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DRSAR-SAM {2 amown

MEMORANDUM FOR RECORD

SUBJECT: User's Guide for the Computer Program: Exterior Ballistics of
Boosted Rockets (EXBAL) .

1. References:

a. Technical Report, DRSAR/SA/R-12, April 76, title: Dynamics of
Liquid-Filled Projectiles. '

b. MFR, DRSAR-SAM, 20 Apr 77, subject: An Improved Algorithm for
the Glide Mode of Copperhead Used in a 3 DOF Flight Simulation.

2. A general purpose, point-mass (3 DOF) flight simulation program,

EXBAL, has been used by DRSAR-SA and others for many years for a variety of
applications.. A recent special application is noted in Ref a. Each appli-
cation has special requirements which often entail modifications to the
basic program. Consequently, the program documentation must be updated
frequently. - :

3. The purpose of this memorandum is to update EXBAL for the program user.
Recent changes that were incorpcrated to treat the glide mode of Copper-
head (Ref b) are discussed here. In Arnex 1 (Incl 1) to this memo are
contained the following: background, program structure, theory pertinent
to recent changes, input and output data definition and format, flow charts
for the major subprograms, and bibliographic citations. Annex 2 (Incl 2)
contains the source program listing in Fortran 4 with an example.

/ /
/

;7
4 . 3
/.’(‘_),C(,z_/i,(’ L/ C/"/\/((»"L PRy S 3

2 Incl GEORGE SCHLENKER

as Operations Research Analyst
Methodology Division
Systems Analysis Directorate

Next page 1s blank.
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ANNEX 1

DESCRIPTION OF THE COMPUTER PROGRAM:
EXTERIOR BALLISTICS OF BOOSTED ROCKETS (EXBAL)

1. General

This program is a multi-purpose, point-mass flight
simulation. It was conceived as a means of simulating
trajectories for spin- and fin-stabilized projectiles
and rockets in three-space. The principal intended ap-
plication is to systems which can be assumed aerodynami-
cally stable so that trailing or following behavior of
fin-stebilized systems is exhibited and so that the equi-
librium yaw of repose for spin-stabilized systems is
quickly achieved. Important considerations in develop-
ing the program were:

a. operating efficiency or speed of execution

b. ease of use by unsophisticated users

c. minimal input data requirements

d. ability to generate multiple trajectories under
program control for parametric analysis

e. ability to treat a variety of system types
via data changes and option switches

f. modularity for ease of program modification.

The following sections will treat potential program
applications, subprogrems employed, execution options,
input variables, output variables, and flow charts.
Documentation for most of the theory is supplied in BRL
Memorandum Report No. 1617, September 196l [2] and BRL
Report No. 1314, March 1966 [L].

2. Applications

This program was originally developed to analyze
conceptual systems such as fin-stabilized gun-boosted



rockets in which the principal interest was in achievable
range. However, subsequent applications involved con-
ventionsl, purely ballistic systems in which significant
variables were range, maximum ordinate, deflection due

to spin, and time of flight. Other applications explored
differential effects for error analysis associated with
projectile inertial properties, meteorological condi-
tions, and launch conditions. Recently, program changes
were made to treat projectiles having wings, fins, and
controls for a glide mode of flight.

% Subprograms

The program is organized modularly into subprograms
each of which performs a separate, discrete function.

The MAIN program performs such executive functions
as input, control of plotting and printing output, change
in time step as required, stepping thru parameter loops,
and termination of run.

Subprogram RUNGE contains a fourth-order Runge-Kutta
integration algorithm. The order of the equations is
specified =zs is the number of independent variables in
an entry point RUNGE1. The initial values of higher
derivatives are computed on the occasion of the first
call. Subsequent subroutine calls are made to entry
point RUNGE2 at which the system state is updated from
t to t + dt.

Subprogram SOUND contains all atmospheric data.
This program generates the local speed of sound, local
gravitational aéceleration (exclusive of centrifugal
acceleration), air density and viscosity.

Subprogram FLIGHT contains the differential equations



of flight which are evaluated by sequential calls ‘from
RUNGE.

Subprogram CDRAG develops the aerodynamiec coefficient
of drag and the drag increment due to wings (or other
aerodynamic surfaces) deployed during flight. For
accurate simulation of a specifiec system,tables of Mach
mumber and coefficient of drag are read by MAIN and
transferred thru COMMON to CDRAG. If a tabular drag
coefficient is not provided as input, the program defaults
to an internally supplied function.

Subprogram ACOEFS develops all the aerodynamic co-
efficients exclusive of drag necessary for treating spin-
stabilized projectiles. An internally~supplied coeffi-
cient is used whenever tsbular data for that coefficient
is not entered sas input. The coefficient values used
in default are functional fits to the 155 mm (BAP) pro-
Jectile T387.

L. Options

To be able to treat a variety of applications con-
veniently a number of program options are provided --
both explicitly as option switches and implicitly as
parameter values of input varisbles. For example, a
binary switch IOPTY is roquired as input. If this para-
meter value is omitted or set to 0O (zero), the program
bypasses the computation of normal~-body forces required
for accurate simulation of spin-stabilized projectiles.
Additionally, the program does not expect or read the
input parameters needed for computing projectile spin
and yaw. A considerable savings in execution time is
obtained by omitting the spin option. If the spin op~
tion is desired, IOPTY is aet to 1 and the values of

e R



certain (required) variables are provided to implement
thls option.

Another major option 1s the cholce of purely ballis-
tic flight or flight with midcourse glide. This option
1s exercised by setting the switch IGLIDE to 1. The
default option with IGLIDE set to 0 (zero) 1s ballistic
flight. If IGLIDE 1s set to 1, several suboptions are
provided/required. Since midcourse gllide or body alti-
tude hold applies exclusively (at present) to the Copper-
head projectile, default tables of aerodynamilc coeffi-~
clents characterizing this system in glide are provlided
in a BLOCK DATA subroutine. To override these entriles a
switch IDFUFO 1is provided. With IDFUFO set to 1, the
program expects user-supplied aero data; otherwilse internal
data are used. Several alternative means are provided for
simuléting the start of glide.

In suboption 1 a desired glide angle (GLIDE) is pro-
vided and the program calculates the body angle of attack
required to hold body attitude after reaching the desired
glide angle. A value of the tolerance, € (EPSTHE) rela-
tive to the desired glide angle 1s also entered for this
option. See Attachment 1 for detalls. Before altitude
hold of the body 1is initiated an initial angle of attack
1s calculated such that the 1lift force equals the gravi-

tational force normal to the velocity vector at that polnt
in the flight. This option is useful when timer settings

are unavailable.

In suboption 2 a time TENABL (in secs) 1s provided
and GLIDE 1s set to -50 degrees. With this optlon the
calculations for angle of attack to hold body attitude

10



start at TENABL. A value of TENABL equal to that at
which the velocity angle 6 = GLIDE produces a trajectory
identical to that of suboption 1. Both suboptions 1 and
2 are exercised by omitting (or setting to zero) the
value of MMCSW,

Suboption 3 requires the program user to provide time
To’ called TMOMMC in the program. This i1s the time from
launch at which the internal (MMC) timer sequence starts.
Thls option 1s exercised by setting the switch MMCSW to
unity and setting GLIDE to -90 degrees. Although internal
degrees of freedom within the projectile are not simulated
with a three-degree-of-freedom model, it is important to
properly treat their kinematic effect. In contrast to
other suboptions, suboption 3 faithfully simulates the
effect of the events which occur after To. These events
are tabulated below:

SEQUENCE OF EVENTS IN COPPERHEAD TIMER

Event Time Description

No. ()

doe To timer sequence starts (main power at + 30v)
2. To + 2 roll control starts

3. To + 3 seeker gyro spinup initiated

b, By o Y attitude-hold enable switch is closed -

5% To + 5 start to extend wings, apply g bilas, and

free gyro

As far as projectile kinematics are.concerned, the
projectile remains ballistic until event number 4. When
event number I occurs at To + 4(s), a control surface de-
flection in pltch, 6p, is calculated continuously and

11



applied throughout the interval between events U and 5.

This algorithm bases the calculation of 6 upon the

equllibrium behavior of the projectile airframe and auto-

pllot between events 4 and 5. This behavior 1is approxi-

mately one 1in which pitch deflection of the fins and the

assoclated trim angle of attack are proportiogal to the

average turning rate of the velocity vector, e . Thus, -

T
Gp = K 8 (K, a constant).

The turning rate 8 1s calculated continuously by

8 = (xy - yx)/ve .

An average value of 6 is calculated by exponential smoothing.

This, of course, assumes that this system exhibits nearly

first-order dynamics between the events 4 and 5. ,

Specifically,

0

k
& = 1l + ts ?

wlth 1t a time constant (0.2 sec) and s the Laplace differ-
entlial operator. Using exponential smoothing, this equa-
‘tion is solved implicitly by the recursive procedure:

- r .
O3 % Cofq1 * o8y
with |
c, = -h/1
¢y = 1 - cO

where h 1s the integration time step, 1.e.,

t; =ty +h.

For accurate simulation of this portion of the system

h < 0.1 sec.
Having calculated § p* the trim angle of attack (a ) 1s ob-
tained by linear interpolation in the following table.

12



TRIM ATTACK¥ VERSUS MACH NUMBER AND CONTROL DEFLECTION
Entrles are o, (deg)

Mach § (deg)

Number 0 5 10 15
0.5 0 7.4 12.1 17.7
0.8 0 Te2 11.8 17.2
0.9 0 T.h 11:6 17.1

= | IS0 0 oL 1dws8 T bl

With all program options the normal body force is
calculated from the normal force coefficlent at trim.
This coefficient 1s a function of Mach number, M, and trim

attack, a l.e.,

t’
CN = CN(M,at) 3

Values of CN
in a table as explalined 1in Attachment 1.

are obtained by two-way linear interpolatlon

# Reference: Wind Tunnel Data Analysis of 3/4 Scale Model
for the XM712 Projectile, 27 Feb 76, pp. 72-75.

13



5. Input Variables

Program data input is supplied by punched cards

whose content is described below in sequential order.

CARD
s

28

2d

2e

FORMAT
20AL

212

8F10.0

8F10.0

8F10.0

8F10.0

8F10.0

8F10.0

COLS
1 - 80
1 -2
3 -4
l =10
11 - 20
71 - 80
l - 10
1l =10
71 - 80
1 - 10
1 - 10
1l - 10

14

VARIABLE

TITLE

NTBL

NARTBL

XMTBL(1)
XMTBL( 2)

XMTBL(8)
XMTBL(9)

CONTENT

description of aero-
dynamic data, option-
ally supplied

number of entries in
drag table

number of entries in
each sero coefficient
table. A zero or
blank exercises de-
fault.

first entry in table
of Mach numbers asso-

"ciated with drag.

Points entered low
to high.

continuation of Mach
no. table

XMTBL(NTBL) last entry

CDTBL(1)

CDTBL(8)

CDTBL(9)

first entry in coef.
of drag table

continuation of
drag table

CDTBL(NTBL) last entry in

COTBL(1)

COTBL(9)

COTBL(NTBL)

drag table

first entry in table
of drag increment due
to wings

continuation of table
of drag increments

last entry in drag
increment table



CARD FORMAT COLS VARIABLE

CONTENT

If NARTBL # 0, additional cards must be supplied for each of

the aerodynamic coefficients listed below.
TMACH(I)

TKA(I)

= TKDYAW(I)

TKL(I)

TKM(I)

TERYT)

TKF(I)
TKT(I)
TKH(I)

TKS(I)

)

e d IGLIDE
JE10-0 '

15

table of Mach num-
bers used for the
additional aerc data.
Each table must have
NARTBL entries with
blank cards supplied
for missing data.

All aerodynamic
coefficient values
in the following
tables are the
ballisticians' values
based upon calilber
squared.

table of spin damp-
ing moment
coefficient

table of yaw drag
coefficient

table of 1ift force
(derivative) coeffi-
clent

tabie of overturning
moment (derivative)
coefficient

table of center of
pressure (in cali-
bers aft of nose)

table of Magnus force
coefficient

table of Magnus mo-
ment coefficient

table of damping mo-
ment coefficient

 table of pitching

force coefficient

switch for glide
option



CARD

If IDFUFO

3a

3b

3c

34

FORMAT

COLS

2

3

11 - 20
21 - 30
31 - 4o

VARIABLE
IDFUFO

MMCSW

TMOMMC

GLIDE

EPSTHE

CONTENT

switch to input
aero data for glide

switch for glide
suboption 3

timer setting, (sec),
for suboption 3

desired glide angle,
(deg). Entered as a
negative value.

tolerance 1n the de-
sired glide angle,
(deg)

1, additional cards must be supplied for each of
the aerodynamic coefficients listed below.

4ri10.0

4Fr0.4

4F10.4

4F10.4

20AL

8F10.0

1 - 80
l1 - 10
11 - 20

16

TFMACH(I)

ALTRMM(I)

AALTRM(I)

TCN(I,J)

TITLE

EMO

table of Mach numbers
used to 1nterpolate

for normal body fcrce
during the midcourse
glide phase of flight

table of values of
maximum trim angle
of attack, (deg)

argument values of
angle of attack,
(deg), in taktle of
normal force coeffi-
cient versus Mach
number and trim
angle of attack

table of normal
force coefficient
with I indexed over
Mach numbers and J
indexed over trim
angles of attack,
(deg)

description of run
set

caliber or refer-
ence diameter, (mm)

initial projectile
mass, (1b)



CARD

FORMAT

TETON0;
313

COLS

21 - 30
31 - 40
k1 - 50
51 - 60
61 - 70
71 - 80
l-10
11 - 20
21 - 30
31 - 40
41 - 50
51 - 60
61 - 70
71 - 73
T4 - 76
77 - 80

17

VARIABLE
EMB

FC
SPI

DELT

Vo

VWF

HO

HTERM

FFCTR

QEOQ

DQE

STEP

TM™

NQE

NPRINT

ICPTY

CONTENT

burnt or final mass,
(1b)

nominal thrust, (1b)

specific impulse,
(sec)

rise time of thrust
to nominal value,
(sec)

initial velocity,
(£/s)

veloclity of constant
headwind, (f/s)

altitude ASL of
launch point, (f)

altitude ASL of
impact point, (f)

form factor or ratio
of ref. area used in
est. aero. coefs. to
ref. area used in
input data

initial value of
quadrant elevation
in parameter set,
(deg)

increment in QE,
(deg)

time step supplied
for numerical inte-
gration, (sec)

time programmed for
start of thrust,
(sec)

number of steps 1in
QE desilred

number of time steps
per printout

switch for spin
option



CARD FORMAT COLS
7 4F10.0 ] = 16
11 = 20
- 21 - 30
Blne 0

If IOPTY 1s zero, followling cards

Ta 6F10.0 l1-10
= <2
11 - 20
21 - 30
31 - ko
b1 - 50
51 - 60
61 - 62
Tb 6F10.0 l1-10
11 - 20

18

VARIABLE
CADENS

VCW

TENABL

THID

CONTENT

correction factor
for alr density
relative to NASA
std. atmos.

veloclty of cross-
wind from right to
left facing down-
range, (f/s)

time at which mid-
course glide 1is en-
abled, (sec)

thrust-induced~drag
factor applied dur-
ing burning. Set
to unity for stan-
dard case .

are not requilred.

SPINO

XCG

CLONG

AMOM

BMOM

WTAREA

ISEP

VHXF

VHYF

i1nitlal spin,
(rad/sec)

position of the cen-
ter of gravity aft
of nose, (cal)

length of projectile,
(cal)

axlal moment of iner-
tia, (kg/m2)

trasverse moment of
inertia thru cg,
(kg/m?)

ratlio of wetted area
to reference area

swiltech for separate
computation of skin
friction drag

veloclty of the
launcher in the X-
direction in iner-
tial space, (f/s)

velocity of the
launcher in the Y-
(vertical) direction
in lnertial space,

(f/s)



CARD FORMAT COLS
21 - 30

31 - 4O

19

VARTABLE
RCW

XCW

CONTENT

scale coefficient in
rangewise windshear

scale coefficient in
crosstrack windshear



6. Output Variables
The definition of program outputs and echoed inputs is

listed below.

FORTRAN UNITS DESCRIPTION

NAME

TENABL sec time at which midcourse glide
is enabled

THID nondimensional thrust induced drag factor
(nominally unity)

CADENS nondimensional correction factor to air den-
sity (nominally unity)

FFCTR nondimensional factor used to ad just drag
‘coefficient for non-standard
conditions, for example, when
aero. coefs. were developed
for a different reference area
than that used for a run

Vo f/s initial (muzzle) velocity

EMO lbm initial mass of projectile

EMB lbm final or burnt mass of pro-
Jectile

D mm caliber or reference dismeter
of projectile

QE deg quadrant elevation or launch
angle with respect to launcher

DT sec integration time step

FC lbf nominal, constant level of
thrust

SPI lbfsec/lbm specific impulse of rocket

VWF /s velocity of headwind

HO m -initial altitude above mesan
sea level (MSL)

HTERM m terminal or target altitude
above MSIL,

VCwW /s velocity of crosswind (from

20
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FORTRAN UNITS DESCRIPTION

NAME

RWC nondimensional scale factor for windshear
function for headwinds

XWC : nondimensional scale factor for windshear
function for crosswinds

T sec time after launch

X - m rangewise projectile coordinate

HAG m height above ground impact

Z m crosstrack or deflection co-
ordinate

XD m/s X-component of projectile
velocity (Earth coordinates)

YD m/s Y-component of projectile
velocity

\'4 n/s projectile speed in the X-Y-Z

) , inertial frame

CMACH nondimensional Mach number of projectile

RESIS 1bf drag force

THETA deg attitude of velocity vector of
projectile in vertical plane

YAWDEG deg angle of attack (generalized
yaw) of the projectile Zero
is returned for IOPTY = O.

SPIN rad/s projectile spin Zero is
returned for IOPTY = O.

DMY Dummy variable is provided for
convenience of user.

SUPVEL m/s maximum speed of the projectile
RANGE m and range of projectile relative to
nautical miles surface of Eerth
SUPALT m ' maximum altitude relative to MSL
PITCH deg pitch-plane angle of attack
BODYA deg pitch-plane body attitude 1in

Earth coordinates

21



FLOW CHART FOR EXTERIOR

BALLISTICS OF BOOSTED ROCKETS

1. Read in constants and params.

2. Compute auxiliary constants and redimension input data.
3. Set co;stants for QE - loop.

4. Start QE - loop.

5. Print and label variables.

6. Set initial conditions for time loop, e.g., ISW = 0 &
t,x,y,%x,y.

7. Call RUNGE 1.
8. Initialize NPL@T.

9. Call subroutine of flight equations, FLIGHT, for
evaluation of initial conditions.

10. Initialize a counter LINE for counting lines on a page
for proper labeling of output at top of each page.

11. Skip to 16 and print initial conditions.
12, Start time loop.
13. Start print loop.

14. Test if burning has begun; if so set TP = TIME and
bypass 14 in future.

15. Call RUNGE 2 for solving flight equations.

16. Count lines printed and check if time to skip to new
page and label. '

17. Print time and dependent variables.

22



18.

19.

20.

21.

22.

23.

24,

Increment NPL@T and store position of projectile in
XPLJT and YPL@T. Save projectile position.

Check if time to stop integrating. Stop when y goes
thru YTERM. If y>YTERM, return to step 12.

If y<YTERM, use past values of dependent variables to
interpolate linearly for their values at YTERM.

Print out final values of dependent variables.

Call the plotting subroutine PPL@T and ask for a plot
of the trajectory, represented by the x,y pairs saved
in XPL@T and YPL@T. Label the plot with the run
description, the quadrant elevation, initial velocity
and nominal thrust level.

Return to 1 for another parameter set, otherwise

Stop.

23



Flow Chart for Subroutine FLIGHT

2. a. If ISW = 0, omit thrust terms.
b. If ISW =1, include thrust terms.

3. a. If ISW = 0, use initial mass
EM = EMO.

b. If ISW = 1, call subroutine BURN. CALL BURN(TIME,
XMASS, THRUST).

This generates the projectils mass in pounds mass and thrust
in pounds force. Conversion of units occurs in the differen-
tial equations.

4. CALL SOUND (Y, A, G, RHO).

This generates speed of sound (A), gravity (G), and air den-
sity (RHO).

5. Relative wind speed computed: VREL = SQRT((XDOT+VW):2
+ YDOTs#2 + (ZDOT+VCW)x2)
6. CMACH = VREL/A
7. a. If IOPTY = 0, omit spin and normal force calculations.

b. If IOPTY = 1, call ACOEFS end calculate spin and
normal force derivatives.

8. a. If ISEP = 0, set FRICT to zero.
b. If ISEP = 1, compute skin friction drag (FRICT).
The subroutine CDRAG(CMACH, DRAG, CAD) generates the un-
corrected coefficient of drag, DRAG, and the drag increment
due to wings, CAD.
9. COFDRG = FFCTR # DRAG + XKDYAW < YAWSQ + FRICT + CAD.

10. a. If IGLIDE = 1 and NABLE = 1, compute normal force
terms in GLIDE mode.

b. Otherwise, omit GLIDE calculations.

11. Solve differential eguations for second derivatives of
state veriables.

12. Return.
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ATTACHMENT 1

Algorithm for Attitude-Hold Logic in Copperhead 3DOF Simulation

For simulations in which a preset-time option is not used, the
program determines the time for commencement of attitude hold. Initially
the glide angle 6 will approach the desired glide angle 6, algebraically
from above. (8, is negative) When & - 8, < € (€ positive), an initial
angle of attack, a,, is computed such that the associated 1ift component

equals the component of gravity normal to the velocity vector, 1le, such

that

FL = Mp g cos 6
with

FL = FN cos ao
and

FN = CN(O) Aq

with projectile mass Mp and reference area A and dynamic pressure q.
Since 0, is small--typically less than 10°--an iterative procedure
is employed in which the first iteration assumes that FL = FN so that

(1) M g cos 6
q

(1)

(o}

The value of a is obtained by interpolation in the tabular function

CN(M, at) with a, the trim angle of attack.

Thus,

1
€y (0)

* (1)
CN(M » O s

where M* is the local Mach number. The interpolation procedure is described

below.
Then, form the second iterate for the normal force coefficient:

(2) Mp g cos 6

c.(0) =
N Aq cos aél)
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(2)
The value of o, obtained by requiring that CN = CN(O) is taken
as the initial trim angle of attack at the start of attitude hold.

Interpolation Procedure

To calculate @ interpolate on Mach number in the CN(M’ at) table

o,
obtaining CN(M*, at) at the local Mach number M* for values of

a = {0, 5, 10, 15 (deg)}. Then, a, is obtained by linearly interpolating
with CN(O) as argument in this table.

The value of initial body attitude is given by
eb(O) =0 +a,.

For subsequent calculations during the attitude-hold trajectory,
the value of angle of attack, o, is calculated which preserves body

attitude, ie, for which 6, = Gb(O).

b
Thus,
a =_6b(0) a'b,

If the above value of o satisfies
a < atm(M), the maximum trim angle at M the instantaneous value

of Mach number, the lift force is computed as
FL = CN(a, M) Aq cos a

with CN obtained by two-way interpolation. Otherwise, a is limited to

atm(M) and 1ift is calculated as

FL = CN(atm, M) Aq cos Qe

Induced drag due to lift is calculated as

FDI = - CN(a, M) Aq sin a .
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TABLE 1.

