) or radius of conical tip (IOPSHP = 3,..ogive
nose with optional conical tip), in (see Figure 2.2
for projectile shapes)

RC Length of spherical nose (IOPSHP = 2, see Figure
2.2), in

RJ Ogive radius (IOPSHP = 3); if RJ _3_10-12 s SN 1is
computed; if RJ < 10-12 SN 1is used to compute
RJ, in

RN Sphere radius (IOPSHP = 2), in
RO Projectile radius ry, ; used in time-step computa-

tions (Appendix B), in geometry computations if
IOPSHP # 0, and in plot heading, in

* 1If a problem requires more than four material layers (i.e., NLAY >
5), then a parameter variable (NMAX) in PENCO2D needs to be increased
to the desired NLAY-value; the statements requiring change are the
first statements in the main program and subroutines SEPARATE,
FORCES, CALF, BACKWARD, and READIN (PENCO2D listing in Appendix G).
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SN

SNUM(J)

THETAD(I)

THETFD
THETND
TIMEF
TIMEIL

TITLE

VEL

VELF

WlI
WEIGHT*

XCG*

XFA

XFF

XICG*

Projectile nose length; necessary for time-step
computation (Appendix B) and in geometry computa-
tions if IOPSHP # 0, in

Young's S-number (Reference 2) for the jth layer;
used for soil targets; set = 0 for hard targets,
dimensionless

Angle between the projectile axis and the line
tangent to the surface of the ith longitudinal
element, deg (Figure 2.3)

Projectile aftbody flare angle if IOPSHP > 0, deg
Cone half angle; used if IOPSHP = 1, 2, or 4, deg
Case ends when time ¢t > TIMEF, sec

Case begins at time ¢t = TIMEI, sec

45-character (or less) title describing the curreat
problem; printed out at the top of plots and printed
output

Impact velocity, in/s

Case ends when CG velocity becomes less than or
equal to VELF, in/s

Initial transverse rotation rate about CG, rad/s
Projectile weight, 1b

Location of projectile CG measured from the nose
tip, in

Location of aft end of flare measured from CG;
positive if forward of CG, in

Location of forward end of flare measured from CG
(see XFA above), in

Projectile's transverse mass moment of inertia,
1b-in?

* Appendix F shows how to use a utility program called MOMENT to
calculate CG location and moments of inertia for axisymmetric projec-
tiles assuming either a material density or weight and an interior
distribution of material(s).
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XIRD(J)

XLP

YIELD(J)

YSTOP

ZM(J)

ZSHIFT

ZSTOP

Free-surface parameter It (see Appendix A) for jth
layer, dimensionless

Projectile length, in

Yield strength for jth layer; used for hard targets;
set = 0 for soil targets, 1lb/in

Case ends if |Y| (absolute value of horizontal
coordinate of CG) > YSTOP, in

Distance from ground surface to the bottom of the
jch layer (20), in

Problem will begin with projectile nose tip located
at absolute coordinates Y = 0 and Z = -ZSHIFT
(1.e., positive ZSHIFT embeds nose tip downward into
target), in

Case ends if Z (vertical coordinate of CG) < ZSTOP,
in
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APPENDIX D

LATERAL CUTOFF

Stable projectiles may begin with significant obliquity and/or
attack angle, but will eventually align themselves with the velocity
vector. PENCO2D is set up to cut off the lateral motion (i.e., set
a =0, Yy =0) whenever this motion becomes insignificant. For this to

occur, the following four conditions must exist simultaneously:
1. |a| < 0.01 deg
. 1
2. |y

< 0.05 s

3. 2 < Zy,y where 2.,y 1is a depth calculated to be out of range
of free-surface effects (calculated internally in the code)

F

-4

W

F
4. < 1.5 g's where Wl = total lateral acceleration

When these conditions do occur, the motion becomes pure axial motion,

indicated in the printout by PITCH RATE (=Y), PITCH FORCE, and PITCH
MOMENT all equalling zero, with a very small (5.10-4 deg). (ALPHA is
not exactly zero because of the computer round-off error.) The reasons
for cutting off the lateral motion when o and ¥ are close to zero

are twofold:

1. The projectile begins to oscillate between small positive and
negative values of a , with the frequency increasing in time.
These oscillations about a = 0 do little to contribute to the
overall motion of the projectile but do a lot to disrupt the
integration scheme.

2. Pure axial motion is much faster to integrate because a number
of calculations can be skipped once lateral motion is cut off
completely.
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- APPENDIX E

USE OF ELAS TO SMOOTH NORMAL STRESS CURVE

- As |a| approaches 0, the local normal velocity component va for
the differential-area elements (dA's) on the windward side of the
projectile also approaches 0 for elements whose surface is parallel to
n the projectile axis (i.e., aftbody elements on nonflared projectiles).

A There is still a significant tangential component, however, as long as

the projectile still translates with some velocity. Thus, the angle

] -1 {¥n
L approaches 0 (i.e., v, 0 but v does not). This creates a numeri-
Fi cal problem with the normal stress o , because the ¢ versus £

curve is steep near £ = 0. In fact, the slope becomes vertical as
E>0.

To help alleviate the problem, a smoothing parameter ELAS is intro-
duced. ELAS defines a value of £ below which smoothing will take

place. The region 0 < £ < ELAS of the o0 - § curve is replaced with
a curve defined by

o*() = o(8) + stn[zoghc] (E.2)

where o(£) 1is the original o-function for normal stress prior to

ti smoothing. Figure E.l1 shows a typical o - £ graph in the region near
£ = 0 for a 6-inch projectile penetrating a soil target (S = 5) with
v = O.SVo » V, = impact velocity = 500 ft/s. The solid line shows the

unaltered curve. The dashed curve is the PENCO2D version for the region

V. 0 < £ < ELAS, demonstrating a smoother, gentler gradient than the

E'- original curve. The obvious problem with this procedure is the reduc-
:.‘ tion in lateral force experienced by those differential elements with
?ii small values of A Thus, it is desirable to choose ELAS small enough
He
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so that the total lateral force is not appreciably reduced. The minimum
value of ELAS depends upon the gradient of the o - £ curve and the
current time step. If the value of ELAS is too small, one time incre-
ment may be enough to allow & to jump over the smoothing section, thus
allowing rapid oscillations (spikes) to occur in the lateral accelera-
tion-time history. The time-step parameters FRAD and FANG, as well as
ELAS, must be chosen so as to control spiking without significantly
reducing the peak lateral acceleration. If ELAS is too big, the lateral
acceleration will be attenuated. If both spiking and lateral peak
reduction occur, a smaller time step is needed. Ideally, one should use
as large an ELAS value as possible without causing attenuation.

To find this maximum allowable ELAS, call it ELASmax, two or more
runs should be executed with different ELAS values so that the lateral
acceleration-time curves can be compared. Figure E.2 relates three runs
made for the problem examined in Figure E.l. The solid curve shows a
numerical spike at point C; thus, ELAS used for that run must be too
small. The alternating dash-dot curve shows reduced peak amplitudes at
points A and B; ELAS used for that run is therefore too large (i.e.,
ELAS > ELAsmax)' After a few runs, an acceptable ELAS =‘ELASmax can
be converged upon. In Figure E.2, the dashed line for ELAS = 0.01
exhibits a very slight peak reduction with no numerical spiking. The
conclusion is that ELASmaxfz 0.01, and experience with PENCO2D has
shown that ELAS = 0.0l is a good starting value for most materials.,
Nevertheless, several values of ELAS should be tried for any new problem
using PENCO2D.
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APPENDIX F

MOMENT: UTILITY PROGRAM TO CALCULATE WEIGHT, CENTER-OF-GRAVITY
LOCATION, AND MOMENTS OF INERTIA FOR AXISYMMETRIC PROJECTILES

When preparing input for a PENCO2D run, it may be necessary to
calculate some or all of the projectile parameters. This appendix
presents a utility computer program called MOMENT that calculates the
weight, center-of-gravity (CG) location, and polar and transverse mass
moments of inertia for any axisymmetric penetrator for which the weight
(or density), shape, and location of each interior section are known.
The better the detail of the interior layout, the better the accuracy of
MOMENT's resulting output will be. Two examples will be set up to
demonstrate use of program MOMENT.

A listing of MOMENT is given in Figure F.l. This program is set up
to run on a Honeywell DPS-1 time-sharing system. The first line in the
listing locates additional files to be compiled with MOMENT at the time
of execution; these files contain the plot subroutines PLOTS, PLOT,
SCALIT, SYMBOL, AXIS13, and NUMBER. All are routines used by subroutine
PLOTIT to scale the data automatically, then draw the resulting pene-
trator with labeled axes on a Tektronix 4662 plotter connected to a
time-sharing terminal. There is a glossary of input quantities at the
beginning of the listing explaining input variables and the appropriate
units.

Program MOMENT requires one input file to be set up prior to execu-
tion, containing weights (or densities) and geometry information.

Figure F.2 lists the general form of this file. Generally, a projectile
is divided into one or more "figures" for which the weight or mass
density is known. Each figure must then be divided into right-circular
conical frustrum "sections'" as shown by the shaded area in the inset in
Figure F.2. For each figure, the number of conical sections (NSECT)
must be specified as well as a number (IDENS) that indicates whether the
weight (IDENS = 1) or density (IDENS = 2) is to be input. The next line
contains the weight (or density) of the figure. The following NSECT

Fl
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lines contain the dimensions of each section in that figure. This
information is repeated for each figure until the entire projectile has
been described.

The first example is a blunted conical-nosed projectile (Figure
F.3) made of one material (D6AC steel) with a known mass density of
15.23 slugs/ftS. Only one three-section figure is needed to describe
the entire projectile exactly, and Figure F.4 shows the resulting input
file for this problem. Line 001 indicates the total number of figures
to be used (=1). Line 002 shows the number of sections (=3) and indi-
cates that the density of the figure will be input (IDENS = 2), Line
003 is the mass density (=15.23 slngs/ft3). Lines 004 through 006 give
the required geometry of all three sections as outlined in Figure F.2,
Figure F.5 gives the DPS-1 time-sharing question-answer sequence includ-
ing the desired geometric quantities printed out. (User responses in
Figure F.5 are underlined.) Figure F,6 shows the code-generated plot
verifying that the calculated results are indeed for the projectile of
interest beyond all reasonable doubt. The plot shows the sectioning of
the projectile with the little number 1's indicating the figure number
to which the section(s) belong. The large """ shows the resulting CG
location.

In July 1974, Sandia Laboratories conducted a series of deep pene-
tration tests on the Watching Hill Blast Range near Ralston, Alberta,
Canada. These experiments, which were sponsored by the Defense Nuclear
Agency, are documented by Patterson (Reference 7). One of the penetra-
tors used at Watching Hill is schematized in Figure F.7. Because
weights of individual "compartments" are known rather than demsities,
the projectile can be divided into the eight figures indicated in Figure
F.7, and the IDENS = 1 option used. The resulting input file is shown
in Figure F.8 and is self-explanatory with the help of the first half of
sheet 1 of Figure F.l1l, to explain the terminology, and Figure F.2 to
show the layout of the input file. Figure F.9 lists the time-sharing
printout, with user responses underlined, that results from executing
MOMENT, Finally, Figure F.10 plots the resulting form and gives the
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user an idea as to how good his geometrical approximations were., The
small numerals in the projectile sections of Figure F.1l0 indicate the
figure to which the section in question belongs; only the larger sec-
tions receive numbers to enhance readability.
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MOMENT
UTILITY PROGRAM FOR WEIGHT, CG, AND MOMENT-OF-INERTIA COMPUTATION

0010X%3RUN X; ROSDSGSGICPLOTS E;SCALE,E
0020C HIS PROGRAM CALCULATES CG LOCATION AND MOMENT OF INERTIA FOR

0030C ANY AXISYMMETRIC PROJECTILE FOR WHICH DENSITIES OR WEIGHTS OF
0040C EACH INTERNAL COMPONENT IS KNOWN. THE PERTINENT VARIABLES
0050C ARE:

0060C ,

0070¢ NFIGS........0c0vvr....NUMBER OF (DIFFERENT-DENSITY) FIGURES
0080C (I.E.SECTIONS) WITHIN THE PROJECTILE.
0090¢ NSECT(I),I=1,NFIG:.....NUMBER OF SUBSECTIONS INTO WHICH EACH
0100¢ FIGURE IS DIVIDED. EACH SUBSECTION
0110¢ IS A RIGHT-CIRCULAR CONICAL FRUSTRUM
0120C OUTSIDE AND INSIDE CI.E. INSIDE CAN
0130¢ BE A HOLLOW CONICAL SECTION).

0140C IDENS(I),I=1,NFIGS.....=1 TO INPUT FIGURE'S WEIGHT

0150¢ 2 T0 INPUT FIGURE'S MASS DENSITY
0160C T4 3 F ..MEIGHT OF I'TH FIGURE (LBS).

0170¢C DENSITY(I).............MASS DENSITY OF I'TH FIGURE (SLUGS/
0180¢ CU.FT.)

0190C FOR EACH SUBSECTION:

0200C R2B(J).eveeroceneose. OUTSIDE FORWARD RADIUS OF J'TH SUBSECTION.
0210¢ R28(J).....vevvunvvn.. INSIDE FORWARD RADIUS OF J'TH SUBSECTION.
0220C RIBCI).ooooonoennnis ...OUTSIDE AFT RADIUS OF J'TH SUBSECTION.
0230¢ R1SCJ)............... . _INSIDE AFT RADIUS OF J'TH SUBSECTION.
0240¢ Y1C(d)eoeueueuenuennr. .DISTANCE. FROM NOSE TIP TO FORWARD END
0250C OF J4'TH SUBSECTION.

