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FOREWORD

This report documents an in-house effort to develop more flexible computer

methodology for optimization or parameterization investigations of the basic
design parameters for a cylindrical warhead.
June and August 1971.

The effort was conducted between
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ABSTRACT

This report documents the Cylindrical Warhead Design Optimization segment
of the Weapons Optimization Techniques computer program. This segment enables
the user to optimize or parametetrize the basic design parameters of a theore-
tical warhead for a given.target or set of targets. The warhead lethality
is determined as a function of the basic design parameters: warhead weight,
warhead volume, warhead diameter, charge-to-metal ratio, fragment mass,
ratio of warhead length to diameter, and fragment height-to-width ratio.

This segment can also optimize or parameterize height of burst, terminal
velocity, impact angle, and fragment spray angle.

Distribution limited to U. S. Government agencies only;
this report documents test and evaluation; distribution
limitation applied March 1972, Other requests for
this decument must be referred to the Air Force Armament
Laboratory (DLYD), Eglin Air Force Base, Florida 32542.
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SECTION I
INTRODUCTION

Cylindrical Warhead Design Optimization (CYDOP) is a segment of the

Weapon Optimization Techniques (WOPS) computer program. The WOPS rrogram

. (Reference 1) was written by the Martin Marietta Corporation and was pre-
sented to the Air Force Armament Laboratory [AFATL) in October 19,7.
Initially, the program optimized specific warhead and delivery p:rameters

. of fragmentation, blast, and fragmentation/blast warheads for materiel and
Personnel targets for which lethal area is a measure of effecti'‘eness.
Since that time, WOPS has been modified several times, and at the date of
this report, CYDOP is the most recent of these modifications.

The first WOPS modification (Reference 2) was a part of ¢ follow-on
contractual effort. The contractor modified WOPS to increas: program
fleribility and to maintain state-of-the-art technology. Tte main feature
of this modification is the capability to optimize warheads with varying
charge-to-metal ratios. Other improvements include the inrorporation of
the fragment shape (k) factor, the capability to input special drag co-
efficient tables, the capability to compute munition lethil area against
troops in foxholes, and the computation of minimum effective fragment
velocities for personnel and materiel targets by recent state-of-the-art
technology.

In September 1969, a second modification (Referenc: 3) to the WOPS
program was completed by the contractor. This modificration enables the
optimization of bomblet pattern size and the evaluation of the kill proba-
bilities of warheads emitting a high velocity plane of fragments.

Three modifications, in addition to those prepaced by the contractor,
have been incorporated into the WOPS program by AFATL. The program was first
modified to receive warhead and target data from wagnetic tapos. The second
modification gave the capability of using only on: input deck to evaluate
similar cases in the same computer job and also ¢ method of changing those
data that vary from case to case. At the date ol this report, the third
modification is under development. Once completed, the program will be
capable of parameterizing lethal area when optiasizing bomblet pattern size
so that its sensitivity to lethal area can be rnalyzed.

The WOPS program assumes that the basic d siyn of the warhead is known
prior to program execution. Such warhead cho.w.:rti tics as fragment fly-
off velocity, fragment density, and fragment presented area must be input
to the program. WOPS can assist in the design of warheads only in that it
can determine the optimal fragment mass and the optimal extremes of the
fragment spray angle for a given target sprctrum. Often it is necessary
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to perform analyses to determine the optimal parameters of a theoretical
warhead. When a warhead is in the design stage, the characteristics are
not known but must be calculated externally and input to the program. The
Cylindrical Warhead Data (CYNDAT) program was written to perform these
calculations.

CYNDAT uses basic design parameters to compute dimensions and explosive
characteristics of theoretical warheads. Prior to the CYDOP modification,
it was necessary to use the CYNDAT output as the input to WOPS. Moreover,
for each set of CYNDAT outputs, one run of WOPS had to be made., After the
CYDOP modification, the final answer can be obtained in one computer run.

This report documents those segments of CYDOP that differ from WOPS.
The documentation consists of Section II User Section, Section III Analyst
Section, and Section IV Test Case. The User Section contains a brief
description of the program and an explanation of the data input formats.
The Analyst Section discusses the theory, the FORTRAN-source statements, and
flow charts. Section III illustrates the input and gives an interpretation
of the output to a test case. Appendix I presents the utilization report
to be used with Section II. Appendixes II and III discuss the Gurney
equation correction factor and the polar zone assumption, respectively,
used in Section III.




SECTION IT
USER SECTTON

CYDOP is the last of three warhead input segments to the WOPS program.
The first describes the input for a warhead with constant charge-to-metal
ratio, and the second concerns input data for a warhead with varying charge-
to-metal ratio. The CYDOP segment uses basic design parameters to compute
lethal area so that the optimal set of warhead parameters can be determined.

The CYDOP segment assumes that the warhead is cylindrical in shape and
is primarily a fragmentation bomb. Due to the methodology employed, the
warhead must have single-end initiation. Furthermore, the warhead must assume
a fuze-first orientation before detonation.

Assuming that these conditions exist, the first step in executing
the WOPS program with the CYDOP segment is to determine the constraints
defining the warhead. Next, based on these constraints, the user must select
three independent variables from the following set of warhead parameters:
weight, volume, diameter, warhead length-to-diameter ratio, and charge-to-
metal ratio.

The user can then optimize or parameterize any number of the three selected
warhead parameters, the two fragmentation parameters (fragment mass and frag-
ment height-to-width ratio), and the standard warhead parameters (height-of-
burst, velocity of the missile, terminal warhead attack angle, and upper
limit of the first polar zone). Finally, the output can be analyzed to
determine the optimal set of parameters for the warhead.

The complete, updated version of the utilization report for the KOPS
program is presented in Appendix I, The format is the one uscd by the
Freeman Mathematical Laboratory at Eglin Alr Force Base. The program user
should refer to this utilization report while compiling the data deck input.

The utilization report is divided into Constants, Warhead, and Target
Sectitns., The Constants Section (Section I) consists of four cards that are
used to define the basic parameters describing a warhead-target situation.
The Warhead Section (Section II) is partitioned into three subdivisions,
only one of which may be used in a given run. The first subdivision
(Section I1A) concerns the input data of warheads with constant charge-to-
wetal ratios. The second subdivision (Section YIB) concerns the input
data of warheads with varying charge-to-metal ratioes. The third (Sectien IIC)
doscribes the input cards used in designing a theoretical warhead. The
Target Section (Section III) concerns the input cards that describe the
target. This roport is primarily concerned with only Sections I and IIC.
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The execution card deck required to execute the modified WOPS program
on the CDC 6600 computer is shown in Figure 1.

The data deck which appears
at the end of the execution deck is shown in Figure 2,

Fﬁ%/s/g
[;ata deck

ﬁ/&/g
[LGQ»

[FETCH, P3012Z.
(;EQUEST card *
[SAD card

JOB card

* Not used if no input from tape

Figure 1. Execution Deck for Modificd WOPS Program




/
Fection I11

rSection TIA,B,C

* Repeated for each variable optimized
Section III deals with target data irput.

Section IIA deals with warheads which have a constant charge to
metal ratio, ] —

Section 1IB deals with warheads which have a varying charze to
metal ratio.

Section IIC deals with warhesd design. The following is an illustration
of its make-up:

Card B
Section 11C

Figure 2. Data Deck for Modificd WOPS Program




SECTION III
ANALYST SECTION

1. THEORY

In Section I, it was pointed out that a choice of warhead design para-
meters had to be made. This choice is necessary because there are five
design parameters of interest, only three of which are needed to determine
a8 solution to warhead design equations. Therefore, the CYDOP modification
is divided into 10 segments to prccess the 10 combinations which result from
five variables taken three at a time. Table I illustrates these 10
combinations. Table II is a listing of the variabl: nrames.

TABLE I. COMBINATIONS OF THE FIVE DESIGN PARAMETERS

Combination
Possible Combinations __Number
Weight Charge to metal Length to diameter 1
Woight Charge to metal Diameter 2
Weight Length to diameter Diameter 3
Weight Length to diameter Volume 4
Weight Diameter Volume S
Charge to metal Length to diameter Diametor 6
Charge to metal  Length to diameter Volume 7
Charge to metal Diameter Volume 38
; Voluze Weight Charge to motal 9
: Volume Diamster Longth to diameter 10

The last two combinations listed in Table I do not uniquely determine a
solution to warhead desigin equations; therefore, they can not be used,
However, the firgt eight are sufficient to describe any set of warhkead
consiaints.




Variable Name
D

v

DWH

M (1,1)

FV (1,1)
GAMMA (or?! )
6C (or J2E )
HF

KDGN

NCOMB

RCM (or C/W)
RHOEX
RHOSTL

RHW (or H/W)
RLD (or L/D)}
TFRAG

TICK

THET

THETAA

L8

KE

WF

WHL

WOL

WNT

TABLE II. VARIABLE NAMES

Description

diameter of explosive in the case

detonation velocity of the explosive

diameter of warhead

fragment mass

fragment fly-off velocity

Gurney equation coxraction factor
Gurney constant for the explosive
height of the fragments

Jesign mode flag

conbination number

ratio of charge to umetal

donsity of the explosive

donsity of the motal

ratio of fragment height to width

ratio of warhead length to diameter

total number of fragments

- thickness of fragments

constant spray angle
computed spray angle
weight of the case
weight of the explosive
width of the fragments
warhead length

warhead volume

warhead weight
7

Units
in
ft/sec
in
grains

ft/sec

ft/sec

in

1b/cu.in,

Ib/ cu.in.

in
deg
deg
1o
1b
in
in
cu. in.

1b




Consider, for example, combination number 1 (Table I). The two unknown
variables, diameter and volume, are functions of the three known parameters.
That is

DWH

1

£ (WWT,C/M, L/D)
and

WVOL

f(wwr, C/M, L/D).
However, in combination number S, neither the length-to-diameter ratio nor
the warhead diameter can be represented in terms of the three known variables.
That is

L/D # £{WWT, C/M, WVOL)

DWH # £(WWT, C/M, WVOL).
Similarly for combination 10,

WWT # £(L/D, DWH, WVOL)

C/M # £(L/D, DWH, WVOL).

It now remains to derive each equation for these combinations. This will
be done in combination number order by solving for the two unknown variables
in terms of the three known variables. In the following equations, RHOSTL,
RHOEX, and 7 are constant.

The following basic equations were used:

WE

C/M = o= (1)
WWT = WE + WC (2)
WVOL = oy )
L/D = g{% (4)
DWH = D + 2(THCK) . - | - (5)
WVOL = n(‘-’lz“-i)z WHL | o (6)




1) Given: WWT, C/M, L/D
Find: DWH, WVOL

From equations (1) and (2), the weight of the case is

. WWT
WC-W;—I, @)

and the weight of the explosive (WE) is obtained by rearranging equation

(1.