MAXIMUM TRIM ANGLE OF ATTACK
VERSUS MACH NUMBER (AT 6§ = 12°)

Mach @ (max)
Number (deg)
0.5 14.3
0.8 14.0
0.9 13.8
1.0 13.6
TABLE 2. NORMAL FORCE COEFFICIENT
VERSUS MACH NUMBER AT TRIM ATTACK
CN(M, at)

Mach 0‘t: (deg)

Number 0 5 10 15
0.5 0 1.1 2.1 3.1
0.8 0 1.2 2.1 2.9
0.9 0 1.3 2.2 3.0
1.0 0 1.3 2.5 3.7
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ANNEX 2

SOURCE PROGRAM LISTING WITH EXAMPLE
FOR THE COMPUTER PROGRAM:
EXTERIOR BALLISTICS OF

BOOSTED ROCKETS (EXBAL)
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OO0

2l MAIN DATE = 77143 17722729
00000100
EXTERIOR BALLISTICS OF BOOSTED ROCKETS 00000200
A THREFE=-DEGRFE=OF=FREENDOM MODEL APPLICABLE wHERE 00000300
TRAILING OR FOLLOWING BEHAVIOR CAW Bt ASSUMED 00000400
' : 00000500
00000600
REAL RS(401) ¢TS(401) 9VS(AO0I)2CIRT(1I1)4CUVT (1) 00000700
DIMENSION TITLE(20) sU(I2) swP (48) o XM T=L (12),COTBL(I2)COTBL(I2) 00000800
1o THACH(LI1) o TiA(I1) o TKDYAW (11D o TKL(I1) o TRKHM(IT) o TKF(11) 00000900
2 TRT(11) oTKH(IY) 9 TKS(11) s TCP(II) s TFMACH(4) s ALTRMM(4) sAALTRM(4) 00001000
3 TCN(G44) o WTCN(4) 00001100
DIMENSION TCADI(4) s TCADC(4) s TDEL(4) 2 TAT (4494) +WTAT (&) 00001200
INTEGER #2 CHAR(1)/tv#ty/ 00001300
DATA RF/76,378E6/ yOMEGA/0,T72915E~4/ 00001400
DATA DTORAD/S7,29578/ 00001500
DATA TMCONG/O.2/ 00001600
ASSIGN CONSTANTS NEEDED Y DIFFERENTIAL EQUATIONS TO COMMON 00001700
0000I8BOO
COMMON EMOoE MR e SPT oFCoBRATE o DELT o TOI TR ISWsVeTHETAFFCTRCALSQ, 00001900
1 VWaVCWaALT o g IEND ¢ CHMACH ¢ REYNLD 9 RESISyCAL yDLONG o IOPTY s YAN s AMOM, 00002000
2 HMOM 9 PST ewTARE Ay ISERP sMA-LE s IGLIDE o LWING s TENABL s AVTHD 9COEF L 00002100
3 MCSW, TMOTIMC 00002200
COMMOIN /SRCOI/TM 00002300
COMIOI/CUFCOMZXCG s SMARG o EMy THID s PRHU g ALTRIMy CNATKMyGLIDE EPSTHE 00002400
I oSTAFACYYAWNU s TRKAsTKDYAW s TKL 9 TKMeTRF g TKT ¢ TKHe TKS sy TCF o TMACH 00002500
2 MARTHL s TF*ACH G AL TRMM o AALTIHMo TCNewWTL e TCADI « TCAD2 9 TDEL o TAT 4 WTAT 00002600
COMMON/wINCO" /RWC 9 XwC 00002700
CUMHMONZDRGCO/ XMTSL o COTBLCOTBL,NTHL 00002800
COMMGN/SHIDCOM/CADENS 00002900
00003000
TAGLES UF AERODYMAMIC COEFFICIENTS 1S PaRAM, SET IWNPUT SET -1, 00003100
IF PARAMETERS NTEL AND NART3L AKE ROTH ZERDOs ENDOGENOUS 00003200
FURCTTONAL FITS TO THE AERODYNAMIC TABLES(WITH THE T387 FORM) 00003300
wILL HE USFU. SFE SUBROUTINE ACOLFS, 00003400
IF ONLY NARTHL 1S ZERQy THE ZERO=-LIFT DRAG TABLE 1S REGUIRED 00003500
WITHOUT FEQUIRING TABLES FOR THE OTHEK AFRO COFFFICIENTS, 00003600
IF CERTAIN AERO COEFFICIENTS ARE WEFRILED (KNOWN) 9 THESE 00003700
CAN B KEAD WwITH THE OTHERS LEFT BLA K, THE PROGKAM wILL 0000.800
CUSF THE TASULATED COFFFICIENTS AND DEFAULT TO THE ENDOGENQUS 00003900
FUNMCTIONS FOR THOSE eNTEKED AS ZERQs 00004000
D=PROJECTILE CALIBERs MILLIMETERS PARAMETER INPUT 1 00004100
EMO=INITIAL PROJECTILE MASS, LBM INPUT 2 00004200
EMB=RURNT MASS, LKM INPUT 3 00004300
FC=MNOMINAL THRUST LEVELs LEF INPUT 4 00004400
SPI=SPECIFIC IMPULSE OF ROCKET PROPELLANT, LBF/LBM/SEC INPUT S 00004500
BRATE=PROPELLANT HURNING RATE,s LBM/SEC ENDOGENOUS VARIABLE00004600
DELT=THRUST ~ISE TIMEs SEC ‘ b INPUT 6 00004700
TO=IGNITION TIME FOR RUCKET MOTOR ENDOGENQOUS VARIABLEO0004800
IN SUGROUTINE 'HUKNY® THE THRUST DECAY TIME IS ASSUMED 00004900
EQUAL TO THE THRUST RISE TIME. A TYPICAL VALUE = 0.1 SEC, 00005000

TB=EFFECTIVE HUKNING INTERVALs SEC

ENDOGENOUS VARIABLEO00O00S100

ISw= A SWITCH SIGNALING COMMENCEMENT OF BURNING ENDOs VARIABLEOO005200
TIEND=A SWITCH SIGNALING ENU OF BURNING ENDOs VARIABLE00005300
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C V=PRCJECTILE VELOCITYs M/SEC ENDOs VARIABLEOG"05400
c VO=MUZZLE VELOCITY OF THE PROJECTILEs FT/SEC, INPUT 7 00005500
C THETA=ATTITUOF OF PROJECTILEs DEG ENDO. VARIABLEOOG00S600
C CALSC=CALIBEN SQUAREDy e ENDO. VARIABLEOO00S700
C Vu=VELOCITY OF HEAONINDe M/SEC (READ IN IN FT/SEC) ENDOs VARIABLEOOOOS800
c VWF=VELOCITY OF HEADWIND IN FT/SEC INPUT 8 00005900
1) IEYQO331 COtENTS DELETED uabu#'«*&‘u#&#u-#G‘f##&u-#u-###s‘&u-&###&##&#&&#####u&au&#&u&u##h
CONTINUE 00007000
ALT=TRUE ALTITUDF ARQVE SFEA LEVEL, M ENDOs VARIABLEOO0C7100
R=RADIUS FrOM CENTER OF BEARTH TO PROJECTILE ¢ M ENDOs VARIABLEOO007200
RE=NOMINAL RADIUS OF THE EARTH AT THE EQUATORs M CONSTANT00007300
OMEGA=ANGUL AR VFELOCITY OF THE EARTHe RAD/SEC CONSTANTO00007400
10PTy= A SWITCH INDICATING CHQICE 0OF YAW OPTION. INPUT 1B00007500
I0PTY= I PRODUCES COMPUTATION OF YAW OF REPOSE FOR SPINNING PROJEC00007600
I0PTY= 0 SIGNIFIES A TRAILING PROJECTILE WITHOUT SPIM. FOR 00007700
THIS OPTION THF FOLLOWING INPUTS art UNNECESSARY, 00007800
SPINO=INITIAL SPINs KAD/SEC INPUT 1900007900

XCG=POSITIUN OF CENTER OF GRAVITY AFT OF NOSEs CALIBERS INPUT 2000008000
XCP=pOSITION OF CENTER OF PRESSURE AFT OF NOSE, CAL ENDOs VARIABLEQO0OOBIOO
CLONA=PROJECTILE LENGHT IN CALIBEKS. INPUT 21000086200
AMOM= ONGITUDINAL MOMENT OF INERTIA OF THE PROJVECTILEs KGeMuu2 00008300
INPUT 2200008400
BMOM=TRANSVERSE MOMENT OF INERTIA OF THE PROJECTILEs KG#M#wu?2 00008500
INPUT 23000086C0
VCW=VELOCITY OF CROSS@IND FROM RIGHT LOOKRING DOWNRANGE (READ IN FT/00008700
INPUT 2400008800

OO0 000O0O000O000000000

wWTARE A=wETTED AREA RATIO USED IN COMPUYING SKIN 00008900
FRICTION LURAG INPUT 2500009000
ISER=A SVITCH INDICATING CHOICE OF StPARATE 00009100
COMPHTATION OF S«In FRICTIION DRAG. INPUT 2600809200

= 1 IF FRICTION DRAG IS COMPUTED SEPARATELY AND ADDED TO FORM DRAGO0OO0OO09300

= 0 IF FRICTITION DRAG IS INCLUDED IN UKAG FUNCTION, 00009400
SMARGEPROJLCTILE STATIC “A=GIMs CAL ENDO, VARIABLEOO0O009500
PSI=¢NGULAR ORIEMTATION OF YAw VECTOx ENDOs VARIABLEOO0009600
SKNG=SLANT KANGE TO FROJLCTILE POSTTION, M ENDO. VARIABLEOOO009700
VHXF=VELUCTTY OF LAUNCHER IN KANGEWISE DIRECTION, (FT/SEC) 00009K00

VHYF =VELOCITY OF LAUNCHER IN VERTICAL DIRECTION, (FT/SEC) 00009900

CONT INUE 00010000

C RWC IS HEADWIND COEF, 00010100
C XwC IS CKOSSWIND CUEF . 00010200
C PST m~aAY BE CUMPUTED BY REMGVING 'C* S FROM COMMENT CARDS 00010300
C I SHRROUTIME FLIGHT. 00010400
C CADENS IS THE CORKECTION FACTOR FOR AIR DENSITY RELATIVE TO STANDAOOOIOSO00
C 00010600
EXTERNAL FLIGHT 00010700
EQUIVALENCE (U(1)9X) o (U(2) oY) o (U(3)9Z) sy (U(4)sSPIN) 00010800

I (U(S) e XD) o (U(H) oY) o (ULT)2ZD) 9 (U(8B) sSPIND) » 00010900

2 (U(Q) o XDD) o (ULIN) o YDD) o (U(LIT) «ZDL) 2 (J(I2) 4SDD) 00011000

C READ IN KUN UESCRIPTIONs CONSTANTS Iiv FLIGHT EQUATIONS AND 00011100
C INITIAL CONDITIONS, 00011200
C 00011300
READ (Se2569ENN=30) TITLEWNTBLIWNARTBL 00011400

256 FORMAT (20A4/212) 00011500
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250
252

253

254

272

C
C

C

Cuseurtr
Cairita
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Custn
Catdrsesr
Ciuira
Cuause
Cuuty
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Cuwne

101
264

1264

1265

21 MAIN DATE = 77143 17722729
IF(NTBL.EQ.0) GO To 255 or011600
READ (54250) (XMTBL (1) 9I=14NTRL) 00011700
READ (54250) (COTRL(I)s1=1+NTBL) 00011800
READ (5+250) (COTRL(I) 9 I=1oNTRL) 00011900
FORMAT (BF10.0) . 00012000
WRITE (64252) TITLE 00012100
FORMAT (1H1+20AG/1HO 410t MACH NOs»10H COEF DRAGs10H DRAG ]INCR) 00012200
00 253 I=1oNTHL 00012300
WRITE (6+52564) XMTBL(I)9CUTSL(I) $COTBL (1) 00012400
CONTINUE : 00012500
1IF ANARTHEL JEQ,0) GO TO 255 00012600
READ (5,250) (THACH(I) s I=]14NARTBL) 00012700
READ (S5+250) (TKA(I) s I=1yNARTBEL) 00012800
READ (5+250) (TKOYAW (1) 9 I=1 ¢+ NART L) 00012900
READ (5+250) (TRUCI) o 1=1 9 NARTHL) 00013000
READ (5+250) (TKM(I) 9 I=19MARTRL) - 00013100
READ (S54¢50) (TCP{I) 2 I=]1oNARTEL) 00013200
READ (54250) (TRE(I) s I=1 9 NARTHL) 00013300
READ (5+250) (TKT(I) 9 I=] o NARTHL) 00013400
READ (59250) (TKH{I)sI=19NARTHL) 00013500
READ (S+250) (TKS(I)sI=1eNaRTHL) 00013600
FORMAT(1H +3F1044) 00013700
WRITF (64272) 00013800
FORMAT(IHO 9104 MACH NO+BX9s2HKA9SXISHKDYAW o 00013900

1 BXo2HKL 98X ¢ 211kt e ] OF CPy CaAlL) 00014000
DO 257 [=141ARTHL 00014100
WRITF (64251) TMACH(I)yTKA(I)yTKDYAW(IZyTKL(I)oTKM(I)yTCP(I) 00014200
FORMAT(1H +6F10.5) 00014300
COMT I NUE 00014400
CORTINUE 00016500

00014600
00014700
GLIDE = FUFO = GLIDE = FUFQ - GLIDE = FUFQ - GLIDE = FUFO - GLIDE 00014800
ATTITUNE HOLD LOGIC FOR NEARLY CUNSTANT GLIDE ANGLE APTT 00014900
THE S&ITCH IGLIDFE sMUST 8E SET TO 1 t.R AN ATTITUDE=HOLD TRAJECTORY00015000
THE SWITCH IOFUFO MUST SE SET TO 1 1 NORMAL FORCE ALERO IS TO 00015100

BE PrOVIOED FOK GLIDE » OTHERWISE, DEFAULT AERO DATA ARE USED. 00015200
THE PARAMETER MaCSw IS A SsITCH TO Bt SFT TO 1 wHEN AN ATT1TUDE=-H000015300
OR GLINE TRAJECTORY IS TO HE SIMULATED USING TIMER DATA SUPPLIED B00015400

THE »AKTIN MAKIETTA COR®, (MMC) , 1. USING THIS OPTION 00015500
THE TIME FARAMFIFR THOMMC FEPRESENTS THE TINME IN SECS FROM 00015600
LAUNCH AT WHICH THF 30 VOLT P0OwER FECOMES AVAILABLE. 00015700
SURSFQUENT EVENTS IN SFQUENCE AKE TRLATED IN SUBROUTINE FLIGHT. 00015800
CONT 1 UL 00015900
READ (Se2644END=30) IGLIUEvIDFUFUyMMCSWyTMOMMC9GLIDEyEpSTHE 00016000
FORMAT(3I197X43F1040) 000leloo0
WKITE (641264) IGLIUL9IUFUFOoMWCSWoTMOMMCoGLIDEoEPSTHE 00016200
FORMA1(lHOqQX.ﬁHIGLIDEc&Xy6HIDFUFOy5KcSHMMCSW sy 10H TOMMC (S), 00016300
1 10H GLIGE (D) 9114 EPSTHE (D)/3(9%Xs111)43F1044) 00016400
IF (IDFUFOLNELL) GO TO 1300 00016500
READ (5+51265) (TFMACH(1) e1=144) 00016600
FORMAT (4+10,0) 00016700
READ (5+1265) (ALTRMM (1) s1=]144) 00016800
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READ (S591265) (AALTRM(I)sI=1s4) 0n016900
READ (S591266) ((TCN{IlsJ)esd=1e8)sl=]104) 00017000
1266 FORMAT(4F10,0) 00017100
1300 CONTINUE 00017200
IF(IGLICE.NELL)Y GO TO 1 . 00017300
WRITE (6,268) 00017400

268 FORMAT (1HOWBX e "MACH NO  1MAX TRIM (D) ') 00017500
WRTTE (64269) (TFMACH(T) sALTRMM (L)Y 912144 00017600

269 FORMAT(LH +2F15.5) 00017700
Wh1TE (64270) 00017800

270 FORMAT (1HO 910X *MORMAL FORCE COEFS AT TRIM ATTACK?/ 00017300
1 1HO«8Xe25HMACH NO TRIM ATTACK (D)}! 91HOs14Xe1HS913X+2H10413X, 00018000

2 2H1S5) 00018100
WHITFE (6Ge271) (TFMACH{I)Y o (TCN(ToJ)} sJ=144)41=144) 00018200

271 FORIAT(LIH oF15.%04X94F15.5) 00018300
1 READ (5¢2+END=30) TITLESDsEMOWEMRWFCISPI +DELT ¢VOsVWF sHOIHTERM, 00018400

1 FFCTRYGEOIDIE 9STEP S TMaNQE o NPRINT Y IOPTY 00018500

2 FORMAT(20A4/8F10.0/7F10.04313) 00018600
Ceue# SuITCH NASLE IS SET FROM 0 TO 1 AT TIME TENABL 00018700
258 RPEAD (59260) CADENSyVCWeTENARL « THIU 00018800
260 FORMA! (4F10.0) ' 00018500
WHITF (69262) THHABLsTHIDCADENS 00019000

262 FORFAT(IHOs 1aMENAKLE TIME = oF104499X, 00019100
1 21HTHRUST DYAG FACTOR = 2F10e4e5XsloHAIKk DENS FACTOR = +F10.4) 00019200
IF(INPTYHELL)Y GO TO 2% 00019300
READ 269SPINDeXCGaCILONGIAMOMeBMOMewT <REA, ISEP 00019400
READ 269 VHXF o VHYF ¢ <wCo X C 00019500

26 FORMAT(6F10.0412) 00019600
GO To 27 00019700

25 SPINO=0.0 00019800
XC6=0. 00019900
CLOMG=0. 00020000
AMOM=0, 00020100
BMOM=0, 00020200
WTAREA=O. 00020300
ISEP=0 00020400
VHXF=0,0 00020500
VHYF=0,0 00020600
RUC=0,0 00020700
XaC=0.10 00020800
SMAKG=0.0 00020900
STAFAC=0.0 00021000
YAMNUZ0 o0 00021100
PRMNU=0,0 00021200
PSI=N.0 00021300
DMY=0,0 00021400

C START QUAD=LLEV LOOP 00021500
27 QE=QFO-DULk 00021600
SOD=0.0 00021700
CAL=D*1.E=3 00021800

DO 3 IQE=1.1QFE 00021900

QE =QF +DUE 00022000
THETA=NE/57.29578 00022100
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T0=1.E10 00022200
EM=EMO 00022300

C 1IEND IS A SWITCH SIGNALLING END OF BURNING 00022400
IEMD=0 00022500

C ASSIGN TIME INCREMENT FOR INTEGRATION, 00022600
C 00022700
DT=STEP 00022800

C IWING IS A SWITCH INDICATING DEPLOYMENT OF WINGS 00022900
1WING=0 00023000

C NABLE IS A SWITCH SIGNALING CONTROLS DEPLOYED FOR GUIDED FLIGHT, 00023100
NABLE=0 00023200

c 00023300
c GLIDE = FUFQ - GLIDE = FUFO - GLIDE 00023400
Cuuts CALCULATE WEIGHT CONSTANTS USED IN SMOOTHING THE PITCH RATE 00023500
cHews USED IN G-81AS COMPUTATIONS 00023600
SHLSTP=0.1 00023650

WIOUT 1=EXP (=SM{_STP/THMCONG) 00023700
WIIN]1=1.0-wTOUT] 00023800
TOGH=TMOMMC+3,9 00023900
AVTHN=0.0 ’ 00024000
Tei3=THMOMMC 3,0 00024020
WNTHSTP=6] 00024040

KTM=0 00024060

C PrRINT AND LASEL KUN DESCRIPTIONs CONSTANTS,s ALD 00024100
C INTTIAL CONDITIONS 00024200
PRINT Qs TITLEsFFCTRaVOEMOZEMBIDsQEIDTsFCeSPIsVaF s HOWHTERMy VCW 00024300

1 9RWC e XyC 00024400

9 FORMAT(1H120A4/1H010XSHFFCTRI3X2HVO13X2HMO13X2HMRB14X1HD/ 00024500

1 1H 5F15.67110. 00024600

2 6XGHQUAD FLEVAXTHTM STERPOX6EHMTHRUSTSAIOHSP IMPULSESX6HV=WIND/ 00024700

3 1H SF15e6/1H0GX1IHINIT ALToFTax1lnfinrmMm ALTGFTISH VEL XAINDsFT/S, 00024800

4 12XeIHRECo12X e 3HANCH/1H SFE15,.6) 00024900
PRINT 91 s VHXF ¢ VHYF 00025000

91 FORMAT (/BH VHXF = 4F12.2420H4 FT/SEC VHYF = sF12¢2+7H FT/SEC./00025100
1/) 00025200
PRINT 92+UELT ¢ TM 00025300

92 FORMAT(IH 19HTHRUST RISE TIME = sFl2e4s5H SEC8H TM = 4Fl2.4s 00025400

1 51 SECQ) 00025500

C 00025600
C ) : 00025700
C YO=IwITIAL ALTITUDE, ™ 00025800
c HO=ALTITUDE READ IN IN FT 00025900
C YTERM=TERMINAL ALTITUDE s ¥ 00026000
C HTERM=TERKMINAL ALTITUDE KEAD IN IN FT 00026100
IFCIORPTYWNEL1) GO TO 29 00026200

PRINT 289 XCGsCLONG s AMCHM ¢ BMOM 00026300

28 FORMAT(1HOs11HLOC OF CG =+F10e%92Xe3rCALs14H PROJ LENGTH =4E1044y 00026400

1 2Xe3HCAL15H AAIAL M OF I =eE11.5¢CK3THKG M#42, 00026500

2 15H TRANS M OF I =4E11.542Xs7THKL M##2) 00026600

29 IF(SP1.EQ.0.0) GO TO 60 00026700
BRATE=FC/SPI 00026800
IF(BRATE.EQs0.0) GO TO 60 00026900
TR=(EMO-EMB) /BRATE 00027000
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21 MAIN DATE = 77143

PRINT 40y TB

FORMAT (1HQ922HEFFECTIVE BURN TIME = sFl0.494H SEC)
GO To 61

T8=0,

BRATF'—'O.

COMPUTE AUXILLTARY CONSTANTS AND REUIMENSION INPUTS
CALSHL=D##2%#] ,F-6

DLONG=D#1,0£=3%CLONG

VELO=0,30484V0

SUPVEL IS THE SUPREMIUM OF PROJECTILE VELOCITY.
SUPVEL=VELQ

SUPALT IS SUPREMIUM OF PROJECTILE ALTITUDE.
SUPALT=0.0

Vw=0,30488VdF

VCW=0,3048%VCW

YO=0.3048%H0

YTERM=0e3043¥HTERM

RTEKM=RE+ YTERM

INITIALIZE TIMEs Xs X=DOTe Y AND Y-DOT,

T=O.

X=0.

Y=Y0

Z=0.

