
AoH^ssn 

™A04t*5Sl 

m%m/%&/m~m 

SYSTEMS ANALYSIS DIRECTORATE 

ACTIVITIES SUMMARY 

JUNE 1977 

TECHNICAL 
; LIBRARY 

JULY 1977 

Approved  for  public   release;  distribution   unlimited. 

US ARMY ARMAMENT MATERIEL READINESS COMMAND 

SYSTEMS ANALYSIS DIRECTORATE 

ROCK ISLAND, ILLINOIS    61201 



DISPOSITION 

Destroy this report when no longer needed. Do not 
return it to the originator. 

DISCLAIMER 

The findings in this report are not to be construed as 
an official Department of the Army position. 

WARNING 

Information and data contained in this document are 
based on input available at the time of preparation. 
Because the results may be subject to change, this document 
should not be construed to represent the official position 
of the US Army Development & Readiness Command unless so 
stated. 



UNCLASSIFIED 
SECURITY CLASSIFICATION  OF THIS PAGE (When Data Entered) 

REPORT DOCUMENTATION PAGE 
1.    REPORT NUMBER 

DRSAR/SA/N-68 

2. GOVT  ACCESSION  NO. 

4.    T\TLE (and Subtitle) 

SYSTEMS ANALYSIS DIRECTORATE 
ACTIVITIES SUMMARY - JUNE 1977 

7.    AUTHORfs; 

9.    PERFORMING ORGANIZATION  NAME  AND  ADDRESS 

US Army Armament Materiel Readiness Command 
Systems Analysis Directorate (DRSAR-SA) 
Rock Island, IL 61201   

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

3.    RECIPIENTS CATALOG  NUMBER 

5.    TYPE OF  REPORT  &  PERIOD COVERED 

Note - Final 
6. PERFORMING ORG. REPORT NUMBER 

B. CONTRACT OR GRANT NUMBERfs) 

10. PROGRAM ELEMENT. PROJECT, TASK 
AREA & WORK UNIT NUMBERS 

tl. CONTROLLING OFFICE NAME AND ADDRESS 

US Army Armament Materiel Readiness Command 
Systems Analysis Directorate (DRSAR-SA) 
Rock Island, IL 61201  

14.    MONITORING  AGENCY NAME 4   ADDRESSf//dJ«oron( from Conlrottlng Office) 

12.    REPORT  DATE 

July 1977 
13.    NUMBER OF  PAGES 

135  
15.    SECURITY CLASS,  (of this report) 

UNCLASSIFIED 
15a.    DECLASSIFI CATION/DOWN GRADING 

SCHEDULE 

16.    DISTRIBUTION  STATEMENT (of this Report) 

Approved for public release; distribution unlimited, 

17.    DISTRIBUTION STATEMENT (of the abstract entered In Block 20,  If different from Report) 

i8. SUPPLEMENTARY NOTES additions or deletions of addresses to/from the distribution 
list are invited and should be forwarded to the address below. 
Inquiries pertinent to specific items of interest may be forwarded to Commander, 
ATTN:  DRSAR-SA, Rock Island, IL 61201 (AUT0V0N 793-4483/4628)o 

19.    KEY WORDS (Continue on reverse side if necessary and Identify by block number) 

Billet Crane Simulation 
COPPERHEAD M188E1 Propelling Charge 
EXBAL M551 Sheridan Wear-Out 
ZOT.14/ZOT.15 Guidance Simulation Provisioning System 

20.    ABSTRACT fConffnue on reverse side If necessary end Identify by block number) 

This monthly publication contains Memoranda for Record (MFR's) and other tech- 
nical information that summarize the activities of the Systems Analysis direc- 
torate, US Army Materiel Readiness Command, Rock Island, IL.  (The most signi- 
ficant MFR's and other data will be published as notes or reports at a later 
date.) 
The subjects dealt with are Exterior Ballistics of Boosted Rockets (EXBAL), 
SHAPE Technical Center, COPPERHEAD, Billet Crane Simulation, Provisioning 
System, M551 Sheridan, M188E1 Propelling Charge.  

DD ,: FORM       IJ-TO 
AN 73    "4/3 EDITION OF   1  NOV 65 IS OBSOLETE UNCLASSIFIED 

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 



CONTENTS* 

Page 

COPPERHEAD 

User's Guide for the Computer Program:  Exterior Ballistics 
of Boosted Rockets (EXBAL)     5 

Information for SHAPE Technical Center Relative to Z0T.14/ 
Z0T.15 65 

Computer Simulation Study of the Relationship of the COPPERHEAD 
Footprint to Ceiling and Gun-to-Target Range    73 

MISCELLANEOUS 

Scranton Billet Crane Simulation   85 

Analysis of the Provisioning System   93 

M551 Sheridan Wear Out  101 

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

DISTRIBUTION LIST 132 

*Memoranda for Record and other technical information are grouped 
according to subject when applicable, and in chronological order. 

Next page is blank. 



DRSAR-SAM i d jm  «77 

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 incorporated to treat the glide mode of Copper- 
head (Ref b) are discussed here. In Annex 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. 

.-.L  »" 

2 Incl GEORGE SCHLENKER 
as Operations Research Analyst 

Methodology Division 
Systems Analysis Directorate 

Next page Is blank, 



ANNEX 1 

DESCRIPTION  OF THE  COMPUTER  PROGRAM: 

EXTERIOR BALLISTICS OP 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-stabilized 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, subprograms 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 19614. [2] and BRL 

Report No. 131^, March 1966 [k]. 

2.     Applications 

This program was originally developed to analyze 

conceptual systems such as fin-stabilized gun-boosted 
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rockets in which the principal interest was in achievable 

range.  However, subsequent applications involved con- 

ventional, 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. 

3.   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 rim. 

Subprogram RUNGE contains a fourth-order Runge-Kutta 

integration algorithm.  The order of the equations is 

specified as 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 acceleration (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 aerodynamic coefficient 
of drag and the drag increment due to wings (or other 

aerodynamic surfaces) deployed during flight.  For 

accurate simulation of a specific 3y3tem,tables of Mach 

number 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 defaulta 
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 tabular data for that coefficient 

is not entered as input.  The coefficient values used 

in default are functional fits to the 155 mm (BAP) pro- 
jectile T387. 

k-       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 variables.  For example, a 

binary switch IOPTY is required as input.  If this para- 

meter value is omitted or set to 0 (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 set to 1 and the values of 



certain (required) variables are provided to implement 

this option. 

Another major option is the choice of purely ballis- 

tic flight or flight with midcourse glide.  This option 

is exercised by setting the switch IGL1DE to 1,  The 

default option with IGLIDE set to 0 (zero) is ballistic 

flight_.  If IGLIDE is set to 1, several suboptions are 

provided/required.  Since midcourse glide or body alti- 

tude hold applies exclusively (at present) to the Copper- 

head projectile, default tables of aerodynamic coeffi- 

cients characterizing this system in glide are provided 

in a BLOCK DATA subroutine.  To override these entries a 

switch IDFUFO is provided.  With IDFUFO set to 1, the 

program expects user-supplied aero data; otherwise internal 

data are used.  Several alternative means are provided for 

simulating 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, e (EPSTHE) rela- 

tive to the desired glide angle is also entered for this 

option.  See Attachment 1 for details.  Before altitude 

hold of the body is initiated an initial angle of attack 

is calculated such that the lift force equals the gravi- 

tational force normal to the velocity vector at that point 

in the flight.  This option is useful when timer settings 

are unavailable. 

In suboption 2 a time TENABL (in sees) is provided 

and GLIDE is set to -90 degrees.  With this option the 

calculations for angle of attack to hold body attitude 
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start at TENABL.  A value of TENABL equal to that at 

which the velocity angle 9 = GLIDE produces a trajectory 

Identical to that of suboption 1.  Both suboptlons 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 TMOKMC in the program.  This is the time from 

launch at which the internal (MMC) timer sequence starts. 

This option is 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 suboptlons, suboption 3 faithfully simulates the 

effect of the events which occur after T .  These events 

are tabulated below: 

SEQUENCE OF EVENTS IN COPPERHEAD TIMER 

Event Time 
No. (s) 

1. T 
o 

2. T     +   2 o 

3. To +  3 

4. T     +   k 
0 

5. To   +   5 

Description 

timer sequence starts (main power at + 30v) 

roll control starts 

seeker gyro spinup initiated 

attitude-hold enable switch is closed ■ 

start to extend wings, apply g bias, and 
free gyro 

As far as projectile kinematics are concerned, the 

projectile remains ballistic until' event number 4,  When 

event number 1]  occurs at T + Ms), a control surface de- 

flection in pitch, 6 . is calculated continuously and 
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applied throughout the Interval between events 4 and 5. 

This algorithm bases the calculation of 6  upon the 

equilibrium behavior of the projectile alrframe and auto- 

pilot between events 4 and 5.  This behavior Is approxi- 

mately one In which pitch deflection of the fins and the 

associated trim angle of attack are proportional to the 

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

6p = K e   (K, a constant). 

The turning rate 6 is calculated continuously by 

6 = (xy - yx)/v^ . 

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 = 
1 + TS 

with T a time constant (0.2 sec) and s the Laplace differ- 

ential operator.  Using exponential smoothing, this equa- 

tion is solved implicitly by the recursive procedure: 

ei = Coei-l + cl9i 

with 

c  - e-h/T o 

c, = 1 - C 1       o 

where h is the integration time step, i.e.. 

4 = fcl-l + h 

For accurate simulation of this portion of the system 
h < 0.1 sec. 

Having calculated 6p, the trim angle of attack (oO Is ob- 

tained by linear interpolation in the following table. 
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TRIM ATTACK* VERSUS MACH NUMBER AND CONTROL DEFLECTION 

Entries are at (deg) 

Mach 6 (deg) 
Number 0 5 10 15 

0.5 0 7.4 12.1 17.7 

0.8 0 7.2 11.8 17.2 

0.9 0 7.4 11.6 17.1 

- 1.0 0 7.1 11.3 17.1 

With all program options the normal body force is 

calculated from the normal force coefficient at trim. 

This coefficient is a function of Mach number, M, and trim 

attack, a., i.e., 

CN = V^V V 
;s "of CM are obt 

in a table as explained in Attachment 1. 

Values "of CN are obtained by two-way linear interpolation 

* Reference:  Wind Tunnel Data Analysis of 3/4 Scale Model 
for the XM712 Frojectile, 27 Feb 76, pp. 72-75. 
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5.   Input Variables 

Program data Input is supplied by punched cards 

whose content is described below in sequential order. 

CARD FORMAT COLS VARIABLE CONTENT 

1 2OAI4. 1-80 TITLE description of aero- 
dynamic data, option- 
ally supplied 

2 '212 1-2 NTBL number of entries in 
drag table 

3 - 1^ NARTBL number of entries in 
each aero coefficient 
table.  A zero or 
blank exercises de- 
fault. 

2a 8F10.0 I - 10 

II - 20 
• 
• 

71 - 80 

XMTBL(l) 

XMTBL(2) 

XMTBL(8) 

first entry in table 
of Mach numbers asso- 
ciated with drag. 
Points entered low 
to high. 

2b 8F10.0 1-10 XMTBL(9) continuation of Mach 

XMTBL(NTBL) last entry 

2c 

2d 

8P10.0 

8P10.0 

1-10 

71 - 80 

1-10 

CDTBL(l) 

CDTBL(8) 

CDTBL(9) 

first entry in coef. 
of drag table 

continuation of 
drag table 

2e 

2f 

CDTBL(NTBL) last entry in 
drag table 

8P10.0    1-10    C0TBL(1)   first entry in table 
of drag increment due 
to wings 

8P10.0    1-10    C0TBL{9)   continuation of table 
of drag increments 

COTBL(NTBL) last entry in drag 
increment table 
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CARD      FORMAT     COLS      VARIABLE   CONTENT 

If NARTBL ?  0, additional cards must be supplied for each of 
the aerodynamic coefficients listed below. 

TMACH(I)   table of Mach num- 
bers used for the 
additional aero data. 
Each table must have 
NARTBL entries with 
blank cards supplied 
for missing data. 
All aerodynamic 
coefficient values 
in the following 
tables are the 
ballisticlans' values 
based upon caliber 
squared. 

311,7A, 
3F10.0 

TKA(I) 

TKDYAW(I) 

TKL(I) 

TKM(I) 

TCP(I) 

TKF(I) 

TKT(I) 

TKH(I) 

TKS(I) 

IGLIDE 

table of spin damp- 
ing moment 
coefficient 

table of yaw drag 
coefficient 

table of lift force 
(derivative) coeffi- 
cient 

table 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 
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CARD FORMAT COLS 

2 

11 - 20 

21 - 30 

31 - 40 

VARIABLE   CONTENT 

IDFUFO    switch to input 
aero data for glide 

MMCSW     switch for glide 
suboption 3 

TMOMMC    timer setting, (sec), 
for suboption 3 

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

EPSTHE    tolerance in the de- 
sired glide angle, 
(deg) 

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

3a 4F10.0 TFMACH(I) 

3b 

3c 

4F10.4 

4F10.4 

ALTRMM(I) 

AALTRM(I) 

3d 4F10.4 TCN(I,J) 

4 20A4 1-80 TITLE 

5 8F10.0 1-10 D 

11 - 20 EMC 

table of Mach numbers 
used to interpolate 
for normal body force 
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 table 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, (lb) 
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CARD FORMAT     COLS VARIABLE CONTENT 

21 - 30 EMB burnt or final mass, 
(lb) 

31 - 40 FC nominal thrust, (lb) 

41 - 50 SPI specific impulse. 

7P10.0, 
313 

51 - 60 

31 - 40 

DELT 

61 - 70 VO 

71 - 80 VWF 

1 - • 10 HO 

11 - 20 HTERM 

21 - 30 FFCTR 

QEO 

(sec) 

rise time of thrust 
to nominal value, 
(sec) 

initial velocity, 
(f/s) 

velocity 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) 

41 - 50 DQE increment in QE, 
(deg) 

51 - 60 STEP time step supplied 
for numerical inte- 
gration, (sec) 

61 - 70 TM time programmed for 
start of thrust, 
(sec) 

71 - 73 NQE number of steps in 
QE desired 

74 - 76 NPRINT number of time step 
per printout 

77 - 80 I0PTY switch for spin 
option 

17 



CARD FORMAT COLS VARIABLE CONTENT 

7 4F10.0 1-10 CADENS correction factor 
for air density 
relative to NASA 
std. atmos. 

11 - 20   VCW       velocity of cross- 
wind from right to 
left facing down- 
range, (f/s) 

21-30   TENABL    time at which mid- 
course glide is en- 
abled, (sec) 

31 - 40   THID      thrust-induced-drag 
factor applied dur- 
ing burning.  Set 
to unity for stan- 
dard case . 

If I0PTY is zero, following cards are not required. 

7a 6F10.0 
12 

7b 6F10.0 

1-10    SPINO     initial spin, 
(rad/sec) 

11 - 20   XCG       position of the cen- 
ter of gravity aft 
of nose, (cal) 

21 - 30   CLONG     length of projectile, 
(cal) 

31 - 40   AMOM      axial moment of iner- 
tia, (kg/m2) 

41 - 50   BMOM      trasverse moment of 
inertia thru eg, 
(kg/m2) 

51 - 60   WTAREA    ratio of wetted area 
to reference area 

61 - 62   ISEP      switch for separate 
computation of skin 
friction drag 

1-10    VHXF      velocity of the 
launcher in the X- 
direction in iner- 
tial space, (f/s) 

11 - 20   VHYF      velocity of the 
launcher in the Y- 
(vertical) direction 
in inertial space, 
(f/s) 
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CARD      FORMAT     COLS      VARIABLE  CONTENT 

21 - 30   RCW      scale coefficient in 
rangewise windshear 

31 - ii-O   XCW       scale coefficient in 
crosstrack windshear 
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6.  Output Variables 

The definition of program outputs and echoed inputs is 
listed below. 

FORTRAN 
NAME 

TENABL 

THID 

CADENS 

PPCTR 

UNITS DESCRIPTION 

sec 

nondimensional 

nondiraens ional 

nondimens ional 

vo f/s 
EMO 

EMB 
lbn. 

lbm 

D mm 

QE deg 

DT sec 
PC lbf 

SPI 

VWP 
Ib-sec/lb i     m 
f/s 

HO m 

HTERM m 

VCW f/s 

time at which midcourse glide 
is enabled 

thrust induced drag factor 
(nominally unity) 

correction factor to air den- 
sity (nominally unity) 

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

initial (muzzle) velocity 

initial mass of projectile 

final or burnt mass of pro- 
jectile 

caliber or reference diameter 
of projectile 

quadrant elevation or launch 
angle with respect to launcher 

integration time step 

nominal, constant level of 
thrust 

specific impulse of rocket 

velocity of headwind 

initial altitude above mean 
sea level (KSL) 

terminal or target altitude 
above MSL 

velocity of crosswind (from 
right to left facing downrange) 
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FORTRAN 
NAME 

UNITS DESCRIPTION 

RWC nondimensionai 

XWC nondimensional 

T sec 

X m 

HAG m 

Z m 

XD m/s 

YD m/s 

V n/s 

CMACH nondimensional 

RESIS lbf 
THETA deg 

YAWDEG deg 

SPIN 

DMY 

rad/s 

SUPVEL m/s 

RANGE m  and 
nautical miles 

SUPALT m 

PITCH deg 

BODY A deg 

scale factor for windshear 
function for headwinds 

scale factor for windshear 
function for crosswinds 

time after launch 
rangewise projectile coordinate 

height above ground Impact 

crosstrack or deflection co- 
ordinate 

X-component of projectile 
velocity (Earth coordinates) 

Y-component of projectile 
velocity 

projectile speed in the X-Y-Z 
inertial frame 

Mach number of projectile 

drag force 
attitude of velocity vector of 
projectile in vertical plane 

angle of attack (generalized 
yaw) of the projectile  Zero 
is returned for IOPTY = 0. 

projectile spin  Zero is 
returned for IOPTY = 0. 

Dummy variable is provided for 
convenience of user. 
maximum speed of the projectile 

range of projectile relative to 
surface of Earth 
maximum altitude relative to MSL 

pitch-plane angle of attack 

pitch-plane body attitude in 
Earth coordinates 
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FLOW CHART FOR EXTERIOR 

BALLISTICS OF BOOSTED ROCKETS 

1. Read in constants and params. 

2. Compute auxiliary constants and redimension input data. 

3. Set constants 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 NPL0T. 

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 T0 = 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. 
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18. Increment NPL0T and store position of projectile in 
XPL0T and YPL0T.  Save projectile position. 

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

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

21. Print out final values of dependent variables. 

22. Call the plotting subroutine PPL0T and ask for a plot 
of the trajectory, represented by the x,y pairs saved 
in XPL0T and YPL0T.  Label the plot with the run 
description, the quadrant elevation, initial velocity 
and nominal thrust level. 

23. Return to 1 for another parameter set, otherwise 

24. Stop. 
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Plow Chart for Subroutine FLIGHT 

1. Test if ISW = 1. 

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 projectilB mass in pounds mass and thrust 
in pounds force.  Conversion' of units occurs in the differen- 
tial equations. 

U..     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( (XD0T-»-VW)-**2 
+ YD0T**2 + (ZD0T+VCW)*-K-2) 

6. CMACH = VREL/A 

7. a.  If I0PTY = 0, omit spin and normal force calculations 

b.  If I0PTY = 1, call ACOEFS and 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(CM.ACH, DRAG, CAD) generates the un- 
corrected coefficient of drag, DRAG, and the drag increment 
due to wings, CAD. 

9. COFDRG = FPCTR -::- 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 equations for second derivatives of 
state variables. 

12. Return. 
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ATTACHMENT 1 

Algorithm for Attitude-Hold Logic in Copperhead 3D0F 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 eo algebraically 

from above.  (eo is negative) When 6 - eo < e (e positive) , an initial 

angle of attack, a , is computed such that the associated lift component 

equals the compojient of gravity normal to the velocity vector, ie, such 

that 

with 

and 

with projectile mass M and reference area A and dynamic pressure q. 

