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ELLIPTICAL ORBIT-PERFORMANCE
COMPUTER PROGRAM

by T. R. MYLER
VOUGHT CORPORATION

SUMMARY

This report describes and presents a FORTRAN coded computer program
which generates and plots elliptical orbit performance capability of space
boosters for presentation purposes. The program requires input data from a
trajectory simulation which defines the booster's velocity capability as a
function of insertion altitude and payload weight. The Elliptical Orbit
Performance computer program manipulates the velocity-altitude-payload weight
data to obtain apogee altitude-perigee altitude-payload weight data and
generates a computer plot. Included in this report are program theory, user
instructions, output definitions, subroutine descriptions and detailed
FORTRAN coding information.



1.0 INTRODUCTION

A common method of presentation of orbital performance capability of
space boosters i1s to show apogee and perigee altitude as a function of payload
weight. Typically, apogee and perigee altitude data are calculated from
parametric data of altitude and velocity at orbit insertion. The booster's
velocity capability as a function of altitude and payload weight at orbat
insertion are commonly calculated by a computer program which simulates the
booster flight. Thus, based upon the parametric results of a trajectory
program which simulates a specific space booster, the orbit insertion data can
be manipulated to produce parametric data of apogee and perigee altitude as a
function of payload weight. The mechanization of this manipulating process
resulted 1n computer program Elliptical Orbit Performance (acronym ELOPE) and
is described herein.



2.0 DEFINITIONS

Flowchart conventions used in this report are as follows:

-
!

} Process
D A
<> Decision
O Subroutine Call



3.0 PROGRAM DESCRIPTION

This section describes program theory, input instructions and output
definitions.

3.1 Program Theory

The purpose of computer program ELOPE 1s to calculate parametric data
1n apogee altitude, perigee altitude and payload weight and generate a
computer plot. The technique used in ELOPE to obtain this plot includes
interpolation of data and the solution of a two body energy equation.

Parametric data in altitude, velocity and payload weight at orbit
insertion must be 1nput to ELOPE. These data can be obtained by use of a
trajectory program, such as NEMAR of Reference (1), which simulates booster
flight. By calculating trajectories with various values of payload weight and
vehicle pitchover rate, the data map depicted below can be obtained.

‘\\\z%tchover Rate
Insertion
Altitude
(Perigee
Altitude)

-<———— Payload Weight

Velocaty

The above information 1s interpolated at the perigee altitudes of
interest for each payload weight. DPerigee 1s assumed %o be at the point of
ingertion since insertion at perigee results in maximum vehicle performance
and since orbiting vehicles commonly insert at perigee. The interpolated
velocity-payload weight at each specific perigee 1is 1tself interpolated for the
range of payloads weights defined by input. The resulting values of perigee
velocities are converted to apogee altitudes by the following relationship:

hy = 2 - Tp - Te
> _ .2
2 - W
Ip GM

where T, = perigee radius = hp + re

Vp = perigee velocity
r, = Earth radius -
GM = Earth's grav1tiglonal egnstant -

ft3/sec2
-4 -
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The parametric orbital performance plot 1s defined by repeating the
above described process for the range of perigee altitudes defined by input.

Following the payload weight calculation cycle for a specific perigee
altitude, payload weights are calculated which correspond to circular and
Earth escape orbats. Circular orbit velocity is obtained from:

Ve = (/oM
Tp

BEarth escape velocity i1s obtained from:

The previously defined velocity-payload weight data are interpolated at
the above two velocities to define the circular and escape payload weights.

When the payload weight is desired for a specific orbit, in lieu of
parametric performance, the velocity-payload weight data is calculated for the
perigee altitude of interest as previously described. The velocity required
for the specific orbit i1s then calculated from:

vg=cM (2-1
8 (rp a)

where a = semi-major axis = 1, + rE

Tq apogee radius = hgy + rg

This perigee velocity 1s used to interpolate the velocity-payload
werght data for the payload weight corresponding to the specific orbit.

3.2 User Instructions

ELOPE uses a modified FORTRAN NAMELIST for inputting data which
provides the user with readability and simplicity of use.

The following rules apply to NAMELIST used by ELOPE:

1. First card of a data group or case is $INPUTD beginning in column
2. Blanks are not allowed.

2. Last card of a data group or case 1s $END beginning in column 2.
Blanks are not allowed.
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3. 3Blanks may not be used within names but may be used elsewhere.

4. Variable names are followed by an equal sign which 1s followed by a
value which 1s followed by a comma, e.g., WEIGHT = 323.07,

5. Only columns 2-72, inclusive, are used.

6. Titling information may be input by the appropriate title names,
e.gs» , TITLEl= ELLIPTICAL ORBIT PERFORMANCE - VAFB LAUNCH
TITLEl must begin in column 2.