From equation (6),

\2 3
_ T {¥iL . T WHL
WVOL = T(ﬁﬁ) WHL = 2 mz (8)
so, < .
WHLL = % (L/M° WVoL (9)
Combining equation (3) and (9) gives
3/"_ 2 )
Caam? owm W
WHL - % = RIOEY * RHOSTL (10)

The diameter (DWH) can now be determined by rearranging equation (4), and
the volume (WVOL) can be determined from equation (€).

2) Given: WWT, C/M, DWH
Find: WVOL, L/D

The weight of the case (WC) and the weight of the explosive (WE)
are obtained from equations (7 and (1), respectively. So, the warhead
volume (WVOL) can readily be determined from equation (3). '

The length of the warhead (WHL) can be determined by rearranging
equation (6). Then, the vatio of length to diameter is given by squation (4).

3) Given: WWT, */D, DWH
Find: WVOL, C/N

The warhead length (WHL) can be determined by rearranging equation
(4;, and the volume is given by equation (6).

" The chexge-to-mr’ \ rvatio is a function of the warhead weight and

the weight of the case (or the weight of the explosive). 8o, the weight
of the caso must be determines fiist. PFrom equations (3) and (2),

&




1 e A At Y A b 8t e 2o

WG . WWT-WC
WOL = 7ioSTE * REOEX ' (11)

Upon rearranging terms,

_ RHOSTL(WVOL : RHOEX-WWT)
WC = —RiOEX-RHOSTL (12)

The charge-to-metal ratio is then given by,

WWT-WC

W {13)

C/M =
4) Given: WWT, L/D, WVOL
Find: DWH, C/M

from equations (6) and (4),

2 ¢
WYOL = n(?%ﬂ) \L/é) DWH = J (oW)® (L/D) (14)

3 IMK WVOL
DWH = i) (1i5)

Using equation (12), the charge-to-mecal ratio can be determined,

So,

CM = =5

$) Given: WWI, DWH, WVOL
Find: L/D, C/M

rom equation (i5),
Lo« 4 00 an
v - {DWH)

Using equation (12), the charge-to-metal ratio can be determined as in
cquation (13).

10 ~
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6) Given: C/M, L/D, DWH
Find:  WVOL, WWT

The warhead volume (WVOL) is determined using equation (14). From
equations (1) and (3),

WOL = e +-w9§9ﬂ‘l=wc( S C/Mx) | (18)

~ RHOSTL =~ RHOEX RHOSTL = RHCE
Therefore,
WVOL
WC = — oM (19)

RHOSTL ' RHOEX

From equations (1) and (2),

WWT = WC + WC(C/M) = WC(1 + C/M) (20)

7} Given: C/*, L/D, WVOL
Find: DWH, WWT

The diameter is Jiven by equation (15), the weight of the case is
given by equation (i9), and thre warhead weight is given by equation (20).

8) Given: C/M, DWH, WVOL
Find: ./D, WWT

The ratio of length tu diwmeter is given by equation (17). Warhead
weight is given by equations (19) and (29},

Aftex one of the eight combinations is executed, the following warhead
variables are deiermined: wveight, volume, dismeter, length, charge-to-motal
ratio, length-tc-diameter ratio, weight of the case, and weight of the
explosive. The two fragmentction variables (fragment mass and fragment
height-to-width ratio) are als~ determinad since they were input. It is
then necessary to compute the remaiaing warhead and fragmentation parameters
from these known variables. ‘These vquatiens will be derived in the following
paragraphs.

Fragment fly-off vclocity is determined by the Gurney formula (derivec
in Reference 4). The eguation, for cyliriliical warheads, is

BV = O .
RV s VI 1 (21)

where VZE is a characteristic value of the explosive, called the “urney
constant. :

1




There has been much discussion concerning the accuracy of the Gurney
equation. In Reference 5, a set of data points for correction to the
Gurney formula is presented as a function of length-to-.iameter ratio. Tn
Appendix II, an exponential curve was fitted to the-~e data points using
the least squares method. The equation for the correction factor, y, was
found to be

y = 1.0 - (0.4486)exp[-1.2345(L/D)] (22)

This is used as a multiplier to the Gurney equation, so that the final form
of the Gurney equation is

/ C/M
FV = v VZ2E T+ 0.5(C/M) (23)

The diameter of the explosive, D, is used in computing the spray angle
and the fragment thickness. The equation for D is derived in the following
manner:

WE = Vol RHOEX

(expl)

5\2
= n(—z-) (WHL) RHOEX

T (WHL)RHOEX
W
D = 2V STWHLRIOEX

The thickness of the fragments, which is also the thickness of the case,
is given by

(24)

THCK = -0-‘312*:-”- (25)

The fragments are assumed to be controlled, rectangular parallelepipeds.
The width of the fragments is given by

M = Vol oo (RHOSTL) (7000)
= THCK(WF) (HF) (RHOSTL) (7000) (26)
= THCK(WF)Z(H/W) (RHOSTL) (7000)

12




FM 1/2
WE = ((7000) (THCK) (/W) (RHO§1T)> (27)

Where 7000 is a factor converting pcunds to grains.

The total number of fragments is determined by dividing the weight of
one fragment into the total weight of all th- fragments,

7 \/
TFRAG = L 000JWC (28)

FM

In reality, TFRAG should be an integer since there should be an integral
number of fragments in a warhead of given length and diameter, but this
fact is ignored here since the error is small.

The fragment presented area, used in drag calculations, is defined as
one-fourth the surface area.

FPA = & [2(WF)HF + 2(WF)THCK + 2(HF)THCK]
4 (29)

- % [WE (HF) + WF(THCK) + HF(THCK]

Since in the program the fragment height, width, and thickness are in inches
and the fragment presented area is in square feet, equation (29) must be
divided by 144. So

FPA = 5—:@ [WR(HR) + WR(THCK) + HP(THCK)] (30)

Only one polar zone is assumed for the theoretical warhead. The lower
polar zone angle is chosen as 90°, or the angle measured between the warhead
longitudinal axis and a line perpendicular to that axis (Figure 3). The
upper polar zone angle is computed and, in general, is 90° plus an acute
angle.

The upper polar zone angle is computed by one of three methods: (1)
the angle is allowed to vary by optimizing or parameterizing the upper polar
zone angle, (2) the angle is computed as a function of warhead characteris-
tics, or (3) the angle is input and held constant, The first and third of
these methods are self explanatory. The second method utilizes Shapiro's
formula (derived in Reference 5):

13




1 FV (WHL)A

THETAA = tan” 5 5
2(DV) [WHL™ + (D/2)7]

173 (31)

After computing THETAA by one of these three methods, the upper polar zone
angle, THSUR, can then be defined as

THSUR = %«» THETAA (32)

Shapiro's formula actually computes the upper spray angle of a single
end initiation bomb (o in Figure 3). However, the program makes the
assumption that representing this angle by an angle with its vertex at the
center of the warhead (6 in Figure 3) does not cause a significant degree
of error. Appendix III contains a discussion of this assumption.

Pigure 3. Polar Zone Representation
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2. ILLUSTRATION OF FORTRAN STATEMENTS

The WOPS program is divided into one mainline, four overlays, and 15
subroutines. The CYDOP modification directly affects only two overlays
and one subroutine. These segments will be discussed (flow charts shown

. in Figures 4 to 6).

The input overlay (OVERLAY 1) is the first segment of the progranm
affected by the CYDOP modification. The first card read by this overlay
is in the input card type D. The last variable read on this card is KDGN,
the design mode flag. :

C READ CARD TYPF D
80 READ (5s 2) IPRNTI14IPRNT2+IPRNT3sIPRNT4sIPRNTSsIDUMYsINDXR
1 IDUM +DGRIDyALPHADsZBsVMyRGMAX 9 WDTSsKDGN
2 FORMAT(511+431594F106092F560415)
C KDGN = 1 == FLAG FOR DESIGN MODE

IF(IPRKT5e¢EQal) WRITE(64504) KDGN
504 FORMAT (/41X s #*KDGN =#,415)

If KDGN=1, the program is to be executed in the design mode, and the program
assumes that input Section IIC will follow. If IPRNTS=1, the program
checkout print indicator, the program will print the value of KDGN.

In the next set of statements that pertain to the design mode, the
first PORTRAN statement determines if the program is used for design. If
KDGN # 1, the program skips the design input. If KDGN = 1, the program
reads three input cards:

= L PA RGN eNEY 1 -6U-T8 540 R

G ww=e= INPUTS IN OESIGN MUDE ==~ INPUT TABLE II( ====

U ReAD CARD TYPE &
REAU(G,1) WIITLE
1 FORMAT (12A4n)
< READ CARD TYPE F
= = REAHS Y S0 EHHOEA T RHEST -~y GOy UV 'y THE Ty NGOME - — e -
501 FURMATISFL0.0415)
IF(RHOST o LY. Oo) RHUSTL = RMOST®il,.U9%6L6
¢ READ CARD TYPE ©
READ(55502) WOy HNTyUNH ) RLUyRGMy RHW, FM(L o1 )
502 FORMAT(7F10.0)

The first card contains the warhead title. The second contains values of
paraneters that depend on the type of explosive and the type of metal used,
Also included oi the second card is the combination number, NCOMB, and the
spray angle, THET, if it is held constant. The third card contains values
of design parameters that the user wishes to lhold constant throughout the
program. If the field for a particular variable is left blank, then it is
assumed that the value of that variable will vary.
_ ' 15
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{rread Card D
input Section

KDGN=1? no ITA or IIB

yes

/v;ead Cérd E

of Section IIC

/
read Card F
of Section IIC

A
read Card G
of Section IIC

; print out
: constants

\
NPOLAR=1
MINI=0

: IWHOT=0)
i NGPS(1)=1
; INDCO=2
15KP=0

THET=07 yes

ho / CALL  TARG
target data

input

Y

4

THETAA=
THET* CONV

Pigure 4, Flow Chart - Input
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DO J
=1, ISTP

T

1G0=NAME (1‘)-{

)

1GO
1 HOB
2 VM >
3 ALPHA >
4 - 13 FM ~{, unchange§ l.--—--———-—ﬂ
14 ZONEL ———p——>
15 ZONEU >
16 MINI-MASS >
17 VoL » WVOL=X(I)
18 WWT > WNT=X(I) >
19 DWH . DwH=X (1)
20 L/D RLD=X (1)
21 C/M —»{ RCM=X(I) >
22 H/W - RHW=X (1)

100

Pigure 5. Flow Chart - Computation
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no 110

compute
1 DWH, WVOL @
2 compute
WOL, L/D
3 ' “compute A
WVOL, C/M
4 compute
e ()
5 compute
L/D,C/M
~compute
6 WOL, WNT [~
compute
7 DHH, WNT | @
compute
8 L/D, Wt | @
9 § 10— print error CALL EXIT
- message

Figure 5. Continued

18




pesinki St arem A et AL R S

compute
WC
- -
compute I
WHL
® 4
compute
WE
® !
compute
GAMMA, FV, D
THCK, WEF, HF,
TFRAg, Z8
WDISF, FPA

No

95

No

®

copute
THETAA

(@)

Figure 5. Continued
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no THET # 0

THETAA=THET*
coNv

compute
THSUR(1),
THSU (1)

“!’P CG*lﬁe

THSLR(1),
THSL(1)

noe

TETAA=
THSUR (1)-HPPI

convert
THETAA to
dogrees

: te den-
§¥¥¥“a§ frag-

—~ ments, RHQ
110 »

Pigure S. Concluded
20




print effec-

tive and
let! .1

area

no

print design]
mode output

IV N
continue

Figure 6. Flow Chart - Qutput

The next set of statements immediatoely follow.and cause the program to
print out the constant values that were iaput.