Since a0 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 9 

C„(0) = -2- 

FL 
X M 

P 
g cos 9 

FL 
«= FN 

cos a 
o 

FN 
= CN (0) Aq 

IT '     Aq 

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

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

Thus, 

(1)       *   (1) MO) = cXT(M*, ay-'). N  '    Nv  '  o 

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

below. 

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

(2) M g cos 9 
CN(0) N     Aq cos a(1) o 
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(2) 
The value of a0 obtained by requiring that C^ ■ C (0) is taken 

as the initial trim angle of attack at the start of attitude hold. 

Interpolation Procedure 

To calculate a0, interpolate on Mach number in the CM(M, a ) table 

obtaining C.T(M*, a ) at the local Mach number M* for values of N     t 
a ■ {0, 5, 10, 15 (deg)}. Then, a0 is obtained by linearly interpolating 

with C (0) as argument in this table. 

The value of initial body attitude is given by 

eb(0) = e + a0. 

For subsequent calculations during the attitude-hold trajectory, 

the value of angle of attack, a, is calculated which preserves body 

attitude, ie, for which 8t - 9^(0). b   b 

Thus, 

a - 6 (0) - 9. 
D 

If the above value of a satisfies 

a < a  (M) , the maximum trim angle at M the instantaneous value tm 
of Mach number, the lift force is computed as 

F ■ C (a, M) Aq cos a 

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

a (M) and lift is calculated as tm 

FL " CN(atm' M) ^ COS "tm" 

Induced drag due to lift is calculated as 

FDI = " CN(a' M) ^ sin a • 
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TABLE 1.  MAXIMUM TRIM ANGLE OF ATTACK 
VERSUS MACH NUMBER (AT 6 - 12°) 

Mach 
Number 

a  (max) 

(deg) 

0.5 14.3 

0.8 1A.0 

0.9 13.8 

1.0 13.6 

TABLE 2.  NORMAL FORCE COEFFICIENT 
VERSUS MACH NUMBER AT TRIM ATTACK 

Mach at (deg) 

Number o 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) 

^ 

-V^vvc* £ 31 



G LEVEL  21 MAIN DATE = 77143 17/22/29 

C 00000100 
C     EXTERIOR HALLISTICS OF BOOSTED ROCKETS 00000200 
C    A THPEE-DEGREE-OF-FHEEOOM MODEL APPLICABLE WHERE 00000300 
C     TRAILING Oi-i FOLLOWING BEHAVIOR CAN tit ASSUMLD 00000^00 
C 00000500 
C 00000600 

REAL RSK01) iTS(401) »VS{a01) .CJRT(ll) ,CJVT(11) 00000700 
DIMENSION TITLE(?0) ,11(1?) ,wP(48) ,XMl -Ul?) .CDTBL(12) .C0TBL(12) 00000800 

1 ♦THACHdl) ♦TKAJlll .TKOYAWd l),TKL(ll).TKM(ll),TKF(ll)« 00000900 
2 TKT(ll) iTKH(ll)iTKSdl)*TCP(ll>iTFMACH(4),ALTRMM(4).AALTRM(^), 0000100 0 
3 TCN(4«4)»WTCN(4) 00001100 
DIMENSION TCAD1 (4) ,TCAL)2(4) ,TDEL(4) »TAT(4,4) «WTAT(4) 00001200 
INTEGER <>2 CHARU )/'"•/ 00001300 
DATA RF/6.378F.6/,OMF.GA/0.72915E-4/ 00001400 
DATA DTOHAD/57.29578/ 00001500 
DATA IMCONG/0.2/ 00001600 

C     ASSIGN CONSTANTS NEEDED BY DIFFERENTIAL EQUATIONS TO COMMON 00001700 
C 00001600 

COMMON EMO»EHBfSPI»FCtBWATE»nELTiTO«TB«ISW»VfTHETAtFFCTRiCALSQ* 000 01900 
1 VW,vCw,ALT,R,lEND»CMACH»REYNLOfRESlStCAIi»OLONG»IOPTY,YAW,AMOM, 00002000 
2 KMOM.PSI»wTAREA,ISEP»NA(:LE«IGL1DE»iwING,TENABL,AVTHU♦CDLFL♦ 00 002100 
3 MMCSW.TMO'IMC 00002200 
COMMON /SWCOH/TM 00002300 
eO^'^Oi•^/COFC0^1/XCl)^5HARG^fcMtTH10♦PRNy , ALTRIM,CNATRM,GLIOE,EPSTHE 00 0 0240 0 

1 »STAFACtYA*NU»TKA«TKDYAWtTKL«TKM»T^F»TKT»TKh»TKS»TCPiTMACHt 0000250 0 
2 NARTBL»TFMACHiALTRMMfAALTRH»TCN*«lTlr'»»TCADl .TCAD2 • TUEL i TAT . WTAT 0 000260 0 
COMMON/wINCOM/RldCtXWC 0 00027 00 
GOMM0N/DK6C0M/ XMTBL»C0TBL«C0TbL»NT8L 00002800 
COMMON/SNOCOC/CADENS 0000290 0 

C 00003000 
C»«»« TAFLFS OF AERODYNAMIC COEFFICIENTS IS PARAM, SET INPUT SET -1. 00003100 
C»»<»* IF Pr^AN'tTtRS NTfL t\^D   ^RIBL AkL BOTH ZEROI ENDOGENOUS 00003200 
C«n»»*» FUNCTIONAL FITS TO THE AERODYNAMIC TABLES (WITH THE T3H7 FORM) 00003300 
C«»»» WILL HE USED.  SEE SUBROUTINE ACOLFS. 00003400 
C«n»*» IF ONLY NAHTHL IS ZEROi THE ZE^O-Llfl DRAG TABLE IS REQUIRED 00003500 
C«»#« WITHOUT REQUIRING lABLES FOR THE OTMfcK AERO COEFFICIENTS. 00003600 
C««»» IF' CERTAIN AFRO COEFFICIENTS A^E UEMf.'ED (KNOWN), THESE 00003700 
C»«»» CAN HE REAU wITH THE OTHERS LEFT Bl.A K.  THE PROGRAM wILL 0000-300 
C»««» USE THE TAiiULATEO COEFFICIENTS AND DEFAULT TO THE ENDOGENOUS 00003900 
C»««» FUNCTIONS FO^ THOSE ENTERED AS ZERO* 00004000 
C     D=RROJECTILE CALIBER, MILLIMETERS               PARAMETER INPUT 1 0000^100 
C     EM0=1NITIAL PROJECTILE MASS, L6t'\                                                                   INPUT 2 0000^200 
C     EMRanURNl MASS, LHM                                        INPUT 3 0000^300 
c   FCSNOMINAL THRUST LEVEL, LBF                     INPUT 4 00004400 
C     SPI--SPECIF IC IMPULSE OF ROCKET PROPELLANT, LBF/LBM/SEC    INPUT b   00004500 
C     F.RATE = PROPELLANT BURNING RATE, LBM/btC         ENDOGENOUS VARIABLE00004600 
C     DtLT=ThRUST RISE TIME, SEC                         <      '    INPUT 6 00004700 
C     T0=1GNITI0N TIME FOR ROCKET MOTOR              ENDOGENOUS VAR1ABLE00004800 
c   IN SUBROUTINE 'BURN* THE THRUST OECAY TIME IS ASSUMED 00004900 
c   EQUAL TO THE THRUST RISE TIME, A TYPICAL VALUE = 0.1 SEC. OOOOSOOO 
C     TB=EFFFCTIVE -URNlNG INTERVAL, SEC ENDOGENOUS VARIABLE00005100 
C     ISw= A SWITCH SIGNALING COMMENCEMENT OF BURNING     ENDO. VARIABLE00005200 
C     IEND=A SWITCH SIGNALING ENU OF BURNING ENDO, VARIABLE00005300 

32 



G LEVEL  21 MAIN DATE = 77143 17/22/29 

C V = PH0JFCTILE VflLnCITYt M/SEC ENOO. VARIABLEOO'OS^OO 
C VOaMUZZLE VELOCITY OF THt PROJECTILE, ET/SEC. INPUT 7 00005500 
C THt"TA = ATTITUOF OF PROJECTILE, DEG ENDO. VARIA8LE00005600 
C CALSC=CALItltH SUUAREl). '1«»2 ENDO. VAR IABLE00005700 
C VWeVELOClTY OF HFAJ^INO, M/SEC (READ IN IN FT/SEC)  ENDO. VARIABLE00005800 
C VwF=VELOCITY OF   HEAOVINO Ui   FT/SEC INPUT 8 00005900 

1)  1EY033I COMMENTS  DELETED ■•*«*»o■»^*>*■,1,**■t1,<*^*-o»*>««■»«■«^■s^e««<*«<*«**• »««»«»■»«»•!»•»«••»•»<*»»«« 
CONTINUE 00007000 

C ALT = T^IJE ALTITUDE ABOVE SEA LEVEL, M ENDO. VAR IABLE00007100 
C RePADlUS FKOM CENTER OK EARTH TO PROJECTILE , M     ENDO. VARIAbLEOOOO7200 
C RE=N0M1NAL RADIUS OF THE EARTH AT THE EQUATOR, M CON5TANT00007300 
C OMEGA=AN&ULAR VELOCITY OF THE EARTH, PAD/SEC CONSTANT00007^00 
C IOPTv.= A SWITCH INDICATING CHOICE OE YAW OPTION. INPUT 180000/500 
C IOPTY= 1 PRODUCES COMPUTATION OF YA" OF REPOSE FOR SPINNING PROJEC00007600 
C IOPTY= 0 SIGNIFIES A TRAILING PROJECTILE WITHOUT SPIN.  FOR       00007700 
C THIS OPTION THE FOLLOWING INPUTS ARE UNNECESSARY. 00007800 
C SPIN(i=INITlAL SRIM, RAD/SEC INPUT 1900007900 
C XCCi=POSITlUN OF CENTER OF GRAVITY AFT OF NOSE, CALIBERS   INPUT 2000008000 
C XCP=P0S1T10N OF CENTER OF PRESSURE AFT OF NOSE, CAL ENDO. VARIABLE0000H100 
C CLONr,=PROJECTILE LENGHT IN CALIbtkS« INPUT 2100008200 
C AMOMaLONGITUOINAL MOMENT OF INERTIA OF THE PROJECTILEf KG«M»«2 00008300 
C INPUT 220000B400 
C BN'OMsTRANSVtRSF MOMENT OF INERTIA QF THE PROJECTILE, KG<*M»o2 00008500 
C INPUT 2300008600 
C VC/. = VELOCITY OF CROSSWIND FROM RIGHT LOOKING DOWNR ANGE (RE AD IN FT/00008700 
C INPUT 2^00008800 
C WTARFAawETTED ARFA RATJO USED IN COMPUTING SKIN 00008900 
C FRICTION DRAG INPUT 2500009000 
C ISFP = A Sv'lTCH INDICATING CHOICE OF bLpApATE 00009100 
C COMPUTATION OF SKIN FRICUON DRAG. INPUT 2600909200 
C = I IF FRICTION DRAG IS CU"PJTEO SEPARATELY AND ADDED TO FORM DRAG00009300 
C = '" IF FRICTION DRAG IS INCLUDED IN uRAG FUNCTION. .00009400 
C SMARv.=PROJECTlLE STATIC MAKGIN, CAL. ENDO. VARIABLE00009500 
C PSIs/NGULAP ORIENTATION OF YAw VECTOrt ENDO. VARI ABLE 00009600 
C SRNG=SLANT RANGE TO RROJLCTlLt POSITION, M ENDO. VARIABLE00009700 
C VMXF=VELUCITY OF LAUNCHER IN RANGEwlbE DIRECTION.  (FT/SEC)       00009800 
C VHYF=VFLOCITY OF LAUNCHER IN VERTICAL DIRECTION.  (FT/SEC)        00009900 

CONTINUE 00010000 
C RWC IS HEADWIND COEF. 00010100 
C XWC IS CROSSWIND COEF. 00010200 
C PSI ►AY BE COMPUTED BY REMOVING 'C S FROM COMMENT CARDS 00010300 
C IN SUBROUTINE FLIGHT. 00010400 
C CADEi'S IS THE CORRECTION FACTOR FOR AIR DENSITY RELATIVE TO STANDA00010500 
C 00010600 

EXTERNAL FLIGHT 00010700 
EQUIVALENCE (U(1),X),(U(2),Y),(U{3)»Z),(U(4),SPIN), OOOlOfiOO 

1 (UCS) ,XD) , (U(6) .YD) , (U(7),ZD) » (U(8) ,SPIND) , 00010900 
2 (U(9),XUD),(U(in),YDD),(U(ll),ZOD)«(U(12),500) 0001100 0 

c READ IN RUN DESCRIPTION, CONSTANTS IN FLIGHT EQUATIONS AND     ooomoo 
C INITIAL CONDITIONS. 00011200 
C 00011300 

READ (5.256,END = 30) TI TLE ,NTBL »NARTtiL 00011400 
256 FORMAT(20A4/2I2) 00011500 
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IF(MTBL.EO.O) GO TO 255 orniimnn 
«EAD (5,250) (XMTBL(I).I»1,MTRL) onn  7nn 
«EAD (5,250) (CDTHL ( I ) , 1 = 1 ,NTBL ) DM IfiSS 
READ (5,250) (COTRL(I),I»l,NTBL) oSSllSSS 

250 FORMAKbno.o) °r0 i900 

WRITE    (6,252)    TITLE                                                    " SJS   ??SS 
252 OSR?53(1=1;NTHL/1H0,10H        MACH   NO,10H   C0LF   DRAG'10H   0kAG   INCR' 00012200 

253 C^r1TVJE
;2^)H'MT'U<I),CDTsUI,,C0TbL(I) ^^^S 

IF(NART8L.EO.0) GO TO 255 SSJ!pAnn 
REAL) (5,250) (TMACH(I),I = 1,NARTBL) OoS ??SS 
READ (5,250) (TKA(I),I=1,NARTBL) llblllli 
READ (5,250) (TKDYAW(I),I=lfNA«TnL) fSSIfonS 
READ (5,250) (TKL(I),I=1,NARTBL) 00013000 
READ (5,250) (TKM(I),I = l,riARTBL) SSSllfJS 
READ (5,250) (TCP(I),I = 1,NARTBL) oSS ^Sn 
READ (5,250) (TKF(I),I = 1,NA^TBL) ftoniV^n 
READ (5,250) (TKT(I),I=1,NARTHL) onhl^Inn 
READ (5,250) (TKH(I),I = l,NARTbL) OOnAtoo 
READ    (5,250)     (TKSm,I = l,NARTBU OOO   SSJ 

254 FORVAT(lH ,3K10,*f) ^° ^"° 
WKITF (6,272) 00013700 

272 fWAT(lH0,l0M   MACH NO , 8X , 2HK A , 5X , 5HKDY AW , olllllll 

251 ^T;t^,;:^<I),TKA(I),TKDVAW(I;,TKL(I).TKH(I,.TCP(I, Zlllll 
257 CONTINUE 0001^300 
255 COrUlNUE 00014^00 

C 00014500 

I::: \~^ ^'GLIDE Hsli 
rin:   ^LP^VI0E"   ^   ^IDL    .      OTHERWISE,   uEFAULT   AERO   DA?A   ARE   USED. oSo   5200 

r^^^I   O^   ^-int    ^AjtcT0WY    IS   T0   ME   SIM.JLflrtD   USING   TIMEW   DATA   SUPPLIED B00015^00 
rlHl   T"-    r^I1"   MAHIETTfl   C0Ry-    <MMC)    .      I..   USING   THIS   OPTION 000   5500 
dill   Jllll**:/**^^-*   T"0MMC   ^^"E-T^   THE   TIME   IN   SECS   FROM OOOlHoo 
C***»   LAUNCH   AT    .MICH   THE   30   VOLT   ^EK   RtCOMES   AVAILABLE. Ono   S7nn 

ill   C^TPJUE'1   EVEriTS   IN   '"'^^   aWL   T8LATfD   IN   ^ROUTINE   FLIGHT. Zllllo 

264   ^J^^^ = Jj;o;
GLI^,IDEUro,MMCSW,TMOMMC,GLIDE,EPSTHE JJ^oSS 

1PAA   rrLV/?'^641    If'l-i^,n)FUFO,MMCSW,TMOMMC,GLIDE,EPSTHE SSS162SS 
1264 FORMAK   H0,4X,6HIGLIDE,4X,6HIDFUFO,bX.5HMMCSW         ,10H   TOMMC    (S), 000   6300 

1Tr?T   ^-f    (U)'nMEPSTHE    (D)/3(9X,ln),3F10.4)                                   (S), SJ{"SS 
IF(lt)FUFO.NE.l)    GO   TO   1300 BBftl^nn 
READ    (5,1265)    (TEMACH(I),I = 1,4) nnnulnn 

1265 FORMAT(4F10,0) 00016600 
READ    (5,1265)    ( ALTRMM (I ) , I = 1,.) JJJj^J 

34 



1266 
1300 

P68 

269 

270 
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READ (5»1265) (AALTHM(I ) f I = 1.4) 0^016900 
READ (5»1266) ((TCN(I,J)tJ=l,4),1=1.4) 00017000 
FOWMT(4ri0.0) 00017100 
CONTINUE 00017200 
IF (iGLIUE.rjE.l) GO TO 1              • 00017300 
WRITE (6,266) 00017400 
FORMAT(1HO»BX«»MACH r^O  MAX TRIM (D)') 00017S00 
.WKTH  (6,269) {TFMACH( I ) ,ALTRMM(I) ,I = 1 ,4) 00017600 
rORHAKlH ,2F 15.b) 00017700 
WRITE (6,270) 00017800 
FORMAT(IhOtlOX,'riORMAL FORCE COEFS AT TRIM ATTACK'/ 00017900 

1 1H0,8X,25HMACH MO TRIM ATTACK (DM »1 HO,14X,1H5,13X,2Hl0 ,13Xt    00018000 
2 2H15) 00018100 

VklJF.    (6,271) (TFMACH(I) , (TCNd , J) , J=l ,4) ,1 = 1,4)                   00018200 
271 EOWMATdH »F15.5»4X»4ri5.S) 00018300 

1 READ (5»2»F:N0=30) T ITLE,L),tMO,EMH,FC,SPI ,DELT , VO» VwF ,HO»HTERM,    0001H400 
1 FFCTR » OEO» DOEiS TEP » T M tNOE,MPRIN T,I Op T Y 00 018500 

2 FORMAT(2OA4/t:iF10.0/?Fi0.0t3I3) 0001B600 
C«»<n> SWITCH NAh3LE IS SET FROM 0 TO 1 AT TIME TENABL                     00018700 

258 PEAO (5,260) CADEl-jStVCW»TENABL»THID 00018800 
260 FOR^Ai(4F10,0) 00018900 

uhllf     (6,262) Tt:iJA!:.L,ThIU,CADENS 00019000 
262 FORMAT{lH0»l4HtfJAHLF TlMt = ,F10.4,5A, 00019100 

1 21HTHRUSI DRAG FACTOR = tFl0,4»5X,IOHAIR DENS FACTOR = ,F10.4)   00019200 
If (lOPTY.fjf, . 1) C-0 TO 25 00019300 
READ 26»SPlNO»XCG»CI.0NG»AM0M,aMOM,i*T ;REA, ISFP                      000194 0 0 
READ 26*VHXF»VHYF«RwCiXWC 00019500 

26 FORMAT(6F10.0,12) 00019600 
GO To 27 00019700 

25 SPINO=0,0 00019800 
XCG=n. 00019900 
CLOMG=0. 00020000 
AMOMaQ. 00020100 
OMOMsO, 00020200 
WTAt'FA = 0. 00020300 
ISEP=0 00020400 
VHXFsfl.O 00020500 
VtiYF=0.0 00020600 
RWC=0.0 00020700 
XWCa0.() 00020800 
SWARO=0.0 00020900 
STAFAC=0.0 00021000 
YAWfMll = 0.0 00021100 
PRfJU = 0.0 00021200 
PSI=0.0 00021300 
DMY=0,0 00021400 