0260C DXCJ).eeuvenooeonnoss. THICKNESS OF J'TH SUBSECTION.

0270¢ NOTE:J=1,NSECT(I)...I'TH FIGURE...ALL UNITS ABOVE IN INCHES
0280¢ UNLESS OTHERWISE STATED.

0300 COMMON/A1/R2B(50),R28(50) ,R1B(50),R18(50),Y1(50),

0310 8Y2(50),NTOTSEC,ZCG,NSECT(10),DX(50)

0320 DIMENSION TVOLC10),IDENS(10),M(10),DENSITY(10),

0330 EXMASS(10),

0340 $E(50),F(50),6(50),H(50),V0L(50)

0350 3,A(50),B(50),C(50),D(50),X1(50),X2¢50),MTPC50),MTT(50)

0360 LOGICAL LDENS(10)

0370 CHARACTER PRTX1

0320 REAL MY,MZ,MTP,MTT

03990 CHARACTER ¥8XINPUT(2),PRT¥1

0400 DATA XINPUT(2)/1M;/

0410 PRINT,"INPUT FILENAME"

0420 READ, XINPUT(1)

0430 PI=3.1616; GRAV=32.2

0640 CALL ATTACH(1,XINPUT,3,0,,)

0450 READ(1,75) LINE,NFIGS

0460 75 FORMAT(V)

0470 NREAD=0

0430 DO 10 I=1,NFIGS

0490 TVOL(I)=0.

0500 READ(1,75) LINE,NSECT(I),IDENSCI)

Figure F.1 Listing of program MOMENT (Sheet 1 of 5).
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13

14
10

25
30

MOMENT
UTILITY PROGRAM FOR WEIGHY, CG, AND MOMENT-OF-INERTIA COMPUTATION

IFCIDENS(I).EQ.2) 60 TO 11

READ(1,75) LINE,W(I)

LDENS(I)=.FALSE.

6070 12

READ(1,75) LINE,DENSITY(I)

LDENS(I)=.TRUE.

IF(1.EQ.1) GO TO 13

NREAD=NREAD+NSECT(I-1)

CONTINUE

DO 164 J=NREAD+1,NREAD+NSECT(I)

READ(1,75) LINE,R2B(J),R25(J),R1B(J),R1S(J),Y1(J),DXC(J)

Y2¢(J)=Y1(J)+DX(J)

EC(J)=R1B(JI-R2B(J)

FC(JI=R2B(JINY2(J)-R1B(J)IXY1I(J)

G(J)=R1S(J)-R2S(J)

HCJI=R2S(JINY2(J)-R1S(JINY1(J)

VOL(JIS(PI/DXCJINN2IX((Y2(JINNI=Y1(J)XXIIXC(E(J)UN2-G(J)**2)
8/73.4(Y20J)%N2-Y1(JINN2IK(E(IIXF(JI)=GC(JIIXH(JI)I+DX(J)I%
SCF(J)MN2-H(J)IAND) )/ (12.%x%3)

TVOL(I)=TVOL(I)+VOL(J)

CONTINUE

NTOTSEC=J

DO 20 I=1,NFIGS

JFCLDENS(I)) GO TO 20

XMASSCI)=W(I)/GRAV

DENSITY(1)=XMASS(I)/TVOL(I)

CONTINUE

TMASS= 0.. TZCG-O.. MN=0

DO 30 J=1,NFIGS

IF(J.EQ.I) 60 T0 23

MN=MN+NSECT(J-1)

N=NSECT(J)

DO 25 K=14+MN,N+MN

XMULTSPIXDENSITY(J)/(DX(K)IN%2)

DZCO=((Y2(K) HX4~YI(KINXGIN(ECK) %N2-CG(K)IXX2)/§. +
SCY2(KINNI-Y](KIURIINC2AECKINF(KI-2HG(KINH(K))I/3, ¢
SCY2¢K)HN2-YI LK) NN2IMC(F(K)%N2-H(K)IN%2)/2.)/(12.%%3)

DZCG=DZCGHXMULT

DMASS=DENSITY(J)%¥VOL(K)

72CG=72C6 + Dz2C6

TMASS=TMASS + DMASS

CONTINUE

ZCG=TZCG/TMASS

TWEIGHT= TMASS * GRAV

RINT
:gIgTF;DO YOU WANT TO CALCULATE MOMENTS™
1F(PRT.EQ. l:ﬂ) GO 70 999

DO 40 I=1,NFIGS
DENPI=PINDENSITY(1)/(12.¥%3)

Figure F.1 (Sheet 2 of 5).
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MOMENT
UTILITY PROGRAM FOR WEIGHT, CG, AND MOMENT-OF-INERTIA COMPUTATION

IF(I.EQ.1) GO TO 43

NREAD=NREAD+NSECT(I-1)

GO0 TO 44

43 NREAD=0; MZ=0.; MY=0.
44 CONTINUE

DO 45 J=SNREAD+1,NREAD+NSECT(I)

X2(J4)=2C6 - Y1(J)

X1(J4)=2C6 - Y2(J)

ACJ)=-E(J)

BC(J)I=R1IB(JIXRX2(J) - R2B(J)I*X1(J)

€(J)=-G6(J)

DC(J)=R1S(JIXX2(JI) -~ R2S(JI%X1(J)

ONE=R2B(J)¥%4 + R2B(J)¥¥3%R1B(J) + (R1BCJ)INR2B(J))I¥N¥2
] + R2B(JIXR1B(J)I®XI + R1B(J)%X§

TWO=R2S(J)I%%4 + R2S(J)IUXIXR1IS(J) + (R2SC(JIIXR1IS(J))¥x2
& + R2S(J)IXR1ISC(JINXI + R1S(J)xx4
MTP(J)=DENPIXDX(J)%(ONE-TW0)/10.
FIVE=(X2(JI®X5-X1(JIXX5)X(ACS)%%2-C(J)%¥2)/5.
SIX=(X2(J)HG=X1(JIXXG)IX(A(JIIXB(J)I-C(JIXD(JI))/2.
SEVEN=(X2(J ) %#3=X1(JINRIIX(B(J)I%%2=-D(J)*X2)/3,

b Y Juad Yot Pl pontd i b Gt G et (ud Pt P Poub Yoot P Pub
it b st 1t st ol (el el Pl e O D O DO DO DD
VO NAUIS LN =S 008~ OB D N
0000000000000 0000e®

JENRN S Sy aiy
-
N
o
(-]

8 1210 ADD=DENPIX(FIVE+SIX+SEVEN)/(DX(J)%%2)
B 1220 MYITC(J)=.5%MTP(J)+ADD
by 1230 MY=MY+MTT(J)
3 1240 465 M2=MZ2+MTP(J)
% 1250 60 CONTINUE
» 1260 PRINT,; PRINT,
1270 PRINT 400,MY/164. ,MYXGRAV,MYX]. 3556687144,
1280 PRINT,
1290 PRINT 6401,MZ/144.,MZXGRAV,MZ%].355668/164.
1300 999 PRINT,
1310 PRINT 402, TWEIGHTY, TWEIGHT*.4536
1320 PRINT,
1330 PRINT 403,2CG,2C0%2.564
1340 PRINT,"DO YOU WANT TO PLOT™
1350 READ, PRT
1360 IF(PRT.EQ.1HY) CALL PLOTIT
~ 1370 400 FORMAT(2X,"TOTAL TRANSVERSE MOMENT OF INERTIA =",1PEl12.4,
[{ 1380 $1X,"SLUG-FEET¥%2",/,37X,"=",E12.4,1X,"LB.-INCHESXX2",/,
e~ 1390 &37X,"=",E12.4,1X,"KG.-METERS%%2")
3 1400 401 FORMAT(2X,"TOTAL"™,2X,"POLAR™,2X,"MOMENT™,2X,"0F INERTIA",
’i 1410 &§2X,"=",1PE12.6,1X,"SLUG-FEET*x2%",/, 37X, "=",
[3 1420 $E12.6,1X,"LB.-INCHESH¥2",/,37X,"=",E12.4,1X,"KG.-METERSX%2")
‘i 1630 402 FORMAT(2X,"TOTAL PROJECTILE WEIGHT- =%,1PEl12.4,1X,"LBS.",/,
1640 826X%X,"=",E12.4,1X,"KG.")
s 1450 403 FORMAT(2X,"CENTER OF GRAVITY LOCATED™,0PF10.4,2X,
1660 &"INCHES FROM NOSE TIP™,/,27X,"(",F9.4,2%X,"CM.)")
1470 STOP
1480 END
Figure F.1 (Sheet 3 of 5).
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MOMENT
UTILITY PROGRAM PFOR WEIGHT, CG, AND MOMENT-OF-INERTIA COMPUTATION

SRY R CLRLRREY

1490 SUBROUTINE PLOTIT
. 1500 COMMON/A1/R2B(50),R25(50),R1B(50), 1 50),
1510 £Y1(50),Y2(50),NTOTSEC,2CG,NSECT(10),D X¢50}
1520 DIMENSION SX(4)
1530 CALL PLOTS("A")
1540 CALL PLOT(2.,4.25,-3)
: 1550 $X(1)=0.
: 1560 $X(2)=0.
X 1570 RMAX=0.
1580 DO 1 J=1,NTOTSEC
[ 1590 SX(2)IMAX(SX(2),Y2(J))
: 1600 RMAX=MAX (RMAX ,R1B(J))

CONTINUE

CALL SCALIT(SX.?..Z.I)

SEX=5X(4

$X(2)= RM

CALL SCALIT(SX,3.,2,1)

SFY=$X(4)

SFACT=MAX(SFX,SFY)
g;({FIX(IFIX(SFACT)/SFACT)) 6,6,5

CONTINUE
SFINV=1./SFACY
H=0.25

CALL SYMBOL(Z2CGXSFINV,0.,H,11,0.,-1)

FIRSTY=-3%SFX

CALL AXIS13(0.,-3.,"INCHES",~6,.14,7.,ND,0,0.,SFACT,1.,1,0)
CALL AX1S13(0.,-3.,"INCHES".6,.14,6.,ND,1,FIRSTY,SFACT,1.,1,0)

NF=1

N= NSEC?(I)

DO 3 J=1,NTOTSEC

CALL PLOT(YI(J)lSFINV.-RZS(J)NSFINV 3

CALL PLOT(YY(JIXSFINV,-R2B(JINSFINV,2

CALL PLOT(Y2(J)XSFINV,-R1B(JIXSFINV,2

CALL PLOTC(Y2CJIXNSFINV,-R1SCJIASFINV,2

CALL PLOT(Y1(J)INSFINV,-R2S(JINSFINV, ?
)
)
)
)

)
)
)
3
CALL PLOT( INSFINV,R2S(JINSFINV,

(
Y1¢J 3
CALL PLOTCY1(J)INSFINV,R2B(JIXSFINV,2
CALL PLDT(; zj)!SFlNVoRlltJ)NSFINV g

Y1idJ 2

1

1

2
CALL PLOTC(Y2(JIXSFINV,R1S(J)IXSFINV
ﬁA%LO;LOT( 1(JINSFINV,R2S(JIXSFINV,
HO2=0.5%H
X0=0.5%(Y1(J)+Y2(J))
Y0=0.25%(R1B(J)+R2B(JI+R1S(JI+R2S(J))
Y00:3-0.25%(R1BCJI+R2BCII4RIS(JI+R2S(J))
IFC(J.LE.N) GO TO 2
NF=NF+1

Figure F.1 (Sheet 4 of 5).
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MOMENT
UTILITY PROGRAM FOR WEIGHT, C8, AND MOMENT-OF-INERTIA COMPUTATION

1990 N=N+NSECT(NF)

2000 2 FIG=NF

2010 IF(DX(JINSFINV.LT.H) GO TO 3

2020 IFC.5%SFINVX(RIBCJI+R2B(JI-R18(J)-R25(J)I).LT.H) GO TO 3
2030 CALL NUMBER(XOXSFINV-HO2,YOXSFINV-HO2,#,FIG,0.,~1)

2040 CALL NUMBER(XOXSFINV-HO02,YOOMSFINV~-HO2,H,FIG,0.,-1)
2050 3 CONTINUE

2060 CALL PLOT(0.,0.,999)

2070 RETURN

2080 END

Figure F.1 (Sheet 5 of 5).




L Ve W ™S Al L AL g e SRR

001  NFIGS
002  NSECT(1),IDENS(1) RO
003 W(l) or DENSITY(1l) {depending on IDENS(1)}
004  R2B(1),R25(1),R1B(1),R1S(1),Y1(1),DX(1)

R2B(NSECT(1)) ,R2S(NSECT(1)), ...,DX(NSECT(1))

. 050  NSECT(2),IDENS(2)
: 051  W(2) or DENSITY(2)
X 052 R2B (1+NSECT(1)),... »DX(1+NSECT(1))
L.
- R2B(NSECT(2)+NSECT(1)),...  ,DK(NSECT(2)+NSECT(1))
i'] 500 NSECT (NFIGS) , IDENS (NFIGS)
=
g 501  W(NFIGS) or DENSITY(NFIGS)
L NFIGS-1 NFIGS-1
502 R2B(L+ I NSECT(1)),... ,DX(1+ I NSECT(1))
i=1 i=]
- NFIGS NFI1GS NFIGS
% 550 R2B( I NSECT(1)), R2S( I NSECT(1)),...,DX( I NSECT({1))
:; 1=1 1=1 1=1

Figure F.2 Format of MOMENT's input file.
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............
...................................