SPIM=SPINO

VHX=, 304K VHXF

VHY= 3068 VHYF
XO=VELO¥COS(THETA) +VHX
YD=VELO¥SIN(THETA) ¢ VHY
THETA=5T (29578 ATAN(YD/X0)
V=SORT (XDue2eY)#2)
D=0,

SPIihi=0.0

XDO0=0,.0

YN=0,e0

Z2nns0.0

YAW=0,0

ALT=YO

SKRMNG=p, 0
ISW=TRUKMN(TsALT s THETA V)
IF(ISW.EQLL) GG TO 70
GO 10 71

TO0=0.,0

DT=STEP/4,

INITIALIZE RUNGE-KUTTA SUBROUTINE
CALL RUNGET (UswP s 42+FLIGHT)
SOLVE FLIGHT ERUATIONS FOR INITIAL CONDITIONS,

CALL FLIGHT(TolJsd)

17722729

00327100
00027200
00027300
00027400
00027500
00027600
00027700
00027800
00027900
00028000
00028100
00028200
00028300
00028400
00028500
00028600
00028700
00028800
00028500
00025000
00029100
00029200
00029300
00029400
00029500
00029600
00029700
00029800
00029500
00030000
00030100
00030200
00030300
00030400
00030500
00030600
00030700
00030800
00030900
00031000
00031100
00031200
00031300
00031400
00031500
00031600
00031700
00031800
00031900
00032000
00032100
00032200

INITIALIZE COUNTER FOR DETERMINING NUMBER OF POINTS TO BE PLOTTED 00032300
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e
c
c
o
c
¢
o
o
c
o
c
o

5
c
c
o
c

C#Q#{}

C#{}Gﬂ'

42

43

44
o
c
C

21

MAIN

AT END OF TRAJECTORY SOLUTION,

NPLOT=0

77143 17/722/29

INITIALIZE COUNTER FOR COUNTING LINES PER PAGE.

LINF=0

IPRIMT==NPRINT
YAWDEG=YAW#DTORAD
GO TN PRINT OUT INITIAL CONDITIONS,

GO TO 4

START OF SOLUTION LOOP.

XP=X

RP=R

P=2

XDpP=XD
YOP=YD

VP=V

THE TeP=THETA
CHACHP=CMACH
RESISP=RESIS
YAWP=YAWDEG
SPINP=SPIN
SMARGP=SMARG

STAF AP=STAFAC

PS1P=PSI
SR!.GP=SRNG

SAVE LAST VALUES OF FLIGHT VARIABLES.

CALL RUNGE=KUTTA SUBROUTINE TO SOLVE FLIGHT EGUATIONS FROM

T T0O T#DT.

TO SHORTEN RUN TIME wHEN USING OPTIUN MMCSW,

CHANGE TIME STEP TO

SMLSIP FOR WTMSTP STEPS AKNL THEN RESUNE INPUT STEP SI1ZE.

IF (12 CSweNE, 1)
IF (T+STEPLLT.TH3)

IF (T LT.TM3)
KTM=KTM+1

IF (KTM,GE «NTHSTP)

D1=S~LSTP
GO TO 44
DT=T43=T
60 Tn 44
DT=STEP
CONTINUE

CALL RUNGEZ(T»DT)

GO TO e

GO TO 44

GO TO 42

GO TO 43

38

00732400
00032500
00032600
00032700
00032800
00032900
00033000
00033100
00033200
00033300
00033400
00033500
00033600
00033700
00033800
00033900
00034000
00034100
00034200
00034300
00034400
00034500
00034600
00034700
00034800
00034500
00035000
00035100
00035200
00035300
00035400
00035500
00035600
00035700
00035800
00035900
00035902
00035904
00035906
00035908
0003591¢C
00035912
00035914
00035916
00035918
00035920
00035922
00035924
00035926
00036000
00036100
00036200
00036300
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C SAVE POSITIOMAL COORDINATES OF PROJECTILE FOR LATER PLOTTING OF 00036400
C TRAJECTORY, 00036500
c 00036600
C SAVE RANGE AND FLIGHT TIME IN ARRAYS FOR SUBSEQUENT 00036700
c POLYNOMIAL FIT 00036800
c 00036900
SRNG=SQRT (X®# X+ (Y=Y ) ##2e787) 00037000

IF(T SOE S TENARL) IWINOG=I 00037100

C ##%i?%ﬁ&a#po#&&»uununu»uau{t&&\"za»»a%#a#at’#&##%####&#%%##aa##*#%#%##a#q#00037200
C IF (i!PLUT.FG,.400) GO To 520 00037300
C IF (SPNG.GT.SRNGEMY GO TO 520 00037400
c NPLOT=NPLOT ] 00037500
C TS(MNPLOT) =T 00037600
C RS(NPLOT) =SKNG 00037700
© VS(NELOT) =V 00037800
C #u-c-u*oiﬁbaouooabaaoua&%##%#oo#a%a#a%‘f#o#aao###a%%#o&u##ad#####a####00037900
520 COMTINUE 00038000

c - 00038100
IF(IGLILE.EQ.1) SPIN=CDEFL#DTORAD 00038200

YAVI(E G=YawdDTORALD 00038300
IFIIGLIDE JEOL]) STAFAC=YAWDEG+THETA 00038400

THD= (XDRYUD=YD¥X(D) /Vee2 00038500

AvTHO =R TINLI#THD+w TOUT 1 #AVTHD 00038600
IF(T,LT.TOGE) AVInD=0.0 00038700

IF (VL OTLSURPVEL) SUPVEL=V 00038800

1F (AL ToGT.3URALT)Y SUFPALT=ALT 00038900

B8 IF(ISW,EWLN) GO TO 50 00035000
IF(IENDLEQLTY GO TO 51 00039100

IF (T 6L TO+TiaeDELTY GO TO 49 00039200

GO T &I 00039300

49 DT=STEP 00039400
1e1;0=1 00039500

CALL BURN(T¢XMASS,, THRUST) 00039600

PRIMNT BGs XMASSeTHRUSTALT sV, T 00039700

80 FORMAT(IHMOL9H MaSS = 4F1l0.,4elIH THRUST = 4F1l0.4s 00039800

I I3 ALTITUDE = sF10.2+s10H SPEED T sF10.2910H TIME = 4Fl0.3) 00039900

Go To sl 00040000

50 1Sw=IRUKN(T ALT+THETASV) 00040100
1F(Er0,EQ.EME) ISW=0 000640200

T0=1 00040400

PRINT 20, TO 00040500

20 FORMAT (IHO s 19HBURN STARTS AT 4FI0,494H SEC) 00040600
DT1=5TER/4, 00040700

S1 IPRINT=IPRINT+] 00040800

- IF(IPRINT,EG.0) GO TO 53 00040900
60 Tn 82 00041000

53 IPRINT==NPRINT 00041100

c 00061200
c ADVANCE LINES COUNTER AND CHECK IF TIME TO EJECT PAGE AND LABEL. 00041300
c 00041400
4 LINE=LINE+1 00041500
DMY=THD*DTOKAD 00041600

39
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Ceues
Ceoan
Cirsrer s

116

117 FUHHA1(1H120AA/1H0.9HTIME.SECS.7x3HXoM,Sx.5HHAG.M.7X.3HZ.M,2x,
1 BHXGOT sM/Se2XBHYDOT M/ S SXSHV s M/SIXBHMACH NOL2XTHDRAG,LB,

2 GH THETA«Ds9H PITCHeDs9H DELTA9DGH

7 FORMAT(1H120A4/1H0.9HTIME.SECS.7x3HX.M5x5HHAG.M.7x.3HZ,M2x,
1 BHXDOT oM/S2XBHYDOT 9 M/ S5X5HV 9 M/STXRHMACH NO . 2X7THDRAG+LB

2 94 THETAsDs9H YAWeDs9H SPINeR/SeGH STA FAC +BH DUMMY V)

6

O

52

OO0

OO0

2l MAIN

FOR COPPERHEAD FLIGHTS THE DUMMY VARIABLE IS THE ANGUL AR

PITCH RATE IN DEGREES/SEC.

OMY 1S A DUMMY VARIABLE USED FOR OUTPUT OF CHOICE

IF (LINE.LE.O) GO TO 6
LINE==50

IF(IGLIDELEG.]) GO TO 116
WRITE (6s7) TITLE

6O Tn &

WRITE (64117) TITLE

CONT INUE
HAG=ALT=YTERM

BODYADs9H DTHESD/S)

17722729

00041700
00041800
00041900
00042000
00042100
00042200
00042300
00042400
00062500
00042600
00042700
00042800
00042900
00043000
00043100
00043200
00043300

PRINT n.T.x.HAG.z.xo.YD-v.CMACH.RESIS.THETA.YAwDEG,SPIN.STAFAc.DMYoooaaaoo

FORMAT (IH 1F9.3+3F10.153F10.,15F9.2+6F9.,244FF9.2)

1IF(T.GT.300.) GO TO 30

RULE FOR SfOPPING SOLUTIUN = STOP wHEN PROJECTILE HITS GROUND.

IF(.MOT.(R.LE.RTERM.AMD.THETA.LT.O.Q)) GO T0O 5
INTERPOLATE SOLUTION VARIASLES FOR K=RTERM

YE=YTERM

TE=T=DT# (R=RTERM) / (R=RP)
DEL=(T=-TE) /DT

XE=X=DEL# (X=XP)

ZE=2-DEL# (Z=-7P)

XDE=XD=DEL#* (XD=X1IP)
YDE=YD=DEL®(YD=YiIP)

VE=V=DEL#* (V=\VP)

THE TAE=THETA=DFL# (THETA=THETAP)
CMACHE=CHMACH=DEL® (CMACH=CMACHP)
RESISE=KESIS=-DEL* (RESIS=-RESISP)
YAWE =YARD G=DEL* (YAWDEG=YAWP)
SPIMF=SHIN=DEL® (SPIN=SPIUP)

STAFAE=STAFAC=0DELY (STAFAC=STAFAP)

SMARGE =SMARG=DEL* (SHAKG=SMARGP)
PS1E=PSI=DEL#(PSI~-PSIP)

SENGE =SRNG=DEL%* (SRNG=SRNGP)
YE=YF=YTERM

XPLOT (NPLOT) =XE
YPLOT (1 eNPLOT)=YE

PRINT QUT SOLUTION VARIABLES FOR Y=YTERM,

PRINT BeTE s XE s YE o 2E s XDE s YOE 9 VE + CMACHE s RESISE « THETAE o YAWE s
1 SPINE¢STAFAE »SKNGE

SUPVFEL=SUPVEL/0.3048
RAMGE=SURT (XE#u2+2E%42)

40

00043500
00043600
00043700
00043800
00043900
00044000
00044100
00044200
00044300
00046400
00044500
00064600
00044700
00044800
00064900
00045000
00045100
00045200
00045300
00045400
00045500
00045600
000465700
00045800
00045900
00046000
00046100
00046200
00046300
00046400
00046500
00046600
00046700
00046800
00046900
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OO0O000

OO0O0O00O00n

2l MAIN DATE = 77143 17722729
RANGE=RANCZ# (] .+ (RANGE/RE) #%2/6,) /1852, 00047000
PRINT MAXIMUM VELOCITY, RANGEs AND ALTITUDE, 00047100
PRINT 90y SUPVELs RANGE.SUPALT 00047200

90 FORMAT(1HO0+20HMAX PROJ VELOCITY = +F15,4,4H F/S, 000647300
1 3Xe12HMAX RANGE = 4F15.6411H NAUT MILES.3X,10HMAX ALT = 00047400

2 F15.,448H METERS) 00047500
00047600

PLOT THE TRAJECTORY JUST COMPUTED. 00047700
00047800

LABEL PLOT WITH TITLEs QE AND V0. 00047900
00048000

00048100

PRINT 10eTITLEQELVOD 00048200

10 FORMAT (1HO15X20A44/4H QE=FS5,1410H DEGy VO=F6.1v46H F/S) 00048300
3 COMTINUE 00048400
un«-uqms#*u*uu;s«»u;m«*n#(;(}(w(usuum)uun“u*uu*uu&#uuuuu&u&udu*uuuua¢§*u000Q8500
CALL POLFIT(RSyTSeNPLOTs340¢CIRT IGO0, TRUE . ¢SNDEV 00048600

1 20HFLIGHT TINME VS RANGE) : 00048700
CALL POLFIT(KS«VSyNPLOTe340sCJVT, H.HINV..TRUE.-SDEV- 00048800

« Z20HPROJ. VEL. VS, RANGE) 00048900
RETURN FOR ANUTHER CASE. 00049000
mm(wuuwuss"{mwu*msuu%muwuu&uuu*u*&“&uew*u*u*uu&**&&&#***u*a&&u*q*oo01.91()0

GO Tu 101 00049200

30 CalLL ExIT 00049300
E D 00049400

41
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eReNeXeNeXeXse!

Cessan
Cirdrs
Cotarde s
Citirtrr

8

1

2

3

4

5

42

21 SOUND DATE = 77143 17/22/29
SUBROUTINE SOUND(A+sGeRHOSVISCO) 00049500
COMMON EMO.EMB.SPI.FC.RQATE.DELT.TOoTR.Isw.v.THETA.FFCTRoCALSO, 00049600

1 VchCWcALToR.IEMD.CM«CH'REYNLD,RESISoCAL,DLONG.IOPTYoYAWoAMOMo 00049700
2 HMO?\‘.PSIvWTAQE/\oISEPQNABLFvIGLIUEvIV:INGQTENAE‘LvAVTHDOCOLFLo 00049800
3 MMCSWe TMOMMC ) 00049900
COMMOM/SKNDCOM/CANENS 00050000
EUUIVALENCE (YoALT) 00050100
00050200

SUBROUTINE COMPUTES THE SPEED OF SOU.D IN M/SEC 00050300
VEXSUS ALTITUDE IN METERS. ALSO COMPUTED IS THE 00050400
ACCELEKATION DUE TU GRAVITY IN M/SEC/SEC AND THE 00050500
ATR GEMNSITY IN KG/M##3 AND THE ABSOLUTE VISCOSITY 00050600
OF THE AIR IN KG/M/SEC. NOTE THAT htYNOLD'S NUMBER 00050700
PER METEKR IS GIVEN HY APHO®EMACH/VISCO, 00050800
REFEPENCE: BARMHARTS W. TrE STANDARD ATMOSPHERE USED BY BRL 00050900
FOR TRAJECTORY COMPUTATIONSs MEMO, REPORT NO. 17665 JUNE 1966, 00051000
DATA FOR THE FOLLOWING EGUATIONS «ERE EXTRACTED FROM THE 00051100
UeSe STANDARD ATMOSPHEREs 1962, 00051200
) 00051300

0=9.826%(6,37REO/ (6,3TBE6+Y) ) 48 00051400
D=6,3567A6E6+Y 00051500
IF(Y.LF.11019.07) GO TO 1 00051600
IF(Y.LFE.2n063,12) GO TO ? 00051700
IF(Y.LF.32161,9) GO TO 3 00051800
IF (Y LEW673%0.09) GO TO 4 00051900
IF(Y,LE.52423.83) GO TO S 00052000
IF(Y.LE.“1591.03) GO TO 6 000521090
IF(Y.LFE.79994.14) GO TO 7 00052200
RHO=0,4636%EXP (-0, 12207E=3%Y) 00052300
T=TEMPERATURE IN DEGRFES KELVIN 00052400
T=180.65 00052500
A=20,053%#SQRT(T) 00052600
RHO=RHO®*CADEMNS 00052700
VISCO=0.006467%(T+110.)#(T/217,78)#xl,4 00052800
THIS 1S THE SUTHERLAND VISCOSITY LAW. 00052900
RETURN 00053000
RHO=1,224999¢v# (=, 1176033t =3+Y%(,433719F-84Y8(=,746]1659E=]123 00053100

+Y# (,5537603F=18=,9572727C=24%Y)))) 00053200
T=(1.831702E9-4,103083E4%Y) /D 00053300
60 1o 8 00053400
RHO=1,990142+Y% (=, 29401 14E=3+Y%(,1993974F=7+Y% (=,7637263E=]2 00053500

*Y¥(,1615921E=16=-,1476T064E=21%Y)))) 00053600
T=216,65 00053700
GO Tn 8 00053800
RHO=1,815614Y# (=,235749E=-3¢Y# (,130807F=7+y%(=,3819651E=12 00053900

1 +Y®# (,5798729E-17-.3626654E=22%Y)))) 00054000
T=(1,250058E9+6,553416E3%Y) /D 00054100
G0 10 8 00054200
RHO=1,10944+Y% (=, 1140029E=3+Y%#(,481740]1E-8eY% (=,1039241E=12 00054300

1 ey#(,1138793E=17-,5052135E=-23%Y)))) 00054400
T=(8,839083E8+1,7938E4#%Y) /D 00054500
60 Tn 8 00054600
RH0=.8974979E-1*Y“(-.417905E-50Y“(.3529753E-100Y°(.1177144E-14 00054700
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1 +Y#(=-,2567072E-19+,1449113E~24%Y)))) 00054800
T=270,65 00054900
GO Tn 8 00055000

6 RH0=,1029082E=1+Y#(,10R1A53E=5+Y# (=+8523619E~10+Y*(,2075003E~14 00055100

1 +Y#(=,2184824F=19+.860425(=-25%Y)))) 00055200
T=(2,381562E9=1,233368E4%Y) /D 00055300
GO To 8 ' 00055400

7 RHO=0.,46236%EXP (=0,12207E=3#Y) 00055500
T=(3,15708BE9=2,493041€4%Y) /D 00055600
GO To & - 00055700
END ‘ 00055800
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21 FLIGHT DATE = 77143 17722729
SUBROUTINE FLIGHT(TIME ,UsKUTTA) 00055900
DIMENS]ION U(12) 00056000
DIMENS1ON TMACH(ll)oTKA(ll)'TKDYAW(ll)oTKL(ll)sTKM(ll)s 00056100

| TKF(I]).TKT(I]).TKH(]I).ThS(ll)vTCf 11) R 00056200
DIMENSION TEMACH (4) s ALTRMM(4) s AALTRM(4) ¢ TCN (& 96) sWTCN (&) 00056300
D1IMENSION TCADI(A)oTCADZ(h)oTDEL(A)vTAT(h.A)sWTAT(Q) 00056400
DATA GGA]N/O.SO/.DTQAH/A.OO/oUTSAH/b-00/ 00056500
DATA DTORAD/ST7.726578/ 00056600
DATA RE/6.37RE6/.OMEGA/O.7&915E~4/oP10FOR/.7853981/vTWOG/19.58418/00056700
RE=NOMINAL RADIUS OF THE EARTH AT THE EQUATOR IN METERS 00056800
OMEGA=ANGULAR VELOCILITY OF THE EARTH IN RADIANS/SEC 00056900

00057000
TABLE OF EQUIVALENCES 00057100

Ul) = X 00057200
ue2) = vy 00057300
ue3) = ¢ 00057400
U(4) = SPIN 00057500
U(s) = XxDOT 00057600
U(6) = YDOT 00057700
Ur) = zZootv 00057800
U(R) = SPIND 00057900
U(9) = XDBL 00058000
U10) = YDBL 00058100
U1ly = ZORL 00058200
U(12) = DUMMY 00058300
EXTERNAL CORAG 00058400
COMMON EMOsEMB sSSP I oFCoBRATE «DELT9TO Tisy ISWeVeTHETAWFFCTReCALSQ, 00058500

IVWO o VXWALT o9 TEMND o CMACH s REYNLD v RESIS s CAL yDLONG s ICPTY s YAW s AMOM, 00058600

2 BMOM.PSIoWTAREA.]SEPoNAuLtoIGL]UEvIWINGoTENABLvAVTHDvCDEFLo 00058700

3 MMCSW, TMOMMC 00058800
COMMON/COF COM/XCG 9 SMARGYEMy THID PRINY s ALTRIMICNATRMIGLIDEZEPSTHE 00058900

1 .STAFACoyAWNU.TKA.TKUYAw.TKLoTKMoTKFoTKToTKHoTKSoTCPoTMACH' 00059000

2 NAHTBLvTFMACH,ALTRMM,AALTRM'TCN'NTQN.TCADIoTCADZoTDEL'TAT'WTAT 00059100
COMMON/WINCOM/RWC ¢ X1 C 00059200
IF(1SW,EQ.0) GO TO 10 00059300
IF(TIMELOTL.TO+TR+DELT) GO TO 9 00059400
CALL BURN(TIME + XMASS s THRUST) 00059500
EM=XMASS 00059600
THRUST-INDUCED DRAG 00059700
FFC=FFCTR*#THID 00059800
H=4,448238THRUST 00059900
TERMX=H#*U (G5) 00060000
TERMY=H®*U (6) 00060100
VSQ=U(K) ##2+U(R) ##24U(T) #1tD 00060200
V=SURT (VSQ) 00060300
UP=RF+U(2) 00060400
XSQ=y(]) #s2 00060500
YSQ=UPHu2 00060600
Z5Q=U(3) #e2 00060700
R=SGRT (XSQ+YSQ+ZSQ) 00060800

00060900

ALT=R=RE 00061000

ALT=U(2) +X5Q/2,./RE 00061100

44
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CuuuwseCOMPUTE VELOCITY OF WIND AS A FUNCTION CF ALTITUDE.,

c
c
c
c
c
48
21
c
c
C
22
c
c
c
Counsa
Caaan

DRCOSX=U(1) /R
DRCOSY=UR/R
DRCOS7=U(3) /R

CALL -SOUND (A9G9RHO«VISCO)

THIS GENERATES SPEED OF SOUNDsGRAVITY,AIR DENSITYs AND VISCOSITY,

[F(V.EQ.0.,0}) GO TO 13
TERMX=TERMX/V
TERMY=TLRMY/V

HARG=1,000%U(2)
VW=VWO+RWCH*VWC (HARG)
VCWsSVXW+XWCHVWC (HARG)
Viy=VWwO

VCW=VXW

VRELSQ= ((US)+VWI #B24(6) #4424 (U(T) ¢VCW) #22)

VREL=SQRT (VRELSQ)
CMACH=VREL/A

COMPUITE REYNOLD'S NUMBER ARD SKIM FRICTION COEFFICIENT (SFC).