C     START OUAD-ELEV LOOP 00021500 
27 QE=QEO-DQE 00021600 

SDD=n.0 00021700 
CAL = n<>l.E-3 00021800 
DO 3 IQE=1,IJQE 00021900 
QE=aF*DQE 00022000 
THETA=OL/57.29578 00022100 
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TO=1.E10 00022200 
EM=EMO 00022300 

C     lEUD   IS A SWITCH SIGNALLING END OF "URNING 00022400 
ILMP=0 00022500 

C     ASSIGN TIME INCREMENT EOW INTEGRATION. 00022600 
c 00022700 

DT=STEP 00022800 
C     IWING IS A SWITCH INDICATING DEPLOYMENT OF WINGS 00022900 

iWlNGaO 00023000 
C     NABLE IS A SWITCH SIGNALING CONTROLS DEPLOYED FOR GUIDED FLIGHT.  00023100 

NABLE=0 00023200 
c 00023300 
C                   GLIDE - FUFO - GLIDE - FUFO - GLIDE 00023400 
C»«»« CALCULATE WEIGHT CONSTANTS USEO IN SMOOTHING THE PITCH RATE 00023500 
C<n»«« USED IN G-HIAS COMPUTATIONS 00023600 

SflLSTP = O.I 00023650 
tfTOUTl=EXP(-SMUSTP/TMCONG) 00023700 
WTINl = 1.0-«/TOUTl 00023800 
T0GH=TMUMMC*3.9 00023900 
AVTHf) = 0.0                             • 00024000 
TMlsTMOMMCO.O 00024020 
NTMSTP=61 00024040 
KTM=0 00024060 

C    PKIN1 AND LA'iEL RUN DESCHIPTIONt CONSTANTS, AND 00024100 
C     INITIAL CONDITIONS 00024200 

PRINT 9,riTLE.FFCTR.VO.EMO.EMB»D»QE»UT»FC»SPI,V^F»HO.HTtRM,VCW    0002430 0 
ItRWCXWC 00024400 

9 FORMAT (1H120A4/1H010X5HFFCTR13X2HVO13X2HMO13X2HMB14X1H0/ 0002450 0 
1 1H 5F15.6/1H0. 00024600 
2 6X9HQUAD ELfcVBX7HTM STER9X6HTHRUST5X10HSP IMPULSt9X6HV-WIND/ 00024700 
3 1H SF15.6/1H04X11MIUIT ALT ♦ FT4X11H[LRM ALT,FT15H VEL X^lNDiFT/S, 00024800 
4 12X,3HR*C»1?X.3HX*(C./1H E»F15.6) 0002^900 
PRINT 91»VHXF»VHYF 00025000 

91   F0PMAT(/8H VHXF = ,F12.2,20H FT/SEC      VHYF = ,F12.2,7H FT/SEC,/00025100 
!/) 00025200 
PRINT 92,uELT,TM 00025300 

92 FOKMAKIH 19HTHHUST WISE TIME = »Fl2.4,5H  SEC«8H TM = ,F12.4,  00025400 
1 bh  SEC) 00025500 

c 00025600 
c 00025700 
C     YOslNlTlAL ALTITUDE, M 00025800 
C     HOrALTlTUUE READ IM IN FT 00025900 
C     YTEKMsTERMINAL ALTITUDE, H 00026000 
C     HTERM=TLKM1NAL ALTITUDE KEAO IN IN FT 00026100 

IF(ICiPTY.NE.l) GO TO 29 00026200 
PRINT ?d,XCG,Cl nrjG»AMCM,BMUM 00026300 

28 FORMAT{iHOillHLOC OF CG =,F10.4,2X,S^CAL,14H PROJ LENGTH =,E10.4, 00026400 
1 2Xf3MCAL.lbH AAIAL M OF I =,E11.5,2A,7HKG M*«2, 00026500 
2 15h TRANS M OF I = , 11 1 . 5 , 2X , 7HKG M«**2) 00026600 

29 IF(SPI.Ed.O.O) GO TO 60 00026700 
BRATE=FC/SPI 00026800 
IF(BRATL.EO.0.0) GO TO 60 00026900 
TB=(EMO-EMH)/HRATE 00027000 
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PRINT 40» TB 0C027100 
40 FORMATdHOtaZHEHTECTIVE BURN TIME = »FI0.4,4H SEC)                 00027200 

GO TO 61 00027300 
60 TH = 0-. 00027400 

BRATE=0. 00027500 
C 00027600 
C     COMPUTE AUXILLIAPY CONSTANTS AND REL»lMEN5I0N INPUTS 00027700 

61 CALSOaD««2*l.E-6 00027800 
DLONG=D<*1.0E-3<}CLO,MG 00027900 
VELO=0.3048«VO 00028000 

C     SUPVtL IS THE SUPREM1UM OF PROJECTILE VELOCITY. 00028100 
SUPVEL=VELO 00028200 

C     SUPALT IS SUPREM1UM or PROJECTILE ALTITUDE. 00028300 
SUPALTsQ.O 0002B400 
Vw=0.304H«V^F 00028500 
VC»J = n.304B<>VCW 00028600 
YO=0.30'+H«HO 00028700 
YTFRM = 0.3n'+8<*HTtRM 00028800 
RTE^MrPL+YTLPM 00028900 

Y AND Y-DOT. 00029000 
00029100 
00029200 
00029300 
00 02940 0 
00029500 
00029600 
00029700 
00029800 
00029900 
00030000 
00030100 
00030200 
00030300 
00030400 

XDD=n,0 00030500 
YOn=n.O 00030600 
7nn=o.n 00030700 
YA'v = 0.n 00030800 
ALT=YO 00030900 
SKNG=n,0 00031000 
IS»<=IBUKH(T.ALT»THETA»VJ 00031 100 
IF(ISW.tU.l) GO TO 70 00031200 
GO TO 71 00031300 

70 TQsO.O 00031400 
DT=STEP/4. 00031500 

C 00031600 
C INITIALIZE RUNGE-KUTTA SUBROUTINE  ;                                00031700 

71 CALL RUNGEl(UtUP»4,2,FLIGHT) 00031800 
C SOLVE FLIGHT EQUATIONS FOR INITIAL CONDITIONS, 00031900 
C 00032000 

CALL FLIGHT(T»U,4) 00032100 
C 00032200 
C     INITIALIZE COUNTER FOR DETERMINING NUMBER OF POINTS TO 8E PLOTTED 00032300 

C INITIALIZE   TIME.    X,    X-DOT, 
C 

T = 0. 
x = n. 
Y = YO 

z = o. 
SPlNsSPING 
VHX=.304H«VHXF 

VHY=,304b»VHYF 
XLI=VFLO<>COS(THFTA) ♦VHX 

YD = VELO<tSIN{lHETA) ♦VhY 
THFTA = 57.295 78<tATAN(YD/XD) 
V = SORT (XD«»2*YIJ**2) 
ZD=0. 

SPINfisO.O 
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C     AT END OF TRAJECTORY SOLUTION. 00^32^00 
C 00032500 

NPLOT=0 00032600 
C 00032700 
C         '         . •                          00032800 
C     INITIALIZE COUNTER FOR COUNTING LINES PER PfiGE.                    00032900 
C 00033000 

LINF. = 0 00033100 
C 00033200 

IPRlMTs-NPRINT 00033300 
YAWDFG=YAW»UTORAD 00033400 

C     GO TO PRINT OUT INITIAL. CONDITIONS.                                00033500 
C 00033600 

GO TO 4 00033700 
C 00033600 
C     START OF SOLUTION LOOP. SAVE LAST VALUES OF FLIGHT VARIABLES.    00033900 
C 00034000 

5 XP=X 00034100 
RP=R 00034200 
ZP=Z 00034300 
XOP=XD 00034400 
YDP=YO 00034500 
VP=V 0003^600 
THfTcPrTHLTA 0003^700 
CMACHPSCMACH 00034800 
RFSISP = HiLSIS 00034900 
YAWPsYA^C'EG 00035000 
SPINP = SPIiM 00035100 
SMAHGP=SMARG 00035200 
STAFiP=STAFAC 00035300 
PSIPsPSI 00035400 
SRr.GP=SRNG 00035500 

C 00035600 
C     CALL RUN6t-KUTTA SUBROUTINE TO SOLVE FLIGHT EQUATIONS FROM 00035700 
C     T TO T*DT. 00035800 
C 00035900 
C»*»*» TO SHORTEN RUN TIME WHEN USING OPTION MMCSW, CHANGE TIME STEP TO  00035902 
C<n>4n> SMLSlP F C'R MMSTP STEPS AND THEN RESuME INPUT STEP SIZE.          00035904 

IK ('•■■'CSw.NE.l) Gn TO -^ 00035906 
IF (T*STEP.LT,TH3) GO TO 44                                            00035908 
IF (T.LT.TM3) GO TO 42 00035910 
KTM=KTM*1 00035912 
IF (KTM.GE.NT.-iSTP) GO TO 43                                         00035914 
UT=S».'LSTP 00035916 
GO TO 44 00035918 

42 OT=T"3-T 00035920 
GO TO 44 00035922 

43 DT=STEP 00035924 
44 CONTINUE 00035926 

CALL RUNGE2(T,nT) 00036000 
C 00036100 
C 00036200 
C 00036300 
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C     SAVE POSITIONAL 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=SQHT(X»X*(Y-YO)•♦2*Z»Z) 000370 0 0 
ir(T   .Gt.TENABL) IwlNfisl 00037100 

Q             «^tti>o<to«#<><><>««««>tt«<>»»»«*<>'i><>»*»»'tt'»««*«««««'U«<>»-i*'»«-«»«-*«*
<,**««'<1,<**>**»*00037200 

C     IF (;JPLUT.F0.400) GO TO 520 00037300 
C     IF (SRNG.GT.sRNOEM) GO TO 520 00037400 
C     NPLOT=NPLOT*l 00037500 
C     TS(NPLOT)aT 00037600 
C     RS(NPLOT)=SRNG 00037700 
C     VS(Nt;LOT)=V 00037800 
C    »»«.»#»«»•#»»»#«•#««••••»•»••»«•♦•*♦•♦•«♦•«•••••••••••••••♦•♦•••♦••0 00 3 7900 

520 CONTINUE 00038000 
c 00038100 

IF(IGLIl.E.Eu.l) SPIN=CDEFL»DTOHAO 00038200 
YAWDEGsYAw*DTORAU 00038300 
IF(IGLIDE.EO.I) STAFAC=YAWL1E6-»THETA 00038400 
THD=(XD»YUD-YO»XDD)/V«»2 00038500 
AvTHP=W T I.M1 *T HP* -v 1 (JUT 1 *> A V I rlO 00 03860 0 
IF (T .LT.TOGr.) AVThU=0.0 00038700 
IF (V.GT.SL'PVLL) SUPVFL = V 00038800 
IF (ALT.GT.SUPALT) SUf;ALT=ALT 00038900 

88 IF(ISW.EO.O) GO TO 50 00039000 
IF(If.MO.LU.l) GO TO 51 00039100 
lF{T.GE.TO*Tb*OELTJ GO TO 49 00039200 
GO Tn SI 00039300 

49 DT=STtP 00039400 
IEt.(j=1 00039500 
CALL 13URN(T»XMASS»THRUST) 00039600 
PWINT 80. XMASS»THRUSTtALT«V»T 00039700 

60 FOHMAT(IH0.9H  MASS = ,F10.4,11H  THRUST = ,F10.4, 00039800 
1 I3ri  ALTITUti£ = ,F10.2.10H  SPEED = »FlO,2»lOH   TIME = .F10.3)  00039900 
gjj JO 51 00040000 

50 ISw=IBURN(T,ALTtTHETA«V) 00040100 
IF(L''O.LO.tMt;) ISw = 0 00040200 
IF(ISw.tO.0) GO TO 51 00040300 
T0=T 00040400 
PRINT 20, TO 00040500 

20 FORMAT(1M0«15MBURN STARTS AT ,F10.4»^H SEC) 00040600 
DT=STFP/4. 00040700 

51 IPHINT=1PWINT*1 00040800 
IF(IPRINT.EO.O) GO TO 53 00040900 
GO TO 52 00041000 

53 IHRIUTs-NPRINT 00041100 
c 00041200 
C     ADVANCE LINES COUNTER AND CHECK IF TIME TO EJECT PAGE AND LABEL.  00041300 
c 00041400 

<♦ L1NF = LINE + 1 00041500 
DMY=THD^UTORAD 00041600 
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C»##« FOR COPPERHEAD FLIGHTS THE DUMMY VARIABLE IS THE ANGULAR 000M700 

C»»»» pnCH RATE IN DEGREES/SEC. 000?1^° 
C»«o« DMY IS A DUMMY VARIABLE USED FOR OUlPUT OF CHOICE 000^1900 

IF    (LINE.LE.O)   GO   TO   6 SJS^JS 
LirjE--50 000^2100 

IF(IGLIDE.EO.l)    GO   TO   116 SS^5,SS 
^Z ?'■" TI^ Ztllll 

116 WRITf     (6,117)    TITLE 00042500 
117 FORMA1(lH120A4/lH0.9HTIME»SECS»7X3HX,M,5X«5HHA6«M.7X.3HZ»Mf2X. 000^2600 

1 BHXDOT»h/S.2X8HYDOT,M/S»5X5HV»M/SlXaHMACH   N0.2X7HDRA&»LB, 000^2700 
2 9H      THETA.U.9H     PITCH,D.9H      DELTA,D,9H      80DYA,D,9H   DTHE.D/S) 000^2800 

7 FORMAT(lHl2nA4/lH0,9MTIME,SECS,7X3HX,M5X5HHAG.M,7X,3HZ,M2X, 000^2900 
1 KHXnOT«M/S2X8HYOOr,M/S5X5HV.M/SlX8HHACH   N0.2X7HDPAG,LB. 000^3000 
2 9H      THLTA,D.9H           YAW,D,9H   5P1N.R/!»»9H   STA   FAC   ,8H   DUMMY   V) 000^3100 

^   CONTINUE ZlllZn 
HAG"ALT-YTE«M 000^3300 
PRINT R,T,X,HAG,Z,XD,YD,V,CMACH,RESIS,THETA,YAWDEG,SPIN,STAFAC,DMY00043400 

8 FORMAT (1H IF9.3.3F10.1.3F10.1,F9.2,<;F9.2,4F9.2) 00°^^° 
IF (T,01.300.) GO TO 30 000^3600 

C     RUlF FOR STOPPING SOLUTION - STOP WHEN PROJECTILE HITS GROUND. 000^3700 
ooo/*38no 

52   IFUMOT.tR.LE.RTERM.ANO.THETA.LT.0.0))    GO   TO   5 000^3900 
C              INTERPOLATE   SOLUTION   VARIAdLES   FOR   KaRTERM 000^4000 

C 

C 000441 00 
00044200 YE = Y T ERM 

TPsT-OT^CR-RTERMj/JR-RP) 00 04430 0 
DFL=(T.TE)/OT JJJ^ 
XE=X-UFL«(X-XP) ««„;;*«« 
ZE=Z-OEL*(Z-ZP) SSS^JSS 
XOE=XD-DEL»(XD-XOP) ««„;/ann 
YOE=YD-UEL»(YD-Y(>P) S°n^Qnn 
VE=V-DEL»(V-VP) 00044900 
THETAE=TMETA-nFL*(THETA-THETAP) 000

ACIAA 
CMACHE=CHACH-DEL»(CMACH-CMACHP) 000. c^nn 
RESISE=RESIS-0EL*(HES1S-HESISP) °°°^,^ 
YAWE=YAWD' G-[)EL*(YAWUEG-YAWP) SS«icfnfl 
SPINFaSPlN-UEL»(SPIN-SPlMP) °°';uunn 
STAFAE=STAFAC-OtL»(STAFAC-STAFAP) °°°?r^n 
SMARGE=SMARG-0EL»(SHARG-SMAR6P) SSn^7nn 
PSlErRSI-DEL^lPSI-RSIP) «„^c«nn 
SRNGE«SRNG-OEL«(SRNG-SRNGP) XA«2lonn 
Yf rYf -YTERM OOO^D-^UU 

C     XPLOT(NPLOT)=XE °°°^?nn 
YPLOT(l,NPLOT,-VE 00046100 C 

Q 

C     PRINT OUT SOLUTION VARIABLES FOR Y = YTERM. 000^?"° 
C 00046400 

PRINT B,TE,XE,YE,ZE,XDE,YDE,VE,CMACHE,RESISE.THETAE,YAWE, ???^!!22 
1 SPINE,STAFAE,5RNGE 00046600 

00046700 

SUPVEL=SUPVEL/0.3048 ?S?ttSSn 
RANGE=SURT(XE*»2*ZE*«2) 00046900 
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RAN6E»RANCZ*(1,*(RANGE/«E)»»2/6.)/ltt52. 000470 00 
C     PRIMT MAXIMUM VELOCITY. HANGEi AND ALTITUDE, 00047100 

PRINT 90* SUPVEL* RANGE»SUPALT 00047200 
90 FOKMAT(1H0.20HMAX PROJ VELOCITY = .tl5.4,4H F/S, 00047300 

1 SX.IZHMAX HA'JGE = .F15.4tllH MAUT ^1LES,3X,1OHMAX ALT = , 00047^00 
2 F15.4,dH  METERS) 00047500 

C 

c 
00047600 UUUH fDUU 

C     PLOT THE TRAJECTORY JUST COMPUTED, 00047700 
00047800 

C     LABEL PLOT WITH TITLE, UE AND VO. 00047900 
^ 00048000 
C     „,. 00048100 

PRINT 10,TITLE.QE.VO 00048200 
10 FORMAT (lH0l5X2nA4/4H QE=F5.1»10H DEG,  V0=F6.1,4H F/S)            00048300 
3 CONTINUE 00048400 

C     CALL POLfIT(RS,TS.rgPLOT,3,o.CJRT,G,^..TRUE.,SDEV, 00048600 
C    1 20HFLI6HT TIME VS RANGE) 00048700 
C     CALL POLF1T{RS.V5,MPLOT,3,0,CJVT,H,HINV,.TRUE.,SDEV. 00048800 
C    . 20HPROJ, VEL. VS. RANGE) •                           000^8900 
C     RLTUt-N FOR ANOTHER CASE. OOO^OOO 

00 TO 101 00049200 
30 CALL EXIT 00049300 

lN0 00049400 
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C 

SUBKOUTINE SOUND(A,G,RHO,VJSCO) 00049500 

COMMON EMO,£MB,SPI,FC,R^ATF.,DELT,TO.TR,lSW,V,THETA,FrCTR.CALSO, 00049600 
1 VW.VCWtALTt«,IEND,CM-CH,REYNLDfRESlS,CAL»nLONG.IOPTYiYAW,AMOM, 00049700 
2 KKOM»PSI,WTAREA,ISEP»NAULE.lGLIDEfIwINIG,TENAOLtAVTHO.COtFL. 00049800 

CSMMO^SNSS/CAOENS ZlZl 
EQUIVALENCE (Y.ALT) OooSOlOO 

C     SUBROUTINE COMPUTES THE SPLED OF SOU-.n IN M/SEC OOObO^SS 
C     VERSUS ALTITUDE IN METE«S.  ALSO COMPUTED IS THE 00050400 
C     ACCEIERATION DUE TO GRAVITY IN M/SEC/SEC AND THE 00050500 
C     Alf? DENSITY IN KG/M«»3 AND THE ABSOLUTE VISCOSITY 00050600 
C     Of THE AIR IN KG/M/SEC.  NOTE THAT KLYNOLD«S NUMBER 00050700 
C     PER METEH IS GIVEN BY A»WHO«EMACH/VlSCO, 00050800 
C»»*« REFEPENCEJ  t5ARNHART, W. THE STANDARO ATMOSPHERE USED BY BRL 00050900 
Hill   1°^   T^^CTOPY COMPUTATIONS, MEMO. KLp0RT N0. i766f JUNE l966# 00051000 
C»^«« DATA FOP THE FOLLOWING EQUATIONS wE^fc. EXTRACTED FROM THE 00051100 
C*^* U.S. STANDARD ATMOSPHERE, 1962. 00051200 