001 1
002 3,2

003 15.23

004 110¢3+0¢0+5

005 3+0:350+5,7

006 311¢371+12,8

Figure F.4 Input file for blunted conical-nosed projectile.

SQLD MONENT
SFRN

INPUT FILENAME
=BLNTHOM

DO YOU WANT TO CALCULATE MOMENTS?
=YES

TOTAL TRANSVERSE MOMENT OF INERTIA 8.1801E-01 SLUG-FEETkx2
3.7930E 03 LB,-INCHES®%2

1.1090E 00 KG.-METERS®x2

TOTAL POLAR MOMENT OF INERTIA 1.2768E-01 SLUG-FEETX%2
5.9201E 02 LB.-INCHES%%2

1,7309E-01 KG.-METERS®x2

TOTAL PROJECTILE WEIGHT = 1,3255E 02 LBS.
= 6.,0124E 01 KG.

CENTER OF GRAVITY LOCATED 10.9644 INCHES FROM NOSE TIP
( 27.8546 CHM,)

DO YOU WANT TO PLOT?
=YES

Figure F.5 Time-sharing input-output sequence for blunted
conical-nosed projectile.
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001 8

. 002 1591
- : 003 367,
t" 004 050y.47+0+0,.44
005 +47+091.04,09.44,1,92

3 006 1.049091,6+092,3692,14
Y °°7 1060'0’2016'0"05!2058
008 2:161012.5490,7.08+1.76
4 009 2.54+0,2,85+0+8.8492,6
i 010 2.85+,0+3.,02,0s11.44,1,72
011 3.02+0,3.1690+13.16+1.74
012 3,16+0+3.22+0114.92,1,32
013 3.225073.25+0:16:24,9,74
014 3.257.95,3425+1,44,25,98y,2
015 342591.4493,25+1.84+26.18,.5
. 016 3:2511.,8493.2521:97+26.48y.52
F 017 3025!1097'3025!20127021103
d 018 3.2592+3.2592,+928,5,31.5
v 019 4,1
ﬁ' 020 3.
. 021 .95+021.,4490+25.:98,.2
022 1,44+0,1.8450,26.18+.5
023 1.84,091.9710926.68,.52
024 1.9790¢2+0+27.241.3 I
025 1.1 R
026 4., . St
027 2’1048!2071048!2805111009 ﬁ;'
028 1,1 asil
029 9.5 . e
030 2+012+0039,5927.8 Q'"' .
031 4,1 .
032 8.9
033 2+05250947.39+11.45 RSN
034 1.63,0,1.63:0,58.84,.4 .
035 1.631.85:1.4631.97159.24,.4
036 1:639:9711:631497159.6414,¢
037 21
038 3.
039 291.6312+1,83+/58.8491,.16
°4° 3025'1063’3025’10639600los
041 2.1
042 3,
043 005'00'097!0.!59024’04
044 097!0!097700'5906‘!406
045 3,1
046 117,
047 ‘075’3025'4075'3025!600905
048 4,7591.,83+4.75+1.:63+60,5:3.74
049 ‘075'0014075!00!64024!1076

Figure F.8 Input file for Watching Hill penetrator.
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SOLD MOMENT
i
INPUT FILENAME
=SABOT

n DO YOU WANT TO CALCULATE MOMENTS?
=YES

4,1062E 01 SLUG-FEET%¥%2
1,9040E 05 LB,-INCHES¥%2

TOTAL TRANSVERSE MOMENT OF INERTIA

5.5647E 01 KG.-NETERSYS2
i TOTAL POLAR MHOMENT OF INERTIA = 8.0501E-01 SLUG-FEETXx2
2 = 3,7327E 03 LB.-INCHES%%2
= = 1,0913E 00 KG.-METERS¥X2
ﬁ] TOTAL PROJECTILE WEIGHT = 5.1700€ 02 LBS.

3 ‘ = 2,3451E 02 K6.

CENTER OF GRAVITY LOCATED 39.1027 INCHES FROM NOSE TIP
( 99.3208 CH.)

DO YOU WANT TO PLOT?

=YES
Figure F.9 Time-sharing input-output sequence
for Watching Hill penetrator.
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)
0

It Eaor U i

CPENC

1000

13
16

1001

......

PENCO2D
WES' TWO-DIMENSIONAL PENETRATION CODE

02D
PARAMETER NMAX=7
DIMENSION RR0(70),550(70),RR1(70),5SS1(70),QDECEL(200),QSPEED(200)
DIMENSION JQSET(20),VAVE(3),VPR(3),IQ(50),QPATH(200),QGMP(200)
COMMON/TRANS/SN0,XCGO/BACK/ALPHA/INCR/DGAMAD, DALFAD, NUMSTP
DIMENSION ZDUM(4),YDUM(4),QM(280),QN(280),Q1(200),Q2(200)
DIMENSION TIME(200),QLTACC(200),QAXACC(200),QCGMOM(200)
COMMON/TPLOT/TITLE,NLAY,NUMPLTS, ICHO0Z(8),ZCUT/WT2/XIINV,XM
COMMON/LABELS/YLL,YLR,XL,XR,NCX, NCYL
CHARACTER »*18YLL,XL,YLR*19,XR%19,TITLE*45
COMMON/PXTRA/STEST,PICON, ARATIO,NEL/X2/DELPREV
COMMON/PLTPR/FIRSTX,DELTAX,FIRSTY,DELTAY
COMMON/BIGS/ADA(70),CAT(70),5AT(70)/FIXT/SB,SC,SE,LOGCUT
COMMON/MSUN/2STOP,YSTOP, GAMSTP, VEL ,ZSHIFT
COMMON/HOPE/VALUE(6),DER(6), THETAD(70), THETND, THETFD,

&TIMEF, TIMEI, GAMMAD, FREQI,NSTP,ALSTP/DOPE/W1I,FYP,NEMOVZ, ALPHAD
COMMON/DARE/WEIGHT ,XICG, AGRAV, FZP,VELF
COMMON/SHAP/DELS(70),5(70),R(70),THETA(70), THETAF,RB,EJ,

&RJ,RN,RC,RO, XFA,XFF,XLP,XCG,SN, THETAN
COMMON/FINK/ZM(NMAX) , GAMI , RADDEG, DEGRAD,R90,R180,R270,R360, IOPSHP
COMMON/DANG/XSALP(264),XCALP(24)/ROUND/ALAS, ELAS
COMMON/NEWT/FRAD, FANG,DTMAX, DTMIN, FREKOT, IREDUC, NUMNOS , NPRINT
COMMON/INTERM/AKASER(70,NMAX) ,BKBSER(70,NMAX) , GKCATEC(NMAX),

&HRD1 (NMAX) , HRD2 (NMAX)
COMMON/YOUNG/LMEDIA(NMAX) , SNUMCNMAX) , SHRGD(NMAX) , DENSITY(NMAX),

SYIELDC(NMAX)/SEPARE/SYNEFEE, TANFEE,PHIMIN,RCAV(70),50(10)
kgg{cab LOGDT, LMEDIA,LPRNT,LOGCUT
DATA MU/1.633E4/,BET/0.1764/,GAM/90.28/

DATA AK/1.253/,BK/3.67/,CK/5.97

FSQ(J,X)SSQRT(X(J)%H2+X(J+1)%%2)

AGRAV=386.07

R360=6.2831853; R180=0.5%R360; R9O=R360%0.25; R270=R360%0.75
RADDEG=360./R360

DEGRAD=R360/360.

SZE8=S.

CALL PLOTS(,,3)

CALL PLOT(0.,8.,-3)

LMEDIA(1)=.T.
SNUM(1)=1.E10
ZM(1)=0.

CALL READIN
FRADSV=FRAD
FANGSV=FANG
VCHKSV=.2XVEL
NUMB=0; SNO=SN; XCGO=XCG; IBACK=1
AKA=AKXMU
BKB=BK¥SQRT(BET)
GKC=CKXGAM
PICON=R180/NEMOV2
FC(ELAS) 15,15,16
LAS=0.01
ALAS=R90/ELAS
IMULT=NEMOV2/2
GAMI=GAMMADXDEGRAD
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WES®' TWO-DIMENSIONAL PENETRATION CODE

GULF=(GAMMAD-ALPHAD) ¥DEGRAD
THETAN=THETNDXDEGRAD
THETAF=THETFDXDEGRAD
IFC(IOPSHP.NE.0) GO TO 103
INL=NEL
DO 107 I=1,NEL
THETACI)=THETAD(I)*DEGRAD

107 CONTINUE

103 S(1)=XC6 - DELS(1)/2.
NUMB=NUMB + 1
IF(NUMB.GT.NUMSTP) GO TO 1000
XCG=XCGO
SN=SND
FRAD=FRADSV
ICNT=0
VCHEK=VCHKSV
FANG=FANGSV
YITO=XCGXSINCGAMI)
ZIT0=-XCGXCOSC(GAMI) - ZSHIFT
LOGCUT=F.
DYITO=-VELXSIN(GULF)
DZIT0= VEL*COS(GULF)
IF(NUMB.EQ.1) GO TO 106
IF(IBACK.EQ.1) GO TO 835
CALL BACKWARD
IBACK=1
GO TO 835

106 IFCIOPSHP.NE.0) GO TO 106
DO 105 1=2,NEL
IM1=1I-1
S(I)=SCIM1)-((DELS(IM1)+DELS(I))/2.)

105 CONTINUE
G0 TO 200

106 CONTINUE

d STEST = XCG - XLP

< DELS(2)=DELS(1)

&3 CALL CONSET

o 60T0¢110,120,130,140),I0PSHP

o 110 CALL SHP1($1000)

i GO TO 201

: 120 CALL SHP2
GO TO 201

- 1640 CALL SHP¢

o 60 70 201

5 130 CALL SHP3($1000)

e 201 INL=NEL R
NEL=NEL + 1 e
SCNEL)=SCINL)-DELSCINL)/2.-.0005 e
DELS(NEL)=.001 @
RCNELIS(RCINL) + DELSCINL)¥TANCTHETACINL))Z2.)/2. e
THETACNEL)=-ATANCR(NEL)/.0005) SRS

200 CONTINUE e
CALL SEPARATE Tl

»

%
'
.

e
Aadat

WRITE(6,2) IOPSHP,NEL
2 FORMAT("1 SHAPE IS",12,4X,"NEL=",13,//7,64X,"I",
&9X,"RCII™, 9X,"SCI)™, 7X, "THETACI)™,6X, "DELS(I)™,6X, "RCAV(I)"™)
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PENCO2D
WES®' TWO-DIMENSIONAL PENETRATION CODE

CONTINUE
RMAX=0.; NLM=4XNEL+1; NEX=NLM-1
D0210I=1,NEL

J2=2x1
J1=J2 - 1
K1=NLM - J2
K2=NLM - J1

DOVE2=DELS(I)/2.
QM(J1)=S(I) + DOVE2
M(J2)=8(I) - DOVE2
QQM(K2)=QM(J1)
QM(K1)=QM(J2)
DR=DOVE2XTANCTHETA(I))
QN(J1)=R(I) - DR
QN(J2)=R(1) + DR
QN(K2)3-QN(J1)
QN(K1)=-QN(J2)

RMAX=AMAX1 (RMAX,R(I))
X=THETA(I)XRADDEG
WRITE(6,5) I,R(I),S(I),X,DELS(I),RCAV(I)
CONTINUE

RROCI)=R(I)

$S0C¢I)=S(I)

J=NEL-I+1

RR1(1I)=R(J)

$51(1)=-S(J)

VALP=QM(1) - QM(2XNEL)
VBET=2.%RMAX
IF(VALP.LT.VBET)GOTO212
CALL SCALIT(QM,SZES,NEX,1)
QN(NEX+1)=QM(NEX+1)
QN(NEX+2)=QM(NEX+2)
6070213

CALL SCALIT(QN,SZES,NEX,1)
QM(NEX+1)=QN(NEX+1)
QMINEX+2) =QN(NEX+2)
CONTINUE

NCX=25

XL=18H DIST FROM CG ¢
XR=3HIN); NCYL=21
YLL=18HX-SECTION RADIUS (
YLR=3HIN)

SZD=SZE8+.15

CALL SYMBOL(l.,SZD,.2,16HPROJECTILE SHAPE,0.,16)
CALL PLOTITC(NEX,QN,QM,0,SZES)
QNC(NEX+1)=0.