FRIC1=0.0

IF (DLONGEQ.0.0) GO TO 48

REYNL D=DLONG#A#RHO#CHACH/VISCO
ALR=ALOGLO (RE YNLD)

PWR=0.05%ALR
SFCZ0e455/ALREE2. 58/ (1.+0.2%CMACH##C) #2PWR
IF(ISEPLEC.0) GO TO 48
FRICT=WTAREA*SFC

DENOM=MASS OF PKOJECTILE IN KGe
DENOM=0.4536%EM

DYMPRS=0.5¢RHO*VKELSQ

IF(IOPTY.EQ.1) GO TO 20

YAW=0.0

YAWSQ=0.0

XKDYAw=0.0

XTER*S=0,0

YTERMS=0,0

Z1ERMS=0.0

u(s)=0,0

CALL CDRAG(CMACHDRAGCAD)
COFDRG=FFCPDRAG* XKDYAWHYAWSQ+FRICT+CAD
THIS GENERATES THE CURRECTED COEFFICIENT OF DRAG

DIFFERENTIAL EQUATIONS
CONTINUE

FORM=PIOF OR*CALSW#*DYNPRS
DRG==COF DRG#F ORM

RESIS IS AIR RESISTARCE IN POUNDS.
RESIS=DRG /4.44823

GLIDFE - FUFO - GLIDE = FUFO = GLIDE -

IF(IGLIDE.NE.1) GO TO 60
ATTITUDE HOLD LOGIC FOR COPPERHEAD APT77

45

DATE = 77143

17/722/29

00061200
00061300
00061400
00061500
00061600
00061700
00061800
00061900
00062000
00062100
00062200
00062300
00062400
00062500
00062600
00062700
00062800
00062900
00063000
00063100
00063200
00063300
00063400
00063500
00063600
00063700
00063800
00063900
00064000
00064100
00064200
00064300
00064400
00064500
00064600
00064700
00064800
00064900
00065000
00065100
00065200
00065300
00065400
00065500
00065600
00065700
00065800
00065900
00066000
00066100
00066200
00066300
00066400
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Couvw
Coaus

(.22 27

Cuavs
Cueuy

1200

Couws

Ciarita

1210

Ciarar

1212
1220

1214

1240

1244
Cuuud

2l FLIGHT DATE = 77143

THE=ARSIN(U(6)/V) #DTORAD
1F (MMCSHWNE.1) GO TO 1260

MOTE THAT OTHER OPTIONS FOR MECHANIZING ATTI1TUDE~-HOLD
CALCULATIONS MAY LE EMPLOYED., THESE ARE FOUND AFTER LOC. 1260.

T4AH=TMOMMC T4 AH

TapAH IS THE TI“E AT wHICH THE ATTITUDE~HOLD SWITCH 1S THROWN,

1F(TIMELLT.T4AH) GO TO 60
1F (NABLEJEQLL) GO TN 1390
TSAR=THMOMMCeDT5AM

TSAH IS THE TIME AT WHICH THE GYRO IS FREEDs WINGS
AKE EXTENDEDs aAND THE BODY 1S COMMANUED TO FOLLOW THE GYRO,

IF(TIMELLT.TSAH) GO TO 1200

NABLE=1]

IWING=)

TENARL=TSAH

GO T 1390

CONTINUE

CALCULATION OF CONTROL DEFLECTION fFOXk G BIAS
COEFL=GOATIN®ASRS (AVIHD) #DTORAD

17/22/729

00066500
00066600
00066700
00066800
00066900
00067000
00067100
00067200
00067300
00067400
00067500
00067600
00067700
00067800
00067900
00068000
00068100
00068200
00068300

SET UP INTERFPGLATION ARKAYS TO DETERMINE TRIM ATTACK FOR GI1VEN CON00068400

1F (CMACHLLTLTFMACH(1)) 6O TO 1230

DO 1210 I=244 ,

JTF(CMACHLLT.TFMACH(I)) GO TO 1220

CONT IMNUE

LOCAL MACH NUMRFR IS BEYOND THE TABLE
TRIMMX=AY TRMM (4)

CAD]I=TCADI] (&)

CANZ2=TCADZ2 (&)

DO 1212 J=1s0

WIAT () =TAT (44 ))

WTICN(J)=TCN(44+J)

CONT INUE

GO To 1244

FRACT= (CMACH=TFMACH(I=1))/(TFMACH(I)=TFMACH(1=1))
DO 1214 J=146

WTAT (D) STAT(I=19 ) +FRACTH(TAT (I s D) =TAT (I=14J))
WTCN () ZTCN(I=1 v J) ¢FRACTH#(TCNI{TI o D) =TCHi(I=14U))
CONTINUE
TRIPMX=ALTEMM(I=1) +FRACT# (ALTRMM(T) “ALTRMM(I=1))
CADI=TCALLI(1=1)+FRACT#(TCADI([)=TCAVL (I=1))
CAD2=TCAD2(I=1)+FRACT#*(TCADZ2(I)=TCAVZ(]I=1))

GO TO 1244

TRIMAX=ALTRMM (1)

CADI=TCADI (1)

CADZ=TCADZ2(]))

DO 1240 J=1.6

WTAT (J)=TAT (14+J)

WTCN(J)=TCN (] +J)

COMT INUE

CONTINUE

BEGIN INTERPOLATION FOR TRIM ATTACK

DO 1246 J=2+4

IF(CPEFLLLTLTDEL(J)) GO TO 1250

46

00068500
00068600
00068700
00068800
00068900
00069000
00069100
00069200
00069300
00069400
00069500
00069600
00069700
00069800
00065900
00070000
00070100
00070200
00070300
00070400
00070500
00070600
00070700
oco70800
00070900
00071000
00071100
00071200
00071300
00071400
00071500
00071600
00071700



o

LEVEL
1246
CHuss

Cuasps

1248

1250

Cuuaw

1252

Caune
Craae

1254

1256

CHuen
Cuususe

1260

66

Crene

Coaid
Ceuite

1300

Cﬁ&(‘r&

Cuusu
Caste

1310
Cuua
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COMTINUE 00C¢71800
CONTROL SURFACE DEFLECTION REQUIRED EXCEEDS CAPABILITY, 00071900
WRITF ERROR MESSAGE. 00072000
WRITE (691248) 00072100
FORMAT (1HOs 'ERROR: CONTROL DEFL. CALCULATED FROM G BIAS EXCEEDS 00072200

ILIMITY) 00072300
CALL EXIT 00072400
CONT INUE 00072500
FRACT2= (CDEFL=-TNEL (J=1))/ (TDEL(J) =TOEL (U=-1)) 00072600
ALTRIM=WTAT (J=1) +F naCT2# (WTAT (N =WTAT (UJ=1)) 00072700
CALCULATE THE NORMAL FORCE COEFFICIENT 00072800
DO 1252 J=2+4 00072900
IF (ALTRIM,LTAALTRM(J)) GO TO 1256 00073000
COMNTINUE 00073100
Tk1it ANGLE CALCULATED IS BEYOND THE TABLE. WRITE ERROR 00073200
MESSAGE AND STOP. 00073300
WRITE (6y1254) 00073400
FORMAT(1HO s 'ERROR: TRIM ANGLE CALCULATED IS BEYOND THE TABLE") 00073500
CALL FXIT 00073600
CONTIMUE 00073700
FRACT3= (ALTRIM=AALTRM{J=1))/ (AALTRM(J)=AALTRM(J=1)) 00073800
ChM=WTCH (J=1) +FRACT3% (WTCN (J) =WTCN(J™ 1)) 00073900
UPDATE INITIAL ©O0Y ATTITUDE 00074000
AnOUYO=THE+AL TR 00074100
GO CALCULATE aERD FORCES 00074200
Guo Tn 1500 00074300
CONTINUE 00074400
IF(TIMF.LT.TENABL) GO TO 66 00074500
IF(NABLENEL1) GO TO 1300 00074600
GO To 1390 00074700
CONT INUE 00074800
TIk «GE. TENABL 00074900
IF(NABLE.EQ.1)Y GO TO 1390 00075000
GPEPS=GLIDE+EPSTHE 00075100
IF (THE 6T ,GREPS) GU TO 60 00075200
CALCULATION FOR INITIAL COMDITIONS FOUR ATTITULE HOLD 00075300
ATTITUDE HOLD STARTS WITH ENARBLE SET 70 1. ENTER ONLY ONCE FOR 1C00075400
NARLE =1 00075500
FINST [TERATE FOR CNO AND ALTRIM 00075600
KOUNT1=1 ' 00075700
CHNO=DENQM#TWOGHU(S) /V/2.0/FORM 00075800
THIS 1S THE REQUIRED NORMAL FORCE CUEF, TO PRESERVE GLIDE ANGLE. 00075900
COHMPUTE MAX TRIM ANGLE 00076000
IF (CMACHLTLTFMACH(1)) GO 10 1330 00076100
VO 1310 I=2+4 00076200
IF (CHACH LTS TFMACH(T))Y GO TO 1320 00076300
CONTINUE 00076400
LOCAL MACH NUMUER IS BEYOND THE TaABLE 00076500
TRIMNX=ALTRKMM (4) 00076600
CADI=TCAD} (&) 00076700
CAD2=TCAD2 (&) 00076800
DO 1312 J=l+4 00076900
WICN(J)=TCN(44J) - 00077000
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1312

1320

1314

1340
1350
CQ“Q#
CHsde

1360

Caans
Cautrs

1366
1

Cunus
1

1370

CHuwe

1374
Cunue

1376

Ceues

1377

1378
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WTAT () =VAT (4o ) 00077100
CONT1NUE 00077200
GO T 1350 00077300
FRACT= (CMACH=TFMACH(I-1))/(TFMACH(I)=TFMACH(I-1)) 00077400
D0 1314 J=ly4 00077500
WTCN(J)=FCN(1-1sJ)»FRACT“(TCN(I.J)-TCN(I-IoJ)) 00077600
wTAT(J)=TAT(1-1-J)*FRACT“(TAT(I.J)-!AT(I-loJ)) 00077700
CONT INULE 00077800
TR1N%X:ALTRMM(1'1)oFRACT“(AL1RWM(1)'ALTRMM(I'1)) 00077900
CADI=TCADL (I-1) +FRACT®*(TCADL (1) =TCAUL(1-1)) 00078000
CADE:TCADZ(I-I)+FRACT“(TCADZ(I)-TCAQ&(I-I)) 00078100
GO TO 1350 00078200
TRIMMX=ALTRMM(]) 00078300
CAN1=TCADLI(]) 00078400
CAD2=TCADZ2 (1) 00078500
DO 1340 U=1+4 00078600
WICH (D) =TCN(Ls ) 00078700
WTAT (D =TAT (1l s 00078800
conTInNUE 00078900
CONTINUE ' 00079000
INTERPOLATE IN wTCN(J) FOR THE 1NSTALTANEOUS TRIMy ALTRIM 00079100
AMD COMTROL SURFACE DEFLECTION AT TRIM, 00079200
DO 1360 J=24+4 00079300
IF(CHOLTLWTICH(D))Y GO TO 1370 00079400
COMT TMUE 00079500
KENDUIRED NORMAL FORCE EXCEEDS caPABILITY., PRINT NOTICE AND SET 0N079600
ALTRIM TO TO MAXIMUM, 00079700
ALTHIM=TKIMMX 00079800
WRKITE (641366) 00079900
FORMAT (1HQOs ' 11 T1AL NORMAL FORCE REQUIRED FOR DESIRED GLIDE EXCEEDO0080000
S CAPARILITY') 00080100
REPLACE CNO WITH MAX REAL1ZABLE 00080200
CNO=UTCH(3) 4 ( TCN(4)=WTCN(3)) # (TRIMMX=AALTRM(3))/ 00080300

(AAL TRM (&) =AALTRM(3)) 00080400
Gu Tn 1374 00080500
COtT INUE 00060660
INTERPOLATE FOR INITIAL TRIM ANGLE KEQUIRED FOR NORMAL FORCE « 00080700
FRACT2=(CNUO=WTCH(J=1) ) Z(WTCN(J) =wTCN(U=-1)) 00uB0600
ALTHIMZAALTRIT(I=)1) +FRACT2% (AALTRM(J) =AALTRM(J=1)) 00080900
COrT1INUE 00081000
INTEXPOLATE FOR CONTROL SURFACE DEFLECTION 00081100
00 1376 J=2+4 00081200
1IF(ALTRIMLLTJWTAT(J)) GO TO 1378 00081300
COt:T I NUE 00081400
ALTHIM 1S SEYOND THE TASLE. WR1TE E~ROR MESSAGE AND STOP, 00081500
WRITE (641377) & 00081600
FORMAT(1HO+ 'ERPOR. ALTRIM BEYOND THE TABLE. CHECK INPUT PARAMS?®) 00081700
CALL EXIT 00081800
COMT INUE 00081900
FRACT3=(ALTRIM=wTAT(J=1)) Z(WTAT (D) =WNTAT (J=1)) 00082000
COEFL=TDEL(J=1) ¢FRACTI#*(TDEL (D =TDEL(J-1)) 00082100
KOUNT1=KOUNT1+1 00082200
IF(KOUNT1,GT.2) GO TO 1375 000682300

48
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1375

Cauvs
Cuaws

1380

1390

Cauad

1410
Cuunsw

1412

1420

1414

1440
1450

Couns

1460

Cusue
Coawy

1

1470

c#ees [NTEPPOLATE FOR CN WITHIN THE TABLE

21

FLIGHT

CNO=CNO/COS (ALTRIM/DTORAD)

G0 Tn 1350

CONTIHNUE

EnD OF CALCULATION OF INITIAL TRIM ANGLE FOR GLID
NO# CALCULATE INITIAL BODY ATTITUDE.
ARODYO=THE+ALTRIM

Cti=C~0

6U TO 1500

CONT INUE

DATE

77143

SUBSEQUEMT CALCULATION OF ALTRIM FOR ATTITUDE HOLD

ALTRIM=zABODYO-THE

IF (CHACHLT.TFMACH(1))
DO 1410 1=2+4
IF(CHACH LT« TFMACH(I))

CONTINUE

LOCAL MACH NUMBER BEYOWND THE
TRItHX=ALTRMM(6G) ’
CAD1=TCAD1 (&)

CAlZ2=TCADZ (4)

DO 1412 J=le4

wTCN (D) =TCH (49 )

WIAT (I =TAT (49 J)

CONTINUE

GO 10 1450

GO0 TO0 1430
GO TO 16420

TABLE

FRACT=(C“ACH-TFHACH(I'1))/(TFMACH(I)-TFMACH(I'I))

DO 14alae J=le4

WTCH(J)=TCH (1=19J) +FRACT#(TCN(I+J)=TCNCI=14J))
NTAT(J)=TAT(I-19J)*FRACT“(TAT(I;J)-TAT(I-I9J))

CONT INUE

TRIva=ALTRMM(I-1)4FRACT“(ALTRMM(I)'ALTRMM(I-l))

CADL=TCADL (I~1) +FRACT® (TCADL (1) =TCADL (1-1))
CAD2=TCAD2(I-1) +FRACT# (TCAD2(1)=TCALZ(I=1))
G0 TO 1450

TRmex=ALTRMM (1)

CAD1=TCADL (1)

CAD2=TCAD2(1)

DO 1640 J=1ls4

WICN (D) =TCN {1 s J)

WTAT(JI=1AT(1sJ)

CONT INUE
COtTINUE

E OPTION 1,

INTEPPOLATE IN wTCN(J) FOR THE NORMAL FORCE COEF. CNe

DO 1460 J=2s4

IF (ALTRINMLTLAALTRM(J)) GO TO

CONTINUE

1470

REQUIRFD TRIM ANGLE EXCEEDS MAX TABULATED VaLUE.
BE LIMITED TO TRIMMX.

ALTRIM=TRIMMX

CN=WTCH(3)‘(WTCN(A)-WTCN(3))“(ALTRIM'AALTRM(3))/
(AALTRM (=) =AALTRM(3))

GO TO 1474

COMT INUE

49

TRIM WILL
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00082400
00082500
00082600
00082700
00082800
00082900
00083000
00083100
00083200
00083300
00083400
00083500
00083600
00083700
00083800
00083900
00084000
00084100
00084200
00084300
00084400
00084500
00084600
00084700
00084800
00084900
00085000
00085100
00085200
00085300
00085400
00085500
00085600
00085700
00085800
00085900
00086000
00°R86100
00086200
00086300
00086400
00086500
00086600
00086700
00086800
00086900
00087000
00087100
00087200
00087300
00087400
00087500
00087600
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1478
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FRACT2=(ALTRIM=AALTRM(J=1))/ (AALTRM(J) =AALTRM (J=1)) 00.87700
CN=WTCN(J-1)#FRACTE*(WTCN(J)-wTCN(J‘l)) 00087800
CONTINUE 00087900
INTERPOLATE FOR CONTROL SURFACE DEFLECTION 00088000
DO 1676 J=2+4 ) 00088100
IF(ALTRIMLLTCWTAT(J)) GO TO 1478 00088200
COITINUE 00088300
ALT=IM IS BEYOND THE TABLE., WRITE ERROR MESSAGE AND STOP, 00088400
WRITE (6+41377) 00088500
caLL EXIT 00088600
COMTINUL 00088700
FRACTI=(ALTRIM=WTAT(J=1))/(WTAT(J)=WTAT (U=1)) 00088800
COEFL=TUOEL(J=1)+FRACTI3*(TOFL(J)=TDEL(U=1)) 00088900
END OF NORMAL FORCE COEFFICIENT CALCULATIONS 00089000
PROGRAM REENTRY FOR ATTITUDE=-HOLD CALCULATIONS 00089100
COnT INUE 00089200
CONVERY ANGLE TO RADIANS 00089300
COEFL=CUEFL/Z0DTOFAD 00089400
ALTRIM=ALTRIH/DTORAD . 00089500
PLACE TRIM ANGLE 1N YAW POSITION FOX PRINTOUT. 00089600
YAz ALTRIM 00089700
FHN=Cri#FORM 00089800
SIMAL =S1IH(ALTRINM) 00089900
CUSAL=CUOS(ALTRIM) 00090000
CALCULATE AXIAL FORCE INCREMENT PROVUCED BY FIN DEFLECTION AT TRIM0O0090100
DELCAZCADI# (N L#ALTRIM=CDEFL) ##2=CAD2# " TRIM# %3 00090200
DELCA=CDEFL /6.0 00090300
FOIZ=DELCA*FORM 00090400
FL=FN#COSAL=FDIZ2*SINAL 00090500
FOI==FN#SINAL=FDI2#COSAL 00090600
SINTH=U(O) /v 00090700
COSTH=U(5) /V 000908600
TERMXZTERMX=FL#SINTH+FDI*#COSTH 00090900
TERMYSTERMY+FL2COSTH+FDI#SINTH 00091000
CONTINUE 00091100
IF(NABLELEQaL) TWIMNG=1 000912060
END OF ATTITUDE=HOLD CALCULATIONS 00091300

00091400
00091500
U(10)=(UPG*U(b)/VREL¢TERMY)/DENOM-G*URCOSY¢O.53166€-B“UP 00091600

42 2OMEGARU(T) +YTERMS 00091700
U(9) = (DRGH(U(S) +Vw) /VREL + TERMX) ZDENOM=G#DORCOSX + XTERMS 00091800
U(l1)=-2.“ONEGA“U(6)-G*DRCOSZOZTERMQ‘DRG*(U(7)*vCW)/VREL/DENOM 00091900
U(l12)=0.0 00092000
AC IS THE ACCELERATION OF THE PROJECTILE ALONG THE TRAJECTORY. 00092100

AC= (U (S)#U(9) +UH)#U(L0) +U(TIHU(1L1)) /Y 00092200
IF(IOPTY.EQaN) GO TO 14 00092300
U(d) ==RHO#CALSQ##2/AMOMEXKA®U (&) #V 00092400
IF (KUTTAGEU.4) THETA=ARSIN(U(6)/V)¥57,29578 00092500
RETURN 00092600
Uu(9)=0. 00092700
U(10)==06 00092800
THETA=90, 00092900
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)

RETURN 00093000
EM=EMB 00093100
GO 10 11 00093200
EM=EMD 00093300
TERMX=0. 00093400
TERMY=(, 00093500
FFC=FFCTR 00093600
60 10 1¢ 00093700
CALL ACOEFS(CMACHIYAw s XKA9XKDYAW s AKL 9 XKM g XKF ¢ XKT o 00093800
1XKtis XKS ¢ XCP) 00093900
VXRL=U(S) sV 00094000
VZRL=U(7) +VCw 00094100
VRLSO=VXRL®® 2+l (k) 842y ZRLE#2 00094200
VRI_=SQRT (VRLSQ) 00094300
TEST FOR DYNAMIC STABRILITY, 00094400
BOTTOM=8,0%3M0MEDYIIPRSHCAL*# 34 XKM 00094500
STAFAC= (U(64) 2AMOM) 442 /B0TTOM 00094600
IFASTAFACLE L1, 0) GO Ty 25 00094700
COMPUTE THE YAWING FREQUENCY 00094800
YAWNU=AMO“/H”OM*SQRT(1.-lo/STAFAC)*U(Q){6.2832 00094900
CONPUTE THE OVERTURMING #OMENT AND PRECESSIONAL FREQUENCY 00095000
OTtyta(av=2 (4 XKM#CAL w4 30 )Y IPRS 00095100
PRUU=OTNRMOM/EMONM/U(G) /76,7832 00095200
CO“FUTE YAW 0OF WEPOSE 00095300
‘ALPhAﬁ:HnD*CAL“VQLSN“(XKL“XKM“VFLSQ’CALSQ“XKF“XKT*U(4)*“2) 00095400
1F (A4S (ALPHAS) JLT.1.£~20) GO TO 25 00095500
ALFHAAZ AMOME XKL #¥U(4) /CALSW/ALPHAS 00uL25600
ALPHARSDENOMS XK T (4) /ALPHAR 00095700
AME=ALPHAB=~ALPHAA 00095800
ALPHAXSAMB® (U(O)¥U(11)=VZRLH*U(10)) ~ALPHARS#YZRL*G 00095900
ALPHAY=AMo* (VZRL4U(9) =VXRKL*U(11)) 00096000
ALPHAZ=AME® (VXRLFU(10) ~U (b)) #U(9)) + ALPHABSVXKL*G 00096100
YAUSOLZALPHAX® 42+ ALPHAY# 42 s ALPHAZ 442 00096200
YAW=SQRT (YAwSQ) 00096300
1IF (YA, 06T 1,5708) GO 10O 25 000964090
ARG= (VXRL#ALPHAZ=V/ZRL¥ALPHAX) #VRL 00096500
ARGI:(VKRL*ALPHAY-H(&)”ALPHAX)“VAPL'(U(6)*ALPHAZ-VZRL“ALPHAY)*VZRL00096600
1F (AFS(ARG]) W LF o1, 0E~20) GO TO 50 00095700
PS1=57,3%ATAN(ARG/ARG]) 00096800
GO T 53 00096900
1IF (ALGHAKGL) 51452452 00097000
FSI=~90. 00097100
GO T &3 00097200
PSI=90n, 00097300
CONT INYE 00097400
00097500

PSI=0ORI1ENTATION OF YAW, THIS IS THE ANGLE HETWEEN THE PLANE 00097600
COMTAINING BOTH THE VELOCITY AND YAW VECTORS AND A VERTICAL 00097700
PLANE CONTALIMING THE VELOCITY VECTOR. 17 IS MEASURED 00097800
CLOCKwWISE FROM THE VERTICAL PLANE, 00097900
00098000

END OF COMPUTATION OF YAw, 00098100
DKFN=CAL#XKF“U (&) 00098200
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XKLVSQ=XKL#VRLSN
RDSO=RHO#CALSO/VENOM
XTFERMS= =RDSQ* (XKLVSO#ALPHAX+DKFN# (ALPHAY®VZR| ~ ALPHAZ“U(b)))
YTERAS= ROSQ"(XKLVS()*ALPHAYODKF\J“(ALP JAZ#VXRL=~ALPHAX®*VZRL))
ZTERMS= RI)S(J“()(KLVSJ*ALPHAZ*DKF\J“(ALPHAX“’U(6)-ALPHAY"VXRL))
XKOYAW=2 45464 T#XKDY AN
Cc 3245 tp 48 8 gF 30 4430 SR L2 2B 2H L0 AP AH 1 41 4R 3F LB 4P B A7
IF(Yaw.LT.0,69) GO TO 21
PRINT SSsKHOXTERMS s YTERMS s ZTERMS
55 FOKMAT (IH o1P4E10,.5)
C S48 45 4 47 4p 4 4P 3P 4 30 4P 4P AP LB AP 4P 3P AP 4P I P AP
GO0 T0 21
25 PRINT 269STAFAC
26 FORMAT (1HQ 4 0HUNSTABLE PROJECTILE STABILITY FACTOR = +F10.4)
caLL EXIT
END