T. Any number of names and values may be on a single card or line.

8. Complete data arrays are input 1n the following form:
name = value, value, value, ...,
Data values may be continued on the next line, but the last
character on every line must be a comma, excluding title cards.

9. Repeated data values may be input by using a repetition factor and
an asterisk, e.g., V1 = 38050, 36525, 2%¥31510, 28450,

10. One or more specific elements of an array may be input, e.g.,
WEIGHT(3) = 200, 300,

Subsequent data cases are allowed by providing additional sets of
NAMELIST data. All input data 1s retained for subsequent cases but can be
changed by inputting new values.

A sample data case 18 included as Appendix A to exemplify data case
setup.

Execution of EIOPE requires that the CalComp pen plotting facility be
available to the computer Job at the time of program load. This facility
consists of the CalComp 763 pen plotter hardware and the CalComp Basic
Software Package, Reference (2). ELOPE generates three plots per case 1f
selected by input. A non-zero value of IPLOT results in plotting on graph
paper which has a perforation size of 11 x 17 inches, a grid size of 9 7/8 x
15 1nches and grid type of 10 divisions per centimeter. At the Vought
installation, this paper is identified as CAL32. A non-zero value of LPLOT
results 1n plotting on 4 cycle semi-log graph paper which has a perforation
size of 11 x 8 1/2, a grid size of 10 x 7 and grid type of 2 1/2 inches per
cycle and 10 divisions per inch. At the Vought installation, this paper is
identified as CAI44. Additionally, this same data 13 plotted on no-grid paper
and may be scaled down in size for use in vugraphs. Thas plot 1s placed on
paper identified as CAL36 at the Vought installation.

Definitions of specific NAMELIST inputs to ELOPE are shown below.
Default values are shown when they are set by the program prior to reading
input data.



NAMELIST Input Definitions

ALTMAX Maximum perigee altitude used for parametric
output. Units according to IOPT. Use when
IOPT = 1 or 2.

ALT™IN Minimum perigee altitude used for parametric
output. Units according to IOPT. Use when
IOPT = 1 or 2.

APOGEE Apogee altitude of single orbit case. Units
according to IOPT. Use when IOPT = 3 or 4.

DELALT Increment 1n perigee altitude for parametric
output. Units according to I0PT. Use when
IOPT = 1 or 2. Maximum number of altitude
points is 50.

DELWT Increment in payload weight for parametric
output. Units according to IOPT. Use when
IOPT = 1 or 2.

FACT Ratio of plot size to normal plot size. When
greater than zero but less than or equal to
one, the semi-log graph is plotted on no-grid
paper. This plot resides on local file name
PLT3. (0. built-in)

I0PT Output data option

= 1 Input ALTMIN, ALTMAX, DELALT, WTMIN,
WIMAX, DELWT and output parametric data
in n.mi. and 1lbs. (1 built-in)

= 2 Input ALTMIN, ALTMAX, DELALT, WTMIN,
WIMAX, DELWT and output parametric data
in km and kge.

= 3 Input APOGEE, PERIGE and output single
orbit only in n.mi. and lbs.

= 4 Input APOGEE, PERIGE and output single
orbit only in km and kg.

IPLOT Non-zero value produces a CalComp plot of
altitude as a function of velocity. Local
file name of plot is PLT2. (0 built-in)

IPRNT Qutput frequency control. Parametric data is
calculated at DELWT intervals from WTMIN and
printed at the IPRNT frequency. (1 built-in)

IRAD Input data option

1 Input Rl - R15 as radius in feet.
(1 built-in)

2 Input Rl - R15 as radius in n.mi.

3 Input Rl - R15 as altitude in n.nm.

nn

KASE Case number.
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LPLOT

PERIGE
PLABEL1l -
PLABEL9

PTITLEl -
PTITLE4
REARTH

Rl - R15

TITLEl

TITLE2

V1 - V15

WEIGHT

WITMAX

WTMIN

XING

Non-zero value produces a CalComp semi-log
plot of apogee altitude as a function of
perigee altitude and payload weight. Local
file name of plot 1s PLOT. (O built-in)

Perigee altitude of single orbit case. Units
according to IOPT. Use when IOPT = 3 or 4.

Labels placed on upper right side of apogee-
perigee plot. Maximum of 30 characters each.

Titles placed at top center of apogee-perigee
plot. Maximum of 40 characters each.

Farth radius used to calculate altitudes, ft.
(20925741. built-in)

Tables of radius or altitude (according to
IRAD) for each WEIGHT. Input in 1increasing
order. Minimum of 4 and maximum of 10 values
per table. Enter O. after last value of each
table 1f less than 10 values are input.
Minimum of 4 tables.