6=9.P26»(6,37HE6/(6,378E6*Y))«»2 
(5 = 6.356766E6*Y 
IF (Y.LE. 1 1019.07) GO TO 1 
IF(Y.LE.20063.1?) GO TO ? 
IF(Y,LE.32161,91 GO TO 3 
IF (Y.LE.47350.09) GO TO 4 
IF(Y.LE.5?42f3.8>n GO TO 5 
IF (Y.LE.' '.591.03) GO TO 6 
IF (Y.LE.79994.14) 00 TO 7 
RHO=o.4636«EXP(-0.12207E-J*Y) nnnsPTnn 

C     {'J^f^^URE IN DEGREES KELVIN SSoS^SS 

8   A:P0.053.SO«T(T, ZllTol 
RHO=RHO*CAUENS 00052700 
VISCO=0.00467»(T^no.)»{T/217,7a)»»l,5 00052800 

C     THIS IS THE SUTHERLAND VISCOSITY LA^. onnS,>9rm 
RETURN 

1 RHO= 1. 224999* Y»(-. 11 /60 3 3E-3*Y«(.433719E-8*Y<*(-.7461659E-13 
I ♦Y*(.5537603E-18-.9572727C-24*Y)))) 
T=(l 83l702E9-4.1030H3t^Y)/D 00053300 
G0 00053400 

00053500 
00053600 
00053700 
00053800 
00053900 

T=(1.250058E9*6.553416E3*Y)/D~ 00054100 

4 RHO=1.10944*Y<*(-.1140029E-3*Y*(.4dl^0lE-8*Y»{-.103924lE-12 00054300 
1 ♦Y»(.1138793E-17-.5052135E-23»Y)))) 00054400 
T=(8.839083E3+1.7938E4»Y)/U 00054500 

5 RHO=.8974979E-l*Y»(-.417905E-5*Y»(.352975^F-lo*Y»(.l M7\ULr-,<. I«AALTA« 

2 RH()=I.990142*Y»(-.2940114E-3*Y»(.19y3974E-7*Y»(-.7637263E-12 
1 ♦ Y«(.l 61592 1E-16-.1476764E-21«>Y) ) ) ) 
1=216.65 
GO TO 8 

3 RHO=l.al561*Y^(-.235 749E-3*YM.13080 7E-7*Y«{-.3819651E-12 
1    ♦Y«(.5 79ft729E-17-.3626654t-22*>Y) ) ) ) 

00051300 
00051400 
00051500 
00051600 
00051700 
00051800 
00051900 
00052000 
00052100 
00052200 

00053000 
00053100 
00053200 
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1 ♦Y«(-.2567072E-19*.14A9113E-2^Y) ) ) ) 00054800 
T=270.65 00054900 
GO TO 8 00055000 

6 RHO=.10290R2h:-l*Y»(.10«lft5JE-5*Y«(-.85236l9E-l0*Y*(.20 75003E-l4   00055100 
1 ♦Y«i-.<?1848?4F:-19*.860425i:-25»Y) ) ) ) 00055200 
T=(2.3P1562E9-l,?33yH8E4«Y)/L) 00055300 
GO TO 8 00055400 

7 HHO=0.4636«EXP(-0.12?07E-3»Y) 00055500 
T=(3.157088E9-2,H93041t"H»Y)/0 00055600 
GO TO 8 00055700 
END 00055800 
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C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE FLIGHT(TIME,U,KUTTA) 
DIMENSION U(12) 
DIMENSION TMACH(ll) iTKA(U) .TKDYAW(ll) ,TKL(11) »TKM(11) , 

1 TKF (11 ) ,TKT(11) ,TKH(11) ,TK5( 11 ) .TC1: 11) 
DIMENSION TFMACh(4) iALTRMfl<<») IAALTRMU) ,TCN(4,4) ,WTCN(<») 
DIMENSION TCADI(4),TCAD2(4),TDEL(^)»TAT(4,4),WTAT(4) 

DATA G6AlN/0»50/»DT4AH/4,00/»OT5AH/b.GO/ 
DATA DTORAD/57,?9578/ 
DATA RE/6.37BE6/*OMEGA/O.72915E-4/.Pl0r0R/.7853981/«TW0G/l9,5841 
RE=N0MINAL RADIUS OF THE EARTH AT THL EQUATOR IN METERS 
OMEGA=ANGULAR VELOCITY OF THE EARTH IN RADIANS/SEC 

TABLE 
U(1J ! 
U(2) : 
U(3) : 
U(4) 1 
U(b) = 
U ( 6 ) = 
U(7) ! 
U ( 8 ) : 
U (9) : 
U(10) 
Udl) 
U(]?) 

OF 
; X 

EQUIVALENCES 

C 
C 

Y 
Z 
SPIN 
XDOt 
YDOT 
ZDOT 
SPIND 
XUBL 

= YDbL 
= ZDHL 
= DUMMY 

EXTERNAL CORAG 
COMMON tHOiEMH.SPI,FC.BRAU..DELT,TO»Ib,ISW,V,THETA,FFCTR,CALSQ, 
lVkvO.VXw.ALT,K,IENU.CHACH,REYNLDtRESlSfCAL.DLONG.IOPTY»YAW,AMOM, 
2 BMOM,pSl,WTAREA,ISEP<NAbLE.lGLlDE,lwING,TENABLiAVTHD»CDtFL. 
3 MMCSW.THOMMC 

COMMON/COFCOM/XCG.SMARG.EM.THID.PRNU   .ALTRIM.CNATRM.GLIDE,EPSTHE 
1 fSTAFAC^YAWNUiTKAtTKDYA^.T^LiTKM.Tl^F.TKT.TKH.TKSiTCPfTMACH, 
2 NARTBL»TFMACH,ALTRMM,AALTRM,TCN,«;TCu,TCADl,TCAD2.TDEL.TAT.WTAT 
COMMON/WINCOM/RWC.XWC 
IF(ISW.EQ.O) GO TO 10 
IF(TIMF,GT.TO*Tn*DELT) GO TO 9 
CALL 8URN(TIrtE»XMASS»THRUST) 
EMaXMASS 
THRUST-INDUCED DRAG 
FFC=FFCTk»THIO 
H=^.44a23»THRUST 
TERMX = H<»U(5) 
TERMY=H«U(6) 

12 VSQ = U(S) <*i*2*U(ft) <n>?*U(7) »«2 
V=SURT(VSO) 
UP=RF.U(2) 
XSQ=U(l)<*<t2 
YS0=UP»»2 
ZS0=U(3)*»2 
K=S0RT(XSO+YSQ.ZSQ) 

ALT=R-RE 
ALT=U(2)*XS0/2./RE 

00055900 
0005^000 
00056100 
00056200 
00056300 
00056400 
00056500 
00056600 

8/00056700 
00056800 
00056900 
00057000 
00057100 
00057200 
00057300 
00057400 
00057500 
00057600 
00057700 
00057800 
00057900 
0005B000 
00058100 
00058200 
0005B300 
00058400 
00058500 
00058600 
00058700 
00058800 
00058900 
00059000 
00059100 
00059200 
00069300 
00059400 
00059500 
00059600 
00059700 
00059800 
00059900 
00060000 
00060100 
00060200 
00060300 
00060400 
00060500 
00060600 
00060700 
00060800 
00060900 
00061000 
00061100 
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DRC0SX=U(1)/R 00061200 
DKCOSY=UP/H 00061300 
DRC0S7=U(3)/« 00061400 
CALL S0UND(A»G.RHO.VISC0) 00061500 

C 00061600 
C     THIS GENERATES SPFFID OF SOUND.6RAVITY,AIR DENSITY. AND VISCOSITY. 00061700 

IF(V.EO.n.O) GO TO 13 00061800 
TERMX=TtRMX/V 00061900 
TERMY=TLHMY/V 00062000 

C*»»»»C0MPUTE VELOCITY OF WIND AS A FUNCTION CF ALTITUDE, 00062100 
C    MARG=l,000*U{2) 00062200 
C     VW=VWO+RwCttVWC(HARG) 00062300 
C     VCW=VXW+XWC»VWC{HARG) 00062400 

VW=VWO 00062500 
VCW=VXW 00062600 
VWFLSQ=                  ((U(5)+VW)»*2*U(6)tt«2*(U(7)♦VCW)*»2) 00062700 
VWEL=SORT(VRLLSQ) 00062800 
CMACH=VREL/A 00062900 

C     COMPUTE REYNOLD'S NUMBER AND SKIN FRICTION COEFFICIENT (SFC). 00063000 
FRICT=0.0 00063100 
IF (01.ONG.LO.0.0) 60 TO ^H 00063200 
REYNLD=OLONG«A«HHO*CMACH/VISCO 00063300 
ALR=ALOGin(RFYNLD) 00063400 
PwR=0.ObttALR 00063500 
SFc = 0.4b5/ALRe-1J2.bM/ ( 1 .♦0.2»CMACH**^J «»PWR 00063600 
IF (ISEP.L'-.O) GO TO 48 00063700 
FRlCTsWTAREA^SFC 00063800 

C     DENOM=MASS OF PROJECTILE IN KG. 00063900 
48 DENO,-' = 0.4536<*EM 0006^000 

DYNPRS = 0.5<»RHO<>V^ELS(J 00064100 
IFdOPTY.EQ.l ) GO TO 20 00064200 
YAW=0.0 00064300 
YAWSQ=0.0 00064400 
XKDYA«=0.0 00064500 
XTERMS=0.0 00064600 
YTERMS=0.0 00064700 
ZTfR^.S^O.V 00064800 
U(0)=0.0 00064900 

21 CALL CDHAG(CMACH«DRA6tCA0) 00065000 
COrDRGsFFC«ORAG*XKnYAw*YAWSQ*F»ICT*CAO 00065100 

C     THIS GENERATES THE CORRECTED COEFFICIENT OF DRAG 00065200 
C 00065300 
C     DIFFERENTIAL EQUATIONS 00065400 

22 CONTINUE 00065500 
FORM=PIOFOR«CALSU*DYNPRS 00065600 
DRG = -COFDRG«F"ORM 00065700 

C 00065800 
C     RESI5 IS AIR RESISTANCE IN POUNDS. 00065900 

RESISsQRG            /4.44823 00066000 
C 00066100 
C»»»o GLIDE - FUFO - GLIDE - FUFO - GLIDE - 00066200 

IF(IGLIDE.NE.l) GO TO 60 00066300 
C»««» ATTITUDE HOLD LOGIC FOR COPPERHEAD AP77 00066400 
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THE=6RSIN(U{6)/V)»OTORAO 00066500 
IF(MMCSW.NE.1) GO TO 1260 00066600 

C«»»« NOTE THAT OTHER OPTIONS FOR MECHANISING ATTITUDE-HOLD 00066700 
C»«»» CALCULATIONS MAY bE EMPLOYED.  ThESt ARE FOUND AFTER LOG, 1260.   00066800 

T4AH=TM0MMC*0T4AH 00066900 
C»»»» T4AH IS THE TIME AT WHICH THE ATT ITUUF-HOLD SWITCH IS THROWN. 00067000 

IF(TIME.LT.T4AH) GO TO 60 00067100 
IF(NABLE.EQ.1) GO TO 1390 00067200 
T5AM=TMOMMOUT5AH 00 067300 

C»«<n> T5AH IS THE TIME AT WHICH THE GYRO IS FREED, WINGS 00067400 
C»««<f ARE EXTENDED, AND THE BODY IS COMMANUED TO FOLLOW THE GYRQ, 00067b00 

IF (TIME.LT.TbAH) GO TO 1200 00067600 
NAnLE=l 00067700 
IWING=1 00067800 
TENAML=T5AH 00067900 
GO TO 1390 00068000 

1200 CONTINUE 00068100 
C««»« CALCULATION OF CONTROL DEFLECTION FOK G BIAS 00068200 

CDEFL = GGAirj«ASS(AVlHD)<>DTORAD 00 06830 0 
C»»»« SET UP INTERPOLATION ARRAYS TO DETERMINE TRIM ATTACK FOR GIVEN CON00068400 

IF(CMACH.LT,TFMACH(1) 1 GO TO 1230 0006eb00 
DO 1210 1=2,4 00068600 
IF(C"ACH.LT.TFMACH(I)) GO TO 1220 00068700 

1210 CONTINUE 00068800 
C«<n>» LOCAL MACH NUMBER IS BEYOND THE TABLt 00068900 

THIHMX=A'.TRMM(4) 00069000 
C              CADUTCADl (4) 00069100 
C              CAn2=TCAn2(4) 00069200 

DO 121? J=l,4 00069300 
WTAT{J)=TAT(4,J) 00069400 
WTCN(J)=TCN(4,J) 00069S00 

1212 CONTINUE 00069600 
GO TO 1244 00069700 

1220 FWACTs(CMACH-TFMACH(I-l) )/(TFMACH(I)-TFMACH(I-1 ) )                  0006980 0 
DO 1214 J=l,4 00069900 
WTAT(J)=TAT{I-I,J)*FRACT«(TAT(I,J)-TAT(I-1,J)) 00070000 
wTCN(J)=TCN(I-liJ)*FRACT<MTCN(I,J)-r(.N(I-l,J)) 00070100 

1214 CONTINUE 00070200 
TRIfMAjrALTR^f-M 1-1 > ♦FRACT» (ALTRMM < I) "At TRMM (1-1)1 00070300 

C     CADUTCAUl (l-l)*FRACT»(TCADl (D-TCAVl (1-1) ) 00070400 
C     CAD2 = TCAD2(I-1) ♦PRACT<MTCAD2(l)-TCAL'2(i-i) ) 00070500 

GO TO 1244 00070600 
1230 TRIMMX=ALTRMM(1) 00070700 

C     CADUTCAD1 (1) 00070800 
C     CA02 = TC.AD2(1) 00070900 

DO 1240 J=l,4 00071000 
WTAT(J)=TAT(1,J) 00071100 
WTCN(J)=TCN(1,J) 00071200 

1240 CONTINUE 00071300 
1244 CONTINUE 00071400 

C»»«» BEGIN INTERPOLATION FOR TRIM ATTACK 00071500 
DO 1246 J=2,4 00071600 
IF(CPEFL.LT.TDEL(J)) GO TO 1250 00071700 
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REQUIRED EXCEEDS CAPABILITY, 

DEFL. CALCULATED FROM G BIAS EXCEEDS 

BEYOND THE TABLE.  WHITE ERROR 

ANGLE CALCULATED IS BEYOND THE TABLE') 

1246 CONTINUE 
C«<nnt CONTPOL SURFACE DEFLECTION 
C»««« WMJTF LRROR MESSAGE. 

tofilT^ (6,124B) 
1248 FORMAT(iHO»♦ERRORS  CONTROL 

LIMIT') 
CALL EXIT 
COM^JNUt 
FRACT2=(CDEFL-TDFL(J-1))/(TDEL(J)-TOLL(J-l) ) 
ALTRIM=WTAT(J-l)♦f"ACT?»(WTAT(J)-wTAT(J-1)) 
CALCULATE THt. NORMAL FORCE COEFFICIENT 
DO l?b? J=2.4 
IF(ALTRIM,LT.AALTRM(J)) GO TO 1256 
CONTINUE 
TRIM ANGLE CALCULATED IS 
MESSAGE AND STOP. 
WRITF (6,1254) 
FORMAT(iHOt'ERRORJ  TRIM 
CALL FXIT 
CONTINUE 
FRACI3=(ALTRIM-AALTRM(J-1))/(AALTRMU)-AALTRM(J-1)) 
CN = WTCN( J-l) ♦FRACT3o (WTCraj)-WTCN(J-ln 
Uf'OATE INITIAL BODY ATTITUDE 
AdOOYO=THE*ALTRlM 
GO CALCULATE AE'^O FORCES 
GU TO IbOO 
CONTINUE 
IF(TIMF.LT.TENAbL) 
IF(NAHLt.NE.l) GO 
GO TO 1390 
CONTINUE 
TIME .GE. TENABL 
IF(NABLE.EO.l) GO 
GPEPS=6LIDE*fcPSTHE 
IFCThE.GT.GPEPS) Go TO 60 
CALCULATION FOR INITIAL CONDITIONS FUK ATTITUDE HOLD 
ATTITUDE HOLD STaRTS WITH ENABLE SET TO 1.  ENTER ONLY 
NAHLF=1 
F1KSI ITERATE FOR CNO AND ALTRIM 
KOUNTl=l 
CN0=DEN0M«TW0G»U(5)/V/2.0/FORM 
THIS IS THL REQUIRED NORMAL FORCE 
COMPUTE MAX TRIM ANGLE 
IF(CMACH.LT.TFMACH(l)) GO TO 1330 
DO 1310 1=2,4 
IF(CMACH.LT.TFMACH(I)) GO TO 1320 
CONTINUE 
LOCAL MACH NUMBER IS BEYOND THE TABLE 
TRlMMX=ALTRMM(4) 

C     CAD1=TCAD1(4) 
C     CA02=TCAD2(4) 

DO 1312 J=l»4 
WTCN(J)=TCN(4,J) 

1 

1250 

1252 

(;«•«»» 

1254 

1256 

1260 

66 
C •IHHHJ 

130 0 

1310 

GU TO 66 
TO 1300 

TO 1390 

ONCE FOR 

COEF. TO PRESERVE GLIDE ANGLE. 

00C71800 
00071900 
00072000 
00072100 
00072200 
00072300 
00072400 
00072500 
00072600 
00072700 
00072800 
00072900 
00073000 
00073100 
00073200 
00073300 
00073400 
00073500 
00073600 
00073700 
00073800 
00073900 
00074000 
00074100 
00074200 
00074300 
00074400 
00074500 
00074600 
00074700 
00074800 
00074900 
00075000 
00075100 
00075200 
00075300 

IC00075400 
00075500 
00075600 
00075700 
00075800 
00075900 
00076000 
00076100 
00076200 
00076300 
00076400 
00076500 
00076600 
00076700 
00076800 
00076900 
00077000 
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WTAT(J)=VAT(4,J) 00077100 
1312 CONTINUE 00077200 

GO TO 1350 00077300 
1320 FRAQT=(CMACH-TFMACH(I-1))/(TFMACH(I)-TFMACH(1-1)) 000 77400 

DO 13U J=lt4 00077500 
WTCN(J) = rCN(I-l,J) ♦Ff<ACT*<TCN(I»J>-TCN<I-l»J) ) 00 07760 0 
wTaT(J)=TAT(I-l,J!*F^ACT*(TAT(I.J)-UT(I-liJ)) 00077700 

1314 CONTINUE 00077800 
TRIMMXsALlRMMU-ll ♦FhiACr»(ALlRvIM(I)-ALTHMM(I-l) ) 00077900 

C     CAOUTCAU1 CI-1) ♦FRACT»(TCAU1 (D-TCA^l (1-1) ) 00078000 
C    CAD2=TCAD2(I-l)*FRACT*(TCAD2(I)-TCAy2<I-l)) 00078100 

GO TO 1350 00078200 
1330 TRIMMXsALTRMMCl) 00078300 

C     CA01=TCAD1(1) 00078400 
C     CA02=TCAf)2(l) 00078500 

DO 1340 J=N4 00078600 
WTCtJ(J)=TCN(l,J) 00078700 
WTAT(J)»TAT(1.J) 00078800 

1340 CONTINUE 00078900 
1350 CONTINUE ' 00079000 

C«#»« l\TE"KPOLATE IN v,TCN(J) FOR THE INSTANTANEOUS TRIMi ALTRIM 00079100 
C*nnn» AN(i CONTROL SURFACE DEFLECTION AT TRIM. 00079200 

DO 1360 J=^,H 00079300 
U (CNO.LT.WTCN(J) ) GO TO 1370     ' 0007^00 

1360 CONTINUE 00079500 
C»«»e REOUIREO NORMAL FORCE EXCEEDS CAPABILITY.  PRINT NOTICE AND SET   00079600 
C<HMnt ALTRIM TO TO MAXIMUM, 00079700 

ALTKlMsTKIMMX 00079800 
WfilTt (6.1366) 00079^00 

1366 FORMAT(1H0.'INITIAL NORMAL FORCE REQUIRED FOR DESIRED GLIDE EXCEED00080000 
IS CAPABILITY') 00080100 

C»»»» HfPLACF CNO WITH MAX REALIZABLE 00080<i00 
CNO=v,TCN(3) ♦ ( TCN(4)-WTCN(3) ) <* ( TR IMMX-AALTRM ( 3) )/ 00080300 

1 (AAlTWM(4)-AALTRM(3)) 00080400 
GO TO 1374 00080500 

1370 CONTINUE 00080600 
C#»«« INTERPOLATE FOR INITIAL TRIM ANGLE REOUIREO FOR NORMAL FORCE. 00080700 

FRACT2=(CNO-v»TCN(J-n »/(WTCN( J)-wTCNC J-l) ) 00«80BOO 
ALTRlM=AALTkM(J-l) ♦FkACT2*i ( AALTRM ( j) - A ALTRM ( J-l) ) 00080900 

1374 CONTINUE 00081000 
C«tt«« INTERPOLATE FOW CONTROL SURFACE DEFLECTION 00081100 

Dn 1376 J=2,4 00081200 
IF(ALTPIM.LT.WTAT(J)) GO TO 1378 00081300 

1376 CONTINUE 00081400 
C»»»« ALTKIM IS oEYONU THE TA3LE.  WRITE E,-POR MESSAGE AND STOP. 00081500 

WWlTt (6,1377) % 00081600 
1377 FORMAT(iHOf'ERROR. ALTRIM BEYOND THE TABLE. CHECK INPUT PARAMS•)00081700 

CALL EXIT 00081800 
1378 CONTINUE 00081900 

FRACT3=(ALTRIM-WTAT(J-1))/(wTAT(J)-WTAT(J-l) ) 000820 00 
CDF:FL = TDEL(J-1) *FRACT3»(TDEL( J)-TDEL(J-l) ) 00082100 
K0UNT1=K0UNT1*1 00082200 
IF(K0UNT1.GT.2) GO TO 1375 00062300 
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1375 

1380 

1390 

1M0 

INITIAL TRIM Ai'JGLE FOR GLIDE OPTION 1, 
BODY ATTITUDE. 