52

00{98300
00098400
00098500
00098600
00098700
00098800
00098900
00099000
000395100
00099200
00099300
00099400
00099500
00099600
00099700
00099800
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SURROUTINE CDRAG(EMACHDKAGCAD) 0€299500
C 00100000
C PROGRAM COMPUTES THE COEFFICIENT OF DRAG VERSUS MACH NUMBER 00100100
C AND THE COEFFICIENT INCREMENT DUE TO WINGS. 00100200
C ) 00100300
4 DIMENSION XMTBL(12)+CDTBL(12),cOT8L(12) 00100400

DATA CDOKD/2.546479/ 00100500

COMMNN EMOsEMEeSPLerC CRRATE ¢ DELT o TOs TR ISWeVs THETA sFFCTRsCALSQ, 00100600
1] ViueVCWeALT ot IE‘_NDOCNACH'REY\JLD'RESIS’CAL'DLONG' 10PTYs YAWs AMOM 00100700

53

2 BNOMvPSI9W1ARFA.ISPPvnAhLE'IGLIDE.IwING;TENABL,AVTHUsCUEFLs 00)00800
3 MMCSWe THOMMC ) 00100900
COMMNN/ZDRGCOM/ XMTBL+CDTBL9COTBL 4NTBL 00101000
CAD=0+0 00101100
“1F (MTHBL.NE,0) GO T0 5 00101200
IF(EMACHLLELO0LR0) GO TO 1 00101300
1F (EMACHLLEL1.10) GO TO 3 00101400
IF (EMACH.LEL3,0) GO TO 4 00101500
EM3=FMACH=3,0 00101600
DRAG=0,09+EM3%(=0,02+0,002%EM3I) 00101700
DRAG=CNUKDH*DRAG 00101800
RETURN 00101900
DRAG=0,0589 00102060
DRAG=CHOKD*UKAG 00102100
RETURN 00102200
C=10,%(ENACH=0,8) 00102300
DRAG=0,077364CH#34EXP (=C) +0,058% 00102400
DKAG=CDOKD*DORAG 00102500
RE TURN 00102600
DRAG=(0.21567+EMACH® (=0,0513440,00317*EMACH) 00102700
DRAG=CDOKD#URAG 00102800
RETURN 00102900
DO A J=1eNTHL 00103000
1F (EMACH.LT S XMTHRL(J)) GO TO B 00103100
CONT INUE 00103200
Ju=J-1 00103300
IF(Jt..LELD) GO TO 12 00103400
FHAC=(FMACH-XHTBL(JL))/(XMTRL(J)-XMTdL‘JL)) 00103500
CO=CDTHL (JL) + (COTHL (I =COTHL (JL) ) #FRAC 00103600
CAQ=0.0 00103700
IF (1w 1lNGoNELD) GO TO 10 ’ 00103800
CAO=COTBL (JL) + (COTEL (J) =COTBL (JL) ) #FKAC 00103900
CONTINUL 00104000
DRAG=CN 00104100
CAD=CAQ 00104200
RE TURN 00104300
CONTINUE 00104400
DPALG=CDTRL (1) 00104420
CAD = 0. 00104450
1F (IWING.EQ,.1) CAD = coTBL(]) 00104500
RETURN 00104700
END 00104800
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SURROUT INE ACOEFS(EMACH;YAWsXKAQXKDYAWQXKL9XKM;XKFgXKTQXKH,XK59XCP00134900

n

DIMEYISION TMACH (11) 9 TKA(11) s TKOYAW(11) g TKL(11) s TKM(11) s TKF (11)

1 TKT(11) 9 TKH(11) 4 TKS(11)4TCP(11)

OIMENSTUN TCAUI(4)qTCAD?(Q)yTUEL(“)9TAT‘4'4)9WTAT(4)
COMH“N/COFCUM/XCGqSMAHthMqTHIDQPRNU s ALTRIMGCNATRMyGLIDE¢EPSTHE
1 oSTAFACeYAWMUS, TKA-TP\[)YA"91KL1TK|’19TKF s TKT s TKHeTKS o TCP o TMACH

2 NAF'BLvTFMACHoALTRM“vAALTRW;TCNQWTCNQTCAol9TCADZQTDEL!TAT9WTAT

EMACH = MACH MNUMRE=R
XKA = SPIM DAMPING MOMENT COEFFICIENT
XKDYA = YAw DRAG COFFFICIENT

XKL = LIFT FORCE CORFFICIENT

XKM = OVERTURNING MOMENT COEFFICIENT

XkF = MAGNUS FOKCE COFFFICIENT

XKT = MAGMUS MOMENT COEFFICIENT

XKH = NDAMPING MOMFENT COEFFICIENT

XkS = PITCHING FORCE COEFFICIENT

XCP = CENTER OF PRESSUKE AFT OF NOSE IN CALIB

FOR NEPENDENCE OF ACOEFS UPON YAW StE BRL MEMO. RPT. NO. 2023

RELATIVE TO 1387 TYPE PROJECTILE .
XKT=-0.14*0.0576“(EMACH-I.PS)“%Z
XKT=0,0

XKF=0,157

SYAV=SIN(YAW) #4#2

6O T 50

COMTINUE

DO 60 J=1+NARTHL
IF(EHVACHLTLTMACH{JY)Y GO TO 70
CONMTINUE

JL=J=-1

FIAC= (EMACH=TMACH (JL) )/ (TMACH (J) =TMACH (JUL))
IF(TEA(J) EGL.0.0) GO TQ 52
XKASTKA(JL)Y « (TKA (D) =TKA(JL) ) #FRAC
IF(TKDYAW(J) sE0a00) GO TO 53
XKDYszTkDYAw(JL)¢(ThUYAw(J)-T<UYAw(JL))*FRAC
IF(TRL(J) ob0Qe0a0) GO TO 54
XKLETRL (JL) « (TKIL(J) =TKL (JLY ) #FRAC
IF (TKM(J) Fa0L0) GO TO 55
XEMSTKM(JL) + (TKM () =TKM(JL)) #FRAC
IF(TKF(J) «EQa0.0) GO T 56
XKE=TKF (JL) + (TKF (J) =TKF (JL) ) #FRAC
IF(IKRT(J) dEQ.0.0) GO TO 57
XKT=TKT (JL) + (TKT (J) =TKT (JL) ) #FRAC
IF (TRH(J) EG.0.0) GO TO 58
XKH=TKH (JL) + (TKH(J) =TKH (JL) ) #FRAC
IF(THS(J) «EQ.0.0) GO TO 59
XKS=TKS (JL) ¢ (TKS(J) =TKS (JL) ) #FRAC
IF(TEM(J) o EG.0.,0) GO TO 62
IF(XxL.EQ.0,0) CALL EXIT
SMARG==XKM/ XKL

XCP=XCG+SMARG

RETURN
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G LEVEL 21 ACOEFS DATE = 77143 17722729

62 JF(TCP(J).EQ.0,0) GO TO 63 0110200
XCP=TCP(JL)+(TCP(J)=TCP (JL) ) *¥FRAC 00110300

63 SMAKG=XCP=XCG 00110400
XKM==XKL#SMARG ’ 00110500
KETURM . 00110600

50 CO-TINUE 00110700
IF(ErACH.LELD0.8) GO TO 10 00110800
IF(EACH.LELD,9) GO TO 20 00110500
IF(LHACH.LEL1,0) GO TO 30 00111000
IF(EMACHLLELL1.1) GO TO 35 00111100
IF(ECACHGLEL1.30) GO TO 40 00111200
IF(EMACH.GT,.1,.5) GO TO 45 00111300

C VALID FOR EMACH GTR 0.8 AND LT 1,5 00111400
5 XKA=0.0038+0,002%EXP(=1,5% (EMACH=0,8)) 00111500

C VALIN FUOKR EMACH GTR 049 00111600
6 EMG=EMACH=0,9 00111700
HOLD=1,-EXP (=5, %EMG) 00111800
XKL=0e5%07+0.4%-0LD 00111900
XKL=XKL +6.6%#SYau 00112000
ACP=0,237+1.,57#H0LD 00112100

C VALID FORP EHACH OGTR 1.0 00112200
T XKkS==4,0+1,78% (E1ACH=1,) ) 00112300

C VALID FOR EMACH GTR 1.1 00112400
AKDY A=) 45424 3R%EXP (=2, 72% (EMACH=1,1)) 00112500

C VALIU FOR EMACH GTR 1,3 00112600
XKH=3,7 00112700

C vaLIm FOR ALL EMACH 00112800
9 SHMAKG=XCP=XCO6 00112900
XKM==XKL*SMARG 00113000

IF (NARTHL JMNELOQ) GO TO Sl 00113100
RETURN 00113200

10 Xxka=n,0n58 00113300
XKDYAW=1,5 00113400

11 XKL=0,62=0.,07T7#E14ACH 00113500
XKL=XKL+4,3%5YAd 00113600
XCP=1,2=1.07T%EMACH 00113700

12 XKS==4,0 00113800

13 XKkH=0,71+2.3%EMACH g 00113900

GO TO 9 . 00114000

20 EMB=FMACH=0,8 00114100
XKA=Z0,0038+0,n02%EXP (=1 ,5%EM8) 00114200
XKDYAV=]1,5+2.5SIN(6.,203%EHB) 00114300

6O To 11 00114400

30 EMBSEMACH=0,8 00114500
XKA=0,0038+0,00N2%EXP (=1 ,5%EMR) ] 00114600
XKDYAW=]1,542.54#S]il(6,2H83#EMB) 00114700
EMI=EMACH=0,9 00114800
HOLD=1,=EXP (=S #FM3) 00114900
XKL=0,5507+0,4%HOLD 00115000

XKL= XKL +5.5%5YAW 00115100
XCP=0,237+1,57#H0OLD 0011%200

GO TO 12 00115300

35 EMB=EMACH-(,8 00115400
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40

45

21 . ACOEFS

XKA=0,0038+40,0N2#EXP (=1,5%FMu8)
XKDYAWU=1e542,5#SIN(6,283%EMA)
EMI=EMACH=0,9
HOLDz1,-bXP (=5, 4FM9)

S XKL=0_5507+046%HOLD

XKL=XKL+5,5%SYAw

XCP=0,237+1.,57%R0LD

XKS==5,78+] ,T8#EMACH

GO 10 13

EMB=FMACH=0,4

XKAZ0,003840.002%EXP (=1,5%7M8)
XKDYAWS1 4542, 36%EXP (=2, 72% (EMACH=1,1))
EMO=EMACH=0,9

HOLD=1,=EXP (-5,%EM9)
XKL=0,5507+0,44HOLD

XRL=XKL+6,6%S5YAW

XCP=0.2.370 1 .S?”HOL[)
XKS==5,78+]1,78%EMACH

GO To 13 L
XKAT0,003840,002HEXP (=1,5% (EMACH=0,8))
GO T ¢

END
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21 RUNGE DATE =

SURROUTINE RUNGE ] (VsWsNEQsNORDsDIFEQ)
DIMENSION V(12) w{(48)

NV=NEQ#*NORU

N=NV+NEW

RETURN

ENTRY RUNGEZ2(T.DT)
DT2=0T*,5
DT6=DT/6.

DO 1 I=1eN

W(I)=v (1)

DO 2 J=1,3
NJIM=MEQ+N#* (J=1)
JOECK=N#J

IF (J=3)34444
DTw=0T2

GO To 5

DTw=0T

Tu=T+DTw

DO 6 I=14NV
K=1+JDECK

L=T+liJmM i
WIK)=w () eWw (L)#DTwW
V(I)=w(K)

CALL DIFEQ(TweVed)
DO 2 I=leyN
K=T1+JDECK
W(K)=V(])

DO 7 I=zleNV
Kl=1+NEOQ

K2=K1+N

K3=K2+N

K&=K3+N

VID) =W 1) +0TO# (W (K1) +2.# (W (K2) +W(K3)) +W(K&))
T=Tw

CALL DIFEG(TsVets)
RETURN

END
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FUNCTION VWC(Y)
IF(Y.GE«6700.)6G0T03
VWC=5,181644,972E=5%Y+1,3494E=T2Y8Y
RETURN
3 VWC=10,05843,96242C0S (442946E=3%(Y~9448,8))
' IF(Y.GT«13700.) WRITE(6s1)
RETURN , .
1 FORMAT (28H ALTITUDE ABOVE 13700 MFTERS)
END
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3
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21 BURN DATE = 77143 17722729

SUBROUTINE BURN(TIME ¢ XMASS s THRUST)

SURRQUTINE COMPUTES PROJECTILE MASS IN POUNDS MASS AND
ROCKET THRUST IN POUNDS FORCE

TO=TIME AT WHICH BURNING COMMENCES

EMO=INITIAL MASS. LBM

EMI3=RURNT MASS, LBM

TIME=TIME AFTER LAUNCH +SEC

SPI=SPECIFIC IMPULSE. LBF/ZLBM/SEC

FC=CONSTANT NOMINAL THRUST LEVELs LBF

1RURN= INMUICATOR OF COUMMENCEMENT OF dURNING (IBURN=1)
DELT=RISE TIME OF THRUST==ASSUMED EQuAL TO DECAY TIME s+ SEC
BRATE=FC/SPI=RURNING RATE, LBM/SEC

TR= (EMO=EME) /BRATE=EFFECTIVE BURNING TIME, SEC

COMMON EMOSsEMBeSPTsFCeBRATE +DELT9TOI TRy ISWeVeTHETASFFCTReCALSQy
1 VWeVCWoALT sReTEND«CHACHIREYNLD oRESISoCAL yDLONGy IOPTY s YA WS AMOM,y
2 BHOMyPST o TARFA.ISEP«NABLF ¢ IGLTIDE s LwINGs TENABL s AVTHD 4 CDEFL
3 MMCSwe TMOMMC

IF(TIMEL.LE.TO) GO TO 1

IF(TIMF.LELTO+DELT) GO TO 2

12=TG+Tw

IF(TIMECLLELT2) GO TO 3

IF(TIMELLTLT2+0ELT) GO TO 4

THRUST=(.

XMASS=EMB

RETURN

XMASS=FEMD

THRUST=0,

RETURN

XMASS=EMO=RRATF4 (TIMF=T0)#4#2/(2,%DELT)

THRUST=(TIME=TO) /DELT*FC

RE TURH

XMASS=EMO=HRATE# (TIME=-TO=DELT/2,.)

THRUST=FC

RETURN

XMASS=EMO=BRATEF® ((TR=DELT/2¢) ¢ (TIME=T2)#(1.,=-(TIME=T2)/DELT/2,))

THRUST=FC#(1.=(TIME=T2)/Z7DELT)

RETURN

END
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21 TBURN DATE = 77143

FUNCTION IBURN(TIME+ALTsQE,VELO)

FUMCTION PRODUCES INDICATION OF COMMENCEMENT OF
BURNING==IHUNFN=1,

IBURN=0 UNTIL BURN BEGINS

USER CHOOSES TO FROM CURRENT TIME OR ALT (ALTITUDE) OR
QE. (LOCAL 9QUADSANT ELEVATION) OR VELO (VELOCITY)
COMMON /SRCOI/TH ;

DATA ALTMAX/300004/9VMIN/0.0/

IF(TIMFEGE.TH) GO TO 3

IF (ALTLGEALTMAX) GO TO 3

IF(VFLOJLLE.VMIN) GO TO 3

IF(OE.GT.45,0) GO To 2

I8BURN=0

RETURN

IF(UELTa46,0) GO TO 3

13URH=0

RE TUPN

I1HURN=]

RETURN

END
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Chass

21 BLK DATA DATE = 77143 17722729
BLOCK DATA 00178400
DIMEMNSION TKA(11) o TKDYAW{11) s TKL{11) 9 TKM(11) s TKF(11) s 00128500
1 TKTC11) o TKH{11) o TKS{11) 9w TCP(11) s TMACH(11) 00128600
DIMENSTION TFMACH(4) s ALTRMM(4) s AALTRML4) s TCN(49s4) yWTCN(4) 00128700
DIMENSION TCAD1(4) oTCAD2(4)«TDEL(4) s TAT (4494) yWTAT (&) 00128800
COMMON/COFCOM/XCGaSMARGsEMy THID Y PRNU 4 ALTRIM,CNATRMyGLIDEZEPSTHE 00128900
1 sSTAFACYYAWNUy TKASTKOYAw s TKLo TKMy TRE g TKTy TKHsTKSy TCPy TMACH 00129000
2 MARTBL s TFMACHyALTRMMaAALTEMy TCHeaWTCNg TCADL 9 TCAD2 s TDEL 9 TAT s WTAT 00129100
DEFAULT VALUES FOR AFRU DATA USEL IN GLIDE CALCULATIONS 00129200

DATA TFMACH(1)/0.50/sTFMACH(2)/0,807/ 9 TFMACH(3)/0.,90/+TFMACH(4)/1./00129300
1o ALTRMM (1) /16,3079 ALTRMM(2)/14400/9ALTRMM(3)/13,80/yALTRMM(4)/13,600129400

2 0/98ALTRM{1)/0.,0/9vAALTRM(2)/5.0/9yAALTRM(3)/104,0/9AALTRM(4) 00129500
3/715.0/sTCN{141)/0.0/sTCN(142)/1410/9TCN(143)/2,10/9TCN(194)/3.10/+00129600
4TCN(P91)7040/9TCN(242)/142079TCN(293)/72.10/sTCN{206)/72490/ 00129700
STCN(391)70.079TCMN(3+s2)/1.3079TCN(343)/2,20/+TCNt3,4)/3,00/, 00129800
OTCN(4s1)/0.G/eTCN(442)/1.307/TCHLGs3)/2,.50/9TCN(4s0)/3,70/ 00129900
DATA TCA[)I/Q.095.095.759().50/’TCADZ”D.O!S.O’“.S!“.O/’ 00130000
1 TOEL/0495.0910,0915.0/9TAT/0.90090¢904970497a297at97ely 00130100
2 124191148411.691143917479174291741917,1/ 00130200
END 00130300,
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DRSAR-SAM

88 Jus 977
MEMORANDUM FOR RECORD

SUBJECT: Information for SHAPE Technical Center Relative to Z0T.14/
Z20T.15

1. Reference is made to Technical Note, DRSAR/SA/N-58, Description of
a Computer Program (Z0T.14) for Guidance Simulation of Cannon-Launched
Guided Projectiles (AD #P036663), Jan 77,

2. DRSAR-SA is preparing, for transmittal to SHAPE Technical Center, a
set of data including the source program for Z0T.15, the guidance simu-
lation program currently used by DRSAR-SAM. This memorandum provides a
guide to use of this program.

3. User information required for use of this program may be classified
as (a) infermation relative to conversion of the source from IBM $-360
extended FORTRAN to ANS FCRTRAN for UNIVAC, and (b) methodological back-
ground with input/output descriptions.

4. PRelative to the first category (conversion), the following items need
be pointed out:

a. Precision need not be double in the UNIVAC version due to longer
word length. IMPLICIT statements are to be deleted, and variables declared
simply REAL or INTEGER.

b. Certain I/0 formats will require change--fields specified as D
should be changed to E, literal (Hollerith) fields should be rewritten in
H-format (the "quote" format has been used), and the lengths of some A-
formatted fields may require change (A8 has been used).

c. Numeric literals (constants) written D-format throughout the pro-
gram should be changed to E- or F-format as required.

d. Multiple-entry subroutines may not be allowed. If not, such a
subroutine may be separated into several subroutines sharing common stor-
age, or alternatively, may be converted to a single-entry subroutine with
a parameter in the call list specifying which segment is to be performed
(DODGER is an example).

e. Subroutine RANDMM is the pseudo-random number generator used in
this program. It is a slight re-code of RANDU of the IBY S-360 Scientific
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DRSAR-SAM
SUBJECT: Information for SHAPE Technical Center Relative to 0T.14/
20T.15 .

Subroutine Package (SSP). This code is applicable only to the 360 and
must be replaced by code applicable to whatever machine is to be used.

5. Relative to the second category (methodology and 1/0), the referenced
technical note provides the basis for understanding the present program.
The key difference between the two programs is in subroutine TRACK, which
was totally changed, in order to provide a more faithful representation
of the logical states of the seeker. Other changes are generally of the
nature of an added option. These are discussed in the input guide,
attached (Incl 1), which also describes the input data required to run

Loty § 200

1 Incl RICHARD D. HEIDER

as Operations Research Analyst
Methodology Division
Systems Analysis Directorate
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USER'S INPUT GUIDE TO Z0T.15

The following input list is provided as an amendment to the correspond-
ing Tist found in Appendix A of the tech note referenced in the body of
this memorandum.

CARD 1: Identical to CARD 1 of Z07.14
CARD 2: Identical to CARD 2 of Z0T.14
CARD 3: Identical to CARD 3 of Z0T.14

CARD 4, required, format (8F10.0), contents by field:

(1) THETGY elevation angle of gyro (optical) axis [deg], ignored
unless IGLIDE is equal to 2 (see CARD 9)

Remaining fields are not used,

CARD 5: First seven fields identical to corresponding fields of CARD 4
of Z0T.14, Field (8) contains

(8) CANT gyro (optical) axis cant or lookdown angle [deg], appli-
cable to ballistic mode. (Do not use this variable to
account for hangoff as suggested with Z0T.14, since
this effect is now properly modeled.)

CARD 6: Identical to CARD 5 of Z0T.14
CARD 7: 1Identical to CARD 6 of Z0T.14

CARD 8, required, format (8F10.0), contents by field:
(1) CSMA1 as in Z0T.14
(2) CSMA2 as in Z0T.14
(3) ROLRAT as in Z0T.14

(4) CTERM control parameter--specify 0.0 to terminate the run
upon any impact for which acquisition had failed to
occur; specify 1.0 to continue the run to the next
replication regardless.

(5) TMAX control variable--specify 0.0 to exercise the internally-
defired time limit (standard with Z0T.14); specify a posi-
tive clock time [sec] (greater than maximum expected im-
pact time) to exercise option of user-specified time limit,

(6) KLDOT as in Z0T.14 except that it is now applicable to both
glide and ballistic modes.
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(7) GSBAR range of gimbal angle (abs. val.) within which the
gimbal saver output is zero [deg]

(8) KGS gain of gimbal saver [dimensionless]
CARD 9, required, format (7F10.0, 212, 2I3), contents by field:
(1-7) jdentical to corresponding fields of CARD 8 of Z0T.14

(8) IGLIDE projectile mode control parameter--0 for ballistic, 1
) for glide trim, 2 for attitude-hold with user-specified

attitude. Note: 1 and 2 are both glide options--
IGLIDE = 1 causes projectile and gyro attitudes to be
internally defined such that the initial acceleration
of the projectile lateral to the velocity is zero
(standard with Z0T.14), while IGLIDE = 2 causes pro-
Jectile and gyrc attitude to be as specified by THETGY

on CARD 4

(9) ICAGE gyro cage control parameter for action of gyro after
loss of acquisition--ICAGE = 0 for free gyro or 1 for
caged gyro

(10)  NLAST output option--NLAST = 0 to ignore, or 1 to 100 to aver-

age the positions of the last NLAST spots and compute
and report the miss distance with respect to this aver-
age position in addition to the miss distance with
respect to the nominal aimpoint (pitch, yaw, and modulus)

(11)  NEWAER new aero option--specify 0 to use the aero tables cur-
rently stored (defined by BLOCK DATA, if this is the first
run of the job, or by input from a previous run), or spec-
ify 1 if any changes are to be made.