Ti1tle printed at top of each page. Maximum of
72 characters.

T1tle printed at top of each page. Maximum of
72 characters.

Tables of inertial velocity in fps for each Rl
- R15. Maximum of 10 wvalues per table.

Table of payload weights in 1lbs.
Corresponding tables of radius and velocity
must be i1nput for each WEIGHT. Maximum of 15
values.

Maxamum payload weight used for parametric
output. Units according to IOPT. Input when
IOPT = 1 or 2.

Minimum payload weight used for parametrac
output. Units according to IOPT. Input when
IOPT = 1 or 2.

Increment value of x axis major divisions of
apogee-perigee plot. Units according to
IOPT. There are 7 major divisions on the x
axis. (100. burlt-in)



3.3 Output Descraiption

The NAMELIST input data 1s listed verbatim as read. This list provides
a quick check of the input data for format correctness and validity.
Additionally, the parametric data of weight, altitude and velocity are output
in a different format than input for inspection purposes.

Subsequent pages provide parametric data of perigee altitude, apogee
altitude and payload weight. TFor each perigee altitude, as defined by the
input, apogee altitude 1s calculated at each payload weight increment from the
minimum value to the maximum value. The resulting values, in both English and
metric units, are output according to the value of the input IPRNT. Following
the parametric data of each perigee, the payload weight corresponding to a
circular orbit and to escape velocity are shown. A sample data case 1s
included as Appendix A. The plots resulting from this data case are also
included in Appendix A.

For single orbit cases, data for the specific orbit are shown in lieu
of the payload-apogee altitude parametric data.



4.0 SUBROUTINE DESCRIPTIONS

This section provides a brief explanation of each subroutine of ELOPE.

4.1 ELOPE (Main Program)

The main program initializes the input data defaults; converts input
data to internal units; calculates parametric data of apogee altitude, perigee
altitude and payload weight; calculates payload weight at circular and escape
velocities; writes parametric data on disk units 1 and 2 for subsequent
plotting; calculates single orbit payload weights; and outputs the results.

4.2 INPUT

Subroutine INPUT reads input data in a modified NAMELIST format.
Titling information on title cards are placed in appropriate arrays for use by
the main program. DMNon-title cards are written on disk unit 8 for a FORTRAN
NAMELIST read from the main program.

4.3 1INTER

Subroutine INTER is a second-order interpolator of two variables. It
selects the four closest data points to the desired value of the independent
variable and interpolates or extrapolates for the value of the dependent
variable,

4.4 PLOTLG

Subroutine PLOTLG produces a CalComp semi-log plot of apogee altitude
as a function of perigee altitude and payload weight. The ordinate i1s fixed
at a four cycle logarithm scale from 100 to 1,000,000 n.mi. or kilometers.

The abcissa scale is determined by input data but is limited to seven major
divisions in length. Plotted data i1s taken from disk units 1 and 2, which are
written by the main program. The data plotted is scaled according to an input
multiplier in order to decrease the physical size of the plot. This
multiplier 1s one when plotting on grid paper.

- 10 -



4.5 PLOTLR

Subroutine PLOTLR produces a CalComp plot of insertion (perigee)
altitude as a function of insertion velocity. These data are input values and
are plotted for inspection purposes only. The ordinate 1s a fixed scale from
0 to 1200 nautical miles. The abcissa 18 a fixed scale from 18000 to 37000

feet per second. Also plotted on this graph are the circular and escape
velocity lines.

- 11 -



5.0 PROGRAM CODING

This section presents details about the program coding. Included are
flowcharts of each subroutine, FORTRAN listings of each subroutine and
definitions of the FORTRAN variables. The information presented in this
section is intended to be helpful in developing a thorough understanding of
ELOPE and in making modifications to the program.

5.1 Subroutine Flowcharts

Flowcharts are presented in Figures 5.1 through 5.5. Flowchart
conventions used in these figures are defined in Section 2.0 of this report.

5.2 FORTRAN Listings

ELOPE is coded in FORTRAN 1V, Reference (3), on the CDC CYBER 175
camputer with the NOS/BE 1.4 operating system. Listings of the FORTRAN coding
are presented in Appendix B.

5.3 FORTRAN Variable Definition

Definitions of the FORTRAN variables are shown below. This information
is usually used only when making modifications to the program.

Variable Definition

A Semi-major axis, n.mi.