C OUTPUT CONSTANTS IN DESIGN MODE.
WRITE(69503) NCOMBoRHOEX +RHOSTLGC oDV THET 4 WVOL o+ W T o DWH 4RLD W RCM
1 RHW FM{1, 12 :
503 FORKAT(///7+¢2X+%CONB RHO EX RHO M GQURNEY ¢  DET VEL TH
1ETA voL LAl DWH R/L /M H/W
2 FM®/91Xe15012F10e3¢7/)
21




Several variabies have to be initialized before continuing the program:

C SET CONSTANT PARAMETERS IN DESIGN MODE

MPOLAR = 1
MINI = 0
IWHDT = 0
NGPS(1) =
INDCD = 2
IF(THETeNEs Os) THETAA = THET*CONV
ISKP = 0

1

C END OESIGN MODE INPUT SECTIONe GO TO TARGET INPUT SECTION

GO TO 400
510 COMTINUE
NPOLAR = 1, defines the number of polar zones as one. MINI = 0 indicates
that the warhead does nci contain a plane of fragments. IWHDT = 0 means
input Section IIB is not used. NGPS (1) = ! indicates that the number of
classes of fragments :n the first(and only} polar zone is one. INDCD = 2
indicates that the drag table for cubes is used. If the spray angle is to
be held constant, the spray angle is set squel to the constant input value.
CONV is a conve.sion factor to convert degrees to radians. ISKP = 0
initializes the target input file number. GO TO 400 causes the program to
skip over the statements used to input standard warhead data (input Sections
I1A anu TIB). 51" CONTINUE is the last statement in this segment; it is
used as a reference point if the design input is skipped over.

The next segment of the program affected by the CYDOP modification is a
computation section, SUBROUTINE MOVE., This subroutine is primarily con-
cerned with assigning tke new values of parameters to proper variables.
However, the CYDOP modification uses this subroutine to transform the basic
design parameters into variables used in the lethal area computation. In
other words, variables such as fragment fly-off velocity, fragment presented
area, fragment density, and fragment spray angle are computed from the five
basic warhead and the two frugmentation parameters.

The assigning of new values of parameters to proper variables is
controlled by a DO~loop:

DO 100 J=1ls1S8TP
[F (JUPBK oEQe 2} l=l+}l
IGO = NAME(I)
IF{IPRNTS+EQel) WRITE(6.500) 1GO
500 FORMAT(1X26HIGO = 413)
GO TO (1092G930+40+00+40+460+40+40+40+40040+40950+60470474
TSe 16977 178479} 160
The loop is executed ISTP times, where IST? is equal to 1 or the number of
varisbles optimized or parsmeterized. The value of ISTP is determined
depending on conditions set in the mainline. NAME (I) contains a value
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representing a variable that is optimized or parameterized. Depending on
this value, the program branches to one of 13 different segments. State-
ments 10, 20, 30, 50, and 70 deal only with standard variables (namely,
HOB. VM, ALPHA, ZONEL, and MIWI-mass). If KDGN=1, statements 40 and 60
transfer inmediately to statements 73 and 72, respectively. This is done
because these sections are not nsed if the CYDOP segment is executed.

. 40 CONTINUE
IF(KDGN+EQ-1) GO TO 73
L 4

*

- ] *
L L
60 CONTINUE
IF(KDGN+EQel} GO TO 72
* L ] L
k2 . [
s *

?
72 THSU(l) = X(I)
THSUR(1) = X(I)*#CONV
GO TO 100
73 FM{1,1) = X(I)
GO TC 100

Statement numbers 74 tirough 79 assign design parameters to proper
varjzbles. Statcment 100 is the end of the DO-loop that controls the
switching of variables.

T4 WYOL = Xt1)
GO TO 100
75 WWT=X{T1)
GO TO 100
176 DWH = X(1)
GO TO 100
77T RLD = Xt}
GO TO 100
78 RCM = XtI)
GO 10 100
79 RHW = X(1)
100 CONTINUE

The next two statements cause the program to skip the design computation,
if it is not applicable.

C SKiP DESION COMPUTATION IF NOY APPLICAQLE
1+ (KDGNeNEW1} GO TO 110
lF(JPBK.NﬁoZnANDoIoNEoI-AND»NPARoG 20) GO TO 110
8 = RHOEX

. IFLIBRNTS«EQel) WRITE(S59501) NCOMB

8501 FORMAT(1Xe#NCOMB =#,15)
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B is set equal to RHOEX for ease in reading the equations that follow.
If IPRNTS5=1, the value of the combination number is printed.

Immediately following the previous statements, the program branches
into one of ten segments depending on the combination number. These
segments correspond to the combinations described in Table I.

w G0 TUO SEGMENT UDEFINED BY THE GOMBINATIUON NUMBER.

L IN £4CH CUMEINATION NUMBER SEGMENT, DETERMINE THE VALUE

v FOR THE TH5HO JNKNOWN VARLAGLES IN TERM> OF3 KNOWN VARIABLES
GUTOU(8L,829839y84985,80487488289,89),NCOMB

Combination number 1 determines the diameter of the warhead and the
volume of the warhead in terms of the charge-to-metal ratio, length-to-
diameter ratio, and warhead weight:

C COMBINATION 1
81 WC = WWT/(RCM+1l,.)
WE = WC*RCM
WHL (I (WE/B)+(WC/RHOSTL) ) #(RLD**2 ) %44 /P ) ##ONETRD
DwH WHL/RLD
WVOL = (PI*DWH##2)#WHL /4,
GO 70 93

8 nu

The weight of the case, the weight of the explosive, and the warhead length
are determined as intermediary steps, so they need not be determined in
lator stops.

Similar statements are used for the remwaining combination numbers,
solving for the two unknown parameters in texms of the three known variables.
If NCOMB is input as 9 or 10, an error code is printed and the run terminated.

u GUAdINAYIUN 2
42 Wl = WaT/Z(RLNELS)
at = WUONROM
WYUL = (HMEZB)+{aC/7RrONTL)
AHL 3 4e *AVULL/Z(PL*uRN®®2)
KLu = AbhL/UNH ‘
6. YO 43
C LOMBINATIOUN 3
83 WHL * L D*ONr
AVOL= A WHP 2 ¥ HHL*P L4,
e WO % (RRUSTL RV OLenRT ) {IRHOSFLegdy e e oms o e
RCH2 (whTenwl) /W0
L

A o e S W A A A $H . o Ao PrPTE PR
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v COABINATLIUN &
B4 UWn = (4 ®HVOL/ (PL¥RLU) ) **ONETROD
WC = 8% ((RHUSTL*WVOL=WHT)/ (KHOSTL=8))
[ "%ﬁ“wbﬁm"““m e s e e e s e ot =
GO Ty 91
¢ COMBINATION 5
85 RLU = 4o *HVUL/(PI*URH?*3)
WG = BH((RHUSTL*WYOL=NWT)/ (RHOSTL=B))
RCM= (WhT=HL) /WG
R —— Ge._.*ﬁ_ﬁ e —— B L T T T T e e e e e = s
c COMBINATION 6
86 WYUL= PI*RLU*(UWH®¥3) /4.
WC = WVOL/ ( (RCM/B) + (14 /RHOSTL))
WAT = WO* (RUMeLL)
60 TO Y1
e_ﬂ.... ._.-..__e_e*&.fh,mwm?_-,__.-.__.w_. PO AN e e e e
87 DWH = (4o*RVOL/(PL¥RLD) ) **ONETRD
WRT = (RVULY CRCM/ B+ (14 ARROSTLY ) ) ¥ (14 +RCH)
GJ TO 90
¢ COMBLNATIULN 8
88 RLD = 4o*WVUL/(PL*DNH¥**3)
e T a AHVEAEREM AL T ARHOSTLY 1 H A v+ REMF e - -
GO To 90
¢ COMBINATIUNS 9 ANG 10 -
c THe UNKNOWNS IN CCMoINATIONS 9 AND 10 CANNOT BE REPRESENTED
¢ INTERMS OF TH: KNOWN VAKIABLES o '
39 WRITE (6y39)
- B FORMATAE Ny RS THO—DEPENGENT VARIABLES  ENRUT—EN—DESION-HODE 4%y
GALL EX1T

‘- -

In some of these combinations, weight of the case, weight of the explosive,
and warhead length are not determined as intermediary steps. The following
Statements are included to compute them when necessary:

C DETERMINE W/H CHARACTERISTIC VALUES CALCULATED IN SOME OF
C THE ABOVE SEGMENTS BUT NOT CALCULATED IN OTHERS

90 WC = WWT/{RCM+14)

91 WHL= RLD*DWH

92 WE = WWT-WC

The program must now transform these design parameters into variables
used in the lethal area computation. The first variable computed is the
fragment fly-off velocity. The equation utilizes the Gurney formula with
the exponential correction factor derived in Appendix Ii:

¢ DETERMINE REMAINING W/M CHARACTERISTICS
93 GAMMA = 140 - o44B6%EXP{=102345%RLD)
FV(1s1) = GAMMA®GC%SQRT(RCM/(1o+e5#RCM})

A Y

e
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The variable D, diameter of the explosive, is computed next,

D = SQRT(DWH*¥Z2—(44*WC/(PI*WHL*RHOSTL) )
THCK = (DWH-D1/2,

WF = SQRT(FM(1s1)/(7000¢* THCK*RHW*RHOSTL))
HF = WF*RHw

TFRAG = 7000*WC/FM(1s1)

The fragment thickness, width, and height are then determined. TFRAG, the
total number of fragments, is determined by dividing the weight of one fragment
into the total weight of the case.

Since a new warhead length is computed each time, the correction factor
to the height of burst also changes.

HOB = HOB + PRESENT CORRECTION FACTOR =~ OLD CORRECTION FACT
28 = ZB + (SALP*WHL/24e} ~ SALP¥WDISF
WDISF= WHL/24.

The height of burst must be adjusted accordingly. This is done by
subtracting the old correction factor and adding the new factor to the
height of burst., The distance from the center of the warhead to the nose
of the warhead, WDISF, must also be corrected, This distance is one-half
the warhead length (divided by 12 to change inches to feat).

The fragment presented area is computed by taking one-fourth the surface
of the fragment. This is then divided by 144 to convert square inches to
square feet,

FPA 1S ONE-FOURTH SURFACE AREA DIVIDED BY l44-- TO CHANGE SQ
IN TO sQ FTY
FPA(LIol) = (WFEHF+WF*THCKAHF#THCK ) /7288

The upper polar zone angle is determined by one of the three methods
described earlier. If IZN=1, the upper polar zone angle is optimized or
parameterized. If THET=0, the upper polar zone angle is held constant.