DL=PICON

DO 10 J=1,IMULT

ALP = (J-.5)%DL

XSALP(J) = SINCALP)
XCALP(J) = COSCALP)

DO 11 J=IMULT+1,NEMOV2
JJ=NEMOV2+1-J4

XSALP(J) = XSALP(JJ)
XCALP(J) ==XCALP(JJ)

DO 915 JJ=1,NLAY




PENCO2D
WES* TWO-DIMENSIONAL PENETRATION CODE

IFC.NOT.LMEDIACJJI)) GO TO 918
DO 916 I=1,NEL
AKASERCI, JJ)=AKAZ (2. ¥RCIIXSNUMCJJ))
916 BKBSER(I,JJ)=BKBXSQRT(2.¥R(I))/SNUMCJJ)
GKCATECJJ)=GKC/SNUM(JJ) %2
GO TO 918
918 HRD1(JJ)=6.3298%YIELD(JJ)
HRD2(¢JJ)=6.74735%SQRT(DENSITY(JJIXYIELDCJJ))
915 CONTINUE
DO 829 I=1,NEL
ATEH = R90 - THETA(CI)
CAT(I)=COS(ATEH)
SAT(I)=SINCATEH)
829 ADACI)=DL¥R(I)*DELSCI)/COS(THETACI))
835 WRITE(6,4)
VALUE(1)=YITO
VALUE(2)=2IT0
VALUE(3)=DYITO
VALUE(4)=D21T0
VALUE(5)=GAMI
VALUE(6)=W11
VB=VEL
W=WEIGHT; IQSET=1
JQSET(1)=1
JQSET(2)=NSTP+1
CALL CALF
ABALF=ABS(ALPHA)
PLAST=0.
MXX=0
IF(SN.LE.0.) SN=0.5%XLP
SEGLEN=SN/NUMNOS
IBACK=1
NCNT1=0; TIND=TIMEI; LOGDT=.F.
NF=1; FNF=FREKOT
LPRNT=.F,
, IF(NPRINT.EQ.2) LPRNT=.T.
: DEL=SEGLEN/VB
- PATH=0.; NBODY=1
XE PTST=NBODYXFREQI*XLP
o PTDIFSPTST; IQ(1)=1

w0 Jeo=1

E CALL FORCES(VALUE,TIMEI)

= WRITE(6,3) JQ,YITO,2IT0,GAMMAD,NCNT1,DYITO,DZITO,W1I,

o ¢MXX, TIMEX,FYP,FZP,SB,DEL, FYP/W, FZP/W,SB/W, ALPHA,SC,

o &SC/W, SE, W

3 Q1(1)=YIT0; Q2(1)=ZIT0; QGMP(1)=GAMI-R180; TIME(1)=TIMEI
oD QLTACC(1)=SB/W; QAXACC(1)=SC/W; QCGMOM(1)=SE

2 QDECEL(1)=-QAXACC(1l); QSPEED(1)=VBr12.; QPATH(1)=0.

& QLTMIN=QLTACC(1); QLTMAX=QLTACC(1); QDECMX=QDECEL(1)
e DO 400 JQ=2,NSTP
25 220 CONTINUE

IF(LOGDT) GO TO 227
IF(PATH.GT.SN) GO TO 502
DT1=SEGLEN/VB

GO TO 504
502 DT1=FRAD%RO/VB
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PENCO2D
WES' TWO-DIMENSIONAL PENETRATION CODE

ABV6=ABS(VALUE(6))
IF(ABV6.GT.0.5) GO TO 501
DEL=DT1

GO TO 503

DT2=FANG/ABV6
DEL=MIN(DT1,DT2)
DEL=MIN(DEL,DTMAX)
DEL=MAX(DEL,DTMIN)

CALL FORCES(VALUE,TIND)
VB=FSQ(3,VALUE)
IF(VB.LE.VELF) MXX=?7
IF(TIND.GE.TIMEF) MXX=3
CALL CALF

ABALF=ABS(ALPHA)
IF(ABALF.GE.ALSTP) MXX=9
IF(ABALF.LT.90.) GO TO 224
CALL BACKWARD

IBACK=-IBACK

IQSET=IQSET+]
JQSET(IQSET)I=JQ

G0 TO 223

IF(MXX.6T.2) 60 TO 223
IF(LPRNT) GO TO 20
IFCTIND.LT.FNF) GO TO 45
GO0 TO 22

IF(PATH.LT.FNF) GO TO 45
NF=NF+1

FNF=NFXFREKOT

G0 TO 223

IF(LOGCUT) GO TO 288
IF(VALUE(2).GT.2CUT) GO TO 238
IFC(ABS(VALUE(6)).GT.0.05.0R.ABALF.GT.0.01) GO TO 288
IF(ABS(SB/W).67.1.5) GO TO 288
LoGCuT=.7.
VALUE(3)=-VEXSINCVALUE(5))
VALUE(4)= VBXCOS(VALUE(S))
VALUE(6)=0.

G0 TO 227

IFCLPRNT) GO TO 24
IFCTIND+DEL.GT.FNF) DEL=FNF-TIND
VPR(1)=VALUE(3)
VPR(2)=VALUE(4)
VPR(3)=VALUE(6)
DER(3I)SDELXFYPXXM
DER(4)=DEL¥FZP%XM
IF(LOGDT) GO TO 187
IF(VB.GT.VELF+2.0%FSQ(3,DER)) GO 7O 187
LOGDT=.T.

DEL=DELPREV

DELSAV=DEL

GO TO 186

IFC(LOGCUT) GO TO 48
DER(6)=DELX¥SEXXIINV

GO TO 47

DER(6)=0.

Do 239 11=1,3
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WES' TWO-DIMENSIONAL PENETRATION CODE

S1I+2
11
I:.NE.S) GO TO 238
5

VALUE(II2)=VALUE(II2) + DER(II2)

VAVE(II)=(VALUE(II2) + VPR(II))s2.
DERCIP)I=VAVE(II)XDEL

VALUECIP)=VALUE(IP) + DER(IP)

TIND=TIND + DEL

NCNT1=NCNT1+1

DELPREV=DEL

PATHSPATH + FSQ(1,DER)

IF(PATH.LT.PTST) GO TO 220

NBODY=NBODY + 1

PLAST=SPATH

PTST=NBODYXFREQI*XLP

IQ(NBODY)=JQ

GO TO 220

IF(JQ.EQ.NSTP) MXxX=2

IFCABSC(VALUE(1)).GT.YSTOP) MXX=6

IF(VALUE(2).LT.ZS5TOP) MXX=5
IF(VALUE(2).GT.MAX(XCG,XLP-XCG)) MXX=6
V53VALUE(5)%RADDEG

IF(V5.6T.GAMSTP) MXX=8

WRITE(6,3) JQ,VALUE(1),VALUE(2),V5,NCNT]1,VALUE(3),VALUE(4),
SVALUE(6),MXX, TIND, FYP,F2P,SB, DELPREV, FYP/W,FZP/UW,
&£SB/W,ALPHA,SC,SC/W,SE,W

FORMAT(/,1X,6HSTEP =,14,11X,13HY-POSITION =,El3.6,
24X,12HZ-POSITION =,E13.6,4X,14HPITCH ANGLE =,E13.6,
64X, JHCOUNT ,164,7,22X,13HY-VELOCITY =,E13.6,4X,
&12HZ-VELOCITY =,E13.6,4X,14HPITCH RATE =,E13.6,4X,
$9HRETURN =,14,/,1X,6HTIME =,E11.4,4X,13HY-FORCE =,
&E13.6,64X,12HZ-FORCE =,E13.6,4X,14HPITCH FORCE =,E13.6,
&4X, 7HDEL s,E11.64,/,22X,5HY-6'S5,7X,1H=,E13.6,4X,5HZ2-6G"'S,
86X,1H=,E13.6,4X,9HPITCH G'S,4X,1H=,E13.6,4X,7HALPHA =,
$E11.4,/,22X, 1IHAXIAL FORCE =,E13.6,4X.12HAXIAL G'S =,
$E13.6,4X,14HPITCH MOMENT =,1PEll.4,2X,
&12HPROJ WEIGHT=,El1l.4)

IFC(LOGCUT) GO TO 19

IF(VDB.GT.VCHEK) GO TO 19

IFCICNT.GE.IREDUC) GO TO 19

VCHEK=0.5%VCHEK

FRAD=FRAD/3.

FANG=FANG/3.

ICNT=ICNT+1

CONTINUE

IFC(LOGDT) DEL=DELSAV

Q1(JQ)=VALUE(1)

Q2(JQ)=VALUE(2)

QGMP(JQ)=VALUE(5)-R180

TIMEC(JQ)=TIND

QLTACC(JQ)=SB/U

QAXACC(JQ)=SC/W

QCGMOM(JQ) =SE

QDECEL(JQ)=-QAXACC(JQ)

112
IP=
IF(
112

Pz

G7




400
450

255
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QSPEED(JQ)=VB/12.
QPATH(JQ)ISPATH

NCNT1=0
QLTMAX=MAX(QLTMAX,QLTACC(JQ))
QLTMIN=MINC(QLTMIN,QLTACC(JQ))
QDECMX=MAX(QDECMX, QDECEL (JQ))
IF(MXX.GT.2) GO TO 450
CONTINUE

NBODY=NBODY + 1

IQ(NBODY)=JQ
IF(NBODY.EQ.2.0R.PATH-PLAST.GT.0.55%PTDIF) GO TO 255
NBODY=NBODY - 1

IQ(NBODY)=JQ
JQSETC(IQSET+1)=JQ+3
IF(JQ.LT.4) GO TO 777

/S At DA MRL e Ubne Baeun suhe damut NS A M ST

WRITE(6,%20) QPATH(JQ),QPATH(JQ)/12.,(TIME(JQ)-TIMEI)*1000.,

&QSPEED(JQ),QLTMIN, QLTMAX, QDECMX

420 FORMAT(//3X,"FINAL STATISTICS"™,/3X,16C(1H%),/1X,"PATF LENGTH ",
$"TRAVELED=",E13.5," IN. (",E13.5," FT1.)",/1X,"TIME ELAPSED=",
$E13.5," MSEC",/1X,"FINAL SPEED=",E13.5," FPS",/1X,"MIN. LATERAL "
&,"ACCELERATION=",E13.5," G'S"™,/1X,"MAX. LATERAL ACCELERATION=",

63

234

352

350

354

&E13.5," G'S",/1X,"MAX. AXIAL DECELERATION=",E13.5," G'S™)
TADD=AMAX1(XLP,2%R0)

CALL SCALIT(Ql,SZ2ES,JQ,1)

X1=Q1(JQ+1); DX1=Q1l(JQ+2)

CALL SCALIT(Q2,SZES,JQ,1)

X2=Q2¢(JQ+1); DX2=Q2(JQ+2)

CONTINUE

ZDUM(1)=Q2(1); ZDUM(2)=Q2(1); YDUM(1)=Q1l(1);YDUM(2)>=Q1(1)
DO 234 J=1,JQ

ZDUM(1)=AMIN1(Q2(J)-TADD,ZDUM(1))
ZDUM(2)=AMAX1(Q2(J)+TADD,ZDUM(2))
YDUMC1)=AMINLI(Q1(J)~TADD, YDUM(1))
YDUM(2)=AMAX1(Q1(J)+TADD,YDUM(2))

CALL SCALIT(ZDUM,SZES,2,1)

CALL SCALIT(YDUM,SZES,2,1)

X1=YDUM(3)

DX1=YDUM(4)

X2=ZDUM(3)

DX2=2DUM(4

Q2(JQ+1) = X2

Q2(JQ+2) DX2

Q1(JQ+l) = X1

Q1¢JQ+2) DX1

DELSCAL = AMAX1(DX1,DX2)

IF(DELSCAL-DX1) 350,352,350

Q2(JQ+2) = DELSCAL

CALL SETUP(X2,SZES8,DELSCAL,ISTRT,DX2,DX1)
Q2(JQ+1) = ISTRT ¥ DELSCAL

GO 70 354

Q1(JQ+2) = DELSCAL

CALL SETUP(X1,SZES,DELSCAL,ISTRT,DX1,DX2)
Ql(JQ+1) = ISTRT % DELSCAL

YLL=18H 2 (

XL=18H Y

YLR=3HIN); NCYL=36
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PENCO2D
WES' TWO-DIMENSIONAL PENETRATION CODE
XR=YLR; NCX=NCYL

FIRSTX = Q1(JQ+l)
DELTAX = Q1(JQ+2)
FIRSTY = Q2(JQ+l)
DELTAY = Q2(JQ+2)
DO 333 J=1,NBODY
JUSE=1Q(J)
INDEX=2

330 IFC(JUSE.LT.JQSETC(INDEX)) GO TO 331
INDEX=INDEX + 1
GO T0 330
331 INDEXSINDEX - 1
INDY=CINDEX/2)x2
IFCINDY.EQ.INDEX) GO TO 447
gal%ong;PRO(Ql(JUSE).Qz(JUSE):QGﬂP(JUSE)oSSO.RRO)
447 CALL PLOTPRO(CQI(JUSE),Q2(JUSE),QGMP(JUSE),SS1,RR1)
333 CONTINUE
NCHS=-FIRSTY/DELTAY
XNC=NCHS

CgLL AgISlJ(O..XNC »1H ,1,0.,52E8,~1,0,0.,0.,1.,1,0)

12ZE=SZES
DO 125 LZ=1,IZE
XST=XST+1.0
CALL CALCMP(XST,XNC,0,1)
125 Satk CALCMP(XST,XNC-.07,16,1)
123 J0=J0+1
IF(JO.GT.NMAX) GO TO 124
IF(ZM(JO)+2DUM(1)) ,124,124
YST=ZM(JO)/DELTAY
YST=XNC-YST
CALL CALCMP(O0.,YST,0,1)
CALL CALCMP(SZES8,YST,15,1)
G0 TO 123
126 CALL PLOTIT(JQ,Q2,Q1,0,SZES8)
IF(NUMPLTS.EQ.0) GO TO 1000
XL=18H TIME (
XR=4HSEC); NCX=34
CALL SCALIT(TIME,SZES,JQ,1)
DO 149 J=1,NUMPLTS
G0 70 (131,132,133,134,135,136,137,138),ICH00Z2¢J)
Cxxxxx PLOT AXIAL ACCELERATION VS TIME xx
131 YLL=18H AXIAL ACC (
YLR=6HG'S); NCYL=29
galloPkgle(JﬁpQAXAcc »TIME,1,SZES8)
Cixxxx PLOT AXIAL DECELERATION VS TIME xxxx
132 YLL=18H AXIAL DEC (
YLR=4HG'S); NCYL=29
gsl%oPLO;IT(JQ »QDECEL,TIME,1,SZES8)
Cixxxx PLOT LATERAL ACCELERATION VS TIME »xxxx
133 YLL=18H LATERAL ACC (
YLR=4HG'S); NCYL=27