OF ALTRIM FOW ATTITUDE HOLD 

GO TO 1^30 

GO TO 1^20 

TABLE 

C 
c 

1412 

1420 

1414 

)/(TFMACH(l)-TFMACH{I-l)) 

C 
C 

1430 
C 
c 

1440 
1450 

1460 

CNO=CNO/COS(ALTRIM/DTORAD) 

GO TO 1350 
COMTirnJE 
END Of   CALCULATION OF 
NOv CALCULATE INITIAL 
ARODYO=THE+ALTRI^ 
CN=C\0 
GO To 1500 
CONTINUE 
SUU5F.0UEMT CALCULATION 
ALTRI^^AdODYO-THE 
IF (Ci'ACH.LT.TFMACHd) I 
DO 1410 1=2»4 
IF (CfiACH.LT.TFMACH(I) ) 
CONTINUE 
LOCAL MACH NUMBER BEYOND THE 
TRlr'nX = ALTRMM(4) 
CAOl=TCADl(4) 
CAli2 = TCAi)2(4) 
DO 1412 J=lf4 
wTCNCJ)=TCN(4»J) 
wlAT(J)=TAT(4tJ) 
CONTINUE 
GO 10 1450 
FRACT=(CMACH-TFMACH(I-I; 
00 1414 J=l»4 
WTCN(J)=TCM(I-1»J)♦F«ACT«{TCN(1.J) 
»/TAT(J)=TAT(I-l,J)+FRACTo(TAT(I,J) 

CONTINUE , . 
TKIMMXsALTRMM(I-1)♦FHACT«(ALTRHM(I)-ALTRMM(1-1)) 
CAOUTCAD1 (I-l)*FRACr<*(TCADl ( I )-TC AU 1 ( I - 1 ) ) 
CAD2 = TCAD2(I- 1)♦FRACTM TCAD2(I I -TCAU2(I-1)) 
GO TO 1450 
THlMMXaALTHMMi1) 
CADl=TCADl(1) 
CAD2=TCAD2ai 
DO 1440 J=lt4 
WTCM(J)=TCN(1,J) 
wTAT(J)=IAT(1,J) 
CONTINUE 
CON?INUE 
INTERPOLATE IN *TCN(J) FOR THE NORMAL FORCE 
DO 1460 J=2»4 
IF (ALTKU'.LT.AALTRM(J) ) GO TO 1470 

RLOU1RFU TRIM ANGLE EXCEEDS MAX TABULATED VALUE.  TRIM WILL 
BE LIMITED TO TRIMMX. 
ALTRIM=TRIMMX 
CN = WTCM(3)*(>;TCN(4)-WTCN(3) ) » ( ALTR IM-A ALTRM ( 3) ) / 
(AALTRM(-)-AALTRM(3)) 

•TCMI- 
— TAT (I- 

l.J) ) 
l.J)) 

COEF. CN, 

1 
GO TO 1474 

1470 CONTINUE 
C»«»o INTEPPOLATE FOR CN WITHIN THE TABLE 

00082400 
00082500 
00082600 
00082700 
00082800 
00082900 
00083000 
00083100 
00083200 
00083300 
00083400 
00083500 
00083600 
OO0B3700 
00083800 
00083900 
00084000 
00084100 
00084200 
00084300 
00084400 
00084500 
00084600 
00084700 
00084800 
00084900 
00085000 
00085100 
00085200 
00085300 
00085400 
00085500 
00085600 
00085700 
00085800 
00085900 
00086000 
OO'^MOO 
00086200 
00086300 
00086400 
00086500 
00086600 
00086700 
00086800 
00086900 
00087000 
00087100 
00087200 
00087300 
00087400 
00087500 
00087600 
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FRACT2=(ALTRIM-AALTRM(J-1))/(AALTMM(J)-AALTRM(J-1)) 00^87700 
CN»WTCN(J-1)♦FRACT2»(WTCN(J)-WTCN<J"1)) 0008780 0 

147^ CONTlNUt 00087900 
C<n»»» INTERPOLATE FOR CONTROL SURFACE DEFLECTION 00088000 

DO U76 J = 2.^ 00088100 
IF(Al TWIM.LT.'«TAT (J) ) GO TO 1478 00088200 

1476 CONTINUE 00088300 
C<n>«« ALTr<lM IS BEYOND THE TASLE.  WRITE EKKOR MESSAGE AND STOP, 00088400 

WRITK (6,1377) 00088500 
CALL EXIT 00088600 

1478 CONTINUE 00088700 
FRACT3=(ALTRIM-WTAT(J-1))/(WTAT(J)-WTAT(J-l)) 00088800 
C0Eri=TuEL(J-l)*FRACT3*(T0FL(J)-T0EL(J-l)) 0008890 0 

C<nn>tt END OF NORMAL FORCE COEFFICIENT CALCULATIONS 00089000 
C««»» PROGRAM RFENTRY I-OR ATT ITUUE-HOLD CALCULATIONS 00089100 

IbOO   CONTINUE 00089200 
C««<n» COMVFRT ANGLE TO RADIANS 00089300 

CDEFL=CDEFL/UTORAO 00089400 
ALTRIM = ALTRIM/[)TORAD 0008950 0 

C*»«« PLACE TRIM ANGLf IN YAW POSITION FO^ PRINTOUT. 00089600 
YAW=ALT«IM 00089700 
FN=CN«FOHM 00089800 
SINAI =SIN<ALTR1M) 00089900 
COSAi =COS(ALT«IM) 00090000 

£»«**   CALCULATE AXIAL FORCE INCREMENT PHOUUCED BY FIN DEFLECTION AT TRIMO00SIO100 
C     UELC/\=CAD1<*(0.4^ALTRIM-CDEFL)»<J2-CAOJ«'.LTRIM««3 0009020 0 

DfLCA»CDEFL/6.0 00090300 
F0I2sDELCA»FOHM 00090400 
FL = F','oC0SAL-FDI2ttSINAL 0009050 0 
F01=-FN»SINAL-FDI2«COSAL 0009060 0 
SINTH=U(6)/V 00090700 
C0STH=U(5)/V 00090800 
TERMX=TERMX-FL*SU4TH*FDI»COSTH 00 09 09 0 0 
TERMYaTERMY*FL*c6sTH»FOI»SINTH 0009100 0 

60 COf.TlNUE 00091100 
IFCNAWLE.EQ.l) IWING=1 00091200 

C«»»» END OF ATTITUDE-HOLD CALCULATIONS 00091300 
c 00091400 
c 00091500 

U(10) = (ORG<*U(6)/V«EL + Tf:RMY) /DENOM-G*URCOSY*0,53166E-8«UP 00 09160 0 
1 ♦?.<H)MEGA<tU(7) ♦YTERMS 00091700 
U(9) = (0RG*(U{5) ♦V.v) /VREL ♦ TERMX )/OENOM-G«DRCOSX*X TERMS 00091 HO 0 
U(ll ) =-2.«0KFGA<>iJ(6)-G*DRC0S?*ZTEWMi'*URG<t(U(7) ♦ vCW )/VREL/DENOM    0009190 0 
U<12)=0.0 00092000 

C     AC IS THE ACCELERATION OF THE PROJECTILE ALONG THE TRAJECTORY.    00092100 
C      AC=(U(5)«U(y)♦U(6)«U(10)♦U(7)^U(11))/V 00092200 

IF(IOPTY.EQ.O) GO TO 14 00092300 
U(rt)s-RH0»CALSQ*«2/AM0M*XKA*U(*)»V 00092400 

14 IF (KUTTA.E0.4) THFTA=ARSIN(U(6)/V)*57.29578 00092500 
RETURN 00092600 

13 U(9)=0. 00092700 
U(10)=-G 00092800 
THETA=90. 00092900 
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10 
11 

20 

50 
51 

52 
53 

C 
C 
c 
c 
c 
c 
c 

RETURN 
EMsEMB 
GO TO 11 
EMsEMO 
Tt"RMX=0. 
TERMY=0. 
FFCsFFCTR 
GO TO 12 
CALL ACOE.r5(CMACH,YA^«XKA»XKDYAW,XKL,XKM,XKF tXKT, 
1XKH.XKS»XCP) 
VXPL=U(5)♦VW 
VZRL=U(7)♦VCW 
VKLSQ = VXRL

<><>
2 + (J(^)*

><
*2*VZHL*

<
*2 

VRL=SORT(VRLSO) 
TEST FOR DYNAMIC SlAHILlTY. 
B0TT0M=8,{)»!JM0M*DYIJPRS*CAL»*3«XKM 
STAFACs(U(4)«AM0M)*«2/HGTT0M 
II- (STAFACLC.l.O) GO TO 25 
COMPUTF THE YAWING FRtOULNCY 
YAWNU=AMOM/HMOM»SiiRT (1 .-1 ./STAFAC)*U{«)/6,2832 
COf'Pl.'TE THE OVERTURNING MOMENT AND ^RECESSIONAL FREQUENCY 
0Tr^.-Oy=2.«xnN-*>CAL »»J»i)Y'JPRS 
PRUUsOTNMOM/AMOM/U(4)/6.2832 
CO'-PHT! YAW OF REPOSE. 
ALRHA-3=RMO»CAL*VRLSO» (XKL^XKM«VKLSO 

+
 CAI SU-^XKF^XKT^U (4) *»,*2) 

lF(ArS(ALPHAM),LT.l.t-20) GO TO 25 
ALPHAA=AM0M»XKL*U(4)/CAL50/ALPHAB 
ALPHAy=UENOM«XKT»U(4)/ALPHAS 
AMb=ALPHA8-ALPHAA 
ALPHAX*AMB«(U<ft)*U{llI-VZRL*U(10) 
ALPHAY = AMo« (VZRLi>U(9) -VXKL^UC 1 1 ) ) 
ALPHAZ=AMB«(VXPL»U( 10)-U (to) »U (9) 1 ♦ ALh'hAH«VXRL*G 
YAwS'< = ALPhAX-'«2*ALPHAY«o2*ALRHAZ<>*,2 
YAWxSQHT(YA»wSQ) 
IF<YAW,&T,1,5708) GO TO 25 
ARG=(VXRL*ALPHA2-VZRL*ALPHAX)^VRL 
ARG1= (VXRL^ALPHAY-LMb) <> ALRMAX ) oVXRL• 
l F ( At:S (AR&l ) . LE . 1 , Ot-20 ) GO TO 50 
PbI=57.3*ATAN( AfVG/ANGl ) 
GO TO 53 
IF (Af.(,*AwGl) 51,52*52 
PSi=-yo. 
GO TO b3 
PSI=«0. 
CONT JfjijE 

-ALPHAP*VZf<L*G 

UJ(6>»ALPHAZ-V2RL»ALPHAY1 

RSI=ORlENTATIOKJ OF YAW.  THIS IS THE 
CONTAINING BOTH THE VELOCITY ANiO YA* 
PLANE CONTApiir-'G THE VELOCITY VECTOR. 
CLOCKWISE FROM THE VERTICAL PLANE. 

END OF COMPUTATION OF YAW. 
DKFN = CAL*XKF<>U(4) 

ANGLE BETWEEN 
VECTORS AND A 

IT IS MEASURED 

THE PLANE 
VERTICAL 

00093000 
00093100 
00093200 
00093300 
00093400 
00093500 
00093600 
00093700 
00093800 
00093900 
00094000 
00094100 
0009^200 
00094300 
00094400 
00094500 
00094600 
00094700 
00094800 
00094900 
00095000 
00095100 
00095200 
00095300 
000^5400 
00095500 
000^5600 
00095700 
00095800 
00095900 
00096000 
00096100 
00096200 
00096300 
00096400 
00096500 

*VZRL00096600 
OOO'^OO 
00096800 
00096900 
00097000 
00097100 
00097200 
00097300 
00097400 
00097500 
00097600 
00097700 
00097800 
00097900 
00098000 
00098100 
00098200 
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55 

25 
26 

XKLV5Q=XKL*VRLS0 00C98300 
KDSOrRHO»CALSO/i)fMOM 00098400 
XTFR,iS = H0SO«MXKLV50<>ALPHAX*DKrN«(ALPHAY»VZRL-ALPHAZ*U(6) ) ) 00098500 
YTP^MS = KOSO« (XKLVSQ«ALPHAY*DKFN|« (AL^:'AZ»VXRL-ALPHAX»VZRL) ) 00098600 
ZTERMS = Rl)SQMXKLVSQ«ALPHAZ*DKFN<MAL^HAX,*U(6)-ALPHAY*VXRL» > 00098700 
XK0Y4Ws2,54647»XKL)YAfei 00098800 
»»»«»»«*«#*»»##«»»»*«#•»<» 00098900 
IF(YAW.LT.0.69) GO TO 21 00099000 
PRINT 55,RH0,XTiiRKS,YTF.RMS,ZTERMS 00099100 
F0HMAT(1H ,1P4F10.5) 00099200 
tt«tt«*ft«««««tt«««tt»«*«««««tt 00099300 
GO TO 21 00099400 
PRINT 26,STAFAC 00099500 
FORMAT(1H0»40HUNSTA8LE PROJECTILE  STABILITY FACTOR = ,Fl0.4) 00099600 
TAI I EXIT 00099700 
^L EX1 00099800 
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SUBROUTINE CDR*G<EMACH«ORAG*CAD) 0C099900 
c 00100000 
C     PROGRAM COMPUTFS THE COEFFICIENT OF DRAG VERSUS MACH NUMBER 00100100 
C     AND THE COEFFICIENT INCREMENT OUE TO WINGS. 00100200 

00100300 
DIMENSION XM7BL(12) .COTflLd?) .COTBLU2) 00100^00 
DATA CDOKO/2.546479/                                  „ 00100500 
COMMON tMO»£HM«SPI.FC^4RATE*DELT»TO»TB«ISW»V.THETA»FFCTR»CALSOt   00100600 

1 Vte»VCW»ALT,R,IENO.CMACH,HEYNLO»HES.iS,CAL»OLONGflOPTYtYAWtAMOM.   00100700 
2 BM0HtPSl,WTARFA.ISfcP.NABLE»IGtIDE.I««lNG.TENAi3L»AVTHOfC0£FL» 00100800 
3 MMCSW,TMOMMC 00100900 
C0MM0N/DK6C0M/ XMTBL.CDTBL.COTHL,NTBL 00!0!?05 
CAD=0.0 00101100 
IF (MTHL.NE.0) GO TO 5 °°1°1^° 
IF(E-ACH.LF.0.80) GO TO 1 nn n ^nn 
IF(EfACH.LE.l.lO) 00 TO 3 «n n tnS 
IF(tMACH.L£.3.0) GO TO 4 ^IAI^U 
EM3=eMACH-3.0 JS!J ?JS 
OWAG=0.os;*LM3<M-n.o2*0.0 02«EM3) ?rf:.„.° 
DRAG=CnUKD*DKAG 
HLTUPN 

1 ()WAO=0,0589 
DRAGsCDOKU^DWAG 
RflUPN 

3 C=10.«(triACM-0,8) 2S121/2S 
DRA6a0.07736*C»«3*EXP(-C>♦0.0589 00102^00 
0RAG=COOKO*0RAG °S n^nS 
RETURN 00102600 

4 DRAGs0.2l547*EMACH»(-0.05134*0.003l7«EMACH) 00102700 
0RAG=CDOKD*DRAG SS SfISS 
RFTURN '00102900 

5 DO   6   J=1.NTBL °nlo??nS 
IF{tMflCH.LT.XMTBL(Jn    GO   TO   B nn   n^Pno 

I   t™]1^ 00103300 
IF(JL.LE.O)    GO   TO   12 °«}n^nn 
FHAC=(EMACH-XHTBl (JL) »/(XMTaL(J)-XMTcSL'JU > 00103500 
C(J = COThL(JL)MCnTHL(J)-CDTf)L(JL))*FW'.C 00103600 
r&n-n n 00103700 
IniWlNG.NE.l)    GO   TO   10                               c Z\llT. 
CAO=COTBL(JL)*(COTliL(J)-COTBL(JL))«F«AC -MI;, ; .i ,. 