If neither of the above two combinations exist, the spray angle is computed
by Shapiro's formula and defined as the upper polar zone angle.

THREE OPTIONS TO COMPUTE SPRAY--
1) IF UPPER 20NE 1S OPTIMIZED (1ZN=1) THEN THETA 1S DETERMINED

BY PRESENT VALUE OF THSUR(UPPER POLAR ZONE IN RADIANS)
IFI1ZN.EQel) GO TO 95
2) THEYA IS INPUT AND HELD CONSTANT (THET «NEeOe)

IF(THEToNEeOe¢) GO TO 94 |
3) THETA IS COMPUTED BY SHAPIRO § FORMULA
THETAA = ATAN(FV(141)%WHL/(24%DV*SQRT(WHL##24(D/24 ) #%2) 1)

©4 IF(THETeNEeOe) THETAA é,THET*CONV
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The next set of statements define the polar zone in terms of the variable
used in the lethal area computation. The last staterient in this set converts
the spray angle to degrees.

THSUR(1) = HFPI + THETAA
THSU(1) = THSUR(1)/CONV
95 THSLR(1) = HFPI
THSL(1) = HFPI/CONV
IF(IZNeEQel) THETAA = THSUR(1)~HFPI
THETAA = THETAA/CONV '

After the density of the fragments is determined, the subroutine returns
control to the mainline.

PI2*¥(COS(THSLR(1))=COS{THSUR(1)))

DENOM =

RHO(1s1) = TFRAG/DENOM
110 RETURN

END

The design mode output is executed in program LETHAR (OVERLAY2). This
overlay computes the probability of kill, prints the effective and lethal
area table, and prints the PK matrix. The design output is placed immediately
after the effective and lethal area table (if the effective and lethal area
output.is requested). If none of the print indicators are set, the inputs,
the design mode outputs, and the summary will be the only items printed.

C PRINT EFFECTIVE AND LETHAL AREA DATA
1605 WRITE (6411}
WRITE (6412) (PLEVEL(M)’XEA(MoI)oXLA(M'I)nXPK(M,l)vM = 1910)

WKITE
WRITE
WRITE

{6¢13)
(6+14)
(6912)

PLEVEL(I1)oXEACLILoI) oXLACL19I) 9 XPK(11y1)
PLEVELC12)9XEA(L1241 ) oXLAL124T) 9 XPK(1241)
PLEVELCI3)9XEACI391) o XLA(L39T )9 XPK(1341)

C PRINT DESIGN MODE COMPUTATICON

1610 IF(KDGNeFQe1l)
XWRITE(65101) NTR
THCK 1 yHF yWF s TFRAG

sWWToWVOL sRLDIRCMIRHWIFM( 191 ) oWE yWCoyWHL s DWH s
FV(191)sTHETAA

101 FORMAT (/94X #NUM WWT WVOL L/D /M H/W FM
1 WE wC LWH DWH FTK FHY FWD FNUMB
2 FVEL ANGL* /74X s 13412F8e293FBe303FB8e192F9¢393F84392F8e0sF701l)
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SECTION IV
TEST CASE

Table III illustrates the input deck for a typical execution of the
CYDOP computer program. Five variables were parameterized, and a total
of 162 warheads were evaluated against a single target element in 84 seconds
of central processor unit time on a CDC 6600 computer.

Table IV illustrates a portion of the output obtained from this test
case. This output is optional and is obtained by setting IPR2 equal to 1
on card D. It is strongly recommended that, when using the warhead mode,
this output be obtained since it contains information about the warhead
that will not be found in the summary. The summary is always output and
is illustrated in Table V.

There are several variables in Table IV which have not been encountered
previously, Effective area is the amount of area in which there is a PK
equal to or greater than the designated PK (Minimal). PK (Mean) is defined
as follows:

[/PK da

PK (Mean) = (EA)
Effeqtive Data

where EA is the Effective Area. Lethal Area, LA, is

LA = PK(Mean)*EA
In the final line of the output, there are several other new variables:
a. NUM is the number with 0 indicating the first case.
b. FTK is the fragment thickness.
¢. FHT is the fragment height.
d, FWD is the fragment width,
e, FNUMB is the number of fragments.
f. FVEL is the initial velocity of the fragments.
g. ANGL is the upper angular limit of the fragment spray.
Table V contains the summary output for the first 12 cases, Not all of

the variables being parameterized are shown in the summary. This deficiency
is incoavenient, and the program is being modified to correct the problem.
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TABLE IV. TEST CASE FOR DESIGN MODE

TEST CASE WARHEAD TARGET ELEMENT NO. 1
NARHEAD ENTRY ANGLE 60.0 DCGREES o
WARHEAD VELOCITY 25040 FT/SEC
BUKST HEIGHT <138 FcET
PK EFFECTIVE AREA LETHAL AREA PK
(MINIMAL) (SQ FT) ' ’ (SG FT) (MEAN)
1.0" "~ 0+s00000 -~ - - N 011021011 S T COBOC0DD
.9 352.33701 338403014 95356465
.8 352.35701 358.09014 - 55956465
o7 T U3BZ.IITOL T IIBVOYLL ¢ - v o -, 95956455
6 352.33701 336.09014 +$59864 65
o5 352033701 338.09014 - + 95956465
o T 3B24IITOL T T RS EI090LE o o -, €5956L 65
o3 © 352.33701 - 33809014 «€5956465
2 827.70574 465405944 ,t518p533
Wl OLR99iTI66 L T U BTSIRSA3G 0 - < L 38370366
. 005 2429,06160 662.59808 . 21271545
$0001 2623406160 . 662459808 27277545
0.0 65115,62613 662,59808° - . 0120219¢
NUN— — WWT wyol’ L/0 C/M H/W FN™ g
C0UTTN00 €507 150007 V800 1,000 Ct18:0 - o2
WG T OWH FrK MY FWD CENUMB FVEL  ANGL
YRS TR02Y 2028 REl iaF - wiPe-oT 3993 3908, 0 w.d
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TABLE V. TEST CASE FOR DESIGN MODE

SUMMARY

TARGET NOs 1 TARGET 25 Vi w300
TRIAL TARGET ALPHA HO3  A/H FA4(1) LETHAL
NO. NO. (DEG) (FT) VEL. GRAINS AREA

(FPS) SQeF T

[/ | B0C0 "7 T2 725040 ° 15.0 653e
A i i 75,0 2 22040 150 1luok.
2 1 900 e2 25040 15.0 O
3 1 6040 e2 25040 30.0 602
b 1 75.0 o2 250.0 30.0 1350,
5 i 900 o2 25040 300 Qe
6 1 "6l0.0 7 42 25040 15.0 340,
7 1 750 o2 25040 15.0 2011,
] i 90,0 o2 250,90 15.0 O
9 i b0+ 0 o2 25040 30.0 Bo2a
10 i 75.0 o2 250.0 30.0 14900,
11 1 Q0.0 e2 25040 300 Qe

However, by simply referring to Card C of the input deck, the values of the
variables being parameterized can be determined for any of the cases. The
rule is that the variable input on the first of the Type C cards will change
most quickly while the variable input on the last of the Type C cards will
change most slowly. In this test case, therefore, ALPHA varies most quickly
and L/D changes most slowly.
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SECTION V
CONCLUSIONS AND RECOMMENDATIONS
1. CONCLUSIONS
a. The Weapon Optimization Techniques program has been modified so
that it is possible to optimize or parameterize basic design parameters

for cylindrical warheads.

b. The methodology for fragment fly-off velocity has been investigated,
and a correction-factor equation to the Gurney formula has been introduced.

2. RECOMMENDATIONS

a. The possibility of considering blast effects when using this program
to optimize design should be investigated.

b. A design option to this program for alternative warhead shapes
should be considered as a possible future modification.

c. The possibility of expanding the warhead/target representation to
consider more than just point locations should be investigated.

d. Future programming efforts should be thoroughly documented to
eliminate any uncertainty as to how the program accomplishes its computations.
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APPENDIX I

UTILIZATION REPCRT
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COLUMN
1-72

CCGLUMN
1-5
6-10

11-20
21-30

35

40
&9

14

COLUMN
1-6

7-19
11-20
21-30
31-40

SECTION | CONSTANTS, SECTION

/

CARD A

ITEM SCALING
GTITLE = GENERAL TITLE 12A6
CARD B8

[TEM SCALING
NVOPT = NUMBER OF VARIABLES TO BE OPTIMIZED(MAX OF 15) 15
NPAR = NUMBER OF VARIABLES TO BF PARAMETERIZED(MAX OF 8) )

[F NVOPT IS GREATER THAN O+ NPAR = Q0 AND VICE-VERSA.

cCl F10.0
cc2 Fl0.0

OPTIMIZATION PROCEDURE wWiLL NOT CONVERGE UNTIL THE
FOLLOWING TwQ CONDITIONS ARE SATISFIED. ALtI) 15 LETHAL
AREA OF TRIAL .
le ABSOLUTE VALUE OFL{ALIN=1)-ALIN=2))ZALIN=-2))

MUST BE LESS ThAN C€C1 AND
Ze  ABSULUTE VALUE OFLIALINI=ALIN=L))IZALIN=1)}

MUST HE LESS THAN CC2.