G9
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] CALL PLOTIT(JQ,QLTACC,TIME,1,SZES) ®
) GO0 TO 149 v
Cxxxx%% PLOT CG MOMENT VS TIME M o
X 1364 YLL=18H CG MOMENT ¢ a

YLR=6HLB~-IN); NCYL=31
CALL PLOTIT(JQ,QCGMOM,TIME,1,SZES)

A GO TO 149 . ¢
- Caxxx¥x PLOT VELOCITY VS TIME ¥xxx il e
h 135 YLL=18H VELOCITY ( ®

YLR=6HFPS); NCYL=30 T

CALL PLOTIT(JQ,QSPEED,TIME,1,SZE8) B

G0 TO 149

Cxxxxx PLOT Y-DISPLACEMENT VS TIME X%X¥x
136 YLL=18H Y ¢

YLR=3HIN); NCYL=36 S
CALL PLOTIT(JQ,Q1,TIME,1,SZES) RIS,
GO TO 149 é
Cxxxx% PLOT Z-DISPLACEMENT VS TIME X% e
137 YLL=18H 2« Co
- YLR=3HIN); NCYL=36 ACEER
CALL PLOTIT(JQ,Q2,TIME,1,SZES) ST
GO TO 149 S
Cx¥x%%* PLOT AXIAL DECELERATION VS PATH LENGTH ¥3xxx o
138 YLL=18H AXIAL DEC ( T
YLR=64HG'S); NCYL=29 o
XL=18H PATH LENGTH ¢ Ce e
XR=3HIN); NCX=26
3 CALL SCALIT(QPATH,SZES,JQ,1)
CALL PLOTIT(JQ,QDECEL,QPATH,1,S2E8)
149 CONTINUE
777 CONTINUE
IF(DALFAD) 1003,1002,1003

. N a2 )
i S

Ol

u 1002 IF(DGAMAD) 1003,1000,1003 @ )
; 1003 GAMMAD=GAMMAD + DGAMAD st
5 . ALPHAD=ALPHAD + DALFAD C -

: G0 7O 1001

% FORMAT(1H1)
5 EagMAT(ZX.IS.SX.FIO.S.QFIS.S)

Cxxxx% CALCULATE CAVITY-RADIUS ARRAY AND SEPARATION POINT(S) Mwxkx
SUBROUTINE SEPARATE
COMMON/SEPARE/SYNEFEE, TANFEE,PH,RCAV(70),50(10)
£/PXTRA/DUM(3),NEL/SHAP/DELS(70),
$5(70),R(70),TH(70), THETAF, DUMN(5) ,R0,XFA,XFF,XLP,XCG, SN
RCAV(1)=R(1) : .
J=2 .
1=0 -
10 IF(PH) 15s15s11 :
11 IF(PH.GT.TH(J)) GO TO 20
15 503V{J)=MAX(R(J).RCAV(J-I))
sJ+
IF(J.GT.NEL) GO TO 100
GO0 TO 10
20 I=I+1 -
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WES' TWO-DIMENSIONAL PENETRATION CODE

S0(I)=S(J)+0.5%DELS(J)
RO=R(J)-0.5%DELS(JIXTAN(TH(J))
ROSQ=RO»x*2

RTF=2XROXTANFEE
RCAV(J)=SQRT(ROSQ+RTFX(S0(I)-S(J)))
IF(RCAV(J).LT.RC(JI) GO TO 15
J=J+1

IF(J.GT.NEL) GO T0 100

GO TO 22

I=1+1

S0(I)=-1.E20

RETURN

END

Cxxxx¥ DETERMINE AXES STARTING LOCATION FOR TRAJECTORY PLOT dexxx

15
20

10

SUBROUTINE SETUP(X,SIZE,DSCALE,ISTRT,D1,D2)
ISTRT = X/SIZE

ISTRT = ISTRT - 4

IFCISTRT*DSCALE-X) 20,20,10

ISTRT = ISTRT + 1

GO T0 15

ISTRT = ISTRT - 1

IF(D1.LT.(.75%D2)) ISTRT = ISTRT -1

RETURN

END

Cuxxxx PLOT PROJECTILE SHAPE AT (YCG,ZCG) ON TRAJ. PLOT adxxx

10

SUBRQUTINE PLOTPRO(YCG,ZCG,GAMMAP,S,R)
COMMON/PLTPR/FIRSTX,DELTAX, FIRSTY, DELTAY
COMMON/PXTRA/DUMMY(3), NEL

DIMENSION SC(1),R(1),X(150),Y(150)
SGMP=SIN(GAMMAP)

CGMP=C0S (GAMMAP)

DO 10 J=1,NEL

ONE=S(J)xSGMP

TWO=5(J)*CGMP

THREE=R(J)I*SGMP

FOUR=R(J)XCGMP

X(J)=0ONE + FOUR + YCG

Y(J) = 2CG - TWO + THREE

JJ = 2%NEL - J + 1

Y(JJ)=0NE - FOUR + YCG

Y (JJI=ZCG - (TWO + THREE)

NPTS = 2¥NEL + 1

X(NPTS) = X(1)

Y(NPTS) = Y(1)

X(NPTS+1) = FIRSTX
X(NPTS+2) = DELTAX
Y(NPTS+1) = FIRSTY
Y(NPTS+2) = DELTAY

CALL LINE(X,Y,NPT7S,1,0,12)
CALL SYMBOL((YCG-FIRSTX)/DELTAX,(ZCG-FIRSTY)/DELTAY,.07,11
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$,0.,-1)
RETURN
END

CH%x%% DRAW AND LABEL AXIS %xx
SUBROUTINE AXIS13(X,Y,IBCD,NC,H,SIZE,NN,IXY,XMIN,DX,
: SPACE, ITIC,NP10)
COMMON/PAX1S/IBEGIN
DIMENSION IBCD(1)
DATA IBCDI1/1H 7 o
NCHARS=ABS(NC) B
XY=IXY; ANGLEZXYX90.; TIC=ITIC NS
SPACZSPACE; G=H; XT=X; YT=Y SRR
GVERT=G; LINE=2 L
SIZ=SIZE; PL0=NP10 I
IF(SIZ) 1,16,100 .
1 LINE=3 R
s1Z=-S1z ERTNIEEY
100 ND=NN DN
NA=NN
IF(ND) 3,2,2
2 NDIG=ND + 1
G0 T0 30
3 ND=0
NDIG=0
30 NSPACE=SIZ/SPACE + .5
FNSPAC=NSPACE
TL=FNSPACXSPAC
IFCYT + TL¥XY - 29.) 6,6,31
31 CALL SYMBOL(XT,YT+.1,.164,13HAXIS TOO LONG,90.,13)
RETURN
4 HO2=.5%6
HO7=H02/3.5
TEMP=-NP10
POWER=10 . ¥%TEMP
DELX=POWERXDX; XNUMB=POWER¥XMIN

ANG=1. - XY

ALAB=1.

IF(NC) 5,6,6
5 ALAB=-1.

6 TICXY=(2.%XY-1.)XALABXTICX.1
XTIC=TICXY%XY; YTIC=TICXYXANG
TICM1=.16 - TICx%.05
LIN=3; NMAX=0; J=0 R
DO 12 I=J,NSPACE S s
NDIGIT=NDIG et e

CALL PLOT(XT,YT,LIN) e
LIN=LINE ey

CALL PLOT(XT+XTIC,YT+YTIC,2) S
IF(G) 7,11,7 DR
7 TEMP=-ND e
ITEMP=ALOGLO(ABS(XNUMB)+.5%10 . XxTEMP) + 1. o
IFCITEMP) 70,70,71 R
70 ITEMP=1 CE

*77?
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PENCO2D
WES' TWO-DIMENSIONAL PENETRATION CODE

NDIGIT=NDIGIT+ITEMP
IFCABS(XNUMB).LT.1.E-6) XNUMB=0.
IF(XNUMB) 9,10,10

NDIGIT=NDIGIT+1

IF(NDIGIT-NMAX) 77,77,76

NMAX=NDIGIT

FDIGIT=NDIGIT
CENTER=(7.%FDIGIT~3,)%H07%.5
XANO=~ALABXXYX(TICM1+CENTER) - CENTER
YANO=ALABXANGX(TICM1+H02) - HO2

CALL NUMBER(XT+XANO,YT+YANO,G,XNUMB,0.,NA)
XNUMB =XNUMB +DELX

CALL PLOT(XT,YT,3)

XT=XT+SPACXANG

YT=YT+SPACXXY

IF(NCHARS.GT.1) GO TO 20
IF(IBCD(1).EQ.IBCD1) RETURN
ANOLOC=IBEGINXGXALAB

ANOCHR=(SIZ -~ NCHARSXGVERT)¥.5

XS5T=X = XYXANOLOC + ANGXANOCHR

YST=Y + ANGXANOLOC + XY*ANOCHR

CALL SYMBOL(XST,YST,G,IBCD,ANGLE,NCHARS)
IF(NP10.EQ.0) RETURN

ANOLOC=(IBEGIN + ALABX.5)XGXALAB
ANOCHR=(SIZ + GVERT*(40-NCHARS))*.5
XST=X = XY*ANOLOC + ANGXANOCHR

YST=Y + ANGXANOLOC + XYXANOCHR

CALL NUMBER(XST,YST,5.%H07,P10,ANGLE,~-1)
REBURN

EN

Cxxxx¥ CONNECT PIECES OF AXIS LABEL TOGETHER 3

SUBROUTINE TLAB(KP,ICHOSE,TITLE,NC)

COMMON/LABELS/YLL,YLR,XL,XR,NCX,NCYL

CHARACTER *18YLL,XL,YLRX19,XR¥%19

CHARACTER LLAB¥18,RLAB¥29,TITLEX42

CHARACTER FMT1%17,FMT2%20,FMT3%17

DATA FMT1/17H(A18,"10
FMT3/17H(A18,A19,"

IF(ICHOSE.EQ.2) GO TO 11

LLAB=XL; RLAB=XR; NC=NCX

GO TO 13

LLAB=YLL; RLAB=YLR; NC=NCYL

IF(KP) 21,22,23

NSP=0

ENCODECTITLE,FMT3) LLAB,RLAB

GO TO 25

IF(KP-9) 24,264,211

NSP=4

ENCODE(TITLE,FMT2) LLAB,RLAB

GO TO 25

NSP=5

ENCODECTITLE,FMT1) LLAB,RLAB

NC=NC+NSP
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PENCO2D SRR
WES' TWO-DIMENSIONAL PENETRATION CODE R

RETURN
END

Cuxxxx DETERMINE AXIS ANNOTATION STARTING LOCATION
SUBROUTINE ANOSTRT(LOCATE,XKL0G,Q1,QSIZE,DELQ,RINC,NN)
POWER=10.%%(-KLOG)

ANOMIN=Q1%POWER
ANOMAX=ANOMIN + QSIZEXDELQXPOWER/RINC
AMINAB=ABS (ANOMIN)
AMAXAB=ABS (ANOMAX)
MXL0G=0; MNLOG=0 S
IFCAMINAB.GT.(1.0)) MNLOG=ALOG10(AMINAB)
IFCAMAXAB.GT.(1.0)) MXLOG=ALOG10(AMAXAB)
LOCATE=5 + MAX(MXLOG,MNLOG) + NN
IF(MXLOG-MNLOG) 10,10,20

16 IFCANOMIN.LT.(0.)) LOCATE=LOCATE + 1
GO TO 30

20 IF(ANOMAX.LT.(0.)) LOCATE=LOCATE + 1

30 gs;URN

Cxx%xx PLOT YARRAY VS XARRAY XM
SUBROUTINE PLOTIT(JQ,YARRAY,XARRAY,ISCALE,S2)
COMMON/PAX1S/IBEGIN
DIMENSION XARRAY(1),YARRAY(1)
CHARACTER TITLEX42,AAAX8/1H /
IFCISCALE.EQ.0) GO TO 30
CALL SCALIT(YARRAY,SZ,JQ,1)
30 X1=YARRAY(JQ+1)
| XDEL=YARRAY (J2+2)
S IF(XDEL.GT.0.) KP=ALOG10(XDEL)
< IF(KP.LT.0) KP=KP-1
o CALL TLAB(KP,2,TITLE,NC)
' CALL ANOSTRTCLOCATE,KP,X1,5Z,XDEL,1.,1)
IBEGINSLOCATE
CALL AXIS13(0.,0.,TITLE,NC,.09,5Z,1,1,X1,XDEL,1.,1,KP)
XSTRT=-.5
¢ DO 10 L=1,SZ
N XSTRT=XSTRT+1.
CALL CALCMP(0.,XSTRT,0,1)
10 CALL CALCMP(.07,XSTRT,16,1)
X1=XARRAY(JQ+1)
XDEL=XARRAY (2+2)
IF(XDEL.GT.0.) KP=ALOG10(XDEL) L
IFC(KP.LT.0) KP=KP-1 BRI
CALL TLAB(KP,1,TITLE,NC) Y
IBEGIN=5 e
CALL AXIS13(¢0.,0.,TITLE,-NC,.09,52,1,0,X1,XDEL,1.,1,KP)
XSTRT=-.5
DO 20 L=1,SZ
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PENCO2D
WES' TWO-DIMENSIONAL PENETRATION CODE

XSTRT=XSTRT+1.