10   CONTINUE 
DRAGaCfi 
CAD=CAO 
RETURN 

12 CONTINUE 
DRAG=CDTriLfl) i . 

IF (IWING.EO.l)   CAD = COTBL(l) ??J?*!52 
RETURN 
END 

00101800 
00101900 
00102000 
00102100 
00102200 

00104000 
00104100 
0010^*200 
0010<»300 
0010^400 
0010^*420 
0010^450 

00104700 
00104800 
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SUPKOUTINE ACOEFS(EMACH*YAW♦XKA*XKOYAW»XKL»XKMfXKFfXKT»XKHfXKS»XCP 

C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

DIMENSION   TMACH(ll) ,-rKfi(ll) iTKHYAwdl) ,TKL(11) ♦TKM(ll) ,TKF(11) , 
1    iKTMl ) »TKH(11) ,TKS(11 ) .TCP(ll) 
DIMENSION   TCAUIC^) «TCAD2(4) »TUEL(*) »TATI4«4) ♦WTAT^) 
COMMnN/COFCOM/XCG»SMAWG»EM»THIDfP»NU 

1 
?. 
EMACH = MACH NUHBE^ 
XKA = SPIN DAMPING MOMENT COEFFICIENT 
XKDYAW = YA« DRAG COEFFICIENT 

»ALTF-!IM,CNATRM.GLIDE,EPSTHE 
^STAFAc7YAWfiij',TKA,TKDYA'«»TKLiTKM,TKF,TKT.TKH.TKS.TCP.TMACH» 
NAt-rBl iTFMACH^Al THMM»AALtkM.TCNfWTCN,TCAD1 tTCAD2iT0EL»TAT.WTAT 

XKL 
XKM 
XKF 
XKT 
XKH 
XKS 
XCP 

LIFT FOI?CE COEFFICIENT 
OVERTURNING MOMENT COEFFICIENT 
MAGNUS FOWCE COEFFICIENT 
MAGNUS MOMENT COEFFICIENT 
DAMPING MOMENT COEFFICIEMT 
PITCHING FORCE COEFFICIENT 
CENTER OF PRESSURE AFT OF NOSE 

51 

60 
70 

52 

53 

5^ 

55 

56 

57 

58 

59 

FOR DEPENDENCE OF ACOEFS UPON YA-^ 
RELATIVE TO T3fl7 TYPE PVOJtCULE. 
XKT»-0.14*0, 0576« (EMACH-1 .?5)<>»2 
XKT=0.0 
XKF =o.157 
SYAW=S1N(YAW)»*2 
GO T(N 50 
CONTINUE 
DO 60 J=1»NAHTHL 
IF (E''ACH.LT.TMACH( J) ) GO TO 70 
COM!INUE 
JL=J-1 
FRAC=(EMACH-TMACH(JL))/(TMACH(J)-TMACH(JL)) 
IF<TKA(J) .EO.O.O) GO TO 52 
XKA = T»<M JL) ♦ (TKA( J) -TKA( JL) ) ^FRAC 
IF (TfDYA'.-( j) .LO.0.0) GO TO 53 
XKDYAW=TKDYAW(JL)♦(TKUYAw(J)-TKDYAW<JL))»FRAC 
IK ( ThL(J) .EC. 0.0) GO TO 54 
XKL = TKL (JL) ♦ (TKL ( J)-TKL(JL) )«FRAC 
IF (TKM(J) .F.Q.O.O) GO TO 55 
XKM=TKM(JL) ♦ (TKMJJ)'-TKM(JL) )«FRAC 
IF (TKF ( J) .KO.0.0) GO TO 56 
XKF=TKF (JL)♦(TKF (J)-TKF(JL))*FRAC 
IF'(TKT (J) .EQ.O.O) GO TO 57 
XKT=TKT(JL)*(TKT(J)-TKT(JL)J^FRAC 
IF (TKH(J) .EO.0.0) GO TO 58 
XKH=1KH(JL)♦(TKH(J)-TKH(JL))*FRAC 
IF (TF;S( J) .EQ.O.O) GO TO 59 
XK5=TKS(JL)♦(TKS(J)-TKS(JL))*FRAC 
IF(TKM(J).EO.O.O) GO TO 62 
IF(XKL.EQ.O.O) CALL EXIT 
SMARO=-XKM/XKL 
XCP=XCG+SMARG 
RETURN 

IN CALIBERS 

SLE RPL MEMO. RPT. NO. 2023 

001^4900 
00105000 
00105100 
00105200 
00105300 
00105400 
00105500 
00105600 
00105700 
00105800 
00105900 
00106000 
00106100 
00106200 
00106300 
00106400 
00106500 
00106600 
00106700 
00106800 
00106900 
0 010 7 0 0 0 
0 010 710 0 
00107200 
00107300 
00107400 
00107500 
00107600 
00107700 
00107800 
00107900 
00108000 
00108100 
00106200 
00108300 
00108400 
00108500 
00100600 
00108700 
00108800 
00108900 
00109000 
00109100 
00109200 
00109300 
00109400 
00109500 
00109600 
00109700 
00109800 
00109900 
00110000 
00110100 
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62 

63 

50 

10 

11 

12 
13 

20 

30 

35 

in 
XCP 
SMft 
XKM 
RET 
COM 
IF( 
IF ( 
IF( 
IF( 
IF( 
IF( 
VAL 
XKA 
VAL 
EMQ 
HOL 
XKL 
XKL 
XCP 
VAL 
XKS 
VAL 
XKt) 
VAL 
XKH 
VAL 
SMA 
XKM 
1F( 
RET 
XK'\ 
XKO 
XKL 
XKL 
XCP 
XKS 
XKH 
CO 
EMP 
XKA 
XKL) 
GO 
EMH 
XKA 
XK[^ 
EM9 
HOL 
XKL 
XKL 
XCP 
GO 
EM8 

TCP(J).EQ 
=TCP(JL)♦ 
RG=XCP-XC 
= -XKL<tSMA 
URN 
1 I MUE 
E'MACH.LE, 
EMACH.LE. 
LMACH.LE. 
L^ ACH.LE. 
EMACH.LF. 

EMACH.GT. 
ID FUR E"M 
=0,0038+0 
10 FOR EM 
=EHACH-0, 
l)=l.-EXP( 
=n,5b0J*0 
sXKL*6.6« 
=0.237*1. 
I(i FOP LH 
=-4,0+1.7 
II) FOR EM 
YAi=1,5*2 
10 FOR EM 
= 3.7 
10 FOR AL 
R(- = XCP-XC 
=-XKL*SMA 
NARTBL."JE 
URN 
=n.onsu 
YAW=1,5 
=0.62-0.0 
=XKL*4,3« 
=1.2-1.0 7 
=-4,0 
=0.71*2.3 
TO 9 
=FMACH-0. 
=0.0038+0 
YAW=1 .5 + 2 
TO 11 
= t MACh-0. 
=0.0038+0 
YAW=1.5+2 

= EM/\CH-0. 
[>al.-EXP( 
=0.5507+0 
=XKL+5.5» 
=0.237+1. 
TO 12 
=EMACH-0, 

.0.0) GO TO 63 

(TCP(J)-TCP(JL))»FRAC 
G 
^G 

0,8) GO TO 10 
0.9) GO TO 20 
1.0) GO TO 30 
1.1) GO TO 35 
1,30) GO TO ^0 
1.5) GO TO ^5 
ACH GTR 0.8 AND LT 1,5 
.002<,EXP(-1.5^(EMACH-0.8) ) 
ACH GTR 0.9 
9 
-5,<>EM9) 
,4«hOLD 
SYAW 
57«HOLD 
ACH C.TR 1.0 
6«(EMftCH-1.) 
ACH GTR 1,1 
, 38»t.XP(-2,72* (EMACH-1,11 ) 
ACH (,TR 1.3 

L EMACH 
h 
RG 
.0) GO TCi 51 

77»EMACH 
SYArt/ 
»EMACH 

*EMACH 

,002»EXP(-l,5«EM8) 
,5«S1M6,263»EM8I 

« 
.0n2#EXP(-l.5*EMB) 
,5«SIN(6.2M3*EMa) 
9 
-5,»FM9) 
,4»HOL0 
SYAW 
57»H0L0 

0A1 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 
001 

10200 
10300 
10400 
10500 
10600 
10700 
10800 
10900 
11000 
11100 
11200 
11300 
11400 
11500 
11600 
11700 
11800 
11900 
12000 
12100 
12200 
12300 
12400 
12500 
12600 
12700 
12800 
12900 
13000 
13100 
13200 
13300 
13400 
13500 
13600 
13700 
13800 
13900 
14000 
14100 
14200 
14300 
14^00 
14500 
14600 
14700 
14800 
1^*900 
15000 
15100 
15200 
15300 
15400 
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XKfl=0.0 03B*0.on2«EXP(-1.5«EM8> 
Xh0YAW=1.5*2.5«SIN(6.2H3«E"8) 
EM9=EMACH-0,9 
H0LU=l."tXPj-5,«E»9) 
XKLTO."5507*0.4«HOLO 
XKL=XKL*5.S«SYA* 
XCP=0.?37*1.57»HOLO 
XKS=-5.78*l,78»EMACH 
GO TO 13 

40 tM8=FMACH-0.H 
XKA=0.003rf*0.no2»EXP(-l,S»iM8) 
XK[)YAW=l.b*2.360EXP(-2.72<*(EMACH-l.l) ) 
LM9=E 1ACH-0.9 
H0LDal,-EXP(-5.»EM9J 
XKL=0.S50 7+0.4«HOLO 
XKL = XKL + 6.6»SYAi* 
XCP = 0.237*1.r>7«HnLi.1 
XKS=-5.7tU 1.^S^EMACH 
GO TO 13 

45 XKA=0.0038*0.002»EXP(-1,5*(EMACH-0.«1) 
GO TO h 
CUD 

00115500 
00115600 
00115700 
00115800 
00115900 
00116000 
00116100 
00116200 
00116300 
00116400 
00116500 
00116600 
00116700 
00116800 
00116900 
00117000 
00117100 
00117200 
00117300 
ooi moo 
00117500 
00117600 
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SUBROUTINE RUN6E1(V,W,NEQtNORO.DIFEU) 
DIMENSION V(12) .IA/C+S) 
NV=NEO«NORU 
N=NV+NEU 
RETURN 

ENTRY RUNGE2(T»0T) 
DT2=()T«.5 
DT6=DT/6. 
DO 1 1=1iN 

1 W(I)=V(I) 
DO 2 J=lf3 
NJM«MEQ»N«{J-l) 
JDECKsN^J 
IF (J-3)3»4,4 

3 DTW=DT2 
GO TO 5 

4 DTw=nT 
5 Tw=T*OTw 

00 6 I«1»NV 
K=1+JDECK 
L«I*NJM 
w(K)=«(I)♦w IL)»0TW 

6 V (1) s W(K) 
CALL DXFEOawtViJ) 
00 2 I=1,N 
K=I+JUFCK 

2 W(K)=V(I) 
DO   7 1=1,NV 
K1=I+NE0 
K2=K1*N 
K3=K2*N 
K<fsK3»N 

7 V(I)=W(I)+0T6«(MK1)*2.»(W(K2)*W(K3))*W(K4)) 
T = TW 
CALL DlFEQ(TiVf4J 
RETURN 
END 

00117700 
00117800 
00117900 
00118000 
00118100 
00116200 
00118300 
00118400 
00118500 
00118600 
00118700 
00118800 
00118900 
00119000 
00119100 
00119200 
00119300 
00119400 
00119500 
00119600 
00119700 
00119800 
00119900 
00120000 
00120100 
00120200 
00120300 
00120400 
00120500 
00120600 
00120700 
00120800 
00120900 
00121000 
00121100 
00121200 
00121300 
00121400 
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FUNCTION WC(Y) 
IF(Y.GE.6700.)GOT03 
VWC=S,1816*4.972E-5»Y*1.3494E-7»Y»Y 
RETURN 
Vv-C= 10. 058*3. 962A»C0S(.<f29<.6E-3»(Y-9448,8)) 
IF(Y.GT.13700.) WRITE(6tl) 
RETUPN 
FORMAT(28H ALTITUDE ABOVE 13700 MFTEWS) 
ENO 

00121500 
00121600 
00121700 
00121800 
00121900 
00122000 
00122100 
00122200 
00122300 

■ 
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SUBROUT 
c SUL'ROUT 
c ROCKFT 
c T0=TIME 
c EHO=lNI 
c EMB«BURI 
c TIME=TI 
c SPT=SPE 
c FC=CON5 
c IHURNa 
c DELTsRI 
c BRATE'F 
c TR=(EMO 
c 

INE BURN(TIME»XMASS»THRUST) 
INE COMPUTES PROJECTILE MASS IN POUNDS MASS AND 
THRUST IN POUNDS FORCE 
AT INHICH BURNING COMMENCES 

TIAL MASS* LBM 
NT MASS» LBM 
ME AFTER LAUNCH .SEC 
CIFIC IMPULSE. LBF/L6M/SEC 
TAN! NOMINAL THRUST LEVEL. L^F 
INDICATOR OF COMMENCEMENT OF dURNING(IBURN= 1) 
SE TIME OF THRUST--ASSU''ltD EQUAL TO DECAY TIME - 
C/SPI=RI)PNING RATE. LBM/SEC 
-EMLi)/BRATE = EFFECTIVE BURNING TIME. SEC 

SEC 

2 

COMMON EMO.EMB.SPI.FC.BRATt, .DELT.TO.TB.ISW.V.THETA.FFCTR.CALSO. 
1 VW.VCW.ALT.R.IENO.CMACH.RLYNLU.RESIS.CAL.DLONG.IOPTY.YAW.AMOM. 
2 BMOti.PSI, vTARFA.ISEP.NAbLF.lGLIDE.A'''lNG.TENABL.AVTHO.CDEFL» 
3 MHCSW»TMOMMC 
IF(T1ME.LE,T0J GO TO 1 
IF(TlMF.Lt.TO*DELT) GO TO 2 
T2=TO*TB 
IF(TIME,LE.T2) Go TO 3 
IF (TlME,LT.T2*titLT) GO TO <* 
THRUST=0. 
XMASS=FMH 
RETURN 
XMASS=EMO 
TI|RUST = 0. 
RETURN 
XMASS=EM0-BRATF<,(TIMF-I0)»«2/(2,«nELT) 
THPUST=(1IME-TOl/DELT^FC 
RETURN 
XMASSrEMO-HRATt*(TIMt-TO-DELT/2. ) 
THRUST=FC 
RETURN 
XMASS = EMO-BRATF<M (TB-DELT/2.)♦(TIME-T2)»(1.-(TIME-T2)/DELT/2.)) 
THRUST = FC**(1.-(TIME-T2)/DELT) 
RETURN 
END 

00122400 
00122500 
00122600 
00122700 
00122800 
00122900 
00123000 
00123100 
00123200 
00123300 
00123400 
00123500 
00123600 
00123700 
00123800 
00123900 
00124000 
00124100 
00124200 
00124300 
00124^.00 
00124500 
00124600 
00124700 
00124800 
00124900 
00125000 
00125100 
00125200 
00125300 
00125400 
00125500 
00125600 
00125700 
00125800 
00125900 
00126000 
00126100 
00126200 
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C 
C 
c 
c 
c 
c 

c 
c 
c 

FUNCTION IBU^N(TIME«ALT,OE.VELO) 

FUNCT 
BUHNI 
I BURN 
USEP 
QE (L 
COMMO 
DATA 
IF (TI 
IF(AL 
IF(VF 
IF(OE 
IBUKt-l 
RETUP 
IF(OE 
I BURN 
RETUP 
I BURN 
RETUR 
END 

ION PRODUCES INDICATION OF COMMENCEMENT OF 
NG—IHU^N=1, 
=0 UNTIL BUHN BEGINS 
CHOOSES TO FROM CURRErjT TIME OR ALT (ALTITUDE) OR 
OCAL QUADRANT ELEVATION) OR VELU (VELOCITY) 
N /SRCOM/TM 
AL IMAX/300 0 0./.VMIN/0.0/ 
MF.6E.TM) GO TO 3 
T.GE.ALT^AX) GO TO 3 
LO.LE.VMIi-D GO TO 3 
.GT.45.0) GO TO 2 
= 0 
N 
.LT.^6.n) 
= 0 
^J 

= 1 
N 

GO TO 3 

17/22/29 

00126300 
00126^00 
00126500 
00126600 
00126700 ;' 
00126800 
00126900 
00127000 
00127100 
00127200 
00127300 
00127<»00 
00127500 
00127600 
00127700 
00127800 
00127900 
00128000 '', 
00128100 
00128200 
00128300 . 

■'. 
■ 

■ 

■ 

■ \ 
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BLOCK   DATA OOl^S^OO 
DIMENSION   TKM11) iTKDYAWdl) »TKL(11> »TKM(11) »TKF(11) » 00128500 

1   TKT(ll) .TKM(ll) .TKSdl) .TCP(ll) .TMACrMll) 00128600 
DIMENSION   TFMACH(4) ,ALTRMM(<») . AALTRM (4 ) , TCN (4 ,4) tWTCN(4) 00128700 
DIMENSION   TCAD1(4)»TCAD2(4),TDEL(4)»TAT(4,A)tWTAT(4) 00128800 
COMMnN/COFCO^/XCGtSNARGfEM»THIOfPRNU   ,ALTRIM.CNATRH,GLlOE,EPSTHE 0012890 0 

1 ♦STAFACiYAWNU»TKAiTKOYAi»tTKL»TKMtTKF»TKTtTKH»TKS»TCP*TMACHi 001290 0 0 
2 NAr<TdL»TFMACH,ALTRMM»AALTf-,M»TCN»WTCNfTCADI »TCAD?» TOELtTATfWTAT 00129100 

C«<n»»   DEFAULT   VALUES   FOR   AtRU   DATA   USED   IN   GLIDE   CALCULATIONS 00129200 
DATA TFMACH(l)/0.50/.TFMACH(2)/0.80/iTFMACH(3)/0.90/»TFMACH(4)/l,/00129300 

l»ALTPMM{n/14,30/»ALTRMM(2)/l4.06/«ALTRMM(3)/13,80/»ALTRMM(4)/l3,600129400 
2   0/»AALTRM(1)/0,0/»AALTRM{2)/5.0/,AALTRM(3)/10.0/»AALTRM(4) 00129500 
3/lS.O/,TCN(l,l)/0.0/.TCN(l,2)/1.10/«TCN(l,3)/2.lO/»TCN(l»4)/3.10/f00129600 
4TCM(?.l)/0.0/iTCN(2,2)/1.20/<TCN(2,3)/2,io/,TCN(2t4)/2.90/, 00129700 
5TCN(3»l)/0.0/,TC'>J(3,2)/1.30/»TCN(3,3)/?.2o/,TCN(3.4)/3.00/, 00129800 
6TCN(4»l)/0,0/»TCN(4t2)/1.30/»TCN{4»3»/2,5o/,TCN(4i4)/3,70/ 00129900 
DATA TCADl/4.0,b.U.5.75«b.50/'.TCAD2/b.0.5.0.4.5,4.0/« 00130000 

1 TOEL/0.*5.0»ln,0»15.0/«TAT/0.»0«»0«»0.t7.4»7.2»T.4»7.1t 00130100 
2 12.1,11.8»11.6,11.3.17.7,17.2,17.1«17.1/ 00130200 

END 00130300 
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DRSAR-SAM 

tt JMH  1977 
MEMORANDUM FOR RECORD 

SUBJECT: Information for SHAPE Technical Center Relative to Z0T.14/ 
ZOT.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 #A036663), Jan 77. 

2. DRSAR-SA is preparing, for transmittal to SHAPE Technical Center, a 
set of data including the source program for ZOT.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) information relative to conversion of the source from IBM S-360 
extended FORTRAN to ANS FORTRAN for UN IVAC, and (b) methodological back- 
ground with input/output descriptions. 

4. Relative 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/O 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 IBM S-360 Scientific 
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* t 2 JUN 1977 

DRSAR-SAM n ,     . ,*«.,-/ 
SUBJECT:    Information for SHAPE Technical Center Relative to Z0T.14/ 

Z0T.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 I/O), 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 
the program. 

j^Ay iC^X 
1 inci RICHARD D. HEIDER 
as Operations Research Analyst 

Methodology Division 
Systems Analysis Directorate 
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USER'S INPUT GUIDE TO ZOT.15 

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

CARD 1 
CARD 2 
CARD 3 

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

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

(1)   THET6Y   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: Identical to CARD 5 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- 
defined 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) KLD0T    as in Z0T.14 except that it is now applicable to both 
glide and ballistic modes. 

v^-wc-^ J- 
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(7)   GSBAR 

(8)   KGS 

range of gimbal angle (abs. val.) within which the 
gimbal saver output is zero [deg] 

gain of gimbal saver [dimensionless] 

CARD 9, required, format (7F10.0, 212, 213), contents by field: 

(1-7) 

(8)   IGLIDE 

(9) I CAGE 

(10)  NLAST 

(11)  NEWAER 

identical to corresponding fields of CARD 8 of Z0T,14 

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 gyro attitude to be as specified by THETGY 
on CARD 4 

gyro cage control parameter for action of gyro after 
loss of acquisition—ICAGE = 0 for free gyro or 1 for 
caged gyro 

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) 

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. 

(1) Nl 

(2) N2 

(3) N3 

(4) N4 

(5) 11 

10, optional, format (1615), contents by field: 

option parameter for vector VMACH--N1 = 0 for no change, 
Nl = 1 thru 7 for a changed vector VMACH having NMACH = 
Nl elements 

similar parameter for VMCA0, NMCA0 

similar parameter for VDELTA, NDELTA 

similar parameter for VALFHA, NALPHA 

option parameter for table TKA—II = 0 for no change, 
1 for change 

68 



(6) 12 

(7) 13 

(8) 14 

(9) 15 

(10) 16 

similar parameter for TCNA 

similar parameter for TCND 

similar parameter for TCAD 

similar parameter for TXSM 

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, rnach 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: 
l 

(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: 

AGCSR (1) 

(2) WLE 

(3)   WGATE(l) 

(4)   WGATE(2) 

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

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. 