IPRG = 1o PRINTS INTERMEDIATE VALUES IN OPTIM[ZATION il
PORTION OF PROGRAM,
[o#PaTe [y OPYIMIZES PATYERN SI2E. 1l

TEACH = 1o [N PARAMETRIC MODEINDICATES PATTERN SI2E will I
BE OPTIMI2ED FOR EACH SETY OF CONDITIONS.
Os PATTERN SIZE WILL BE OPYMIZED FOR THE LARGEST
VALUE OF N
Pl taL) WHERE N {5 THE NQ. OF
1 TARGET TLLMENTS,
LAPAR = lo LETHAL AREA WiLL BDE PARAMETERIZED 1

NOTE. IF LAPAR = 1, SKIP TO CARD Wls

CARD ¢

ITEM SCALING
RAME (1) » NAME OF VARIABLE YO Bf OPTIRIZED OR LY

PARARETERIZED FROM VARIABLE TABLE

BLAKK ax
XAM{T) = VARIABLE MINIMUM Fl0.0
XMATL) = VARIABLE NAXIHUM FiQe0
X(1) = FIRSY ESTIiWATE IN OPTIMIZATION KOOE Fl0.0

= DELVA X IN PARAMETRIC MODE

CARD C 1S REPEATED FOR EACH VAK!ABLE BEING ORTIMIZES
OR PARAME TERIZED -
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VARIABLE TABLE

COLUMN ITEM DIMENSION
1-3 HOB = WARHEAD HEIGHT OF BURST Fle
1-2 VM = TERMINAL WARHEAD VELOCITY FTe/SEC.
1-3 ALPHA = TERMINAL WARHEAD ATTACK ANGLE DEGREES
1-5 FM{I) = FRAGMENT MASSs GROUP I (MAX OF 10 GROUPS) GRAINS
1-5 ZONEL = LOWER LIMIT OF FIRST ZONE IN WARHEAD DEGREES
1-5 ZONEYU = UPPER LIMIT OF LAST ZONE IN WARHEAD DEGREES
1-3 FM1 = FRAGMENT MASS FOR PLANE OF FRAGMENTS GRAINS
1~3 * VOL = VOLUME OF WARHEAD CUs INe
1-3 ¥ WWT = WEIGHT OF WARHEAD LBS
1-3 * DwWH = DIAMETER OF WARHEAD IN
1-3 % L/% = RATIO OF LENGTH TO DIAMETER -

1-3 ¥ /% = RATIO OF WEIGHT OF CHARGE TO WEIGHT CF ~ETAL -
1-3 % t/W = RATIO OF HEIGHT TO WIDTH OF FRAGMENTS ’ -
NAMES MUST BEGIN IN COLUJMN 1 AND BE IN THE EXACT FORMAT
As INDICATED IN THIS TABLE
USE WLTH DESIGN MODE ONLY (KDGN = 1 )e DESIGN MODE CAN ALS0
USE HOBs VM»s ALPHAs FM({1)r AND ZONEUs REFER TO NOTE AT THE
BOTTOM OF THE FIRST PAGE OF SECTION I1C BEFORE CHOOSING ANY
OF THE DESIGN PARAMETERS.
CARD D
COLUMN ITEM SCALING
1 IPRNTL = 1y PRINTS STATIC» DYNAMIC AND FRAGMENTATION 11
WARHEAD DATA
2 IPRNT2 = 1» PRINTS EFFECTIVE AND LETVHAL AREA DATA . 11
3 IPRNT3 = 1y PRINTS PK MATRIX 1
4 IPRNT4 = 1s PRINTS TARGET DATA INPUT Il
5 IPRNT5 = 1y SPECIAL PRINT USED FOR PROGRAM CHECKOUT I
SET THE INDICATOR TO 0 TG OMIT THE SPECIFIEC PRINTOUT
15 INDXR = 1s INDICATES EVERY RADIUS IN THE TABLE OF RADII 1y
FOR THE TARGET DAMAGE ASSESSMENT LRID IS 7O BE
USED

2y INDICATES EVERY OTHER RADIUS

3» INDICATES EVERY THIRD RADIUS

ETC

ANGULAR INCREMENT FOR TARGET DAMAGE ASSESSMENT F1040
GRIDs SHOULD DIVIDE INVO 180 EVUNLY (DEGREES)

21-30 DGR

f

31-40 ALPHA = WARHEAD TERMINAL ATTACK ANGLE (DEGRELS) F10«D
41-50 HOB= WARHEAD HEIGHT OF BURST (FT) F10+0
51-60 VM ~ WARHEAD TERMINAL VELOCITY (FT/SEC) F10.2
61-65 ROGMAX = MAXIMUM EFFECTIVE RADIUS TO BE EVALUATEDe IF F540

RGMAX=0: GRID RADRIUL wiLlL HE DETERMINED LY A
CALCULATED EFFECTIVE RANGE OF WARHEAD.
66-70 WDIS = DISTANCE FROM ThE NOSE OF THE MILiIlLE YO THE 30
CENTER OF THEZ WH SECTIONCINUHES)
75 KDGN = 1l» DESIGN MODE FLAGs USE SECTION 11 C IF KDGN=ls 15
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) SECTION 11 WARHEAD SECTION

NOTE~- USE TABLE TIALIIBsOR 1IC AS APPROPRIATE

SECTION [IA

{WAPHEADS WITH CONSTANT CHARGE TO MASS RATIO)

CARD &

3 COLUMN ITEM SCALING
; 1 ITaPe = 1y INDICATES CERTAIN VARIABLES WILL BE READ 19
- FROM TAPE

_— 2-3 1SKP = NUe OF THE FILE TO BE READ FROM TAPE. 12
S 4=9 TITLE = ABBREVIATED NAME OF THE FILE TO BE READ FROM A6
P TAPE.

'5.%” CARD F - OMIT WHEN ITAPE=)
e . COLUMN ITEM SCALING

Lo 1=7¢ WYITLE = WARHEAD TI!TLE 1246
'éf.
L ‘ CARD G - WHEN ITAPE=1s INPUT COLUMNS 11~3% ONLY

COLUMN ITEM SCALING
L 15 BLANK 15
YT 6-10  NPOLAR = NUMBER OF PQLAR ZONES REWUIRED YO DESCRIBE THE 15

FRAGMENTATION DATA FOR WARHEAD (DEG) (MAX OF 26)
NOTke [F WM CONTAINS ORLY & PLANE OF FRAGMENTS
AND NQ FRAOMENTYS TN POLAR ZONESs THEN NPOLAR
MAY BE SEY TQ O AMD CARDS M AND 1 OMIYIED,
1120 PREXP = THU OARE CHARGE OF TNT EQUIVALENT EXPLOSIVE IN F1040

R , THE WARMCAD (LO5:
v 71-30 RHOMYL © DENSITY OF FRAGMENT MATERIAL (LBS/IN®#3) F10.0
WL e (NOT USED 1F FREAGMENT 1S STEEL) .
PRCRE 2 MING = Ly INDICATES WhH CONTAINS A PULANE OF PRAGMENTS. 15
2 ‘ 3480 BLANK :
SR 6110 FACTK = K FACTORs (FY®@2/GRee2/7%3) F1040
SR 11 LFRAG  FRAGMENT DENSITY INDICATOR [
N * ' -~ = 0 THE FRAGMENT DENSITY, RHOUI:J)v 45 InpUT IN
s, o , . FRAGMENTS/SYERADLAN

B : # 1 THE FRAGMENT DENSITY 5 INPUT AS THE YOTAL NUMBER

Co, OF FRAGMENTS AND THE PROGRAM COMPUTES FRAGMENTS/
; STERADIAN
:

78 INDLD = FRAGMENT DRAG INDICAYORs 1 = SPHEREs 2 » CUBE, 1l
: 3 = RANDOMs IF 1HDCD 6T 3» A SPICIAL DRAG CURVE
MUST BE 1APUT USING CARDS Jie




CARD H - OMIT WHEN ITAPE=1.
COLUMN ITEM SCALING
1-5 NGPS(J) = NUMBER OF CLASSES OF FRAGMENTATION DATA IN 15
POLAR ZONE Je ALL ZONES MUST HAVE SAME NUMBER
OF CLASSESe. (MAX OF 10)
6—-10 BLANK 15
g 11-20 THSU(J) = UPPER ANGLE DEFINING POLAR ZONE J FCR WARHEAD F1l0.0
T (DEG)
21-30 THSL(J)Y = LOWER ANGLE DEFINING POLAR ZONE J FOR WARHEAD Flo0.0C
(DEG)
CARD I - OMIT WHEN ITAPE=l.
COLUMN 1TEM SCALING
1-1¢ FM({JsK) = FRAGMENT MASS FOR POLAR ZONE J, AND CLAS: K Fl0e«0
{GRAIN)
11-20 FY({JsK) = INITIAL VELOCITY FOR POLAR ZONE J AND CLASS K F1l0.0
LFY/SEC)
21-30 FFA(JsK)= FRAGMENT PRESENTED AREA FOR POLAR ZONE J AND Fl10.0
CLASS K (SQe INe)
31-40  BLANK F1040
41-50 RHO(JsK)= FRAGMENT DENSITY OR NUMBER OF FRAGMENTS F10.0
§1-60 D1 (K} = WIDTH OF RECTANGULAR FRAOMENTS IN CLASS K (IN) F10.0
61-70 D2(K) = HEIGHT OF RECTANGULAR FRAGMENTS IN CLASS X{IN) F1040
GLiK) AND D2¢K) ARE REQUIRED ONLY IF FRAGMENT MASS IS
BEING QPTIMIZED OR PARAMETERIZED
) CARD | 15 REPEATED NGPS(1) TIMES.
e CARDS H AND | ARE REPEATED FOR EACH POLAR ZONE
o
ot CARD 11 { OMIT IF MIN] oNEe 1 }
vt
RIS COLUMN ITEM SCALING
et 1-10  FM1 = FRAGMENT MASS FOR MINI PLANE OF FRAGMENTS. F1040
AR (GRAINS)
R 11-20 Fvi = INITIAL VELQCITY FOR MINI PLANE OF FRAGMENTS. FL10e0
ﬂ (FT/75EC)
Y 21-30 FPAL = FRAGMENT PRESENTED AKEA FOR MINI PLANE OF F1040
S FRAGMENTSe  (50s INe)
ot 31~40  BLANK
. 41~50 RMO1 = NO» OF FRAGMENTS IN MIN! PLANE OF FRAGMENTS,. F10.0
I 51«50 DO! * WIDTH OF RECTANGULAR FRAGMENTS IN MINI PLANE F1040
e OF FRAGMENTS., (1N«)
S 61-70  OD? = HEIGHT OF RECTANGULAR FRAGMENTS IN MINI PLANE F10.0

OF FRAGHENTS. (INs)
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IF INDCD IS LESS THAN 3 OMIT CARDS Jl (SPECIAL DRAG TABLE)

CHRD J1
COLUMN ITEM SCALING
ENABLES INPUT OF FLECHETTE DRAG COEFFICIENTS
1-10 CD(I) = DRAG COEFFICIENT AT VELOCITY = 0 FT/SEC F100
11-20 CDiI) = DRAG COEFFICIENT AT VELOCITY = 447 FT/SEC F1040
[ .
. [
. .
61-70 XDt7) = DRAG COEFFICIENT AT VELOCITY = 1005 FT/SEC F1040

CARD J1 1S REPEATED UNTIL 25 DRAG COEFFICIENTS

HAVE BEEN INPUT(7 PER CARD)e CORRESPONDING VELOCITIES
MUST BE 0344745589670+ 782989391005+1116+1228+1340
1451+156351786,1898+2010522334+2679+3014+3350+3908»
4679+502495582+6475910048.
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COLUMN
1-72

COLUMN

72

SECTION I1I8B

(WARHEADS WITH VARYING CHARGE TO MASS RATIO =~
OPTIMIZATION OR PARAMETERIC RUNS FOR SPHERICAL
FRAGMENT MASS ONLY)