CARD 10, optional, format (16I5), contents by field:
(1) N1 option parameter for vector VMACH--N1 = 0 for no change,

N1 = 1 thru 7 for a changed vector VMACH having NMACH =
N1 elements

(2) N2 similar parameter for VMCAO, NMCAO |
(3) N3 similar parameter for VDELTA, NDELTA '
(4) N4 similar parameter for VALFHA, NALPHA

(5) I option parameter for table TKA--I1 = 0 for no change,
1 for change _
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(6) 12 similar parameter for TCNA

(7) 13 similar parameter for TCND
(8) 14 | similar parameter for TCAD
(9) 15 similar parameter for TXSM
(10) 16 similar parameter for TCAO

Remaining fields are not used.

CARDS 11-i, optional, format (8F10.0), contents: Each vector or table for
which a change is required is punched in the order of mention in the

above description of CARD 10; each vector or table begins a new card; for
tables TKA and TCNA, mach number varies before varying alpha or delta, as
appropriate. See the listing of subroutine AEROIN for further information
on using this option.

CARD 12: Identical to CARD 9 of Z0T.14

CARD 13: Identical to CARD 10 of Z0T.14

CARD 14: Identical to CARD 11 or Z0T.14

CARD 15, required, format (8F10.0), contents by field:

(1) BMDIVG as in Z0T.14

(2) AGCLD same as DYRANG of Z0T.14
(3-7) identical to corresponding fields of CARD 12 of Z0T.14
(8) KC gyro electrical cage gain [sec']]

CARD 16, required, format (8F10.0), contents by field:

(1) AGCSR max rate [db/pulse] at which detector automatic gain
control (AGC) can shift (up or down)

(2) WLE nominal width of loading edge of detector glimpse gate
[microsec]. This is the time between opening of the
gate and expected arrival of the pulse from the target.

(3) WGATE(1) width of gate during correlation sequence [microsec].
Time from opening to closing of gate if no pulse is
received.

(4) WGATE(2) width of gate after correlation is established (during
tracking).
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(5) WTRUNC time from reception of first pulse in gate to gate
closure [microsec]. Supersedes closure time scheduled
by WGATE

(6) GATESR max rate [microsec/pulse interval] at which the leading:
edge (opening) of the glimpse gate can be shifted rela-
tive to nominal pulse period.

(7) SLOPE slope of intrapulse dynamic threshold [db/microsec]

(8) not used

CARD 17, required, format (8F10.0), contents by field:

(1-5) jdentical to corresponding fields of CARD 13-1 of Z0T.14

(6) XINCR if CRELOC = 0.0, XINCR is the x-wise increment as de-
fined for Z0T.14; if CRELOC = 1.0, XINCR is the standard
deviation of a circular-normal distribution of target

lTocations [m;ft]

(7) ZINCR if CRELOC = 0.0, ZINCR is as defined for Z0T.14; if
CRELOC = 1.0, XINCR is a positive odd integer value used
as the seed for random target relocation (number of
digits should be less than the number of significant
decimal places allowed by machine word size for a real
variable of the precision used).

(8) CRELOC option code as explained above. .
CARD 18: Identical to CARP 13-2 of Z0T.14

CARD 19: Identical to CARD 14 of Z0T.14

CARDS 20: Identical to CARDS 15 of Z0T.14

CARD 21, optional, format (8F10,.0)--used only when MODESM = 3--contents by
field:

(1) RDB distance [m] from designator to nearest point of back-
ground, which is modeled as a vertical plane of infinite
extent

(2) AZDB azimuth [deg] from designator to the same point

(3) AZDES azimuthal direction [deg] of designator's beam

(4) ELDES elevation [deg] of the same

(5) REFL2 reflectivity of background
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CARD 22:
CARD 23, optional, format (9X,5F8.2)--used on]

Identical to CARD 16 of Z0T.14

NSPOTS cards required--contents by field:

(1)
(2)
(3)
(4)
(5)

Yv(1)
YV(2)
YV(3)
CROSS
PCTEBG

as in Z0T.14
as in Z20T.14
as in Z20T.14

same as BRITE of Z0T.14

y if MODESM = 2 or 3, then

percent of beam energy spilling over onto background.

This completes the data deck.
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DRSAR-SAM
8 JuL w917
MEMORANDUM FOR RECORD

SUBJECT: Computer Simulation Study of the Relationship of the COPPERHEAD
Footprint to Ceiling and Gun-to-Target Range

1. References:

a. Conversation between Mr. George Schlenker, DRSAR-SAM, and
COL Robert Nulk, DRCPM-CAWS-GP, 24 Mar 77, subject as above.

b. Memorandum for Record, DRSAR-SAM, 31 Jul 76, subject: Computer
Simulation Study of COPPERHEAD (CLGP) for Guidance Accuracy and Footprint.

c. Technical Report, Rodman Lab, R-TR-77-007, Jan 77, title: A
Comprehensive Digital Flight Simulation of the Cannon Launched Guided
Projectile. :

2. Introduction.

This memorandum documents a study performed by the undersigned, with
the guidance of G. Schlenker, during Apr-Jdun 77 at the request of COL Nulk
(Ref 1a), to further explore the dependence of footprint size upon the
ceiling and the 'gun-to-target range (GTR). The most recent previously-
developed estimates of footprints for COPPERHEAD (Ref 1b) included two
Tevels of ceiling (3000 and 2000 feet) and three GTR's (6, 12, 18 kilo-
meters). The intent of this study was to generate footprints for
unlimited ceiling and for ceilings from 3000 feet to zero, by decrements
of 500 feet, for the same set of three GTR's. At the same time, certain
of the projectile's design parameters were to be updated, in order that
the estimates might be as current as possible.

3. Parameter Changes.

Many of the seeker and autopilot parameters were altered since the
previous study (Ref 1b). Those which one might expect to affect the foot-
print include: KB’ KC’ KA’ KGs and GS.* In addition, flight tests per-
formed in Mar 77 indicated a larger drag coefficient than previously
estimated.

*These parameters are:

KB gain of g-bias computation circuit KGs gain of gimbal saver
Kc‘gain of gyro electrical cage circuit &S threshold of gimbal saver
Ky gain of attitude-hold circuit
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SUBJECT: Computer Simulation Study of the Relationship of the COPPERHEAD
Footprint to Ceiling and Gun-to-Target Range

4. Procedures.
a. Zoning Solutions

The EXBAL exterior ballistic program was used to generate unguided
trajectories for the projectile using new aerodynamic drag estimates.
Erom thi§ set, appropriate trajectories for the three GTR's were selected

Table 1).

b. Footprint Definition

The Z0T.15 guidance simulation* was then used to generate the foot-
prints shown in Figures 1-3 and listed in Table 2.

c. Experiments for Stretch Range Dependence

Further Z0T.15 experiments were performed to define the stretch range
of COPPERHEAD, given the stated 12-km trajectory, as a functicn of ceiling
and meteorological visibility. Results are displayed graphically in
Figures 4 and 5.

Figure 4 shows the dependence upon visibility, and Figure 5 shows the
dependence upon ceiling. For any given combination of ceiling and visi-
bility, the stretch range is the lesser of the two stretch ranges indi-
cated from these figures. '

5. Analysis of Results.

Generally, the dependence of the footprint upon ceiling and upon GTR
js similar to that seen previously (Ref 1b). For low ceilings, however, the
size of the footprint shrinks extremely rapidly, due to the very short time
available for proportional-navigation (PN) guidance. Note that the foot-
print has, for all practical purposes, vanished at the 1000-foot level. In
fact, before reaching the 500-foot level, the footprint vanishes totally,
because the time remaining to impact is insufficient for the seeker to
sequence to PN guidance or to arm the warhead. The fly-to-seeker guidance
(FTS) is inadequate for purposes of hitting the target; an interval of
several seconds of PN guidance is essential.

The footprints generated during these experiments agreed well with
those of Ref 1b except in-the stretch, which is significantly reduced in

*This program is the successor to Z0T.14, documented in Technical Note
DRSAR/SA/N-58 (AD# AD 36663), January 1977, Description of a Computer Program

(20T.14) for Guidance Simulation of Cannon-Launched Guided Projectiles. The
supplementary documentation for the current Z0T.15 is ccntained in MFR,
DRSAR-SAM, 22 Jun 77, subject: Information for SHAPE Technical Center Rela-
tive to Z0T.14/Z0T.15.
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each case. Further experiments were performed using Z0T.15 to identify the
parameter resporsible for the recuction, with the result that the gimbal-
saver circuit was isolated as.the cause. 70T.15 estimates of miss distance
vs range with and without the gimbal-saver are displayed in Figure 6. The
reason for the degraded performance is that the gimbal-saver effectively
reduces the navigation gain whenever the projectile axis 1is steered more
than GS away from the gyro axis.

6. Verificaticn of Gimbal-Saver Effect.

It was desired to cross-check between simulation models on the validity
of the effect of the gimbal-saver upon the stretch range as indicated by
707.15. Therefore, a series of runs of the Rodman six-degree-of-freedom
model (Ref 1c) were made for DRSAR-SAM for a slightly different 12-km nominal
GTR trajectory (Rodman aero being s1ightly different from that used in the
preceding portion of this study). Z0T.15 matching runs were produced using
exact-match inputs, with the results displayed in terms of miss distance vs
range displayed in Figure 7. These results do verify the existence of the
effect of the gimbal-sever, but there is a disagreement between the two
simulation models as to the stretch point, which is presently unexplained.
However, there is adequate agreement between these medels as to the tuck

point. Further analysis™ of differences is required.

7. Conclusions and Reccirmendations.

a. For ceilifigs much below 2000 feet, an adequate footprint is not
achievable using the desired 20-degree glide; a shallower glide might pro-
vide the required footprint, but one must accept decreased Tethality i
that approach is taken. Trade-off studies along this line are recommended.

b. The effect of the gimbal-saver requires further study, preferably
using all available flight models. FEased upon the results of this study,
I recormend a review cf the choice of the parameter values of the gimbal-
saver with a view to restoring the gimbal-saver to its original design or
its possible elimination.

*Additional runs would be (equired of the Rodman model, but at present the

turnaround would be excessive due to the demands imposed by the transfer-
of-function process currently underway.

SIGNED
9 Incl RICHARD HEIDER
1-7. Figures Operations Research Analyst
8. Teble 1 Methodology Division
g, Table 2 Systems Analysis Division
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Figure 3
Footprints for 18 Kilometer
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MEMORANDUM FOR RECORD
SUBJECT: Scranton Billet Crane Simulation

1. After the Scranton billet crane simulation project was completed in

August 1976, Chamberlain Manufacturing Corporation obtained a copy of the
report and wrote a letter to ARRCOM listing their objections to the assump-
tions made in the study. The letter was forwarded to this office for comments.
Several of their objections were judged valid. At the request of DRSAR-IMB
changes were made in the program and the simulation was rerun to answer the
valid objections. This memo details the changes made and the analysis per-
formed.

2. In summary, the simulation results indicate that the 200 feet-per-minute
maximum velocity recommended by the Corps of Engineers for the Scranton AAP
billet crane is adequate.

3. The following new information was supplied by DRSAR-IMB:

a. billet number
size mult wt. mults/mo.
5 1/4" 107 1bs 147,000
6 3/4" 172 1bs - 21,000
7 3/8" 220 1bs 63,000

b. An automatic squaring table is being procured.
c. The crane has a hoist speed of 90 ft/min.
d. The maximum stacking height is 15 ft.

4. The following information was obtained from Chamberlain's letter or
from phone conversations with Mr. Bernie White, Scranton AAP:

a. billet billet number no. billets
size weight billets/ht per charge
5 1/4" 1874 1bs 170 10
6 3/4" 3091 1bs 103 8
7 3/8" 3698 1bs g7 ‘ 6
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b. The average load per rail car is 60 tons.
c. There are 500 work hours per month, including coffee and shift breaks.
d. Rail car delivery is restricted to 16 hours per day.
e. Breaker 1ine capacity is 340 mults/line/hr.
5. The following is an explanation of the changes made in the assumptions
and data inputs used by the simulation. Most of the data used in the sim-
ulation was collected at the time of the original study.
a. Assumption 5. Billets are stored and charged into the feeders in

heats which are assumed to be groups of 170, 103, and 87 each for 5 1/4", °
6 3/4", and 7 3/8" billets, respectively.

b. Assumption 12. The crane operator has sufficient skill and is
allowed to operate the crane at maximum speed. He could, thus, begin x

and y movement of the crane simultaneously, after 1ifting the load above
the rail car sides or bay stock-piles.

c. The random number generator has been'changed to use a separate
string of random numbers for each stochastic item. Therefore, the first
six input cards contain 42 seeds in an 8110 format.

d. Item 1. Chamberlain states that under mobilization conditions
they wilT work 500 hours per month, including coffee and shift breaks.
Since there are 45 minutes of breaks plus 35 minutes for lunch per 8 hour '
shift, the actual number of work hours per month 1is:

480 min/shift - 35 min lunch - 45 min break »
(500 hr/mo)( 480 min/shift - 35 min Tunch ) = 449.44 hrs/mo

The mean time between charges for the 5 1/4" billets is determined by:

1874 1bs/billet
107 Tbs/muTt

= 17 mults/billets

number of mults per billet =

mean time between charges =

{17 mults/billet)(10 billets/chg)(449.44 hrs/mo)(60 min/hr)
(147,000 mults/mo)

= 31.19 min/chg
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To create some manufacturing variability, it will be assumed that this 31.19
minutes between charges is the mean of a normal distribution having 95% of
its area within 15% of its mean. Thus, the standard deviation is:

~ (.15)(31.19
o =1 %$96 :

= 2,39
Cut-offs are set at 3 std dev or 24.02 minutes and 38.36 minutes.

e. Item 2. The distribution of the time between charges for the.s 3/4"
billet tabTe is as follows:

3091 1bs/billet
172 1bs/mult

= 1q mults/billet

number of mults per billet =

mean time between charges =

(18 mults/billet)(8 billets/chg)(449.44 hr/mo)(60 min/hr)
(21,000 mutts/mo)

= 184.91 min/chg

.= g.152§184.91)

14.15

1imits = 142.46 minutes, 277.36 minutes

f. Item 3. The distribution of the time between charges for the 7 3/8"
billet tabTe is as follows:

< 3698 1bs/billet
number of mults per billet —225—15;55575“'

= 16 mults/billet

mean time between charges =

(16 muits/billet)(6 b111ets/ch82§449.44 hr/mo) (60 min/hr)
(03,000 muTts/mo

= 41.09 min/chg
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o = (.15)(41.09)
1.96

= 3,14
1imits = 31.67 minutes, 50.51 minutes

g. Item 4. Since the arrival of heats is not affected by breaks, it
must be based on the number of hours per month that the plant 1s operating:

: 480 min/shift .
(500 hr/mo) (zg5insshift - 35 min Tunch) = 53933 hr/mo

The mean time between arrivals of 5 1/4" heats is determined by:

147,000 mults/mo
mults ets

\
8647.06 billets/mo) _
TTets/ht 50.865 hts/mo

(539.33 hrs/mo) (60 min/hr) _
(50.865 hts/mo) 636.19 min/ht

= 8647.06 billets/mo

Since most arrivals are Poisson, it will be assumed that this arrival is
also Poisson distributed. Further, since these arrivals are not completely
random, cut-offs at 3 standard deviations will be employed. For a Poisson
distribution, the standard deviation is equal to the square root of the
mean. Thus the limits are 560.52 and 711.86. Chamberlain indicated that
rail cars are delivered during a 16 hour period each day and heats arriving
during the remaining 8 hours are delayed. The program has been changed to
delay any arrivals which occur in the last 8 hours of any 24 hour period.

h. Item 5. Arrival of 6 3/4" heats.

21,000 mults/mo
mults et

1166.67 mults/mo) _
mmr)' 11.33 hts/mo

= 1166.67 billets/mo
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(539.33 hrs/mo) (60 min/mo) _
(1733 hts/mo) 2856.91 min/ht

2856.91 + 3(2856.91)% = 2692.56, 3017.26
Thus the limits are 2692.96 and 3017.26.
i. Item 6. Arrival of 7 3/8" heats.

, (63,000 mults/mo) _
{13‘551{;7511435% = 3937.5 billets/mo

(3937.5 billets/mo) _
(87 BiTTets/ht) - 9-26 hts/mo

(539.33 hrs/mo)(60 min/hr) _
(45.26 hts/mo) ‘ 715 min/ht

715.00 + 3(715)* = 634.78, 795.22
Thus the limits are 634.78 and 795.22.

1
j. Item 11. The time required to pick billets out of a rail car is
entered as a triangular distribution having a minimum time of .40 minutes,
a maximum time of 1.65 minutes, and a most-likely time of .90 minutes.
This is an increase of 9 seconds to insure that the load is 1ifted clear
of the car sides, ie., tol1ift an additional 13.5 feet.

k. Item 15. The number of 5 1/4" billets picked out of a rail car
per unit pick 1s entered as a triangular distribution having 1 as the
minimum, 12 as the maximum, and 10 as the most-1ikely number of billets.

1. Item 16. The number of 6 3/4" billets picked out of a rail car
is entered as a triangular distribution with 1, 8, and 6 as the minimum,
maximum, and most-likely number of billets, respectively.

m. Item 17. The number of 7 3/8" billets picked out of a rail car
is entered as a triangular distribution with 1, 8, and 6 as the minimum,
maximum, and most-1ikely number of billets, respectively. :

n. Item 22. The time required to pick billets off of the storage
pile in the bays was entered as a triangular distribution, having a minimum
time of .40 minutes, a maximum time of 1.15 minutes and a most-likely time
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of .65 minutes. This 1s an increase of 9 seconds to insure that the load
can be 1ifted clear of the bay stacks.

o. Items 23-25. The number of 5 1/4", 6 3/4", and 7 3/8" billets
picked off of a storage pile. Since the billets are not processed in any
manner while in the storage bays, the distributions are assumed to be
identical to items 15-17 respectively.

p. Item 29. DRSAR-IMB has indicated that automatic squaring tables
are being procured. Therefore, the crane s not used for squaring and the
time required 1s entered as a constant zero.

qG. Item 36. The size of a typical 5 1/4" heat 1s entered as a constant
170 billets. :

r. Item 37. The size of 3 typical 6 3/4" heat is entered as a constant

103 billets. :

s. Item 38. The size of a typical 7 3/8" heat is entered as a constant
87 billets. :

t. Item 39. The typical number of 5 1/4" billets on a rafl car is
entered as a constant 60 billets.

u. Item 40. The typical number of 6 3/4" billets on a rail car is
entered as a constant 32 billets. '

v. Item 41. The typical number of 7 3/8" billets on a rail car is
entered as a constant 32 billets.

6. A bay priority scheme in which those bays which are closest to the work
areas are used most, was established. This tends to minimize the overall
distance traveled by the crane, and thus allows more time for other operations.
The simulation was run three times with different seeds for the random number
generators. Each run was for 400,000 minutes. The variation in travel, idle,
and billet handling times from the three runs was determined, and in all cases
the maximum variation was less than .5% of its mean. This indicates that

time percentages. The results of these runs indicate that the crane would

be idle at least 33% of the time with a certainty of .995+. This does not

include coffee, shift, and Tunch breaks which constitutes an additional

16.66%. In addition, there is a .99 probability that the maximum lead times

required to assure that the feed tables are never 7mety are 9.97 minutes,
3/4

8.92 minutes, and 8.83 minutes for the 5 174", 6 » and 7 3/8" billet
tables, respectively,

90
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7. A bad bay priority scheme, i.e., the bays which are used the most are
located at the far end of the yard from the work areas, was then established
and the simulation was again repeated three times. The varjability between

runs was less than 3% and the results indicate that the crane would be idle

at least 9% of the time with a probability of .995+. The .99 probability

lead times required by the feed tables are 11.13 minutes, 12.97 minutes,

and 14.88 minutes for the 5 1/4", 6 3/4", and 7 3/8" billet tables respectively.

8. Chamberlain objected to the distributions used for the time between
charges, because they did not allow for peaks of activity. Therefore, one
run was made with these distributions changed to consist of a peak at ‘the
mean time between charges when the lines were operating at 340 mults-per-
hour and a tajl to the right to account for downtime. The results indicated
that the idle time of the crane dropped from 33% to 31%. A single run was.

judged to be sufficient since the previous multiple runs had shown less than
3% variation in the results.

9. Additional sensitivity analysis was performed by varying the maximum
speed of the crane. These runs were made with both good and bad bay pri-
ority schemes, normally distributed time between charges, and constant
acceleration at 1 foot per second squared. The maximum velocity was varied
from 80 feet per minute to 400 feet per minute, and the results are plotted
in Figure 1. If a good bay priority scheme is used, then top speeds in
excess of 200 feet-per-minute only increase the reserve capability from

33% to 41%. Figure 2 is a plot of the average speed uf the crane as a per-
centage of its maximum speed. With a good bay prior®ty scheme, the maxi-
mum usage of the crane's capabilities occurs at approximately 160 ft/minute
and with a bad bay priority scheme, the maximum occurs around 240 ft/minute.
OQutside of this range, the percent utilization of the crane's speed capabil-
ity drops off.

10. The third case reported in the original report, i.e., shock-loading

the rail car queue with a month's supply of billets and determining the

time required to unload it, was not performed since this is clearly a situa-
tion in which both cranes would be used and the computer model does not have
provisions for simultaneous operation of the two cranes.

a5} Heehms |

DAVID HOEHN
Operations Research Analyst
Logistics Systems Analysis Division

Next page is blank.
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DRSAR-SAA Analysis of the Provisioning System g
DRSAR-MA DRSAR-SA ‘ '}
DRSAR-}4 CPT Krueger/jls/¢370

1. Reference:
a. MFR, DRSAR-MA to DRSAR-SA, 9 Feb 76, subject: VADS PIP Provisicning.

b. FOHECOHs between DRSAR-M1, Mr. Crouch, DRSAR-MA, Mr. Stehn, and DRSAR-SA,
CPT Krueger, Mar 76 - Dec 76, subject as above.

c. MFR, DRSAR-MM, 10 Mar 76, subject: Initial Provisioning.