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

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 

l 
(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) identical 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 
locations [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 CARD 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 M0DESM = 3—contents by 
field: 

(1) RDB 

(2) AZDB 

(3) AZDES 

(4) ELDES 

(5) REFL2 

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

azimuth [deg] from designator to the same point 

azimuthal direction [deg] of designator's beam 

elevation [deg] of the same 

reflectivity of background 
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CARD 22: Identical to CARD 16 of Z0T.14 

SJSJTI
3
; 

0Ptional? for™t (9X,5F8.2)-used only if MODESM = 2 or 3. then 
NSPOTS cards required—contents by field: ' or o, men 

(1) 

(2) 

(3) 

(4) 

(5) 

mi) 
YV(2) 

YV(3) 

CROSS 

PCTEBG 

as in Z0T.14 

as in Z0T.14 

as in Z0T.14 

same as BRITE of Z0T.14 

percent of beam energy spilling over onto background. 

This completes the data deck. 

Next page is blank. 
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DRSAR-SAM 

8 JUL 1977 

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-Jun 77 at the request of COL Nulk 
(Ref la), to further explore the dependence of footprint size upon the 
ceiling and tlie"gun-to-target range (GTR). The most recent previously- 
developed estimates of footprints for COPPERHEAD (Ref lb) included two 
levels 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 lb). Those which_one might expect to affect the foot- 
print include: Kg, Kp, K., KGS and GS.* In addition, flight tests per- 

formed in Mar 77 indicated a larger drag coefficient than previously 
estimated. 

*These parameters are: 

Kg gain of g-bias computation circuit   K^ gain of gimbal saver 

Kp'gain of gyro electrical cage circuit  S5 threshold of gimbal saver 

Kii gain of attitude-hold circuit 
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DRSAR-SAM 
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. 
From this 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 function 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 
is similar to that seen previously (Ref lb). 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 lOOC-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 warheado 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 lb 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# AO 36663), January 1977, Description of a Computer Program 
(Z0T.14) for Guidance Simulation of Cannon-Launched Guided Projectiles^ The 
supplementary documentation for the current Z0T.15 is contained in MFR, 
DRSAR-SAM, 22 Jun 77, subject: Information for SHAPE Technical Center Rela- 
tive to Z0T.14/Z0T.15. 
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ScT^ Computer Simulation Study of the Relationship of the COPPERHEAD 
Footprint to Ceiling and Gun-to-Target Range 

^h r^P  Further exoeriments were performed using Z0T.15 to identify the 

reduces, the navigation gain whenever the projectile axis is steered more 
than OS away from the gyro axis. 

6. Verification of Gimbal-Saver Effect. 

It was desired to cross-check between simulation models J" Jh! va"1^1^ 
*< +tl Sfprt nf the airbal-saver upon the stretch range as indicated by 
ZOT l"  Therefore, aperies of runs of the Rodman six-degree-of-freedom 
moJ; fRef lc) were made for DRSAR-SAM for a slightly different 12-km nominal 
G?R traiectory (Rodman aero being slightly different from that used in the GTK trajectory^Koujcui at.u   y  a  matching runs were produced using 

^aaSrrn  sfw  % leiiltfJis U^ in9terms of miss distance vs 
ranae disoleved in Figure 7. These results do verify the existence of the 
effect of the gimba-Iaver, but there is a disagreement between the two 
srulation models as to the stretch point, which is presently unexplained. 
Hrever there is adequate agreement between these models as to the tuck 
point. Further analysis^ of differences is requireo. 

7. Conclusions and Reccirnendations. 

a  For ceiUfiqs'much below 2000 feet, an adequate footprint is not 
achieiable usfngtte desired 2C-degree glide; a shallower gide might pro- 
vide the required footprint, but one must accept decreased lethality if 
that approach is taken' Tr^.de-off studies along this line are reco^nenoed. 

h The effect of the gimbal-saver requires further study, preferably 
usinS^ll available fllghtmodels. Eased upon the results of this study, 
I recommend a rev ew cf^the choice of the parameter values of the gimbal- 
Lver with a view to restoring the gimbal-saver to its original des^n or 
its possible elimination. 

Additional runs would be required of the Rodman ^del, but J* P^sent the 
turnaround would be excessive due to the demands imposed by the transfer 
of-function process currently underway. 

SIGHED 

q Incl RICHARD HEIDER 
1 7 Ficures Operations Research Analyst 
o T^hiP 1 Methodology Division 
SJ; lable 2 Systems Analysis Division 
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DRSAR-SAL 0 ? JUN ™7 

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 recomnended 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 lbs 147,000 

6 3/4" 172 lbs 21,000 

7 3/8" 220 lbs 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: 

no. billets 
per charge 

10 

8 

6 

85 

billet 
size 

billet 
weight 

number 
billets/ht 

5 1/4" 1874 lbs 170 

6 3/4" 3091 lbs 103 

7 3/8" 3698 lbs 87 



DRSAR-SAL 7 JUN 87/ 
SUBJECT:    Scranton BUlet Crane Simulation 

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 line capacity Is 340 mults/llne/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 |ias 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 lifting 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. 

^    Iteni }-    Chamberlain states that under mobilization conditions 
they will workSOO 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 is: 

(500 hr/mnU480 mWsh1ft - 35 min lunch - 45 min break*      ..« ^ 
law nr/moH ^480 min/shift - 35 min lunch ) ' 449-44 hrs/'"0 

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

number of mults per billet « ]VA IfeZfeljIft 
10/ lbs/mult 

■ 17 mults/billets 

mean time between charges ■ 

(17 mults/billet)(10 billets/chq)(449.44 hrs/mQ)(60 min/h.) 
U4/,000 mults/mo)  "—L 

- 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 1$; 

(•15)(31. 
1.96 

191 

- 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 6 3/4" 
billet table Is as follows: 

number of mults per billet « 3^ Ibs^wHt** 

» 18 mults/blllet 

mean time between charges = 

(18 mults/blllet)(8 binets/chq)(449.44 hr/mo)(60 mln/hr) 
(21,o6Q mults/mo) 

= 184.91 mln/chg 

n - U5)(184.91) 

= 14.15 

limits = 142.46 minutes, 277.36 minutes 

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

number of mults per billet - 3^g mfisMT 

' 16 mults/blllet 

mean time between charges ■ 

(16 mults/blllet)(6 b111ets/chg)(449.44 hr/mo)(60 mln/hr) 
(63.006 liults/mo)  L-J' 

■ 41.09 mln/chg 
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„ - (.15)(41.09) 

*  3.14 

limits = 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 Is operating: 

(500 '"•/"''Uso awimT^ran lunch' •539-33 hI-/"0     " 
The mean time between arrivals of 5 1/4" heats Is determined by: 

(8647.06 billets/mo) . en o«c h*c/«« 
V(170 billets/ht)    / 'SO-865 hto/«» 

(539.33 hrs/mo)(60 m1n/hr) , ,,<■ 1Q m4ri/h+ 
 (50.8fc5 his/mo)      '       636-19 m1n/ht 

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 1s 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. 

88 



f m W7 

DRSAR-SAL ,    , 
SUBJECT:    Scranton Billet Crane Simulation 

(539.33 hrs/mo)(60 mln/mo) . 2856t91 m1n/ht 
(11.33 hts/mo; 

2856.91 + 3(2856.91)Js - 2692.56, 3017.26 

Thus the limits are 2692.96 and 3017.26. 

1.    Item 6.    Arrival of 7 3/8" heats. 

•   (63,000 mults/mo) . 3937 5 b1llets/ino 
(16 mults/blllet; 

(3937.5 billets/mo) „ 45 2g w^/^ 
(87 blllets/ht)    " 45^6 nts/m0 

(539.33 hrs/mo)(60 mln/hr) . 715 m1n/ht 
(45.25 hts/mo) 

715.00 + 3(715)>s = 634.78. 795.22 

Thus the limits are 634.78 and 795.22. 

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 lifted clear 
of the car sides, i.e., tolift an additional 13.5 feet. 

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

n.    Item 22.    The time required to pick billets off of the storage 
pile 1n 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 

8^ 
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till wtfiuvV^Zll*9 seconds t01nsure th't *''- 
o.    Items 23-25.    The number of 5 1/4". 6 3/4"   and 7 Vft" MII^ 

identical to Items 15-17 respectively. o«uinea to oe 

ar.c P-    Iter" 29.    DRSAR-IMB has Indicated that automatic squarlna tables 

170 bhliU^^ ^ SlZe 0f a typ1cal 5 1/4N heat 1s ent^ as « constant 

103 billiMr^ ^ SiZe 0f a typ1cal 6 3/4M heat 1s ente^ ** a con.tant 

87 blileB21^  The s1ze of a W"1 7 3/8" •>"* «« entered ., . content 

entered IrHsiistllS e^MUe^" 0f ' '/4" bil1etS 0n a "" "' '• 

*«*.-SLi Item 40-    The ^Pical number of 6 3/4" billets on a ran rar. ** entered as a constant 32 billets. "uiets on a rail car Is 

entered STT^stln! ^bl'le^"" ^ ' 3/8" b111etS 0n a ~11 "r '» 

areas \% ullTml^TelUullT'V^ t™. ^ Closest t0 "" ^ 
distance traveled"; ?he crane   »n5;h„IhIf1

tendS t0 m]nim1« the overall 

be idle at leaH 33* «/S-U       ^!Se runs 1ndlcate that the crane would 

tables, respective!; the 5 1/4 • 6 3/4 » and 7 3/8" billet 
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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 variability 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 tail 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 t*ian 
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 of the crane as a per- 
centage of its maximum speed.    With a good bay priority 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. 
Outside 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. 

DAVID H0EHN 
Operations Research Analyst 
Logistics Systems Analysis Division 

Next page is blank. 
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DRSAR-SAA Analysis of the Provisioning System    „. „«. 
DRSAR-MA DRSAR-SA ' )M w' 
DRSAR-HM CPT Kruecjer/jls/GiFO 

1. Reference: 

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

b. FONECOHs between DRSAR-MM, Mr. Crouch, DRSAR-MA, Mr. Stehn, and ORSAR-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 provisioninn 
system as applied at liq, ARRCOM. The attached MFR (Incl 1) contains the analysis 
of the provisioning system. An estimate of the provisioning time was developed in 
March 197G (ref lb) and used to validate the developed simulation. A summary of the 
various time frames simulated is shown below: 

SIMULATIOH 

a. Current Process 

b. Increase Provisioning Personnel 

c. Reduce DLSC and DSA/GSA Time 

d. LSA 

e. Combinatorial (b<id) 

The time estimates provided by provisioning and cataloging personnel (ref lb and 1c) 
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 5370. 

1 Incl M. RHIAN 
as Director, Systems Analysis Directorate 

DAYS DIFFERFflCE 

265 - 

261 -4 

179 -86 

235 -30 

230 -30 
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SUBJECT: Analysis of the Provisioning System es Applied at HQ, ARRCOM 

1. Reference: 

a. Minutes of CG, ARRCOM Weekly Staff Meeting, ; ) Jan 76. 

b. DRSAR-MA MFR to DRSAR-SA, subject: |VAD^ PIP Provisioning, 9 Feb 76 

c. Army Regulation 700-18, Provisioning of JUS/Army Equipment, 21 Sep/73. 

d. Technical Manual 38-715-1, Provisioning Irechniques, Oct 65. 

e. Commodity Command Standard System Operating Instructions, Vol 
No. 18-700-13, Provisioning System, Oct 75J 

f. Standard Operating Procedure No. 7do-MA-26, Commodity Coimand 
Standard System Provisioning System, 9 Oed 74. M 

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

h. Numerous FONECONs between Mr. Croqch, DRSAR41M, Mr. Stehn, DRSAR-MA. 
and CPT Krueger, DRSAR-SAA, subject: Refjla, above, period of time -  / 
Mar 76 through Dec 76. ,     / 

1. SAO Note 2, "Secondary Items Administrative Lead Time Simulation 
Study, Mr. Rj Banash, etal, June 74. 

! ! '' 

ij. Military Standard No. 1388-1, Logistical Support Analysis, 15 Oct 73. 

2. Introduction. This Directorate was tasked initially {ref la) to 
analyze the.VULCAN Air Defense System (VADS) Product Improvement Program 
(PIP) provisioning effort. This tasking was subsequently broadened to 
?rn^ a? aSA^?1s of the overa11 Provisioning system as applied at HQ, 
ARRCOM, (ref lb). i rr      xi 

3. Background. Provisioning is the process for determining and acquiring 
the range and quantity of support items (repair parts, special tools, 
technical manuals, etc) necessary to operate and maintain a weapon system 
for an initial period of service. Provisioning planning begins early in 
the life cycle of a new system or early in the design phase for product 
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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 Ic^-lg 
and perform a sensitivity analysis on identified system 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 Ig and Ih). 
The network developed related activities and decision points within the 
provisioning 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. All results have been rounded to whole days, and the days 
refer to calendar days. 

/ 

Discussion of Data. No historical data existed for times to complete 
however, a generalized time estimate was developed a provisioning process. 

in March 1976 by the provisioning and cataloging personnel"of "the^Mainte- 
nance and Materiel Management Directorates (ref lg). This estimate was 
later refined (ref Ih). 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 li) simulated the administrative lead time (ALT) 
for the procurement of secondary items. 

ti    .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. 

+ ho I!?eS? ^ree entit1es were combined in a logical manner that described 
the actual f ow process for provisioning transactions. The system simu- 
lation was allowed to reach a steady state to reflect the average number 
rLtnl  w?.h0,^lete-a-tr?n^act20n- Tab1e 1 compares the simulation results with the original March 76 estimate. 
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' TABLE 1     , 

Current Process 

Simulation ^65 (Calendar Days) 

Estimate (March 1976) 

Difference 

1 "   •       V.,    Ji 
The 26 day difference between the simulation res^ift and the original  y 
estimate was discussed with the concerned representatives (ref Ih), 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 possibleVe- 
submission to the Defense Logistics Service Center (DLSC) and Defense Supply 
Agency/General Services Administration DSA/GSA for 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 jas the standard against which  / 
the sensitivity analyses would be compared1. / 

7- Sensitivity Analyses. The sensitivity of the following system factors 
to change was investigated. / 

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. ' 

i i , -! 
b. A reduction of the minimum required process time at DLSC (DSA/GSA) 

from 60 to 30 days was investigated. 

C. Exclusive use'of LSA, Logistical Support Analysis was investigated. 

d. A combination of'using LSA and increasing the number of provisioning 
to personnel by six was investigated.  i 

I      ! .     . 
No increase In the number of personnel in the Cataloging Division 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. i 

B. Sensitivity Results. 

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

i. ■    ■ .j 

i 
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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. 

;     . \ TABLE 2 
Increased Number of Provisioning Personnel 

: ■.      f 

Current Process     #    265  (Calendar Days) 

Increased Number 261 
« 

Difference    ■. 4 
i . . 

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 DISC 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 and DSA/GSA 

Current Process 265      CCalendar 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 (ISA). 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 l : 

Use of Logistical Support Analysis 

> Current Process ^   265 (Calendar Days) 

LSA Process 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 
chosen because of the ability of HQ, ARRCOM to readily Implement these 
changes. ' !.•...•, 

I 

Current Process 

Combinatorial 

Difference 

TABLE 5 

Combinatorial 

■ - il 
265 (Calendar Days) 

2351 
30 r 

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 
.\time frame reduced; however, this is not an immediate solution, since 
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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 resulted 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. 

C^yOi^^^— 

LARRY W.  KRUEGER  a 

CRT, OrdC 
\     Systems Assessment Division 

Systems Analysis Directorate 
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DRSAR-SAA M551  Sheridan Wear-Out 
DRSAR-HA DRSAR-SA 6 ^ w' 
DRSAR-f4M CPT Kriieger/jls/G370 

1. Reference: 

a. OF w/incl. DRSAR-MA to DRSAR-SA, 1 Nov 76, subject: Trip Report - USAREUR 
Visit ll-ifS Oct 76, DCG, Dir of Maintenance and Ch, DRSAR-MflP, Part II. 

b. Demand Return Disposal Files, 15 Dec 74 - 15 Dec 76. 

c. Order of Merit List, (1551 Sheridan, 6 Oct 76. 

2. The Systems Analysis Directorate was tasked (ref la) to conduct a failure rate 
analysis on European based Shen'dans and additionally, to detemine if the coraponent 
buy policy for ARRCOM managed [1551 Sheridan components and repair parts need to be 
revised to accommodate a rapidly increasing wear-out rate. As discussed in the 
attached MFR (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 need to be made. First, the Demand Return Disposal Files (ref lb) 
only contain the past two years demand history. The number of years of demand 
history retained at HQ, ARRCOM on magnetic tapes needs to be extended to a minimum 
of at least four years. Second, the weapons codes (per AR 725-50) used in the DRD^ 
files are not used in Europe and are not a required entry of CONUS. The lack of ' > 
these codes hinders the uae 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. 

3 Incl M. RHIAN 
as Director, Systems Analysis Directorate 
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SUBJECT: M551 Sheridan Wear-Out 

1. Reference: 
r 

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-MMP, 
Part II, 

b. Demand Return Disposal Files, 15 Dec 74-15 Dec 76. 

c. Order of Merit List, M551 Sheridan, 6 Oct 75,. 

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 ARRCOM 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.       — ^ 

/ 

/ 

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 
reviewing the available demand history files (ref lb). The required demand, 
data was requested from the ALPHA system; however, the system could not 
provide the needed information. Copies of the December 1975 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 
1c) to obtain all Sheridan Stock Numbers and then screen the DRD files 
for those NSNs to obtain the required information. 
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5. Methodology. The rationale for using the DRD files was that if the 
variably-aged Sheridans were rapidly wearing out, this would bo reflected 
in a corresponding rapid increase in the number of demands and/or quanti- 
ties demanded. A COBOL program was written that would first screen the 
DRD files for the stock numbers obtained from the OML and then further 
screen the remaining 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 level 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. 

l 
a. The stock numbers were first ordered by .total cost per NSN from 

high to low. The top 90% of the cumulative total cost were then subjected 
to a trend analysis. This trend analysis consisted of comparing first 
and second year demands. // 

b. The total demands per month and total quantity demanded per month 
were each graphed (Incl 1 & 2) and again a trend analysis performed on the 
data. ;  j / 

c. The average quantity 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 calculated, 
graphed (Incl 4) and a trend analysis performed. . 

6. Results of Analyses. ' "• f|    j 

a. After the European stock numbers were identified and subsequently 
ranked by cost from high to lew, the stock numbers comprising the top 90% 
of the total cost were separated for analysis. The number of MSN's in this 
category was 111 or 11.5% 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 linear regression yielded a positive slope which would indicate an 
increase from one year to the-other and the correlation factor (a measure 
of how close| the data points conform to a straight line) was moderately 
high, which indicates a close fit. 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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that this increase was due a great extent to Maintenance Letters that had 
been sent to the field directing various maintenance or inspection actions. 
Those letters 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 long-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 0C0NUS. 

b. From the analysis above there appears to be(based on available 
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 before problems arise. 

i   rs^~ '-^4-:—^'^ 
4 Inc1 LARRY W? KRUEGER 
as !   ■ • CPT, OrdC 

Systems Assessment Division 
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DRSAR-SAM t i m m 

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 M188E1. 

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 Prnax» 
the peak chamber pressure. 

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 limited by some safe value. The Ap limit is determined in part by the 
relationship between pma>. and Ap. Presently this relationship is poorly de- 
fined and may, in fact, depend upon other variables such as propellant 
temperature. Even if the safe limit of Ap were well defined, the risk of 
exceeding this limit 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. 
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the M188E1 Propelling Charge 

During safety tests of the MHO system, the M188E1 propelling charge had 
been subjected to a sequence of rough handling operations and subsequently 
temperature conditioned to -50 degrees Fo Several of the rounds fired with 
this treatment experienced Ap values in excess of 2 ksi and displayed 
values of pmax which generally increased with Ap, Furthermore, tests of 
M188E1 charges with intentionally malconstructed igniters v/hen subjected to 
-50 degree F conditioning have displayed extremely large (>5 ksi) values of 
Ap and anomolously large values of p max 
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 M188E1 
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 
following 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) and 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 
this particular application. Computer programs are presented in Attachment 2 
(Incl 2), 

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 (-50oF) 

temperatures and high temperatures (1450F) a two-parameter Weibull distribution 

is a reasonable statistical model for Ap* These data suggest that the 

shape parameter, B* is nearly unity--the high-temperature distribution 

having a value of 6 only slightly in excess of 1, and the low-tempera- 

ture distribution having a 8 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 6=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 lOOp th per 

meter e is given by 

The lOOp th percentile, x , of an exponential distribution with para- 

*MFR, STEAP-MT-G, 11 Apr 77, subject: M188E1 Charge-Max Neg AP Results. 