CARD E
FORMAT
ITEM SCALING
WTITLE = WARMEAD TITLE 12A6
CARD F
FORMAT
ITEM SCALING
I'WHDT = WARHEAD TYPEs» 1 = SPHERE OR TABULAR DATA, i1
2 = CYLINDER
NPOLAR = NUMBER OF POLAR ZONES REQUIRED TO DESCRIBE Is
FRAGMENTATION DATA FOR WARHEAD (MAX 36)
PBEXP = BARE CHARGE OF TNT EQUIVALENT EXPLOSIVE F10e0
IN THE WARHEAD (LBS)
RHOMTL = DENSITY OF FRAGMENT MATHERIALs BLANK IF F10e0
USING STEEL (LBS«/CUe INs)
MINI = 1s INDICATES WH CONTAINS A PLANE OF FRAGMENTS. Il
WLGTH = LENGTH OF WARHEAD (INCHES) Fl0e0
WDIAM = DIAMETER OF WARHEAD (INCHES) Fl040
FACTK = K FACTOR (FT#¥2/(GR¥#2/3) Fl10.0
IFRAG = FRAGMENT DENSITY INDICATOR =0, THE FRAGMENT 11
DENSITYs RHO(IsJ) IS INPUT IN FRAGMENTS/
STERADIANe IF IFRAG = 1s FRAGMENT DENSITY
IS INPUT AS THE TOTAL NUMBER OF FRAGMENTS
AND FRAGMENT/STERADIAN 1S COMPUTED.
INDCD = DRAG INDICATORs 1 = SPHEREs 2 = CUBE,» 3 = Il
RANDOM. lF INDCD GT 34 SPECIAL DRAG CURVE
MUST BE INPUT USING CARDS [1
NOTE - IF IRAD = 1y PBEXP NOT REQUIRED
NOTEZ = LEAVE FACTK BLANK IF FRAGMENT PRESENTED AREA
18 USED
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CARD G
CARD G IS REPEATED NPOLAR TIMES

COLUMN ITEM SCALING
1-5 NGPS(I} = NUMBER OF CLASSES OF FRAGMENTATION DATA IN I5
POLAR ZONE le ALL ZONES MUST HAVE SAME
“ NUMBER OF CLASSESe MAX OF 10
6-10 BLANK
11-20 THSU(I) = UPPER ANGLE DEFINING POLAR ZONE 1 FOR F1l040

WARHEADe MAX OF 18Q(DEGREES)
LOWER ANGLE DEFINING POLAR ZONE FOR WARHEAD F10.0
MAX OF 180(DEGREES)

H

21-30 THSU(T)

CARO H1
COLUMN 1TEM SCALING
5 IFORM = 0s TABULAR WARHEAD DATA, 1 = GURNEY FORMULA Il
6~10 NMAS = NUMBER OF MASSES IN TABLE MAX OF 14, I5
NOT REQUIRED IF IFORM = 1
1i-20 ENERGY = ENERGY CONSTANTs NOT REQUIRED IF IFORM = o F1l0e0
21-30 PACKEF = PACKING EFFICIENCY EP ,NOT UScD IF 1FORM=0 F10.0
31-40 RHOMTX = DENSITY OF MATRIX MATERIAL (LBS/IN%%3) Fl0e0
NOT REGQUIRED IF IFORM = 0
41-50 RHOEXP = DENSITY OF EXPLOSIVEs NOT REQUIRED IF F10e0
LFORM = ¢

CARDS H2~H4 NOT REQUIRED IF IFORM = 1

CARD H2
COLUMN ITEM SCALING
: 110 SFMAS(I) = FIRST MASS IN TABLE(GRAINS) F1040
: CARD H3
f COLUMN 1TEM SCALING
i =10 SVEL(1) = SPHERICAL FRAGMENT VELOCITY IN CLASS | F1040
: ' (FT/SEC) MAX OF SEVEN CLASSES
S CARD H4
% =30 SRnG(1) = NUMBER OF SPHERICAL FRAGMENTS IN FIRST F1040

CLASS MAX OF SEVEN CLASSES

REPEAT CARDS H3 AND H4 FOR EACH POLAR LONE
REPEAT CARDS H2 THROUGH H4 NMAS TIMES

IFINDCD IS LESS THAN 3» OMIT CARDS 11 (SPECIAL DRAG TABLE)
CARD 11 (SAME AS CARDJZ IN SECTION 11A)
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SECTION IIC

(KDGN=1s FOR DESIGN MODE)

CARD E
COLUMN ITEM SCALING
1-72 WTITLE = WARHEAD TITLE 12A6
CARD ,
COLUMN : ITEM SCALING
1-10 RHOEX = DENSITY OF EXPLOSIVE (LBSe/CUs INe) Fl0e0
11-20 RHOSTL = DENSITY OF METAL (LRG./Cn. Twa FSVERY)
LFAVD Do snk iF METAL IS STEEL
21-30 GC = GURNEY CONSTANT (FTe/SECe) Fl0e0
31~-40 Y = DETONATION VELOCITY (FTe/SECs) Fl0e0
4i~50 THET = SPRAY ANGLE (DEGe) F1040
= BLANKy IF NOT HELD CONSTANT F10e0
55 NCOMB = COMBINATION NUMBER : I5

NCOMB TABLE

{NCOMB IS THE FLAG USED TO DETERMINE wHICH SET OF
DESIGN PARAMETERS IS TO BE OPTIMIZED OR PARAMETERIZED)

NCOMB ~ —mmemoe PARAMETERS —~====~-
1 WWT C/M /D H/W FM(1)
2 WWT  C/M  DWH  H/W  FM(1)
3 WWT L/D DwWH H/W FM({1)
4 WWT L7080 VOl H/W FM{1l}
5 WWT DWW  VOL H/W FM(1)
6 C/M L/D ODWH H/W FM{})
7 C/M  L/D VOL H/W  FMLD)
8 C/M  DWH  VOL  H/W TMil)
9 *  VOL WWT C/M H/w FM(]}

10 #  VOL DOWH L/D H/W FM{]1)

NOTE~~1) IN USING THE DESIGN MODE fHE USER MUST ACCOMPLISH THE
FOLLOWING

Ae  SELECT A COMBINATION NUMBER (NCOMB TALE)
BASED ON WAR'.EAD CONSTRAINTS

os  OPTIMIZE OR ~ARAMETERIZE ANY VARLABLE [N
THE CHOSEN COMBINATION BY USE OF CARD ¢,
HOE. VMs ALPHA. AND ZONEU CAN ALSO BE
CPTIMIZED OR PARAMETERIZED.

Ce AHNY VARIABLE [N THE CHOSEN COMBINATION THAT 18§
NT OPTIMIZED OR PARAMETERIZED MUST HAVE A
CONSTANT VALUE ENTERED ON CARD G

2Y#COMBINATION NRUMBERS 9 AXD 10 MAVE NO UNIQUE SOLUTION
FOR THE TWO UNKMOWNSs AND SO CANNOT BE USED. THEY ARE
LISTED HERE FOR COMPLETION ONLYs
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CARD G
{INPUT VALUES ONLY FOR THE VARIABLES TO BE HELD CONSTANT)

COLUMN I[TEM SCALING

1-10 WVOL = WARHEAD VOLUME (CUs INe} F1l040
11-20 WWT = WARHEAD WEIGHT (LBS.) F1l0a0
21-30 DWH = DIAMETER OF WARHEAD(IN.) F10.40
31-40 RLD = RATIO OF LENGTH TO DIAMETER OF WARHEAD F100
41-50 RCM = RATIO OF CHARGE TO METAL OF WARHEAD F1l0.0
51-60 RHW = RATIO OF HEIGHT TO wIDTHE OF FRAGMENTS F10e0

61-70 FM({ls1) = FRAGMENT MASS (GRAINS) Fl0e0

NOTi- IF A VARIABLE MUST BE HELD CONSTANT IN A GIVEN RUN»
THAT VARIABLE MUST APPEAR IN THE LIST CORRESPONDING TO
THE COMBINATION NUMBER INPUT.




SECTION II1I TARGET SECTION

CARD K2
COLUMN ITEM SCALING
5 NELMTS = NUMBER OF TARGET ELEMENTS (MAX OF 5) 1.
6-10 NESH = NUMBER OF MATERIAL TARGET ELEMENTS WHICH ARE SAME 15

HEIGHTe THESE SHOULD BE GROUPED TOGETHER AS THE
FIRST TARGETS TO BE INPUTe THOSE ON TAPE SHOULD BE
ARRANGED IN ASCENDING ORDER QF FILE NUMBER.
15-35 LTYPE(I) FOR I=1seses5 = 0 FOR MATERIEL, . 515
= 1 FOR PERSCNNEL

CARD L
COLUMN ITEM SCALING
1 I TAPE = 1y INDICATES CERTAIN VARIABLES WILL BE READ 11
FROM TAPE.
= Os NO VARIABLES READ FROM TAPE
2=3 ISKPP = FILE NUMBER TO BE READ FROM TAPE 12
49 TITLE = ABBREVIATED NAME OF FILE TO GE READ FROM TAPE. As
CARD M - OMIT WHEN ITAPE=1l.
COLUMN ITEM SCALINA
1-72 ETITLE = ELEMENT TITLE 1246
NOTEe IF THE TARGET IS PERSONNEL,s SKIP TO CARD U
CARD N - OMIT COL 1-40 WHEN ITAPE=].
COLUMN ITEM SCALING
1-5 BLANK
6-10 NFMS(1) = NUMBER OF FRAGMENT MASSES USED TO DESCRIBE THE 15
VULNERABILITY OF TARGET ELEMENT I (MAX OF 1O)
11-15 NVEL(1) = NUMBER OF FRAGMENT VELOCITIES USED TO DLSCRIUE 1%

THE VULNERABILITY OF TARGET EFLEMENT 1 (MAX OF 12)
1620 NELVS(I) = NUMBER OF ELEVATION ANGLES USED TO DESCRIBE THE 1%
VULNERABILITY OF TARGET ELEMENT I (MAX OF 7)
25 IKT{I)= Oy THE TARGEY VULNERABILITY DATA AS A FUNCTION OF 12
ELEVATION ANGLE 15 USED.
1y THE TARGET VULNERABILITY DATA FOR THE UPPER
HEMISPHERE [$ USEDa
2y YHIS CPTION INCORPORATED INTO THE PROGRAM TO
EVALUATE VULMNERABILIYY FOR FUTURE ELEMENTS.
NOY NEEDED AT THIS TIME.