2. The Systems Analysis Directorate was tasked (ref la) to analyze the provisioning
system as applied at HQ, ARRCOM. The attached MFR (Incl 1) contains the analysis

of the provisioning system. An cstimate of the provisioning tiine was developad in
March 1976 (ref 1b) and used to validate the developed simulation. A summary of the
various time frames simulated is shown below:

SIMULATIOH DAYS DIFFERE!NCE
a. Current Process 265 -
b. Increase Provisioning Personnel 261 -4
c. Reduce DLSC and DSA/GSA Time 179 -86
d. LSA 235 -30
e. Combinatoriel (b&d) 230 - =30

The tiue estimates provided by provisioning and cataloging personnel (ref 1b and lc)
were used as input for the simulation. Even though the above changes to the current
process show reductions in processing time, they should not be implemented until cost
savings can be identified. ’

3. Point of contact is CPT Krueger, extension 6370.

bﬁﬂrr\
1 Incl M. RHIAN
as Director, Systems Analysis Directorate
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1

SUBJECT: Aha]ysislof the Provisioning System as App]ied at HQ, ARRCOM

s Reference:

o / ;
a. Minutes of CG, ARRCOM Weekly Staff eetkng,

b. DRSAR-MA MFR to DRSAR-SA, subject: [VAD§ PIP Provisioning, 9 Feb 76/

Ly J ! . B . g
g of US/Army Equipment, 21 Sepf§3.
o ] v A
d. Technical Manual 18—715—1, Provisioning {Techniques, Oct 65. 4
g = i 7

c. Army Regulation 700-18, Provisionin

e. Commodity Command Standard Systenm Operatfné Instructions, Vol
No. 18-700-13, Provisioning System, Oct 75. Y

)
1}

f. Standard Operating Procedure No. 700-MA-26, Commodity Commar
Standard System Provisioning System, 9‘De?!74. c !

l s
g. DRSAR-MM MFR, subject: Initial Provisioning, 10 Mar 76, = °

and CPT Krueger, DRSAR-SAA, subject: Ref[la, above, period of time - /
Mar 76 through Dec 76. : :

{i. SAQ the 2, "Secondary Items Administrative Lead Time Simulation
Study, Mr. R.:Banash, etal, June 74. .

. h. Numerous FONECONs between Mr, Cro7ch; DRSAR-MM, Mr. Stehn, DRSARka,.

| - ) :
J. Military Standard No. 1388-1, Logistical Support Analysis, 15 Oct 73.
I ' 1

2. Introdultﬁon. This Directorate was tasked initially (ref 1a) to
analyze the{VULCAN Air Defense System (VADS) Product Improvement Program
(PIP) provisioning effort. This tasking was subsequently broadened to
become an analysis of the overall provisioning system as applied at HQ,
ARRGOM, (ref 1b). | .

! H “

i

3. Background. Provisioning is the process for determining and acquirin
the range and quantity of support items (repair parts, special too]g, :
technical manuals, etc) nccessary to operate and maintain a weapon system
for an initial period of service. Provisioning planning begins early 1n
the Tife cycle of a new system or early in the design phase for product

94
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i
improvements. However, adequate guidelines: for starting this planning
and establishing the sensitivity of the provisioning process to procedural
factors in the system are unknown. The purpose of this study was to/analyze
and simulate the provisioning system as prescribed in references lc-1g
and perform a sensitivity analysis on iden?ified fystem factors.

4. Methodology. The procedures for accomplishing provisioning actions
were described in a procedural flow format utilizing major contributions
from the Maintenance and Materiel Management Directorates (ref 1g and 1h),
The network developed related activities and decision points within the /
pProvisioning process. This network was then simulated using the General
Purpose Simulation System (GPSS) developed by the Science Research Asso-
ciates, Inc., ,a subsidiary of IBM. The purpose of this step was to
obtain an automated representation of the provisioning process in order
to quantitatively assess the current process. After verification of the
process simulation, proposed changes and identified problem areas were
analyzed. A1l results have been rounded to whole days, and the days
refer to calendar days. :

] I, l . .
5. Discussion of Data. No historical data existed for times to complete
a provisioning process; however, a generalized time estimate was developed
in March 1976 by the provisioning and cataloging personnel of the Mainte-
nance and Materiel Management Directorates (ref 1g). This estimate was
later refined (ref 1h). This refined estimate was used to verify the
simulation results. It should be noted that this study covered the
provisioning process from the point in time that the Maintenance Direc-
torate receives the initial provisioning input from the developer until
that point in time that all National Stock Numbers (NSN) are assigned.
A separate study (ref 1i) simulated the administrative lead time (ALT)
for the procurement of secondary items. .

6. Current Process Analysis. The current process was simulated using

the GPSS computer program. GPSS utilizes three basic entities: Facilities,
Storages, and Queues. A facility is an entity that can handle only one
transaction at a time, for example, the Configuration Control Board

reviews only one Engineering Change Proposal at a time. A storage entity

is one that can handle up to and including a specified number of trans-
actions at one time, for example, the provisioning branch can handle as
many transactions as it has personnel available. The final entity, Queues,
is an entity in which a transaction waiting to enter a facility or storage
resides until space is available for it to be processed.

These three entities were combined in a Togical manner that described
the actual flow process for provisioning transactions. The system simu-
lation was allowed to reach a steady state to reflect the average number
of days to complete a transaction. Table 1 compares the simulation
results with the original March 76 estimate.
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" TABLE 1 ‘

- Current Process,

i

Simulation T 265 (Calendar Days)

Estimate (March 1976) - 239 1: '/
/ ! ; ' &

Difference B I

. 'l ! e/
The 26 day difference betJeen.the simulation resh]% and the original ’/
estimate was discussed with the concerned representatives (ref 1h). It
was concluded that the March 76 estimate did not: fully allow for the time
needed to correct errors noted when the Provisioning Master Data Record
was received from the ALPHA system and reviewed. Also, the possible’re-
submission to the Defense Logistics Service Center (DLSC) and Defense Supply
Agency/General Services Administration DSA/GSA fdr NSN's was not fully
taken into account. It was felt, therefore, that; the simulation run was a
more viable time estimate and would serve hs the standard against which Y
the sensitivity analyses would be compared. | ' y

7. Sensitivity Analyses. The sensitivit} of the following system factors
to change was investigated. . : i
. i , '
'a. Six uhfilled positions in the Provisioning Branch of the Mainte-
nance Directorate had been identified. The opinion was that this shortage
created a backlog situation. f :
i X

] . .
_'b. A reduction of the minimum required process time at DLSC (DSA/GSA)
from 60 to 30 days was investigated. . . )

%c. Exclusive useiof LSA, Logistical Support Analysis was investigated.

| ]
d. A combination of 'using LSA and increasing the number of provisioning
to personnel by six was investigated. :
No increase in the number of personnel in the Cataloging Divisioh was con-
sidered since no unfilled positions were indicated and no queue time develop- .
ed in the simulation that would indicate the possible need to increase

. personnel. o

i o - : N

8. Sensitivify Results.

a. Increase of the Number of Personnel in the Provisionfng Branch.
The Chief of the Provisioning Branch reported six unfilled slots existed ,

4
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within his organization. This fact, coupled with existence of Queue time
for his organization,indicated that an increase in personnel may have

a potential to decrease the provisioning time frame. The number of
personnel for the Provisioning Branch was increased by six for this
simulation run and no other changes were made to the simulation process.
The results of the run are shown in Table 2. . '

; Y TABLE 2
" Increased Number of Provisioning Personnel

-~ Current Process » 265 (Calendar Days)
Increased Number . 261
Difference . 4

{

While the addition of six personnel to the Provisioning Branch did
decrease the time frame by four days, it is doubtful that the additional
personnel would be warranted. To further substantiate this, the increased
number of personnel was varied from six down to two and the reduction in
provisioning time was only changed from four days to three. The addition
of only one person resulted in a reduction of approximately one day.

b. Reduction in DLSC and DSA/GSA Process Time. It was pointed out
that DLSC and DSA/GSA are allowed 60 days to process requests for stock
numbers. This is virtually a fixed time delay and if some stock number
data were found to be in error, an additional 60 days would be allowed
DLSC or DSA/GSA upon resubmission of the data. While a reduction in this
time frame is not within HQ, ARRCOM's control, the results shown in Table 3
may assist in causing revision of this 60 day allowance. The reduction
used in this simulation was a cut of one-half, 60 to 30 days, and all other

\portions of the simulation remained unchanged.

TABLE 3
Reduced Process Time DLSC anq DSA/GSA

Current Process 265 (Ca]éndar Days) .
Reduced DLSC and DSA/GSA Time 179
Difference ' 86

The reduced times made a significant contribution to reducing the time
required to properly provision a weapon system. If the 60 day limit is
absolute, time still could be saved in provisioning if error resubmission
could be placed in a category that waived the mandatory 60 day process time.
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\ c. Logistical Support Analysis (LSA). A Logistical Support Analysis

. (LSA) was to be required on all newly developed weapon systems and major
modifications. This requirement, however, is not being fully implemented
because of some difficulties in the bridging program that converts the
LSA input to the CCSS format, and because of the need to thoroughly familiar-
ize personnel with the use of LSA, i.e., a developer (military and civilian).
personnel and provisioning and cataloging personnel. The procedures to
use LSA in the provisioning process were simulated and the results are
shown in Table 4. .

TABLE 4 > ]
Use of Logistical Support Analysis ry v

Current Process \ 265 (Calendar Days)

"LSA Process - 0 235
Difference _ 30

The‘use of LSA is completely within ARRCOM's control to implement and
training in the use of LSA is available. If cost savings can be identi-
fied with this 30 day reduction, then this alternative may warrant imple-
mentation.

d. Combinatorial. The use of LSA and an increase of six in the current
number of provisioning personnel was simulated next. This combination was
cgosen because of the ability of HQ, ARRCOM to readily implement these
changes.: . AL : ,

' TABLES

; Combinatorial -

o 0 - L AE

. Current Process 43“ _ 2653(Calendar Days)
Combinatorial S ; 235; L g
Difference |30 e

The results of this simulation run are identical with just using LSA.
Further investigation revealed that the Provisioning Branch realized no
queue time under just LSA procedures and the processes needed to conduct

a provisioning effort still require the same amount of time. Thus,; -
increasing the available number of personnel when no backlog exists would
not create a reduction in time. - :

. 9. Summary. The above results indicate that the least effective means

. of reducing provisioning time frames is to fill all or a portion of the

\ unfilled positions in the Provisioning Branch. The most effective means !
\.of reducing the provisioning time is to have DLSC and DSA/GSA's mandatory

.1 time frame reduced; however, this {is not an immediate solution, since 0

! 5 g Y
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it is an action required at DOD level. The combinatorial alternative is
not a reasonable solution since the addition of personnel resuited in no
change over using LSA alone. The most viable solution is to use LSA. To
do this may require special effort to insure the bridging program problems
are solved and that the largest possible number of personnel are trained

to use LSA. Ny E .
" i .
| | wa_.' B
LARRY W. KRUEGER . R
CPT, OrdC ik

. Systéms Assessment Division
: Syst?ms Analysis Directorate .

{
)

|
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DRSAR-SAA M551 Sheridan Wear-Qut 977
DRSAR-MA DRSAR-SA g8 Jun |
DRSAR-}11 CPT Krueger/jls/5370

1. Reference:

a. DF w/incl, DRSAR-MA to DRSAR-SA, 1 Hov 76, subject: Trip Report - USAREUR
Visit 11-25 Oct 76, DCG, Dir of Haintenance and Ch, DRSAR-MMP, Part 1I.

b. Demand Return Disposal Files, 15 Dec 74 - 15 Dec 76.
c. Order of Herit List, 11551 Sheridan, 6 Oct 76.

2. The Systems Analysis Directorate was tasked (ref la) to conduct a failure rate
analysis on European based Sheridans and additionally, to determine if the coaponant
buy policy for ARRCO!M ranaged 1551 Sheridan components and repair parts need to b=
revised to accommodate a rapidly increasing wear-out rate. As discussed in tin
attached IFR (Incl 1), no rapidly increasing wear-out rate was indicated. As a result,
this study indicates that no alteration of the component buy policy is needed.

3. In regard to the processes for collecting data on parts demand history, two -
important changes nced to be made. First, the Demand Return Disposal Files (ref 1b)
only contain the past two years demand history. The rumber of years of demand
history retained at HQ, ARRCO/ on magnetic tapes needs to be extended to a miniiud
of at least four years. Second, the weapons codes (per AR 725-50) used in the T20N
files are not used in Europe and are not a recuired entry of CORUS. The lack of
these codes hinders the use of the DRD files as an accurate data base. The feasi-
bility of making the use of those weapons codes prescribed in AR 725-50 a mandatory
Army wide entry should be investigated.

4. Point of contact is CPT Krueger, extension 6370.

EhaRiD
1 Incl M. RHIAN
as Director, Systems Analysis Directorate
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MEMORANDUM FOR RECORD | R
SUBJECT: M551 Sheridan Wear-Out

'
i

1. Reference: | _ &3

a. DRSAR-MA DF w/incl to DRSAR-SA, 1 Nov 76, subject: Trip Report -
USAREUR Visit 11-25 Oct 76, DCG, Dir of Maintenance and Ch, DRSAR-NMP,
Part II. .

b. Demand Return Disposal Files, 15 Dec 74;15 Dec 76. .
c. - Order of Merit List, MSS] Sheridan, 6 Oct 76..

2. Introduction. The Systems Analysis Directorate was tasked to conduct
a failure rate analysis on European-based Sheridans and additionally, to
determine if the component buy policy for ARRCOH managed Sheridan related
items need be revised to reflect an accelerated failure rate for Sheridan
turret components and repair parts.

3. Background. During a visit to USAREUR (ref la), it was reported to
the DCG, ARMCOM that the age of the Sheridans in USAREUR was a factor
causing a rapidly increasing component wear-out rate. This study was
approached from the viewpoint that if the European-based Sheridans, all
having varied ages, were, in fact, wearing out'at a rapid rate, the com-
ponent buy policy should be adjusted accordingly. o BN

i

4. Discussion of Data. In order to show that ‘the varied aged Sheridans
were wearing out rapidly, it would be necessary to group the Sheridans
by age and then identify specific failure rates by age group. This data
was not available in a processible form. Thus,.the study focused on o
reviewing the available demand history files (ref 1b). The required demand. /
data was requested from the ALPHA system; however, the system could not
Frevide the needed information. Copies of the December 1976 ALPHA :
Demand Return Disposal (DRD) files were obtained. /The files are on seven
magnetic tapes and contain the past two years' demand history (15 Dec 74-
15 Dec 76) for all ARRCOM managed NSN's. The DRD files presented an
additional problem. The European Materiel Management Center does not
use the Weapon Systems codes listed in AR 725-50. For that matter, it,
is not a required entry for CONUS based units. This necessitated using
the Sheridan Weapon System Order of Merit List (OML) dated 6 Oct 76 (ref
lc) to obtain all Sheridan Stock Humbers and then screen the DRD files
for those NSNs to obtain the required.information, '

/
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DRSAR-SAA
SUBJECT: M551 Sheridan Wear-Out

5. Methodology. The rationale for using the DRD files was that if the
variably-aged Sheridans were rapidly wearing out, this would be reflected
in a corresponding rapid increase in the number of demands and/or quanti-
ties demanded. A COBOL progrem was written that would first screen the

DRD files for the stock numbers obtained from the OML and then further
screen the rema1n1ng stock numbers for recurring European-generated demands.
This last screening process reduced the stock numbers to be analyzed to

as close to the using unit Tlevel as possible.

The resultant European-identified Sheridan stock numbers were then
subJected to four analyses to determine if a rapid increase had occurred
in the number of demands and/or quantity demanded

a. The stock numbers were first ordered by.tota] cost per NSN from
high to Tow. The top 90% of the cumulative total cost were then subjected
to a trend analysis. This trend analysis cons1sted of comparing first A
and second year demands. [ ' v

|
b. The total demands per month and total quantjty demanded per month ’//
were each graphed (Incl 1 & 2) and again a trend analysis performed on the//
data. > \ / !

c. The average quanti%y per demand was graphed (Incl 3) by month an
again a trend analysis was'performed on the data' ‘

d. The average cumulative quantity demanded per month was ca]cu]ated
graphed (Incl 4) and a trend analysis performed
l 1 '/
6. Resu]ts of Analyses. i -” & '

a. After the European stock numbers were identified and subsequently
ranked by cost from high to Tcw, the stock numbers comprising the top 907
of the total cost were separated for analysis. The number of NSN's in this
category was 111 or 11.6% of all the stock numbers considered. In addition,
these stock numbers accounted for 35.4% of the total demands for all stock
numbers considered. The number of demands for the first and second years
for each stock number was determined and a linear regression performed
in order to determine the trend from the first year to the second year.
The Tinear regression yielded a positive siope which would indicate an
increase from one year to the other and the correlation factor (a measure -
of how c]ose the data points conform to a straight line) was moderately
high, which 1nd1cates a close Tit. However, it was felt that further
investigation.was warranted. This need became more obvious when a closer
examination of the data was made. First, the demands were grouped by years
as opposed to months, in addition, there were many anamolies in the
data, i.e., demands greatly increased or decreased from the first to the
second year. Second, upon examination of specific stock numbers that
exhibited a large increase in demands for the second year, it was found
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DRSAR-SAA ' 1 JLN 877
SUBJECT: M551 Sheridan Wear-Out

that this increase was due a great extent to Maintenance Letters that had
been sent to the field directing various maintenance or inspection actions.
These Tetters invariably lead to a temporary increase in demands. In addi-
tion, almost all the increased second year demand stock numbers were
included in pending Engineering Change Proposals (ECPs) for the Sheridan.
In all, no conclusions could be made as to any indication of rapid wear-
out. ' : |

b, The total demands and total quantity demanded were graphed by
month in an attempt to determine where and when the above noted fluctua- -
tions occurred and also to gain a better insight into the nature of the
demands i.e., was there a rapid increase in demands. Because this data
was a time series analysis, the series was decomposed to eliminate many
of the anamolies described above, such as the seasonal and cyclical
fluctuations in order to arrive at the secular trend (the secular trend
indicates the Tong-run growth or decline of the series). Upon analyzing
the secular trend, no indication of rapid increase was detected.

c. The average quantity per demand was plotted by month and again
a secular trend analysis was made to determine if a rapid rise was indi-
cated. This attempt again failed to indicate anything other than a
slight increase. '

d. The average cumulative quantity demanded per month was calculated
and graphed. This was another means of trying to discern a rapid increase
in demand for parts. Upon reviewing the results, again there was no
indication of rapid rise in demands or quantity demanded.

7. Summary.

a. All attempts to demonstrate that the European-based Sheridans were
wearing out rapidly failed to indicate any such pattern. A gradual increase
was detected; however, this increase is basically inconclusive because
of the availability of only two years of demand data to analyze. The
largest benefit to be realized from this effort is that the DRD files are
a source of excellent data provided the following two conditions are met.
First, more than just two continuous years of demand history is needed
and second, that all weapons codes, as assigned in AR 725-50, be a required
entry on all requisitions originating in CONUS and from O0CONUS.

/ i} . =
b. From the analysis above there appears to be (based on available M/
data ) no need to alter the current component buy policy. However, with
at least four years of demand data, the above analyses may be able to

adequately predict when changes may be needed befove problems arise. ///
o~
i ( :>Aﬂ .z,izgf - ny"‘~ ey
4 Incl f LARRY W, KRUEGER &
ar | t - CPT, OrdC '
. Systems Assessment Division
104 [ 3
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DRSAR-SAM 58]

MEMORANDUM FOR RECORD

SUBJECT: Statistical Methods Pertinent to a Potential Ignition Problem in
the M188E1 Propelling Charge

1. References:

a. MFR, STEAP-MT-G, 11 Apr 77, subject: M188E1 Charge~-Max Negative
AP Results.

b. Letter, DRDAR-LCU-E-P, 24 May 77, subject: Test Program Request
ADEP 2061 Charge Propelling 8-Inch M188El.

2. Background

The author was asked by the PM-110E2 to review a potential safety prob-
lem in the M110A1 SP howitzer when using the M188E1 propelling charge.
During development testing of this charge, pressure is measured simultane-
ously at two locations: near the breechface and at the forward end of the
chamber (toward the muzzle). After proper ignition and throughout the
interior ballistic cycle, the pressure is generally higher at the breech
than at the base of projectile. However, during ignition reverse pressure
gradients, i.e., a larger pressure forward, can occur. The magnitude of
the negative pressure differential, measured in the manner indicated above,
has been found to correlate positively with the peak chamber pressure sub-
sequently experienced during the interior ballistic cycle. Thus, a large
absolute pressure differential, ap, is accompanied by a large value of p___,
the peak chamber pressure. hax

3. Statement of the Problem

Because pmax must be limited to a value consistent with projectile and
cannon allowable stresses, it follows that the associated value of Ap must
be 1imited by some safe value. The Ap limit is determined in part by the
relationship between ppsy and Ap. Presently this relationship is poorly de-
fined and may, in fact, éepend upon other variables such as propellant
temperature., Even if the safe 1imit of Ap were well defined, the risk of
exceeding this 1limit depends upon the probability distribution function of
the random variable Ap, which itself may depend upon propellant temperature,
among other variables. Data analyzed in Ref a. indicate that the probability
distribution of Ap is affected by large changes in propellant temperature,

109
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SUBJECT: Statistical Methods Pertinent to a Potential Ignition Problem in
the M188E1 Propelling Charge

During safety tests of the M110 system, the M188E1 propelling charge had
been subjected to a sequence of rough handling operations and subsequently
temperature conditioned to -50 degrees F. Several of the rounds fired with
this treatment experienced ap values in excess of 2 ksi and displayed
values of ppax Which generally increased with Ap. Furthermore, tests of
MI18BE1 charges with intentionally malconstructed igniters when subjected to
-50 degree F conditioning have displayed extremely large (>5 ksi) values of
Ap and anomolously large values of Prax®

5. In the light of these results STEAP-MT has begun a series of tests

(Ref. b) whose general purpose is to better quantify the factors to be con-
sidered in estimating the risk of a catastrophic malfunction of the M188E1l
propelling charge. Since the anomolously large chamber pressures accompany
improper ignition at low temperature, it is important to define the effect of
temperature on the probability distribution of Ap in unmodified charges
ollowing anticipated operational rough handling.

6. A Particular Issue

In this connection an immediate question is whether the probability
distribution of Ap has a temperature dependence for temperatures below zero
degrees F, To answer the question of temperature dependence as efficiently
as possible, one requires powerful statistical tests and should, of course,
make use of all applicable existing data. With these things in mind, I
have prepared some statistical methods which may be helpful in:

a. selecting a statistical sample to provide an adequate degree of
discrimination between propelling charge treatments,

b. estimating the value of Ap which would be exceeded at a given risk
(a percentile of the distribution of Ap) ancd an associated confidence inter-
val for this estimate.

7. The derivation of some pertinent statistical tests and the presentation

of their operating characteristics for several sample sizes are given in

Attachment 1 (Incl 1). The treatment is not intended to be exhaustive but

rather to define the power of some parametric and non-parametric tests for

%his pa;ticu]ar application. Computer programs are presented in Attachment 2
Incl 2).

. éﬂ;ﬂf-_//i/\,{-_ Az’

2 Incl GEORGE SCHLENKER

as Operations Research Analyst
Methodology Division
Systems Analysis Directorate
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ATTACHMENT 1

SOME STATISTICAL METHODS PERTAINING TO THE
IGNITION PROBLEM IN THE M188E1 PROPELLING CHARGE

Background
At low temperatures following sequential rough handling tests of the

XM188 propelling charge, some unusually large maximum absolute values of
negative pressure differential have been experienced within the combustion
chamber of the eight-inch M201 cannon. Typically, a large value of the
maximum absolute pressure differential, Ap, accompanies a large peak
chamber pressure during the interior ballistic period. Several tests
have been proposed to investigate this problem, which is regarded as
potentially serious because of possibly unsafe peak chamber pressures.