CALL CALCMP(XSTRT,0.,0,1)

CALL CALCMP(XSTRT,.07,16,1)

CALL LINE(XARRAY,YARRAY,JQ,1,0,12)
ENCODE(AAA,55) TITLE

FORMAT(A8)
IF(AAA.EQ.8H DIST) GO TO 25
IF(AAA.EQ.8H DIST F) GO T0 25
CALL HEADING

CALL CALCMP(0.,0.,0000,2)
RETURN

END

Cxx%%% DETERMINE SCALE FOR ARRAY GIVEN SZ AXIS LENGTH X

10
50
12

20

61
110

118

120

SUBROUTINE SCALIT(ARRAY,SZ,NPTS,INC)

DIMENSION ARRAY(1),TIS(9),VM(9)

DATA TIS/.07918,.17609,.30103,.39794,.47712,.60206,
$.69897,.77815,.90309/,V/1.2,1.5,2.0,2.5,3.0,4.0,
45.0,6.0,8.0/

THMX=0. ;TMN=0.

DO 10 I=1,NPTS,INC

TMX=AMAX1(TMX, ARRAY(I

TMH=AMIN1 (TMN, ARRAY(I

CONTINUE

SZUSE=SZ

SUSE=(TMX-TMN)/S2USE

IF (SUSE) 12,118,12

QL0G=0.

IF (SUSE.GT.0.)QLOG=ALOG10(SUSE)

KLOG=QL0G

CHAR=KLOG

TISSA=QLOG-CHAR

VMULT=1.0

IF(TISSA)S5,110,20

TISSA=TISSA+L.

KLOG=K!.5G-1

IF(TY4SA.LE.1.E~-10) GO 7O 110
DO 41 J=1,9

IF (TISSA.GT.TIS(J)IGO TO 41
VMULT=VM(J)

GO 70 110
CONTINUE
KLOG=KLOG+1
ARRAY(NPTS+2)=VMULT*10 . %*%KLOG
XTEST=TMN/ARRAY(NPTS+2)
NTEST=XTEST
IF(NTEST.LE.XTEST) GO TO 120
NTEST=NTEST-1
GO0 70 120
ARRAY(NPTS+2)=0.

NTEST=0
ARPAT(NPTS+1)SNTESTHARRAY(NPTS+2)
RM.A=ARRAY(NPTS+1)
RMAX=RMIN+SZXARRAY(NPTS+2)
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WES®* TWO-DIMENSIONAL PENETRATION CODE

IF(TMX.GT.RMAX.OR.TMN.LT.RMIN)GO TO 60
RETURN
60 SZUSE=SZUSEX0.95
GO TO 50
END

Cx¥xxx PLOY DESCRIPTIVE HEADING ON FINAL PLOTS %xx
SUBROUTINE HEADING
COMMON/SHAP/DMY(286),R0/TPLOT/TITLE

COMMON/MSUN/DUMN(3), VEL/DOPE/DUN(3),ALPHAD/DARE/WEIGHT

COMMON/HOPE/DUM2(86) , GAMMAD

CHARACTER BADX*2/2HD=/,BBD%8/8H IN., W=/,
4BCD*8/8H LBS, V=/,BDD%4/4H FPS/,BED%6/6HALPHA=/,
&g;g*gSIISH DEG., GAMMA=/,BGD%5/5H DEG./,TITLEX45
SZF=522-.2

$26=52F~.2

CALL SYMBOL(.35,S2Z,.1,TITLE,0.,45)

R1=2.%R0O

CALL SYMBOL(.35,52F,.1,BAD,0.,2)

CALL NUMBER(999.,SZF,.1,R1,0.,2)

CALL SYMBOL(999.,52ZF,.1,BBD,0.,8)

CALL NUMBER(999.,S2ZF,.1,WEIGHT,0.,2)

CALL SYMBOL(999.,S82F,.1,BCD,0.,8)

R1=VEL/12.

CALL NUMBER(999.,SZF,.1,R1,0.,-
CALL SYMBOL(999.,52F,.1,BDD,0.,
CALL SYMBOL(.35,52G,.1,BED,0.,6
CALL NUMBER(999.,52G,.1,ALPHAD,
CALL SYMBOL(9%9.,52G,.1,BFD,0.,
CALL NUMBER(999.,SZG,.1,GAMMAD,
CALL SYMBOL(999.,52G,.1,BGD.O0.,
RETURN

END

-22)
3)
.»=1)
)

Cixxxx GEOMETRY GENERATOR FOR CONICAL NOSE xxx
SUBROUTINE SHP1(%)

COMMON/SHAP/DELS(70),5¢(70),R(70), THETA(70), THETAF,RB,EJ,

&RJ,RN,RC,RO,XFA,XFF,XLP,XCG,SN, THETAN
TTHETF=TAN(THETAF)
IFCTHETAN-1.E-4) 1,1,2
1 IF(SN-1.E-4) 99,99,3
3 C3=R0/SN
THETAN=ATAN(C3)
G0 TO 5
2 C3=TANCTHETAN)
SN=R0/C3
5 C1=XCG-SN
IFINISH=0
I=1
10 IF(I.NE.1)

$(I)=S(I-1)-((DELS(I-1)+DELS(I))/2.)
IF(S(1).LT.C1)GOTO100
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! RCI)=(XCG-S(I))INCS
THETACTI) =THETAN
G0 TO 150
100 IFCSCI).LE.XFF.AND.SCI).GE.XFA) GO TO 120
RCI)=RO
- THETACI)=0.
5 GO TO 150
-. 120 CONTINUE
RCI) = RO + (XFF ~ SCI)) XTTHETF
. THETACI)=THETAF
. 150 IFCIFINISH.EQ.1) RETURN
" CALL CONVERCIFINISH,I)
5 GO TO 10
99 WRITE(G,98)
-~ 98 FORMAT(//,1X,"SHAPE 1 THETAN AND SN ARE ZERO.")
- RETURN 1

ﬁl END

L Cx#x%% GEOMETRY GENERATOR FOR CONICAL NOSE TOPPED BY A SPHERE XXXXX
. SUBROUTINE SHP2
: COMMON/SHAP/DELS(70),5(70),R(70),THETAC70), THETAF,RB,EJ,
& &RJ,RN,RC,RO,XFA,XFF,XLP,XCG, SN, THETAN/X2/DELFPREV
"1 TTHETF=TANCTHETAF)
- TTHETN=TANCTHETAN)
3 C1=XCG-SN
o C4=XC6-RC
RNSQ=RN¥RN
C=RN-RC
RB=SQRT(RNSQ-C¥C)
IFINISH=0
1=1
SUMI=0.
10 IFCI.NE.1) SCI)=S(I-1)-((DELSC(I-1)+DELS(I))/2.)
SUMIM1 = SUMI
SUMI=SUMI+DELS(I)
IF(SCI).LE.C4)GOT0120
IFCI.67.1)60T0110
XL=SQRT(RNSQ-(RN-DELS(1)))
THETAC1)=ATAN(XL/DELS(1))
C=RN-DELS(1)%.5
R(1)=SQRTCRNSQ-C¥C)
GO TO 150
110 CONTINUE
C=RN-SUMIM1
RFI=SQRT(RNSQ-C¥C)
C=C-DELS(I)®.5
RCI)=SQRT(RNSQ-CXC)
C=RN-SUMI

I S
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RAI=SQRT(RNSQ-CxC)
THETACI)=ATANC(RAI-RFI)/DELS(I))
G0 TO 150

120 CONTINUE
IF(S(I).LT.C1)GOT0130
THETACI)=THETAN
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PENCO2D
WES' TWO-DIMENSIONAL PENETRATION CODE

251)‘Rl;(CQ-S(I))ITTHETN
130 CONTINUE
IF(S(I).LE.XFF.AND.S(I).GE.XFA)GOTO0145
R(I)=RO
THETA(1)=0.
GO 70 150
145 CONTINUE
RCI)=RO+ABS(S(I)-XFF)XTTHETF
THETACI)=THETAF
150 {;(IFINISH .EQ.1) RETURN
CALL CONVER(IFINISH,I)
IF(I.EQ.II) SUMI=SUMI-DELPREV
G0 70 10
END

Cxxxuxx GEOMETRY GENERATOR FOR OGIVE WITH OPTIONAL CONE TIP (RB,SN>0) *x
SUBROUTINE SHP3(x)
COMMON/SHAP/DELS(70),5(70),R(70), THETAC70), THETAF,RB,EJ,

&RJ,RN,RC,RO,XFA,XFF,XLP,XCG,SN, THETAN

N IF(RJ.LT.1.E-12) GO TO 110

& PHI1=ARSINCEJ/RJ)

! T3=RIXCOSCPHI1)-RO

PHI2=ARCOS(T3/RJ)

§ SNZZRINSINCPHIZ) = EJ

- IF(RB.LT.1.E-12) SN=SN2

; c0 T0° 136

110 IF(SN.LT.1.E-12) GO TO 120

SN2=5N
RB=0.
PHI3=ATANCRO/SN)
T4=SNx*,5/C0S(PHIL3)
T5=(EJ+SN¥,5)/SINCPHI3)
RJ=SQRT(TSXT5+T4xT4)
GO TO 130
120 CONTINUE
WRITE(6,1)
RETURN 1
1 FORMAT(1X,"SHAPE 3 RJ AND SN ARE ZERO™)
130 CONTINUE
C1=XCG-SN

k TTHETF=TANCTHETAF)

3 RJRJ = RJ ¥ RJ

' T8 = SN + EJ - XCG

H §g{ursn=o
IF(RB.LT.1.E-12) GO 7O 14
. PHIRB=ARCOS((T3+RB)/RJ)

XX=SN-RJXSINCPHIRB)

TTHETN=RB/XX

THETANSATANCTTHETN) .
IF(DELS(1).67.€0.8%XX)) GO TO 11 A
NCONE=IFIX(XX/DELS(1))+1 oA,

o o o - o - J -';‘k
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PENCOZD
WES' TWO-DIMENSIONAL PENETRATION CODE

DXX=XX/NCONE
THETAC1)=STHETAN

DELS(1)=DXX

XXX=DXX72.

$(1)=XC6-XXX
RCOLISTTHETNXXXX

I=I+1

XXX=XXX+DXX

DELS(I)=DXX

IF(I.GT.NCONE) GO TO 10
S(I)=XCG~-XXX
RCI)I=TTHETNXXXX
THETACI)STHETAN

G0 10 12

DELS(1)=XX

$(1)=XC6-XX/2.
THETAC1)=THETAN

?(%)=RB/2.
SC(I)=S(I-1)-((DELS(I-1)+DELS(I))r2.)
IF(S(I).LE.C1) GO TO 140
T77=T84S(1)
T7=SQRT(RJRI-T77%T77)
R(I)=T7-T3

C=T77-DELS(I)*%.5
RTH1=SQRT(RJRJI~CXC)
C=C+DELS(I)
RTH2=SQRT(RJRJ-CXC)
THETACI)SATANC(RTH1-RTH2)/DELS(I))
GO T0 150
IF(S(I).LE.XFF.AND.S(I).GE.XFA) GO TO 145
R(I)=RO

THETA(I)=0.

GO 70 150

CONTINUE
R(I)=RO+ABS(SC(I)-XFF)XTTHETF
THETACI)=THETAF
IFCIFINISH.EQ.1) RETURN

CALL CONVERCIFINISH,I)

GO 7O 10

END

Cxx¥x¥% GEOMETRY GENERATOR FOR BLUNTED CONICAL NOSE d¥xxx

SUBROUTINE SHP4
COMMON/SHAP/DELS(70),5¢(70),R(70), THETA(70), THETAF,RB,EJ,

&4RJ,RN,RC,RO,XFA,XFF,XLP,XCG,SN, THETAN

¢ XCG6

TTHETN=TANCTHETAN)
TTHETF=TANC(THETAF)

MUST BE GREATER THAN NOSE LENGTH
R(1)=0.5%RB
THETA(1)=ATAN(RB/.001)
DELS(1)=0.001

$(1)=XCG-.0005

RC= RB/TTHETN
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PENCO2D
WES' TWO-DIMENSIONAL PENETRATION CODE

SNT= RO/TTHETN
SN=  SNT-RC
Cl= XCG-SN
IF{NISH =0
GO T0 150
10 SC(IX=S(I-1)-C((DELSCI-1)+DELS(I))/2.)

IF(SC(I).LT.Cl) GO TO 1642
THETACI)= THETAN
R(I)=(XCG-SC(I))XTTHETN+RB
GO T0 15¢

142 CONTINUE
éfg?(I)RLE -XFF.AND.S(I).GE.XFA) GO TO 144
THETA(I)=0.
G0 7O 150

146 CONTINUE
R(I) = RO + (X¥FF - S(I)) XTTHETF
THETA(CI)STHETAF

150 IF(IFINISH.EQ.1) RETURN

CALL CONVERCIFINISH,I)
GO TO 10
END

adalel?