31-40 21T(1) = MEIGHY OF TARGET ELEMENT CENTROLD. Fl0e0
41-50 YLOTH{ I )= LENGTH QF ELEMENT(1), F1040
51-60 TWOTH(L IsWIDTH OF ELEMENTUI)W Fl040

THGT(I) = HEIGHY OF ELEMENY(I). F1040
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COLUMN
1-10

11-20
30

COLUMN
1-70

COLUMN
1-40

COLUMN
1-7¢

COLUMN
1-30

COLUMN
1-30

CARD ©

ITEM SCALING
BLSTL1(I) = EITHER THE IMPULSE LEVEL OR THE BLAST F1040
RADIUS FOR PXB = 1.0 OF ELEMENT I.
BLSTL2(I}) = EITHER THE IMPULSE LEVEL OR THE BLAST F1l0.0
RADIUS AT WHICH PKB BECOMES EQUAL TO O
IRAD(I) INDICATES BLAST LEVEL 1§ USED Il

non
o

1 INDICATES BLAST RADII ARE USED

CARD P - OMIT TYPES P THROUGH 7 WHEN ITAPE = 1

ITEM SCALING
AVUITsJTeKT) = VULNERABLE AREA FOR FRAGMENT MASS IT» 14F540
FRAGMENT VELOCITY JT AND FRAGMENT STRIKING
ANGLE KT (KT = 1s4NELVS)
CARD Q
ITEM SCALING
FMASUISITT) = AN ASCENDING QORDERED TABLE OF FRAGMENT 8F540
MASSES USED IN THE VULNERABILITY DATA FOR
ELEMENT Lo (ITT = 1sNFMS)
CARD R
1 TEM SCALING
L(1eJdTT) = VELOCITY (JTT= laNVEL) 14F540
CARD s
ITEM SCALING
ELVIIWKTT) = AN ASCENDING ORDERED TABLE OF FRAGMENT 6F540

STRIKING ANGLES USED IN THE VULNERABILITYY
PATH FOR ELEMENT I (KTT = 1eNELVS)

CARD T

ITEM SCALING
VEETBLUT»IYTHKTT) = MINIMUM LETHAL FRAGMENT VELOCITY 6F540
FOR TARGET ELEMENT ls FRAGMENT
ZONE N» FRAGMENT CLASS M={M=1,NGRS)

CARD P 1S REPEATED (NFMS{I) X NVEL(I)} TIMES.
CARD T lS REPEATED NFMS(1) TIMES
CARDS L TYHROUGH T ARE REPEATED FOR EACH MATERIEL TARGEY
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IF TARGET IS PERSONNELs OMIT CARDS N THRQUGH T AND USE THE
FOLLOWING CARDS IN THEIR PLACE

CARD U

COLUMN ITEM SCALING
1-5 ITROOP(I) 1 FOR PRONE TROOPS I5 4
2 FOR STANDING TROOPS, 3 = FOXAOLE

H N

6~10 BLANK
11-20 ZT(I) = HEIGHT OF TARGET (FT} F1040
21-30 BLSTL1I(I) = EITHER THE IMPULSE LEVEL OR THE BLAST Fl0.0
RADIUS FOR PKB = 140 OF ELEMENT .
31-40 BLSTL2(1) = EITHER THE IMPULSE LEVEL OR THE BLAST F1l040
RADIUS AT WHICH PKB BECOMES EQUAL TO Ce
45 IRAD(T) 0 INDICATES BLAST LEVEL IS USED Il

o

1 INDICATES BLAST RADII ARE USED

CARD V - OMIT 'WHEN ITAPE = i

COLUMN ITEM SCALING

1-10 A = CONSTANT DEFINING CASUALTY CRITERION Fl0e0
11-20 B = CONSTANT DEFINING CASUALTY CRITERION Flo.0
21-30 C = CONSTANT DEFINING CASUALTY CRITERION F1l040

REPEAT CARDS MsUs AND V FOR EACH PERSOMNEL TARGET

CARD w1l OMIT TYPES Wl THROUGH Z IF [OFPAT=0
COLUMN ITEM SCALING

1 NLPAR = NUMBER OF VARIABLES TC-8E& PARAMETERIZED (N Il
THE PATTERN OPYIMIZATION SECTIUN.

CARD W2 REPEAT NLPAR TIMESe OMIT [F [OQPPAT =

COLUMN ITEM SCALING

1-6 NAMES(M) = NAME OF VARIABLE TO BE PARAMETERIZED. A6
11-20  XMNLI(M; s VARTABLE MINIMUM £10.0
21-30  XMXLIM) = VARTABLE MAXIMUM F10e0
31-40  XLI(M) - DELTA X : F10+0

PATTERN OPTIMIZAYION VARIAZLE TABLE

COLUMN , 1TEM
1-5  NBLTS = NUMBER OF BOMBLETS
1-5 TARHL = TARGET HALF LENGTH.
1-5 TARKW = TARGET MALF WIDTH. .
1-6  SIGW = STANDARD DEVIATION OF DELIVERY ERROR IN THE RANGE
CIRECTION
1-4  SIGL = STANDARD OEVIATION OF DELIVERY ERROUR IN TNE
DEFLECTION DIRECTION.
1-5  ARZAL = LETHAL AREA. IF THIS VARIADLE 1S5 PARAMETERIZED

LAPAR MUST BE 1.
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COLUMN
1-10
11-20
25

COLUMN
1-10
11-20
25

31-40
41-50

51-60
61-70

COLUMN
1-10
11-20

.
41-50

CARD X

TARHL
TARHW
IDTAR

LUt S 1

CARD Y

PATHL
PATHW
IDPAT

u tn

SIGL

¥

n

SIGW

DL =
NBLTS

#

CARD 2

FPtI1)
FP(2)

FP(S)

NOTE.

OMIT IF IOPPAT = 0

1TEM
TARGET HALF LENGTH.
TARGET HALF WIDTH.
Os INDICATES ELLIPTICAL TARGET SHAPE
ls INDICATES RECTANGULAR TARGET SHAPE

OMIT IF IOPPAY = 0

ITEM
WEAPON PATTERN HALF LENGTH.
WEAPON PATTERN HALF WIDTH.
Os INDICATES ELLIPTICAL PATTERN SHAPE.
1y INDICATES RECTANGULAR PATTERN SHAPE.
STANDARD DEVIATION OF DELIVERY ERROR IN THE
RANGE DIRECTION.
STANDARD DEVIATION OF DELIVERY ERRQOR IN THE
DEFLECTION DIRECTION.
DELTA ON PATTERN SIZE
NCe OF BOMBLETS.

ITEM
= WEIGHTING FACTOR FOR TARGEY ELEMENT 1.

SUM OF THE ABOVE MUST BE s

SCALING
F10.0
Fl0.0

Il

SCALING
FlQ0eC
Flo.0

11

F1l0.0
F1040

F10.0
110

SCALING
Fl0«Q




A W K ATT I 00 * b st o1 i et

NOTE+ RUNS MAY BE STACKED BY PLACING A *RUN CARD

(¥ IN COLe 1+ RUN IN COLSe 7-9) AFTER LAST DATA

CARD AND THEN REPEATING THE CARDS IN TABLE l.

THE GTITLE CARD 15 USED TO INDICATE IF THE wH

DATA AND/OR THE TARGET DATA ARE TO BE CHANGED.

IF NEW WARHEAD DATA IS IN GTITLE CARD COLSe 1-16s
THEN TABLE 1IA OR 11B CARDS MUST BE INPUT.

IF NEW TARGET DATA IS IN COLS« 20-34, THEN THE

ENTIRE TABLE (Il CARD DECK MUST BE INPUT, COLSs 35-72
MAY CONTAIN ANY OTHER INFORMATION TO BE PRINTED AT
TOP OF PAGE.

THIS MAY BE DONE ANY NUMBER OF TIMES, THUS ENABLING
THE USER TO OPTIMIZE SEVERAL WARHEADS AGAINST VARIQUS

TARGETSe
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SPECIAL INPUT SECTION USED TO STORE DATA ON TAPE

CARD 1
CoLyMN
1-6 WwT
CARD 2
COLUMN

1-72 WIITLE

CARC 3
COLUMN
1~19 NPOLAR
2l=170 FACTK
71 1FRAG
72 INDCD
CARD 4
COLUMN

I~% PRSI

6~10 BLANK
11-20 THEUE L))

2i=-30 TMSLEJ)

CARD S

COLUMN  SYRBOL
1-10 EMEJKY
11-20 FULJek}

21-30 ADun

31-40 1DUN

41-50 REGT oK)

5160  BouM

61-70 COUM
CARD ¢

COLUMN

1~4 TARGT!

ITEM SCALING
= ABBREVIATED NAME OF THE FILE TO BE READ FROM A6
TAPE.

ITEM SCALING

= WARHEAD TITLE 1246
ITEM SCALING

= SAME AS CARD W BUT READ FROM TABRE. I
a SAME AS CARD M BUT READ FKOM YA&PC. F1l0.Q
= SAME AS (ARD H BUT READ FROM TAPE. F10.0
2 SAME AS CARD H 3UT READ FROM TARE. FlQ.Q
FTEM SCALING

& NUMBER OF CLASSES QF FRAGMENTATION NATA N 1)

POLAR ZONE Js  ALL ZONES MUST HAVE SAME NUMBER

OF CLASSEN.

= UPPER ANGLE ORFINING POLAR ZGNE J FOR WARMEAD F1049

{DEG)
= LOWER ANGLE DEF INIM. POLAR JONE J FOR WARHEAD F10.0
(DEG)
. 1TEM ACALING
» $AME A5 CARD M DQUT READ FROM TAPE. : FlG.0
v SAME A3 CARD N DUT REZD FROM Tabe. : Fi0.0
* DLANK" F19.0
+ DLANKS ‘ , , F10.0
= SAHME AS (ARD M DUT READ FRUK TAPL. Figel
v BLANK: FiQe0
« BLARKS Fi0ed
1YER SCALING
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e *

COLUMN
1-72

COLUMN
=5
6-10

11-15
16-20

25

31-40

COLUMN
1-70

COLUMN
1-40

COLUMN
1-70

COLUMN
1-30

COLUMN
1-30

COLUMN
1-10
11-20
21~30

CARD 7

SYMBOL ITEM SCALING
ETITLE = ELEMENT TITLE 12A6
CARD 8
SYMBOL ITEM SCALING
BLANK
NEMS(I) = NUMBER OF FRAGMENT MASSES USED TO DESCRIBE THE 15
VULNERABILITY OF TARGET ELEMENT 1e (MAX OF 10
NVEL(I) = NUMBER OF FRAGMENT VELOCITIES USED TO DESCRIBE 15
THE VULNERABTILITY OF TARGET SLEMENT [ (MAX OF 21)
NELVS(I} = NUMBER OF ELEVATION ANGLES USED TO CESCRIBE THE 15

VULNERABILITY OF TARGET ZLEMENT I (MAX OF 10)

IKT(I) = O0s THE TARGET VULNERABILITY DATA AS A FUNCTION OF I1
ELVS ELEVATION ANGLE ARE USED.
= 1y THE TARGET VULNERABILITY DATA FOR THE UPPER
HEMISPHERE ARE USEDe
27(1) = HEIGHT OF TARGET ELEMENT CENTROID (FT) F10e0
CARD 9
SYMBOL ITEM SCALING
AV(ITyJdTeKT) = VULNERABLE AREA FOR FRACMENT MASS (T, 147540
FRAGMENT VELOCITY JT AND FRAGMENT STRIKING
ANGLE KT (KT = leNELVS)
CARD 10
SYMBOL ITEM SCALING
FMAS(LsITT) = AN ASCENDING ORDERED TABLE OF FRAGMENT 8F5.0
MASSES USED IN TH{ VULNERABILITY DATA FOR
ELEMENT le (ITT = 1sNFMS)
ZARD 11
SYMBOL ITEM SCAL NG
VEL({I+JTT) = VELOCITY (J7Ts isNVEL) 14F5%40
CARD 12
Sy -.80L ITEM ' SCALING
ELY({IsKTT) = AN ASCENDING ORDERED TABLE OF FRAGMENT 8F5.0
STRIKING ANGLLCS USED IN THE VULNERABILITY
PATH FOR ELEMENT 1 (KTY & 14NELVS)
CARD 13
SYMBOL ITEM SCALING
VEETBLAT»ITT+KTT) = MINIMUM LETHAL FRAGMENT VELOCITY 6F5 &

FOR TARGET ELEMENT Iy ZONE N» FRAGMENT MASS M.
ZONE N» FRAGMENT CLASS M={M=1¢NGn5)

CARD 14

SYMBOL I1TEM _ SCALING
A = CONSTANT DEFINING CASUALTY : : FlQ+0
B = CONSTANT DEFINING CASUALTY - Fi0e0

C = CONSTANT DEFINING CASUALTY ) F1040
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APPENDIX II
GURNEY EQUATION CORRECTTON FACTOR

In developing the algorithms for this modification, it was discovered
that there is a degree of uncertainty about the Gurney formula. The Gurney
formula, derived in Reference 4, predicts the fragment fly-off velocity
of a warhead as a function of explosive characteristics and charge-to-metal
ratio. The uncertainty concerns the accuracy of the fly-off velocity pre-
diction. Several publications (Reference 2, for example) suggest using 70
or 80 percent of the value predicted by the Gurney equation. There is some
disagreement in this uncertainty, however. References 5, 6, and 7 mention
that for a warhead with a length-to-diameter ratio of less than 2, the
Gurney formula yields high results and as a result should not be adjusted.
In an attempt to include recent and accurate state-of-the-art technology
in this modification, an investigation was performed to determine the most
recent and the most accurate algorithm to predict fragment fly-off velocity.