In one series of tests it is proposed to fire sets of these charges
conditioned at several temperatures, in order to determine the effect of
temperature on the probability distribution of Ap produced durtng igni-
tion of the charge. '

Parametric Methods
Available data on the XM188 charge indicate that at both low (-50°F)
temperatures and high temperatures (145°F) a two-parameter Weibull distribution
is a reasonable statistical model for Apf These data suggest that the

shape pararmeter, 8, is nearly unity--the high-temperature distribution
having a value of B only slightly in excess of 1, and the low-tempera-
ture distribution having a g slightly less than 1. However, due to the
limited sample these distributions are not statistically distinguishable
from the (negative) exponential distribution which corresponds to a
Weibull with g = 1. Therefore, in the following analysis the exponential
model is assumed. Because of its relationship to risk, the first topic
addressed is percentile estimation.

Variance of Percentile Estimates for Exponential Random Variables

The 100p th percentile, xp, of an exponential distribution with para-
meter 6 is given by

*MFR, STEAP-MT-G, 11 Apr 77, subject: MI188E1 Charge--Max Neg AP Results.

) iy



p=1-exp- xp/e (1.1)
or '

xp = -9 In(1 - p) . (1.2)

Thus with p chosen, xp is proportional to the parameter 6.
The maximum likelihood estimate of 6, 6, obtained from a sample of
ng {Xi’ i=1, n} is, simply,

I
6 =iy Xi/n . (1.3)

To obtain an estimate of the variance of xp, one notes that, from

(1.2),
Var(x ) = var(s) 1n2(1 = p) . | (1.4)

Now, a well known result for the exponential distribution is that the
parameter 2n6/6 has a chi-squared (*2) distribution with 2n degrees of
freedom. Further,

@ s
Var(*én) = 4n , (1.5)
so that

Var(g) = eZ/n ;
Thus, from (1.4) and (1.6) ,

Var(xp) - 2 1n2(1 - p)/n (1.7)
or, with (1.2),
Var(xp) = xgln . (1.8)

Note that the distribution of 2n;p/xp is also *? with 2n degrees of

freedom since xp and 6 are proportional.

Detecting a Difference Between Two Samples

Suppose that two samples of n each are used to estimate the xp th
percentile (and parameter 6), producing 6 and 6y Making use of the
Central Limit Theorem, for n greater than about 10 the following statis-
tic is approximately standard normal:

6 =g = (6 - eo)

) [Var(a) + Var(ao)]

77 (1.9)
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Alternatively, with
f = 9/60 s (].]0)

_ (6 - 80)/5 (f - 1)/n A

[92 + esll/2 (f2 + 1)]/2

z

One hypothesizes that HO: 6 =6,, with the alternative H]: 6 >8,.
With the gaussian assumption,

P{t < 1.65} = 0.95 . (1.12)
Consequently, at a risk of only 5% of the declaring H0 false if true, one
can accept H] if

(6 - 0,)¥
_— > 1.65 . (1.13)
A2 ~
/Yo" + eg
Notationally, let 8 = P{accept H]} (1.14)
Then,
(6 - eo)/ﬁ
g = P{— - 1.65 > 0} (1.15)
6" + 8
Using the expected value of the denominator in (1.15), approximately,
. (f - 1)V/n
B =Plg + - 1.65 > 0}
(W )12
or
g = o(VA(f - 1)(f2 + 1)71/2 _ 1 65), (1.16a)
with
1 22 |
o(z) = j e dx . ~ (1.16b)
Lid -0

Plots of g(f) for various values of n, calculated from (1.16), are dis-
played in Figure 1.
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These cperating characteristics or OC curves indicate the value of the
fractional shift f which must occur to detect a shift in the parameter
6 between samples. The rule used to detect a shift is given by (1.13)
with 5 and 60 calculated using equation (1.3). The results of several
experiments can be compared by applying the above test to all possible
pairs, where the basic parameter 6 is estimated from the sample whose
population parameter 6 is expected to be minimal on physical grounds.
However, if the number of sets of samples at, say, different temperatures
is large, pairwise comparison is not the most powerful statistical
method to detect a temperature effect. If the number of experiments 1is
greater than about 3, regression of 5 on temperature appears preferable.
The use of parametric methods to discriminate between treatments
requires an assumption concerning the form of the distribution function.
If the nature of the distribution function is seriously in doubt, par-
ticularly for large values of the argument Ap, as is the case here, it
is preferable to use non-parametric methods. In the next section a
specific non-parametric statistic is suggested for detecting the effect
of treatment when three treatments are applied to three samples. To
facilitate comparisons between the operating characteristics of the above
paramétric test and the non-parametric tests, we display in Figure 2
the relationship between f --as defined in (1.10)-- and a probability
used in the non-parametric tests, namely, the proportion of the popula-
tion of ap lieing above 2000 psi. )
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Non-Parametric Methods

To detect whether the experimental treatment affects the d1str1bu-
tion of ap (the variable of interest), one can examine some non-para-
metric measure such as the number of occasions in a sample of n in which
Ap exceeds a specified value. This reduces the analysis of each experi-
ment to counting the number of such "successes" over Bernoulli trials.
The discrimination between treatments is based upon a comparison of the
number of successes. If one is merely interested in whether any sort of
change occurs in the probability of success over the three sets of
Bernoulli trials, one possible test statistic is the (discrete) binomial
range or extreme spread* in the number of successes. This statistic has
the virtue that it combines the results of all experiments into one index
value. In the following derivations the distribution function for the
binomial range is developed and used to formulate a test to detect depar-
tures from constancy in the probability of success over the three sets of
Bernoulli trials, i.e., to detect m # T # T3 The operating character-
istic of this test is calculated. In this context the operating charac-
teristic is the probability of detecting a departure from constancy as a
function of the magnitude of the departure.

The Distribution for the Discrete Range of Successes in Three Sets of
Bernoulli Trials

Given the event Er(i): during the i th experiment, there are r
rounds which have a Ap in excess of, say, 2 ksi, given n rounds per experi-
ment are fired with the probability equal to ni that for any round of the
i th set Ap will exceed 2 ksi. Then,

PEEL(1)Y = A () = (Dnl() - = )"T (2.1)
O<r<n.
The expected number of rounds in the i th experiement with "success,"
i.e., having a ap in excess of 2 Xsi, is n T

* The extreme spread of a random variable is defined as the difference bet-
ween the largest and smallest values of a sample,
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The range or maximum spread (s) of the observed successes from all
of the three experiments has a probability density (p.d.f.) dependent
upon n: ps(n), with s a member of the discrete set S,
5 20k Yam o o iR - (2.2)
The p.d.f. for the range is derived as follows. Let r be a dummy
variable for the number of successes in the first experiment. Then,
P{spread is exactly s} = P
The expression for Ps ig developed by exhaustively enumerating the events
which produce a maximum spread s and then writing the probabilities of
these events and taking their sum.
Ps = EpogPEL(1IIPLE,_(2) or E
5 P{Eq(3)} + P{Er_s(3) or Er+s(3)’ given r+s ¢ S}zqP{Eq(z)}

q
'P{Er—s(z) or Er+s(2)’ given r+s e S}-.

(2), given r+s ¢ S}-

P{Er-s(3) or Er+s(3)’ given r+s e S}], (2.3)

where the limits of q are
Qpip = Max (G5 7 = 5)

q

i +
max = Min (n, r +s) .

In evaluating the second factor within the sum on the r.h.s. of (2.3)
only events for which the indices are in the set S are evaluated.

Example: n =3

>
(e
Lamn)
w
S
+
>
nNo
Lamn)
w
S
S
Lamn)
>
[e]
Lamn)
N
S
+
>
—
Lamn)
nN
S
+
>
nNo
Lamn)
N
S
S
+

1
2)h4(2) (2.5)
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P, = 0(])A2 2 AO
A (1))\

(o(3)+2,(3)) + 2, (11,(3) (4, (2)4(2)*1,(2)) +

(0 (3)#2,(3)) + 2, (1)24(3) +

(2, (3)4, ( )¥3(3)) + 2, (1

A3(1)A](2 (5(3)425(3)) + A5(1)2,(3) (x 1(2)42,(2)+24(2)) (2.6)

(
5(
( 3) +

o
w
|

r0(1035(2) + 2(113(3) ((2)1 (2) 4, (2) +

A3(1)ry(2) + 23(126(3) (3 (2)+2,(2) 12 4(2)) (2.7)

A numerical evaluation of (2.4) thru (2.7) with =y = omg = 0.1
produces the following distribution of binomial range:

s Ps z1§=1p1'
~ 0 0.4018 0.4018
1 0.5315 0.9332
2 0.0644 0.9976
3 0.0024 1.0000

Summary statistics are:

mean = 2?=]ipi = 0.66735

2.1/2

std. dev. = [z]_,i%. - mean 21'/2 - ¢ 60018

coefficient of variation = std. dev./mean
= 0,90535
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Test for Constancy of s

The distribution for the discrete binomial range was evaluated, using
(2.3), for several sets of values of the parameters n, Ts Tos Mg These
results are shown in Table 1. One notes that a progressive departure
from constancy of the w's in the manner indicated in Table 1 is accompanied
by ‘a shift in the distribution of the binomial range to the right, i.e.,
in the direction of larger values. Further, even though the standard devi-
ation also increases with increasing Ty OF Ty (n] being fixed), the coeffi-
cient of variation decreases. Thus, the distribution becomes relatively
less disperse.

These characteristics of the distribution of binomial range, s,
suggest a simple test of constancy of the ='s. Specifically, for a given
sample size (n), select a value of s for which the ='s would be declared
identical. Call this the acceptance number a. For values of s greater
than a, one would accept the alternative hypothesis, viz., the n's are not
all identical. That is, if s > a, the treatment is declared to affect
the value of =, the probability that aAp exceeds 2 ksi.

In selecting the acceptance number a for a given n, one must decide
what risk will be accepted in declaring the ='s different if they are in
fact not. For example for n = 10 and a = 2, from Table 1, the risk is
about 10%. Similarly, for n = 20 and a = 3 this risk is about 11%, and
for n = 30 and a = 4 the risk is approximately 9%.

If a sample {n) of 30 and an acceptance number (a) of 4 were chosen,
the probability of detecting a shift of s and Ty from 0.1 to 0.4 would
exceed 98% (from Table 1). It is of interest to compare the power of

n
]

this test to that of the previous parametric test on the difference

6 —50 . To facilitate the comparison, note from Figure 2 that the value
of f corresponding to an ordinate of 0.4 (= =) is 2.513. Then, using this
value of f and assigning the same risk of mistaking a shift of = as in the
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non-parametric test, viz, 0.0927, the parametric test would yield a

96% probability of detecting this shift. In this case.the non-para-
metric test is actually more discriminating. The reason for the better
discrimination of the non-parametric test is that it takes information
from all three experiments rather than from simply a pair as does the
parametric test.

Operating Characteristic of the Non-Parametric Test

Using the results in Table 1 (with equal values of o and n3), one
can develop the operating characteristics of three non-parametric tests
using the binomial range with va]ueé of n =10, 20, 30 and corresponding
values of a = 2, 3, 4. The probability of accepting the alternate
hypothesis (H]) that the n's are different is shown in Figure 3 as a
function of Ty and LEY In constructing Figure 3, it is assumed that the
values of T and My are the same. In this case the probability of accept-
ing H] has only a single argument. However, this assumption is somewhat
restrictive. In general, P{accept Hl} depends upon two'arguments--n2 and
LEY which may be different. The latter relation is shown in Figure 4, an
isometric graph. It is noted that the region in the domain of o and LB
for which the probability of accepting H] js less than 0.5 is approximately
bounded by the circular arc:

(n - 0.1)2 + (r3 - 0.1)% = (0.25 - 0.1)%,

for the case in which n = 30 and a = 4.
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Ty = Mg (abscissa)
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ATTACHMENT 2

COMPUTER SOURCE PROGRAMS FOR OBTAINING THE
PROBABILITY DISTRIBUTION FUNCTION OF THE DISCRETE BINOMIAL
RANGE FOR THREE SETS OF BERNOULLI TRIALS

Three source programs are given: an executive program for I/0
and subprogram calls, MAIN; a subroutine for computing the distribution
of binomial range, BINRNG; and a function for calculating the binomial
probability, PBERN. A1l programs are written in FORTRAN 4 for the IBM
360 computer. |

Input requirements are: (1) an alphameric title card and (2) a
card specifying the sample size and binomial probability parameters for
each of the three experiments. Output echoes input and 1ists the p.d.f.,
c.d.f., and upper tail probabilities for the discrete range. An example
is provided.
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Chunvvtanbrnattonutf (F CUTIVE FOR PHBELRN###¥ 08000000t anutapoeaddoationtsy
C

C MALN PROGKAM TO DEVELOP A SET OF DISTRIBUTION FUNCTIONS
G FOR THE RANLGE OF OUTCUMES FROM THREE EXPERIMENTSs EACH
C CONLSIGTIHG OF nN SBERMOULLY !R1ALS

C#uoo#uuu«uuh‘;uuuuinuruu#au#uuﬁ#o#uuuo#u«n&o#%uou#&u##ouo&#u#o%oi#onooooio
[PLICTIT REAL®S (A=H40-2)
DIMENSTIOUN TITLE(Z0) 9PS(100)9sCDF (100 4PMEAN(3) s NSAMP (3)
1 CONTIIUE .
READ (Se100sEnD=30) TITLE LSAMP (1) ¢yNSAMP (2) yNSAMP(3)
1 PrEATT(L) o PR ATI(2) o PHEAN(3)
100 FORBAT(20A4/31341Xs3F10.0)
ARITE (69200) TITLE«.SAHMP (1) ¢NSAMP(2) yNSAMP (3)
1 FHFAR(L) o PHMEAN(2) o PHEAN(3)
200 FOUMAT (1L 920A471H0« YSAMPLE SIZES ARE 94 3(3X+13)
1 ' WITH TRIAL PRO®S "9 3(2XeF10e4))
HISHALZQ (FISAMF () s WNSAMP (2) o1ISAMP (3) )
NP l=iie+])

WHITE HcAUIHNGS

OO0

WrRITE (He300)
300 FORMAT(1HO 97X 3HN0e 93X THUFNSITYs11H CUMULS PRey9H REM, PR.)
CALL RTINHMG (SAMMP o PMEANsPSsCNDF s 100)
DO 7 1=1.i3P)
IMl=]~1
Rut=1.000=COF (1)
WRTTE (6+400) [MY14PS(I1)sCOF (1) sROF
400 FORI'AT(7A91343F10 %)

7 CONTT'IUE
SUA1=0.000
SUe=0,000
LO S5 1I=141P1
FI=UFLOAT{T=1)
SUt 1 =SUl +F [#PS(])
SUNZ=SUMR+F T #F 1#PS(])

S CONTInUE
VARS=SUMZ=SUji] #3#2
STDOVENSURT(VARS)
COFVe=5THOV/ZSUM]
WRITE (610) SUILLeSTDDVCOFVYN

10 FORMAT (100N AHMEANCR I OXsSHSTDOV 985y THCOF VAR/3F15.5)
GO Tn

30 CconTinuk
Calll £XIT
STOP
BN
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OO0OCOoOO0n

OO0 O00CC OO0

[N eNal

eXaXKe)

eNeNe!

31
30
20

SULROUTIHE GINRNG (NSAMP ¢ FHEANSPS+COF yNDIM)

u*ouou%houuouu-mum»unuou'ouuuhouhuuhu*#uuuauuuuuhoubobuhh%uuon##nnn
SUPRGUTINE TO OKTALI THE DISTRIBUTIUN FUNCTION OF THE RANGE OF A
SILOULIAL VARTARLE FROM THREE [NDEPENENT EXPERIMENTS, EACH

OF WHICH CHISISTS OF N RERMNOULLI TRIALS WITH PROB, PHEAN.
ubou«;mnw‘nuuuua»«ou»u»on»u»uu»uu»uuuuﬁbu»uu‘-’*uuuuauuhbauoauuunnnubuobabou
IHPLICIT REAL®R (A=He0=2Z)

INTEGER R4S .

OIMNESISTON PS(4D1M) ¢ COF (NDIM) o PMEAN(3) ¢ NSAMP (3)

NSAMP SAMPLE STZF OF THE I TH EXPERIMENTAL SET

NooMr X SAMPLE SIZt OF REKNIQULLI EXPLCIMENTS

PS(1:S) RPROSARILTITY DEMSTTY FUNCTIUN OF THE HKANGE FROM THREE EXPIMTS
CLF ('S) Thi CUMLLATIVE OISTRIBUT O FUNCTION OF THE ABOVE RANGE
Pt (Keg PMITAN) IS A FUMCTION W] CH CALCULATES THE BINUMIAL
PeDob o FUK AOUNENT K WITH PARAMELTERS Ne=THE SAMPLE SIZE=-

AND PMELL==THE PROCASILITY OF THE EVENLT (SUCCESS) ON A SINGLE TKIAL
KIS A MEMEER OF Trk SET (QenN) . |

ORDEY SANPLE SIZE FEOM LAKVEST TO SMALLEST

Du 20 1=1,2

IPl=1+1

Ly 30 1I=1F143

IF Gasare? (1) o FE o dSanP(IT1)) 60 TO 31

NH=NSAMP ()

MSAMP (L) =NSAMP(TT)

NSAT (11) =0

HupL =Rt eaN (1)

PAEA (L) =PEAN(]])

PugAt (LI)=HOLD

CH T TNUE

conTrie

ConTirnut

N=NSAP (1)

[NITIALLZE THE RANGE=AKGUMENT (NS) LuOP
TCTAL=0,000

NPPl=tis]

START *S LOOD

DC 1 wWS=1eNP1

S=l‘«5"1

OSUMZ0. 000

START SUMMATION LOOP

GO 2 NR=1aik]
R=.'\”\-I

CALCLLATE THE FIKST FACTUR

Fl=PrERI(RyNGPMEAN(]))
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odb

cCoOoO

OO0

SELECT THE TERMS OF THE SECOND FACTOk

Kl=iP=$

KZ2=RPe¢S

IF(Kt,LT.0) 0O TO 3
TI1sPRERN (K1 «MNSAMP (2) +PMEAN(2))
TT1=FLERN (K19 HSAMP(3) 9yPMEAN(3))
G0 16 4

Ti=0.00

TTi=n,000

JF(K2e0TevaUeSeERLO) GO TO S
TE=PUERN (K24 iISAMAP (2) yPHEAN(2))
TT2=PBEK Rz HSAMP (3) o PMEAN(3))
GO To A

Te=0.00

TT2=0.000

CONTINUE

Fe=T1+T2

FF2=TT1+TT2

LEFIVE Tntk RANGE LIMITS OF THE TrlrD FACTOR

LLOYW=MAXQ (D9 =5)

LUPK=MTNO(Mer+§) .

IF (LLOWeEQe 0 ANDWLUPRGEWLM) GO TO &
F3=0.un '

FF3=0,000

LLO=LLGOAs]

LUP=1.UPKe+ ]

DO 7 r=LLOLLUP

K3z=k=]
F3=FRerbekKM(K39 iSAMP (3) o PMEAN(3))
FPFE3=FF3+rbliGi(K3alSAMP (2) sFMEAN(2))
CONT I0UE

GU Tn 9y

Fi3=1,000

FF3=1.000

C”fuTI'”“‘_

Fl=F1%#1.020

Fr=Fz%1.020

F3=t3*).Uc0

FF2=FF2%]1,020

FF3=FF3%l.0020

PSUN=PSUN +F I (F2#F 3+FF24FF 3=-F2#FF2)
COMTINUE

EnO CF SUMMATION LOOPS FILL THE PROPABILITY DENSITY VECTUR PS,.

PS(NS)=PSUHH] 4 5=60
TOTAL=TOTAL +F S (MNS)
IF-(Io()DU-r()T;\L.LE.1.00-5) €10) 10 11
CONTI L

COnTINUE
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MSKl=i8+1

(O 1# I=NSP1lwP]
PS(I)=0.000

5 CONT] UE

EivD OF RENGE-ARGUMENT LOOP; DEVELOP THE CUMULATIVE DISTRIBUTION FUNCTION

COF (1)=PS(1)

0C 10 I=c4tiP1
COF(1)=COF (I=1)+RS(])
CunTinue

RETULRY

thU
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Co553>5>>>33>5533>3>3>3335>35>>>>> PBERN €€<LCLLLLLLLLLLLLLLLLLLLLCLCLCL <K
¢ .
C==  FUMCTIO". SUBSFOUTINE TO CALCULATE THE VALUE OF THE BINOMIAL PRObA-

C BILITY
& BINUMIAL COEFFICIENT(NGK) # (Pluek &  (]=P)## (N=K)
C

FUNCTICON PULnRMN(KeligP)
INPLICIT rREsL®¥8(A=HyU~Z)
PEER IZ0, 000
IF (K QT M) RETHRIN
G = lal:0 = P
PHER® = ()t
IF (KeEWa0) RETURN
Gu 10 TI=14X
10 Prtwi. = Pobnii % (DFLOAT(M=1+1)%F) / (DFLOAT(I) # Q)
KETURN
EnD
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DISTRKIHUTION UF THE DISCRETE PANGE FikOi4 THREE StTS QF SERNQULLI TRIALS

SAMPLE SIZES akbE: 40 30 30 WITH TRIAL PKOBS.: 0.1000 0.1000 0.2500
NO, UEASITY CUMUL . PHe REM, FR.
t) 0.0Ub‘: 0-(.”)()5 ”.993:-’
1 0.0562 NeN626 03374
2 00,1233 Oelh60 (teR140
g 0.17648 0.3627 0.6373
“ C. 1065 B YK U.4507
5 Uelbal Ca 7073 (.2927
(S} 0,113 Ce-?35 N. 1764
7 0.6777 Nedy]3 o037
3 0, 0477 PRI TS N,N510
9 Uelctn Ne75% C.ulu2
1C 0.0137 0e 9395 GeN1US
11 0e0UOLI (1o QUG N.0041
12 0.0u27 (e IIRS CeNC15 .
lj \)-0010 0-‘1‘995 J.ﬂO()b
la 0.0003 e 0001
1% 0.000l 1.0000 VeINOG0
lo G 0060 e300 Ua)GO0
17 Ue0 l.000C V0000
13 0a0 laitNOQ s 00D
1y C.0 le00CC Ca0000
20 0.0 10000 BeN000
2l Ge0 lePOXQU DeNUNON
2’ 0.0 | PRUIVIAY (e 0000
23 C.0 101000V 4,000
') N.0 1.7000 De0GOO
'l el Jofn0C L0000
o C.0 1.700u V0600
27 0.0 1-4000 HeNNVO
2¢& 0.0 le00ND e 000D
29 Yol 1.0000 D.N000
36 0.0 1.n000 NeNNYN
31 (U 10000 £.0000
37, 0.0 l.000000 n.nn00
33 0.0 10000 U,N000
34 0.0 1..000 00000
35 0.0 1.0000 He YN0
30 ()-0 1-00(‘-0 0-0“00
37 Ue0 1.0000 Y.0620
dis Dev 1.3000 0.0000
39 0.0 1.000Q 02000
49 0.0 1.5000 0.,3000
ME AR STHuV COF VaR

4,4923x 2.21294 C.49260
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