Caxxx% LONGITUDINAL ELEMENT THICKNESS GENERATOR (CONSTANT L/W FOR DA)
SUBROUTINE CONSET
COIMMON/SHAP/DELS(70),5¢70),R(70), THETA(70), THETAF,RB,EJ,

ERJ,RN,RC,RO,XFA,XFF,XLP,XCG,SN, THETAN

H COMMON/PXTRA/STEST,PICON, ARATIO,NEL/X2/DELPREV

LOGICAL LOG,LOG2

FLOC(I,X>=S(I)-0.5%DELS(I)+X-XCG

ewte

T YW

ISET=0
SUZE=1l.
SGNM=1.
LOG=.F.
LOG2=.F.
ISET=0
RETURN
ENTRY CONVER(CIFINISH,I)
" IF(LOG) GO TO 5
- IF(1.EQ.1) GO TO 2
2 IF(ISET.EQ.1) GO T0 8
- DELPREV=DELS(I)
- DELSCI)=PICONXR(I)IXCOSC(THETA(I))*ARATIO
- TEST=ABSC((DELPREV-DELS(I))/DELPREV)
Y IF(TEST.GT..003) RETURN
[} ISET=1
. RETURN
F 8 IF(LOG2) GO TO 1
2 SUZEP=SUZE
3 SGIMP =5GNM
. SUZE=FLOC(I,SN)
. SGNM=SIGN(1.,SUZE)
% IF(SGNMP-SGNM-1.) 1,5,3
a RIS
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PENCO2D
WES® TWO-DIMENSIONAL PENETRATION CODE
3 DELS(I)=FLOC(I-1,5N)
L0G=.T.
RETURN
5 LOG=.F.
L0G2=.T.
1 IF(FLOC(I,XLP).LE.0.) GO TO 100
2 I=1+1

ISET=0
IF(1.6T7.70) GO TO 102
DELS(I)=DELS(I-1)
RETURN

100 SLENG=0.
DO 101 J=1,I-1

101 SLENG=SLENG+DELS(J)
DELS(I)=XLP-SLENG
NEL=I
IFINISH=1
RETURN

102 WRITE(6,103)

103 FORMAT(//,3X,"SUBROUTINE CONVER...I>70...DECREASE NEMOVZ2 OR ",
‘STOP "INCREASE ARATIO.™)

Cxxxxx CALCULATE COMPRESSIVE NORMAL STRESS, SUM FORCES & MOMENTS M
SUBROUTINE FORCES(VALUE,TIND )

PARAMETER NMAX=7
COMMON/YOUNG/LMEDIA(NMAX) , SNUMCNMAX) , SHRGD(NMAX) , DENSITY(NMAX),
SYIELD(NMAX)/INTERM/AKASER(70,NMAX) ,BKBSER(70,NMAX) , GKCATE(NMAX),

&HRD1 (NMAX) , HRD2(NMAX)

LOGICAL LMEDIA,LOGCUT

COMMON/PXTRA/DUMN(3) ,NEL/BACK/ALPHA
COMMON/FIXT/SB,SC,SE,LOGCUT

COMMON/SEPARE/SYNEFEE, TANFEE,PHIMIN,RCAV(70),50(10)
COMMON/DANG/XSALP(24),XCALP(264)/ROUND/ALAS,ELAS
COMMON/BIGS/ADA(70),CAT(70),SAT(70)
COMMON/DOPE/W11,FYP,NEMOV2,ALPHAD
COMMON/FINK/ZM(NMAX) , GAMI ,RADDEG, DEGRAD,R90,R180,R270,R360, IOPSHP
COMMON/DARE/WEIGHT,XICG, AGRAV,FZP,VELF
COMMON/SHAP/DELS(70),5(70),R(70), THETA(70), THETAF,RB,EJ,
&RJ,RN,RC,RO,XFA,XFF,XLP,XCG,SN, THETAN

DIMENSION VALUE(1)

TINDX=TIND

Z=VALUE(2)

DY=VALUE(3)

DZ=VALUE(%)

VCG=SQRT(DY*DY+DZXD2)

ALF=ALPHAXDEGRAD

SALF=SINCALF)

SGAM=SINC(VALUE(S))

CGAM=COS(VALUE(5))

W1B=VALUE(6)

YB= CGAMXDY + SGAM»DZ

YC=~SGAMXDY + CGAMXDZ

G21
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PENCO2D
™ WES' TWO-DIMENSIONAL PENETRATION CODE

TDVZ=0.5%VALUE(6)/YC
SB=0.
$C=0.

SE=0.
EPS=VCGXSYNEFEE
JL=0
JLP1=1
DO 418 I=1,NEL
SI = S(ID
RI = RCI)
1 IF(SI.GT.SO0CJLP1)) GO TO 2
JL=JL+l
JLP1=JLP1+1
G0 TO 1
2 IF(JL.EQ.0) GO TO 3
RM=TDVZX(S0CJL)~SI)*K2
C2=(SI-XCG)¥SALF
RC2=RCAV(I)¥%%2 o
RI2=RI*%2 IR
FA = Z + CGAMXSI L
Q = SGAMNRI It
BTEST=MINCFA+Q, FA~Q) RORBTE
IF(BTEST) 10,50,50
50 IF(VALUE(5)-4.71238) 412,412,410
DA=ADA(I) ‘
YBI = YB - W1B*SI
CATE = CAT(I)
SATE = SAT(I)
RCTHCG=RI*CGAM*CATE
32 FF=W1BRI
g TB=0.; TC=0.; TVE=0.
2 DO 411 J=1,NEMOV2
SALP = XSALP(J)
CALP = XCALP(J)
208 ZRN=FA-Q¥CALP
IF(ZRN.GE.0.) GO TO 411
DO 12 K=2,NMAX
IF(ZM(K)+ZRN) 12,13,13
12 CONTINUE

—_
("]

-

L el e et
-
Q

GO TO 411 RN
C*3x%% CHECK FOR FREE SURFACE EFFECTS %3 B B
13 ZDAMAG=FA-QXCALP*(1.+SHRGD(K)*SATE)+SHRGD(K)%RCTHCG - o

DO 14 KDAM=K-1,K+1 RN
3 IF(ZMCKDAM) +ZDAMAG) 14,15,15 R
. 14 CONTINUE T
- 15 IF(K.EQ.KDAM) GO TO 19 T
IF(LMEDIACK)) GO TO 17 S
IFCLMEDIACKDAM)) GO TO 18 C

g ég(¥g£%g(K).GT.YIELD(KDAM)) G0 TO 18 " e
A 17 IF(.NOT.LMEDIACKDAM)) GO TO 19 ST

¥ IF(SNUMCK).GT.SNUMCKDAM)) GO TO 19 SIDRER
: 18 K=KDAM S
19 CONTINUE L

Cxxuxx END FREE SURFACE EFFECT CHECKS XXM Lot
B23=-CALPXSATE R
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PENCO2D
WES' TWO-DIMENSIONAL PENETRATION CODE

QB=VYB1

QC=YC - FFXCALP
ZC=B23%QB+CATEXQC
IF(ZC.LE.0.) GO TO 411
ZCC=YCXCATE + YB¥B23
IF(2CC.LT.0.) GO TO 411

Cxyuxd CHECK FOR SEPARATION X

IF(JL.EQ.0) GO TO 430
IF(2ZCC.GE.EPS) GO TO 430
C1=-RIXCALP - C2 + RM
C3I=SQRT(RC2 - RIZ2%SALPXX%2)
IF(CALP) 21,21,22

21 IF(Cl1.LT.C3) GO TO 411

GO TO 43

0
22 IF(-C1.LT7.C3) GO TO 411
Cunxux END CHECK FOR SEPARATION xxxx
430 2B=SALP¥QB

€51 SIGMAS=(AKASER(I,K)+BKBSER(I,K)¥SMALLV-ZRNXGKCATE(K)N*

B21=-CALPXCATE

ZA=B21%QB-SATEXQC
SMALLV=SQRT(ZAXN2+2ZBXN2+ZC¥¥%2)
VNV2=2C/SMALLV

UNV=SQRT(VNV2)

IF(LMEDIA(K)) GO TO 451
SIGMAS=(HRD1(K)+SMALLV¥HRD2(K) )XVNV
GO TO 453

] VNV)XVNV

453 AA=l.

411

410

412 SC=

BB=ARSIN(VNV2)
IF(BB.LT.ELAS) AA=SIN(BBX*ALAS)
Y3=~AAXSIGMASHCATE
TC=TC + VY3

IF(LOGCUT) GO TO 411
Y2=AA%XSIGMASHSATEXCALP
TB=TB + Y2

TE=TE - CALP¥Y3
CONTINUE

TC=TCXDA

SC=SC+7TC

IF(LOGCUT) GO TO 410
TB=TB%DA

SB=SB + TB
DATE=DAXRIXTE

SE=SE + (DATE - TBXSI)
CONTINUE

2.%SC

$B=2.%SB

SE=2.%SE
FYP=CGAMXSB-SGAMXSC
FZP=SGAM¥SB+CGAM*XSC
RETURN

END

Crxxx¥ CALCULATE ATTACK ANGLE ALPHA »xxxx
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WES®" TWO-DIMENSIONAL PENETRATION CODE

SUBROUTINE CALF
PARAMETER NMAX=7,NMAX1=NMAX+1

COMMON/HOPE/VALUE(6)/BACK/ALPHA/FINK/DUMMY (NMAX1),RADDEG,
$DEGRAD,R90,R180,R270,R360

IF(VALUE(3)) 515,510,515
IF(VALUE(4)) 525,520,525
TH=ATAN(=(VALUE(3)/VALUE(4)))
GO TO 53¢

IF(VALUE(4).LT.0.) GO TO 512
ALPHA=VALUE(5)%RADDEG

G0 TO 35
ALPHA=(VALUE(5)-R180)%RADDEG
GO TO 35

IF(VALUE(3).LT.0.) GO TO 522
ALPHA=(VALUE(5)-R270)%RADDEG
G0 TO 35
ALPHA=(VALUE(5)-R90)%RADDEG
GO TO 35

IF(VALUE(4)) 531,520,533
IF(VALUE(3).LT.0.) GO TO 532
ALPHA=(VALUE(5)~-TH-R360)%RADDEG
G0 70 35
ALPHA=(VALUE(5)-TH)XRADDEG
GO TO 35
ALPHA=(VALUE(5)-TH-R180)%RADDEG
IF(ALPHA-180.) 31,30,30
IF(ALPHA+180.) 32,32,34
ALPHA=ALPHA + 360.

GO T0 31

ALPHA=ALPHA - 360.

GO 70 35

RETURN

END

Cixxxx REVERSE GEOMETRY FOR TUMBLING PROJECTILE (ALPHA>90 DEG.) d*¥x

15
16

SUBROUTINE BACKWARD
PARAMETER NMAX=7,NM3=NMAX+3

COMMON/TRANS/SNO,XCGO/HOPE/VALUE(6)/BACK/ALPHA/FINK/DUMMY (NM
&R90,R180/PXTRA/STEST,DL,ARATIO,NEL/BIGS/ADA(70),CAT(70),SAT(
COMMON/SHAP/DELS(70),5(70),R(70), THETA(70),DUM(10),XCG,SN

DATA ICNT/0/

DIMENSION SBCK(70),RBCK(70),DLBCK(70),THBCK(70)
ICNT=ICNT + 1

ITEST=(ICNT/2)%2

VALUE(5)=VALUE(5) - SIGN(1,VALUE(5)~R180)%R180
ALPHA=ALPHA - SIGN(1,ALPHA)%180
IFCICNT.EQ.ITEST) GO TO 15

SN=0.001

XCG=-S(NEL) + 0.5%DELS(NEL)

DO 10 J=1,NEL
JN=NEL - J + 1
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PENCO2D
- WES' TWO-DIMENSIONAL PENETRATION CODE
T SBCK(J)=-S(JN)
P RBCK(JI=RCJIN)

DLBCK(J)=DELSCJN)
10 THBCK(J)=-THETACJN) A
DO 20 J=1,NEL —
S$(J)=SBCK(J) SRS
) R(J)=RBCK(J) BEN
! DELS(J)=DLBCK(J) Y-

THETACJ)=THBCK(J)
\ ATEH=R90 - THETA(J) .
o CAT(J)=COSCATEH) S
. SAT(J)=SINCATEH) IR
20 ADA(J)=DL¥R(J)¥DELS(J)/COSCTHETA(J)) :
100 FORMAT(//,"PROBLEM RESTARTED -- PROJECTILE GOING BACKWARD"™,
& NOW™,//7)
110 FORMAT(//,"PROBLEM RESTARTED -- PROJECTILE GOING FORWARD", e
.‘ " NOW",///)
e CALL SEPARATE SR
i IFCICNT.EQ.ITEST) GO TO 35
WRITE(6,100)
. GO 10 36
, 35 WRITE(6,110)
; 36 RETURN
END

Cxx¥xx¥% READ AND ECHO-PRINT PROBLEM INPUT 3%X%x%x woe
SUBROUTINE READIN -
PARAMETER NMAX=7 L
COMMON/TPLOT/TITLE,NLAY,NUMPLTS, ICHO0Z(8),ZCUT Ll
COMMON/YOUNG/LMEDIA(NMAX) , SNUM(NMAX) , SHRGD(NMAX) , DENSITY(NMAX) »'ii*