Reference 5 presents some experimental data illustratving the variation
of fragment fly-off velocity as a function of warhead lergth-to-diameter
ratic. However, a representative equation is not given; therefore the
results cannot be easily utilized. The purpose of this appendix is tc
derive such an equation.

The graphical data in Reference 5 approximate the general form of an
inverse exponential curve approaching unity. For this reason, the following
general equation was chosen to fit the data:

Y = 1-2e®X (11-1)
where Y is the deperdent variable (correction factor) and X is the independent
variable (length-to-diameter rstio). The constants a and b must be determined
and they can be computed using the least squares method.

Equation (fI-1) must be transformed into a polynomial equation befere
the least squares method can be applied. This can be done by using the
follewing transformation,

1< = aebx

In(l-Y) » Ina+ b XIne _ B (11-2)

‘ln(i-Y) v lna+ bk
Equation (i‘-?),is-in the first order polynomial form,

UsA+BYV | (11-3)
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where A and B are constants and U and V are variables. 1In regression
analysi » it is shown that an equation can be fit to a set of data points
in the form of equation (II-3) by use of the normal equations,

ZU, = nA+BIvV."®
1 1
and
SU.V, = AZV.+BIV,?
11 1 1

where n (i = 1, ... , n) is the number of data p01nts A and B correspond

to the A and B in equation (II-3), and (U V. ) is the ith data point.
Solving for A and B,

EUi EVi
As— . B —
n n
(11-4)
5 - nZViUi«ZUiZVi *
b 2 2
;- vy)

af"

Y

By npplying equations (II-4) to equation (II-2), the constants in equation
(11-1} can be determined

- EXgIn(1-Y,)- [2in(1-Y,) ] (3%,)

2 2
nEXi -(zxi)

i}ln(l»Yi)-bEXi
a-nexp( - )

(11-5)

A computer program was written to perform these calculations. The
Curney equation correction factor, y; was found to be

¥ % 1-.4486 o~ }-2345(L/D) (11-6)

The program Source statements and the cutput are listed on the next following
computer printout sheets, _
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GURFAC  FORTRAN EXTENDED VERSIGN 2.0 14/09/70
PROGRAM GURFAC(OUTPUT, INPUT,TAPES=INPUT)
DIMENSION X (100),Y{100),LINE(100) R e T
1 FORMAT(5F1043)
2 FORMAT{2F18.3) e e
20 FORMAT(1H1,5X, *INPUT DATA(D) COMPUTED VALUE(C) %)
21 FORMAT(BX % X%y Q%y S¥*58X ) ¥LID¥ 16Xy *GAHNA — GAMMA=Y#gfy-—mmme s e
22 FORMAT(LHL,/7 96Xy ¥0% 18X 9% 02% ;18X % ok¥ 118X %0 6%18X,%08%,17X,%1,%)
31 FORMAT(1X,5F10.3) e
35 FORMAT(///413X,*GOMPUTED EQUATION=-%,/,19X,*GAMMA = 1.0 -*,F8.5,*
LEXP(¥,F84.59% LIDY*3/F///1/519X,*INPUT DATA FROM REFERENCE 5y PG &-
2183,%)
50 FORMATLLX)Fée2ytXy 10041 R e e
65 FORMAT (1H+,5X,100A1)
READ(S,1) YMAX,VMIN,DELXsXMAX,XMIN -~ - - = ==
ASSIGN 25 TG M
CALL EOF{M) : e e
c INPUT

N=1 e [ - e - . C s et emate o e e es e e W e —ve—— —

10 READ(542) X(N),Y(N)
Nz N +3% . - C e e em e e
GO TC 10
C SUM PROPER VARIABLES T e =
2% SUMLNZ = Q.
N . it e - o e
SUMX = Q.
SUNX2 = (. : R
SMLNZX = 0.
00 15 1 = 1,N
2 = 1.-¥(])
- SUNLNZ & SUNLNZSALOS(Z) IR Rt i bt
SUMX = SUMX + X(I)
SUNX2 = SUNX2 + X(tI)*X (]} .
15 SPFLNZX = SMULNZX ¢ ALOG(Z)*X(I)
C COMPUTE GCONSTANYS
AN = FLOATY(N)
G 2 (ANSSHLNZX-SUNLNZ*SUHX) 7 { ANOSUMX2~SUNX®SUNXI—
A = EXP (SUNLNZ/ZAN - GPSUMX/ZAN)
¢ ouYRUT -
PRINY 290
PRINY 24 : wm e
00 30 ¢ =2 1N
YO & L.« ASEXPICONCIY) : - g
YOIFF = YG «Y(I)
J0 PRINT 31803y YEI) o XL{1) YO YOIFF
PRINT 35,4;C
¢ PRINT GRAPH
PRINY 22
SEAN #- 1509/ LVHAX-YHIN)-
XX=XHIN
00 40 ¥ = 1,100
40 LINEC(DY iH
L2 LINE(L) = 1iN®
00 &5 X = 20,300,220

”
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GURFAC FORTRAN EXTENDED VERSION 2. 14709/70

45 LINE(I) = 1H*

1]

60

IX = IFIX(SPAN¥(1.-A*EXP(CEXXI-YMIN) +,8)y -~
IF(IXeGEs 14 AND.IXoLE.100) LINE(IX) = 1HC

PRINT 50, XX (LINECIY;I=1,100) T T
IFCIXeGE.1,AND,IX.LE.100) LINE(IX) 1H

L o e e

IF(X(I).GE.XX.AND.X%I) LT XX+DELX) GO TO 60
CCNTINUVE: -

GC YO 75

IX = IFIX(SPAN¥(Y(I)=YMIN) +.5)

LINEC(IX) = 1HD

CPRINT 68, (CINEIKY K=, 200 -

75

LINE(IX) = 1K

6C 10 85 -

XX = XX+DELX
IF(XX.LTXMAXY GO TO 42
CALL EXIT

T p
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INPUT DATA(D)

X

+150
«250
2350
«500
+650
+ 950
1,000
1.000
1.000
1.000
i.000
1,008
1.250
1,500
1,500
1.500

Y

8630 -

«580
«800
720

o854 -

«880
707

o770

824
«865

«892 - -

+898
«970
«840
+938
+950

COMPUTED VALUE(C)

LD T GAMMA — GANMA=Y -
«180 - 7 4627 - =,003
«250 671 091
«380 T .T709 ~,091
«500 «758 +«038
11 aaaahary o° - Suma S 13- 2
+950 +861 -+019
1.000 - <869 e162
1,000 «869 « 0989
1.0 - 869 - « 045
1.000 +869 «004
o800 s BEGT =, 823
1.090 «869 =.029
1.250 - « 304 =.066
1.500 «930 « 090
1.500 «9330 -.008

1.500 2930

-~.020

COMPUTED EGUATION--
GAMMA = 1.0 - 44860 EXP{-1,23449 L/0)

INPUY BATA FROM REFERENCE 5, PG 4-183.
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APPENDIX III
DISCUSSION OF POLAR ZONE ASSUMPTION

It is assumed in this and most similar computer programs that no
significant accuracy is lost if the upper polar zone angle (8, in Figure
I1I-1) is represented by the angle computed in Shapiro's formiila (6 in
Figure III-1). If valid, this assumption wili simplify the computations
performed within the program. In this appendix, the conditions under which
this assumption is valid will be discussed.

Figure III-1 illustrates a cylindrical warhead with the polar zone angle
(61) and Shapiro's angle (8) pictured. For the assumption to be valid, it
must be shown that arc length B is very much larger than the sum of arc
lengths A and €. That is, it must be shown that assuming the fragments
emanate from the center of the warhead is an accurate approximation of the
real case in which the source of the fragments is the side of the warhead
and not a point at itrf center.
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] ¢ 1t
P e T /

Figure [II-1. Polar Zone Assumption
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This assumption can be stated as:
BxB+A+C,
or (11I-1)
B>>A+C
Since lllllel3 and 14H15

some obvious identities are

6:61:92 A=d
u = "
O<B<-2— B=16 C~2WHL
Now equation (III-1) can be stated as
r§>>d+IHHL
(111-2)

2
The length, d, can be determined from the following

- a
tan 61 = -1-DWH
)
(111-3)
a = —;« (DWH) tan 6
now '
b= LWL - a
7
= Lwn - L oWy tan o
5 5 (D 1 (111-4)
b
tan 02 =z
50
b
c [ R
tmu)z
Lo - 3 11-$
¥ WL - 7Dmi tan 0 ( $)

3

tan 6 3

60
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n

sin 6 é
c

[a
1

¢ sin 8 (111-6)
1 WHL~ (DWH) tan 61

=7 tan 6, sin 0

1 WHL - (DWH) tan 6 .
2 tan 62 sin

L (111-7)
= E'IWHL - (DWH) tan 6] cos 6

[}

[WHL (cos 6) - DWH (sin 8)]

| —

Combining equation (III-2) and (III-7)

8 r>> %-{WHL (cGs 68) - DWH sin 6 + WHL]

(111-8)
> %-[NHL (1 + cos 0) -~ DWH sin 6]

Since 0 is constant for a given situation,

1
r>> 55 [WHL (1 + cos 8) - DWH sin 6] (111-9)

Equation (IXI-1) has now been transformed into equation (IT1-8). The simula-
tion of fragments as emanating from the center of the warhead becomes more
accurate as the distance of the target from the warhead and tho fragment
spray angle become larger.
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