>-"■;■ 

y ,i: 



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

or 

xp = -e ln(l - p) . (1.2) 

Thus with p chosen, x is proportional to the parameter e. 
P A 

The maximum likelihood estimate of 6, e, obtained from a sample of 

n: {X., i = 1, n} is, simply, 

6 - z!J.1 X./n  . (1.3) 

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

(1.2). 

Var(xp) ■ Var(e) ln2(l - p) . (1.4) 

Now, a well known result for the exponential distribution is that the 

parameter 2ne/e has a chi-squared (-X- ) distribution with 2n degrees of 

freedom. Further, 

Var(*|n) = 4n , (1.5) 

so that 

Var(e) = e2/n . 

Thus, from (1.4) and (1.6) , 

Var(xp) = e2 ln2(l - p)/n (1.7) 

or, with (1.2), 

Var(xn) = x2/n . (1.8) 

Note that the distribution of 2nx /x is also X- with 2n degrees of 

freedom since x and e are proportional. 

Detecting a Difference Between Two Samples 

Suppose that two samples of n each are used to estimate the x th 

percentile (and parameter e), producing e and e . Making use of the 

Central Limit Theorem, for n greater than about 10 the following statis- 

tic is approximately standard normal: 

e - en - (e - ej 

^72 ^ =  yr. .A \/9 ' (1.9) 
[Var(e) + Var(eo)] 
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Alternatively, with 

f - 6/e0 . (1.10) 

[e^e^/z (f2 + 1)V2 

One hypothesizes that Ho: e = eo , with the alternative H,: e > e . 

With the gaussian assumption, 

PU < 1.65} = 0.95 . (1.12) 

Consequently, at a risk of only 5% of the declaring H false if true, one 

can accept H, if 
A      A 

(e - e )/n 
0 - > 1.65 . (1.13) 

/e + 0„ o 

Notationally, let e = P{accept H,} (1.14) 

Then, 

(e - en)/n 
» " P{ . _   . - 1.65 > 0} (1.15) 

/ e + e; o 

Using the expected value of the denominator in (1.15), approximately, 

0} 6 = P{C + (V ^TT? - 1.65 > 
(f2 + 1)1/2 

or 

3 = *(/?r(f - l)(f2 + 1)-1/2 - 1.65), (1.16a) 

with 

•(z) =-= I  e x  dx . (1.16b) 

Plots of e(f) for various values of n, calculated from (1.16), are dis- 

played in Figure 1. 
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These operating characteristics or OC curves indicate the value of the 

fractional shift f which must occur to detect a shift in the parameter 

e between samples. The rule used to detect a shift is given by (1.13) 

with e and e 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 eo is estimated from the sample whose 

population parameter e 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 is 

greater than about 3, regression of e 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 

parametric 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 distribu- 

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 *-, ^ ^ ?« T^. 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(1): during the 1 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 TT. that for any round of the 

1 th set Ap will exceed 2 ksi. Then, 

p<M1)> - M') - W1 ->i)n"K. (2.i) 
0 <_r <_r)  . 

The expected number of rounds in the i th experiement with "success," 

i.e., having a Ap in excess of 2 ksi, is n TT.. 
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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, 
S = {0, 1, . . .. n}. (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 is 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 = EII=0P{M1)}[P<Er-s(2) or Er+s(2)' 9iven ri.s £ S}' 

i:qP{Eq(3)} + P{Er_s(3) or Er+S(3), given r+s c  S}IqP{Eq(2)} 

-P{Er_s(2) or Er+s(2), given r+s e S}- 

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

where the limits of q are 

Snin = max (0' r " s) 

qmax = 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 

P0 = A0(1)X0(2)X0(3) + A1(1)A1(2)X1(3) + X2(1)X2(2)X2{3) + 

A3(1)A3(2)X3(3) (2.4) 

h = Ao(1)V2)X0(3) + Ao(1)Ai(3){xo(2)+xi(2)) + 

X1(l)(x0(2)+x2(2))x1(3) + X1(1)(X0(3)+X2(3))(X0(2)+X1(2)+X2(2)) + 

A2(1)(X1(2)+X3(2))X2(3) + X2(1)(X1(3)+X3(3))(X1(2)+X2(2)+X3(2)) + 

X3(1)X2(2)X3(3) + X3(1)X2(3)(X2.(2)+X3(2)) (2,5) 
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P2 = Vl)V2)<V3)+^(3)) + A0(1)x2(3)(A0(2)+A1(2)+A2(2)) + ' 
A1{1)A3(2)(X1{3)+A2(3)) + X1(1)A3(3) + 

A2(1)X0(2)(A1(3)+A2(3)+A3(3)) + A2(1)A0(3) + 

^3(1)A1(2)(A2(3)+A3{3)) + A3(1)A1(3)(A1(2)+A2(2)+A3{2))    (2.6) 

P3 = A0(1)A3(2) + A0(1)A3(3)(A0(2)+A1(2)+A2(2)) + 

*3(m0(2) + A3(1)A0(3)(A1(2)+A2(2)+A3(2)) (2.7) 

A numerical evaluation of (2.4) thru (2.7) with TT = n = ^ = 0.1 

produces the following distribution of binomial range:       3 

s Ps Z?=lPi 

0 0.4018 0.4018 
1 0.5315 0.9332 
2 0.0644 0.9976 
3 0.0024 1.0000 

Summary statistics are: 

mean = z^^ip.  = 0.66735 

std. dev. = [l"=]i
2pi  -  mean 

2]1/2 = 0.60418 

coefficient of variation = std. dev./mean 

= 0.90535 
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Test for Constancy of ir. 

The distribution for the discrete binomial range was evaluated, using 

(2.3), for several sets of values of the parameters n, IN, Tr2, ir-. These 

results are shown in Table 1. One notes that a progressive departure 

from constancy of the TT'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 Tr2 or TT3 (TT, 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 TT'S. Specifically, for a given 

sample size (n), select a value of s for which the TT'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 TT'S are not 

all identical. That is, if s > a, the treatment is declared to affect 

the value of TT, the probability that Ap exceeds 2 ksi. 

In selecting the acceptance number a for a given n, one must decide 

what risk will be accepted in declaring the TT'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 TT3 and TT4 from 0.1 to 0.4 would 

exceed 98% (from Table 1). It is of interest to compare the power of 

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

6-eo . To facilitate the comparison, note from Figure 2 that the value 

of f corresponding to an ordinate of 0.4 (= TT) is 2.513. Then, using this 

value of f and assigning the same risk of mistaking a shift of TT 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 TT- and TT-), one 

can develop the operating characteristics of three non-parametric tests 

using the binomial range with values of n = 10, 20, 30 and corresponding 

values of a = 2, 3, 4. The probability of accepting the alternate 

hypothesis (H-|) that the TT'S are different is shown in Figure 3 as a 

function of TT^ and ir3. In constructing Figure 3, it is assumed that the 

values of TT2 and -n^  are the same. In this case the probability of accept- 

ing H-j has only a single argument. However, this assumption is somewhat 

restrictive. In general, P{accept H^ depends upon two arguments—TT2 and 

ir-j, 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 v?  and TT- 

for which the probability of accepting ^ is less than 0.5 is approximately 

bounded by the circular arc: 

(ir2 - 0.1)
2 + (^ - 0.1)2 = (0.25 - 0.1)2 , 

for the case in which n = 30 and a = 4. 
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Figure 3. Operating Characteristics for Three Non-Parametric Tests 
Based Upon the Binomial Range of Three Sets of Bernoulli Trials 

I 
oTf 

1 ir1   = 0.1 

0.2. 0.3 

■H- 

^2 = ^3 (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/O 
and subprogram calls, MAIN; a subroutine for computing the distribution 
of binomial range, BINRNG; and a function for calculating the binomial 
probability, PBERN. All 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 lists the p.d.f., 
c.d.f., and upper tail probabilities for the discrete range. An example 
is provided. 

N     C     .y 125 
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c~ 
C     MAIN PriOOKAl- TO DEVELOP A SET OF DISTRIBUTION FUNCTIONS 
C     FOR THE F</4riGL OF OUTCOMES I-ROM THREE EXPERIMENTS* EACH 
C     COMSlqTKJG OF N iERMOULLI IPIALS 

IMPLICIT REALMS (A-HtO-Z) 
DIMENSION TirLF(20) »PS(100) »CnF (1 00 ).»PMEAN ( 3) .NSAMPO) 

1 CONTI'lUt 
RFAO (5»lOO»t^D=30) TITLE»NSAMP{U,NSAMP{2)tNSAMP(3)« 

1 PNtA.Jd) IPI-1EAN(2) iPM£AN(3) 
100 FORMAT(20A^/3I3.lX,3F10.n) 

■•■.'RlTt (6i200) TI TL£»i.SAMH( 1) ,NSAMP(2) ,NSAMP(3) * 
1 PMF A-M 1) »PMeAN(2) »PMEANJ(3) 

200 For-'-AT (iMl ,2()A4/lHf),'SAMHLE SIZES ARE : • , 3 ( 3X * 13) ♦ 
1 •  MTh TRIAL PROHS.:»«3(2X*F10.4) ) 
IJsMAXO (NSAMP( 1 ) ,NSAMP (2) |N5AMP{3) ) 
NP]sN*1 

c 
C     WRITF HtAUlNGS 
C 

MRITE (b»30n) 
300   FOKMAT (1HO»7A,3H:JO. t3X,7HUFNSITY» 11H   CUMUL.   PR..9H   PEM,   PR.) 

CALL    PIiNRN6{NSAMPfpMF.AN»PS»COF« 100) 
DO   7   1=1,NP1 
IM1 = I - 1 
RL»F =1 . OUO-CUF ( I ) 
Af^lTb    (6,400)    IMUPSd) tCDF(I) tROF 

400   FORMAT (/A* I3»3F10.«*J 
7   COf.T I'JUE 

SUM 1 = 0.000 
SUM2sO,()UO 
DO   b   I=i»MPl 
FI=r:FLOAr !T-1 ) 
SU!'lsSU.41*FI*PS(I) 

■SUh2s5UM2*FI*F I»PS(I) 
S   CONTINUE 

VARS=SUM2-SUnl«*2 
ST[>OV = nbiJKT (VARS) 
COP V.. =STiJDV/SU 11 
WHITE    (6,10)    SUKltSTDOVtGOFVN 

10   FO'^lAT ( lt:o,9X,6HMLArj.R, 10X,SHST[)DV,t3»,,7HCOF   VAR/3F15.5) 
GO   TO   1 

3 0   CONTINUE 
CALL   EXIT 
STOP 
EN l.) 
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c 
c 
c 
L 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

31 
30 
20 

SUMOJTIUE niN,RNb(NSAMP«PM£:AN»PS»CDf'»NlDlM) 

SUF?Wi)UTir;E TO OHTAIN THE 01 STPIriUT JOI. FUNCTION OF THE HANGE OP A 
dlNOfML VAHIARLE FHOM THKEL INDEPENDENT EXPERIMENTS* EACH 
OF" WHICH Cnj.SlbTS OF N BERNOULLI TkiALS WITH PROB. PMEAN. 

IMPLICIT *tAL«P (A-HfO-Z) 
INTEGER RiS 
DIKENSION PSCJOIM) tCDFtNUlN) ,PMEAN(3) ,NSAMP(3) 

NSA^ 
N s' 
PS(f. 
cor ( 
PL<E'' 

P.O. 
ANH 
K 15 
OROE 
Ou '<L 
IP1 = 
UO 3 
IF (N 
NHsN 
MS AH 
NSAP 
HuLt1 

P;-1EA 
Pi-stA 
COM 
CO'JT 

CONT 
N = NS 

P 

S) 
• S) 
'••(K 
K . 

v*z 
A 

" S 
0 I 
1*1 
(1 I 
SAr 
S A •-I 
^, ( I 
f (I 
sPf 
r:{I 
f (I 
TNU 
INIJ 
INU 
AVP 

SA.-'^LE SIZE OF THE I TH EXPERIMENTAL SET 
SAMPLE SIZE OF HEf<NOULLl tAPt.<iMENTS 
PPOBArULUY DENSITY EUMCTlO,^ oF THE RANGE FROM THREE EXP'MTS 
THE CUMULATIVE OI3TRIBUTIQN FUNCTION OF THE ABOVE RANGE 

»N»PV.rAM) IS A FUNCTION WHICH CALCULATES THE BINOMIAL 
FOR AKGUNENI K WlTri PARAMcTE^S N — THE SAMPLE SIZE — 
(IN—THE PRO-AHILITY OF THE EVEuT (SUCCESS) ON A SINGLE TRIAL. 
MEMtiEP OF Trit SET (OtN) . 
A''PLE SIZE FROM LARGEST TO SMALLEST 
= 1.2 

1 = 11-1,3 
fJ (1) .-E. JSAMPdl ) )    (,0   TO   31 
P(I) 
) =MSA.MP (II) 
i) =MM 

EAN( I) 
)=RMEA g(II) 
I)=HOLO 
t 

(1) 

INITIALIZE   THE   RANGE-ARGUMENT   (NS)   LjQP 

TOTAL=0.0D0 
MHlrfj* 1 
START   'jS   LOOu 

DO    1    IJS=1»MP1 
S = I.S-1 
DSUF-is0.0D0 

START SUMMATION LOOP 

DO 2 NS=I»NF1 
RSNK-1 

CALCULATE    THE   FIRST   FACTOR 

Fl=Pt-EPfl(R»N,PWEAN{l) ) 
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-c 
c 

c 
c 
c 

c 
c 
c 

SLLECT   ThE   TERMS   OF   THE   SECOND   FACTOH 

K1=P-S 

IF(Kl.LT.O)    UO   TO   3 
Tl=pne;pN(Kl »riSAMP(2J .PMEAU(2) ) 
TTlsPUEftN(KltNSAN!P(3) tPMEANO) ) 
60   TO   4 
Ti = 0.'JO 
TTl=o.nL)u 
IF{K2.GT.r,.0-v.S.EQ.O)    GO   TO   5 
T2apf'EPMK2,'iSA.«iP(2J »PMEAN(2) ) 
TT2=PBEK:l(h2»:JSAMP(3) tPHtA^O) ) 
GO   TO   ft 
T2=0.Df) 
TT2=n,f)l)n 
CONTIKUE 
F2=T1*T2 
Ff2 = TT1* m 

DEFINE   THE   KArlGE   LIMITS   OF   THE   THIRD   FACTOR 

LLOV.sMAXO (0»H-S) 
LUPks'-.H^O (N,^*5) 
IF(LLOK.LQ.O.AMU.LUPR.EQ.N)   GO   TO   5 
F3sO.D0 
FFJ = (),Oi;0 
LL0=LLGA*1 
LUpsl.UHK* 1 
f)0   7   r=LLOiLl!P 
K3=K-i 
F 3=F?*P^cKN(K.3fMSAMP(3) tPMEANO) ) 
FF3sFF3»PfJLfv!j(K3»NSAMP{2) »PMEAN(2) ) 
Ca.NTjrjUE 
GO   Tr^   9 
Fj=l.ono 
FF3=1.OUO 
COl-jTlfilit 
F l=f l»l,02G 
F2sF2«1.020 
F3 = F 3*1.020 
FF2 = FF?<M ,020 
Ff J=FF3<>

1.L)20 

PSUf-^PSUf' ♦Fl#(F2»F3*FF2»Ff 3-F2*FF2) 
CO'.'TIVJL 

ENO OF SUMMATION LOOP; FILL THE PRObABILITY DENSITY VECTOR PS, 

1 
11 

PS(NS)aP5UH«l,0-60 
TOTAL =TOTAL*FS (ixio) 
IF(1.OOU-rOTAL.LF,1,00-5) 
CONTINUE 
CONTINUE 

GO TO 11 
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CO 1^ I=NbPl«NPl 
PS(I)=0.0f'0 

6 CONTl U£ 

EI.D ^F PANGE-flRGUMENT LOOP; DEVELOP THE CUMULATIVE DISTRIBUTION FUNCTI ON 

CDF(1)=P5(1) 
DC   10    I=<i»NPl 
C:)F(T )=COF(I-l) ♦PSd) 

0   COMlNtjL 
^ETUPVj 
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C>>>>> >>>>>>>>>>>>>>•>> >>>>>>>>  HBERM  <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 
C 
C--  FUNCTIO'. SUtJHOUTIUE TO CALCULATE THE VALUE OF THE BINOMIAL PRObA- 
C    PILITY 
C BINOMIAL COEFFICIENTCNtK)  •  (H)"»K  •  (l-p)«»(N-K> 
C 

FUNCTION P'jLKN(K»fJ»P) 
IMPLICIT Re*.L»tt(A-HtO-Z) 
PfctH-^n.ooo 
IF(K,GT,N)    RKTljRN 
U   =   l.UO   -   ? 
PhE^'i   =   Jtt<*fi 
IF    (K.KJ.O) RETURN 
CM)   IT    T = i»* 

10   pi-.tHr.   =   PbEhN     »      (UFLOAT(M-I*l)*P)      /      (UFLOAT(I)   *   0) 
RFTUPN 
ErlO 
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OISTRIbUTlON  uF   THE   DISCHETE   PANGfc   FKOM   TMREE   SLTS  OF   rfE^NOULLl   TRIALS 

SAMPLE sizts nkti       uo       30  JO WITH TRIAL PKOBS.:    0.1000 0.1000 0.2500 

NO. UEJSITY CLM'JL .   Pt<. HfcM.   PR, 
1) O.CObb O.OOfob <).993T 

1 o.obbk; O.CbP.t 0.9374 
2 0.1^33 0.1h60 U , H14 0 
J 0,176t5 0.36^7 0.6373 
<♦ C.lMfjb .  0.'i<^3 0.4bO7 
b O.lbdi 0.7073 C2927 
t> 0.11(-3 c- ?v> 0.1764 
7 0.0777 0.^0 13 0,0^67 
3 0.0477 0.'".')(■ o.nsiO 
9 l/.Uifta 0.975ti Ci)242 

1C 0.0137 0.^<'9b 0.0 105 
11 0.0063 o.^ysy 0.0041 
Id 0.l»iJ?7 0.>yAb COOlb 
1J 0.0010 O.'^qb J.OOOb 
1', 0.0003 n.-^-vO'.; 0,0001 
lb 0 . 0 0 0 1 1. c 0 0 0 0.0000 
It) 0.000 0 1.0 OOf) v . 0 0 0 0 
U 0.0 l. 0 0 n c U . 0 0 0 J 
Id 0.0 1 .onpo 0.0000 
l"i CO 1 . 0 0 c 0 c 0 0 0 0 
^(i 0.0 1.noou 0. n 0 n 0 
c'l 0.0 l.noou 0. On 00 
^^ 0.0 1 .i'000 ii. 0000 
c'J CO I . 0 0 0 0 0.0000 
«". 0.0 1 . .1 0 0 0 0 . 0 0 0 0 
^"r 0 . 0 1 . f 0 0 0 0.0000 
Zt3 CO 1. r 0 0 j 0 . 0 (1 0 0 
dl 0.0 l.iooo n.no 00 
lb n. 0 1.rnoo 0.0000 
i9 0.0 1. n (j 0 0 0.00 n0 
30 0.0 1. n 0 0 0 0.0000 
31 0.0 1.0 0 0 0 cooon 
3? CO l .fio 00 0.1) 0 0 0 
33 0.0 1.0000 0.0000 
3<. 0.0 1 .i.GOO 0.0000 
3b CO 1.nnoo 0.0000 
3D 0.0 1.0 0 0 0 0.0 0 0 0 
37 0.0 1. c n 0 0 0.0000 
3ii 0.0 1.000 0 0.0000 
39 0.0 1.0000 0.0000 
•♦o 0.0 1. 0 0 0 0 0,0000 

"t.,-. H.H STOuV COF   VA« 
^..492 3H £:.2i<?9^ 0.49260 
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