&,YIELD(NMAX)/ROUND/ALAS,ELAS : : )
COMMON/SEPARE/SYNEFEE, TANFEE, PHIMIN,RCAV(70),S0¢10)/7WT2/XIINV,XM T
LOGICAL LMEDIA AT
DIMENSION XIRD(NMAX) RIS
CHARACTER %1DDUM/1H /,TITLEX4S o]
COMMON/PXTRA/STEST,PICON, ARATIO,NEL/INCR/DGAMAD, DALFAD, NUMSTP o]
COMMON/NEWT/FRAD, FANG, DTMAX, DTMIN, FREKOT, IREDUC, NUMNOS, NPRINT S
COMMON/MSUN/2STOP, YSTOP, GAMSTP, VEL , ZSHIFT " -

ot ]

COMMON/FINK/ZM(NMAX) , GAMI,RADDEG,DEGRAD,R90,R180,R270,R360, IOPSHP . .{4
COMMON/SHAP/DELS(70),5¢(70),R(79),THETA(70),THETAF,RB,EJ, et

S &RJ,RN,RC,RO,XFA,XFF,XLP,XCG,SN, THETAN S
o COMMON/DARE/WEIGHT ,XICG, AGRAV,FZP,VELF S

COMMON/HOPE/VALUE(6),DER(6), THETAD(70), THETND, THETFD, TIMEF,
$TIMEI,GAMMAD, FREQI,NSTP,ALSTP/DOPE/W1I, FYP,NEMOV2, ALPHAD

L~ 111 FORMAT(1H1) : ;fif
+ 1000 FORMAT(1216) Q- -
® 1001 FORMAT(4El18.6) :

s 1002 FORMAT(S5El4.4) T
! 998 FORMAT(3X,A45) R
L READ(5,9%8,END=999) TITLE

R 997 FORMAT(10X,A4 ;) R
- WRITE(6,997) TITLE oo
S WRITE(6,901) -~
L‘ 901 FORMAT(//,3X,37(1H%),/,3X, -

- :
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PENCO2D
WES' TWO-DIMENSIONAL PENETRATION CODE

§7% UWES 2D NEWTONIAN PENETRATION CODE x©,
&/,3X,37(1H%))
READ(5,1000) NEMOV2,IO0PSHP,NSTP,NLAY,NUMPLTS,NUMSTP, NUMNOS
&, IREDUC,NPRINT
WRITE(6,2000) NEMOV2,IOPSHP,NSTP,NLAY,NUMPLTS,NUMSTP,NUMNOS
&, IREDUC,NPRINT
2000 FORMAT(/,3X,"NEMOV2=",14,2X,"I0PSHP=",14,2X,"NSTP=",14,2X,
$UNLAY=",14,2X,"NUMPLTS=",14,2X,"NUMSTP=",14,2X,""NUMNOS=",14,2X,
$"IREDUC=",14,2X,"NPRINT=",14)
IF(NUMPLTS.EQ.0) GO 7O 950
READ(5,1000)(ICHO0Z(I),I=1,NUMPLTS)
WRITE(6,2002)(ICHOO0Z(1),I=1,NUMPLTS)
20062 FORMAT(/,3X,"ADDITIONAL PLOTS...",7(14))
950 READ(5,1001) DELS(1),ARATIO,ELAS,DGAMAD
WRITE(6,1100) DELS(1),ARATIO,ELAS,DGAMAD
1100 FORMAT(/,3X,"DELS(1)=",El3.6,
&3X,"ARATIO0=",E13.6,3X,"ELAS=",E13.6,3X,"DGAMAD=",E13.6)
READ(5, 1001) RB,EJ,RJ,RN
WRITE(6,1003)RB,EJ,RJ,RN
1003&E?§M2;(/.3X.3HRB=.513.6,1X,3HEJ=,513.6,1X:3HRJ=;EIS.6:1X.3HRN=
READ(5, 1001) RC,RO,XFA,XFF
WRITE(6,1020)RC,RO,XFA,XFF
1020 FORMAT(/,3X,3HRC=,E13.6,1X,3HR0=,E13.6,1X,4HXFA=,
$E13.6,1X,4HXFF=,E13.6)
READ(5, 1001) XLP,XCG,SN, THETND
WRITE(6,10064)XLP,XCG,SN,THETND
1004 FORMAT(/,3X,4HXLP=,E13.6,1X,4HXCG=,E13.6,1X,
&3HSN=,E13.6,1X,7HTHETND=,E13.6)
READ(5,1001) THETFD,VEL,FREKOT,DALFAD
WRITE(6,1005) THETFD,VEL, FREKOT,DALFAD
1005 FORMAT(/,3X,"THETFD=",E13.6,1X,"VEL=",E13.6,1X,"FREKOT=",
$E13.6,3X,"DALFAD=",E13.6)
READ(5,1001) GAMSTP,YSTOP,ZSTOP,ZSHIFT
READ(5,1001) FRAD,FANG,DTMIN,DTMAX
READ(5,1001) WEIGHT,XICG,ALPHAD,ALSTP
READ(5,1001) TIMEI,TIMEF,FREQI
READ(5,1001) PHIMIN,VELF,W1I,GAMMAD
WRITE(6,1006) GAMSTP,YSTOP,ZSTOP,ZSHIFT
WRITE(6,1007) FRAD,FANG,DTMIN,DTMAX
WRITE(6,1009) WEIGHT,XICG,ALPHAD,ALSTP
WRITE(6,1010) TIMEI, TIMEF,FREQI
WRITE(6,1011) PHIMIN,VELF,W1l,GAMMAD
1006 FORMAT(/,3X,7HGAMSTP=,E13.6,2X,6HYSTOP=,E13.6,2X,
$6HZSTOP=,E13.6,2X,"ZSHIFT=",El13.6)
1007 FORMAT(/,3X,"FRAD=",E13.6,2X,"FANG=",
$EL13.6,2X,"DTMIN=",E13.6,2X,"DTMAX=",E13.6)
1009 FORMAT(/,3X,"WEIGHT=",E13.6,2X,"XICG=",C13.6,2X,"ALPHAD=",
$E13.6,2X,"ALSTP=",E13.6)
1010 FORMAT(/.3X."TIMEI=".513.6,2X."TIMEF=".
$EL3.6,2X,"FREQI=",E13.6)
1011 FORMAT(/SX'"PHIMIN- »E13.6," DEG.",2X,5HVELF=,E13.6,
2X,4HW1I=,E13.6,2X,7HGAMMAD=,E13.6)
READ(S 1002) (SNUMCTD, DENSITY(I) YIELD(CI),ZM(I),XIRD(I),I=2,NLAY)
WRITE(6,1301)
1301 FORMAT(s//,5X,"LAYER",12X,"SNUM",164X,"DENSITY",7X,
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& YIELD™,10X,"ZM",16X,"XIRD",/,6X,"NO.",7X,
&"(YOUNG'S S-NUMBER)™,2X,"(LB-SECt2/INt4)"™,3X,
&"(PSI)Y,3X,"(LAYER DEPTH-IN.)",2X,"(TENS.RIG.INDEX)",/,

&/,7X,"1 % % ¥ AT R % ¥ x NO RESISTANGCEH®¥x x")

WRITE(6,1302)(DDUM, I, SNUMCI),DENSITY(I),YIELD(I),

& ZM(I),XIRD(I),I=2,NLAY)
1302 FORMAT(/,6X,Al1,13,12X,F6.2,10X,1PE12.4,2X,E11.3,E12.3,

& 7X,0PF9.1)

PHIMIN=PHIMINXDEGRAD

SYNEFEE=SIN(PHIMIN)

TANFEE=TAN(PHIMIN)

XIINV=AGRAV/XICG

W=WEIGHT; X=0.

XM = AGRAV 7 W

DO 235 J=2,NLAY

SHRGD(J)=XIRD(J)¥¥%(1./3.)

IF(SNUM(J)) 994,991,992
991 LMEDIA(J)=.F.

GO TO0 235

992 LMEDIA(J)=.T.

235 CONTINUE
ZCUT=-MAX(XLP-XCG,RO%(SHRGD(NLAY)+1))-RO
ZCUT=ZCUT-ZM(NLAY-1)

IF(IOPSHP.NE.O) GO TO 14
READ(5,1000) NEL
WRITE(6,1150) NEL

1150 FORMAT(//,3X,"NEL (NO. OF ELEMENTS) =%,I14)
WRITE(6,1151)

1151 FORMAT(/,3X,"THETA-ARRAY...")
READ(5 ,1001) (THETAD(I),I=1,NEL)
WRITE(6,1001) (THETAD(I),I=1,NEL)

WRITE(6,1152)

1152 FORMAT(/,3X,"R-ARRAY...™)
READ(5 ,1001) ( R(I),I=1,NEL)
WRITE(6,1001) ( R(IJ),I=1,NEL)
WRITE(6,1153)

1153 FORMAT(/,3X,"DELS~ARRAY...")
READ(5 ,1001) ( DELS(I),I=1,NEL)
WRITE(6,1001) ( DELS(I),I=1,NEL)

14 CONTINUE
RETURN
994 WRITE(6,995)
995 FORMAT(/,2X,"NEGATIVE S-NUMBER...RUN ABORTED.™)
999 CALL CALCMP(0.,0.,9999,2)
CALL DETACH(S,,)
STOP
END

CuMuxx CONVERT CALCOMP CRT PLOT CALL TO CALCOMP DRUM PLOT CALL
SUBROUTINE CALCMP(X,Y,1Z,I)
DATA JO/-1/
IF(1.EQ.2) GO TO 30
IF(IZ.LT.2) GO TO 10
CALL PLOT(X,Y,2)
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:] 60 TO 20
10 CALL PLOT(X,Y,3)
G0 TO 20
30 IFCIZ.EQ.9999) GO TO 40
J0=-J0
CALL PLOT(-2.,-2.5,-3)
s CALL PLOT(O.,11.,2)
. , CALL PLOT(8.5,11.,2)
CALL PLOT(8.5,0.,2)
- CALL PLOT(0.,0.,2)
o IF(J0.EQ.-1) GO TO 22
» CALL PLOT(2.,164.5,~3)
- GO TO 20
; 22 CALL PLOT(12.,-9.5,-3)
B G0 TO 20
40 CALL PLOT(C10.,0.,3)
“ CALL PLOT(O0.,0.,999)
- 20 RETURN
END
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APPENDIX H

NOTATION
dA Differential area on projectile surface
F, Fz Net force components in the projectile-fixed y- (lateral)
y and z- (axial) directions, respectively
F,, F Net force components in the target-fixed Y- and Z-
Y’ "2
directions, respectively
I Projectile's transverse mass moment of inertia about its
CG
IT Free-surface parameter
Logic flag used to signify that the end of the problem is
approaching
LN Projectile nose length
m Projectile mass
M Total moment exerted on the projectile about its CG
; Unit vector normal to projectile's surface
N Young's nose performance coefficient (Reference 2)
ND Number of integration time steps required to pass through
the thinnest target layer
I Damage radius
r, Projectile aftbody radius
r Local cylindrical radius at a given point on the projec~
P tile surface
s(t) Path length traveled by projectile up to time ¢
S Young's S-number (Reference 2), soil penetrability index
t Time
tf Maximum time allowed for current problem
to Initial time
Tmin Thickness of the thinnest target layer in a multilayer
problem
v Velocity of any point on projectile surface
v Outward normal component of local velocity
Hl
L J L L J L J L J | | L J L | J L J [
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Eii v Projectile CG velocity
lﬁ Vf Minimum CG velocity allowed for current problem
;!z Vo Projectile impact velocity
I\EQ
‘Si W Projectile weight
jﬁ xCG Distance from projectile nose tip to CG
\3‘
u Y, 2 Lateral and axial position in projectile, respectively
. Ystp Maximum absolute value of Y allowed for current problem
.ff Y, 2 CG displacement components in the target-fixed Y- and Z~
o directions
Yo, io Initial value of horizontal position and velocity of CG
i, z Velocity components of CG in the target-fixed Y- and 2-
directions
?, z Net acceleration components in the target-fixed Y- and Z-
directions, respectively
Y o, 7 Average values of Y and 2 during current time step
ave’> "ave
¥,z Values of Y and Z at the beginning of current time
LA ste
. P
Zf Total path length traveled by a penetrator from impact to
rest
Zo, io Initial values of vertical position and velocity of CG
Zs Vertical shift in initial projectile position, positive
downwards
zstp Minimum value of Z allowed for current problem
At Actual integration time-step size
At' Time step calculated using translational parameters
Ac" Time step calculated using rotational parameters
av Change in CG velocity during time step At
AY, AZ Change in CG displacement components in the target-fixed
Y- and Z-directions during time step At
AQ, AZ Change in CG velocity components in the target-fixed Y-
and Z-directions during time step At
Ay Change in projectile orientation during time step At “"t:i
Ay Change in angular velocity during time step At -‘31 §
.'1
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Projectile angle of attack (i.e., angle between projec-
tile axis and CG velocity vector, positive when velocity
vector is clockwise from axis)

Initial value of angle of attack o
Maximum absolute value of a allowed for current problem

Obliquity angle, measured counterclockwise from target-
fixed Z-axis to projectile-fixed z-axis

Initial values of obliquity and angular velocity
Maximum value of y allowed for current problem

Angular velocity “?{ _1

Average value of ¥ during current time step - ---t
Value of ¥ at the beginning of current time step 'i;jf?@

Angular acceleration

Angle between local tangential velocity component and - __.'_
local total velocity vector D

Mass density of either a hard target material or a
projectile structure material

Local compressive normal stress on projectile surface
Smoothed normal stress function (Appendix E)
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