ALTMAX Input value

ALTMIN Input value

APOGEE Input value

DELALT Input value

DELWT Input valve

DH Perigee altitude increment, n.mi.
DW Payload weight increment, 1b.
FACT Input value

-12 -



Variable

FTNM

M

HA

HAMAX

HAMET
HF

HH

HHMET

HMAX

HMIN

HNEW

HP

HPMET
IOPT
IPAGE
IPLOT
IPRNT
IRAD
KASE

LABEL

LPLOT

Definition
Feet per n.mi., 6076.11549

Earth's gravitational constant, 1.4076576
x 1016 £t3/sec2

Table of altitudes from Rl - R15, n.mi.
Apogee altitude of single orbit case, n.mi.

Maximum apogee altitude plotted -
1,000,000 - nem1, Or km

Apogee altitude, km
Perigee altitude, n.mi.

Table of perigee altitudes of parametric
output, n.mi.

Current perigee altitude, km

Maximum perigee altitude of parametric
output, ne.mi.

Minimum perigee altitude of parametric
output, n.mi. .

Current perigee altitude, n.mi.

Perigee altitude of single orbit case,
n.mi.

Perigee altitude, km
Input value
Page number
Input value
Input value
Input value
Case number

Character data of information input via
LABEL1 - LABEL9

Input value

-13 -



Variable

NC

NDIM

NH

NNW

NREC

NWT

PERIGE
PL

PIM

R

RBAR

RE
REARTH
RF

Rl - R15

TITLE

TITLEl

TITLE2

VEL
VELC

VELE

Definition

Tables of number of non-zero values in the
R1 - R1l5 tables

Number of permissable values in R1 - R15
and V1 - V15 tables, set to 10

Number of perigee altitudes of parametric
output

Number of payload weights of parametric
output

Number of records of data written on disk
unit 1

Number of non-zero values of the WEIGHT
table

Input value

Current payload weight, 1b
Current payload weight, kg
Array of Rl - R15, input units
Circular orbit radius, ft
Earth radius, n.mi.

Input value

Perigee radius, ft

Input values

Character data of information input via
PTITLE1l - PTITLE4

Input value

Input value

Array of V1 - V15, ft/sec
Current velocity, ft/sec
Circular orbit velocity, ft/sec

Escape orbit velocity, ft/sec

- 14 -



Variable Definition

Vi Table of velocities at the current perigee
altitude, ft/sec

VMAX Velocity corresponding to an apogee of
1,000,000 - ft/sec

Vv Tables of velocities for each perigee
altitude of paremetric output, ft/sec

V1l - V10 Input values

WEIGHT Input value

WI Table of payload weights at the current
perigee altitude, 1lb

WMAX Maximum payload weight of parametric
output, 1lb

WMIN Minimum payload weight of parametric
output, 1lb

WNEW Current payload weight of parametric
output, 1b

WIC Circular orbit payload weight, 1lb

WICMET Circular orbit payload weight, kg

WTE Escape orbit payload weight, 1lb

WTEMET Escape orbit payload weight, kg

WTMAX Input value

WTMIN Input value

WW Tables of payload weights for each perigee
altitude of parametric output, 1lb

XINC Input value

XKG Kilograms per 1lb, 0.45359

XKM Kilometers per n.mi., 1.852

- 15 -



Figure 5.1
FLOWCHART OF MAIN PROGRAM ELOPE
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Figure 5.2
FLOWCHART OF SUBROUTINE INPUT
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Figure 5.3

FLOWCHART OF SUBROUTINE INTER
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Figure 5.4
FLOWCHART QOF SUBROUTINE PLOTLG
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Figure 5.5
FLOWCHART OF SUBROUTINE PLOTLR
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CTICAL 73T 2cTen e Cs ENGLISH UNMITS SerRPAM FLA0F
CLsz 2 2467 %
S-TTAZE AlTe= 1i0el Natle = 1547 M
["TZ<BPALATIAN ATy (C=ECW FTF ATCd-aCY)
SAVE TN TVJRCT IO
vT.vla v -’;DS
L e 23773, 7
T, 1eniz, =
= .t L, 20.F
27 et 313RrQ,1
33'..‘: :‘.":11?'20"
4I2.¢ 2p283,1
Rl ZEQ42,5
“2C.C 2¢317,0
OEPINREER PAYLQAD 4PCGEE PERIGEE PAYLOAD APQGEE
ALT"N.‘MI. WT.,LBS ALT.,NQMI. VEL.’FDS “JTQ’}(G ALT.’KM
ivel 223490 ET037.5 352€2 .8 56,46 124263,.¢
120.C 140.0 32321.°5 344G2,°5 £3.3 5387C.¢
10 163.6 203E5¢,.2 33778.,¢ T2.6 23¢25.7
160.72 130.3 SUEAF 33124.¢€ 5146 27885.2
100.0 200.,¢C 116(G.1 32521.1 .7 Z15C0 ¢
100.0 22340 932r,.1 3108¢,2 Q9Q.,¢ 1726048
Z3C. L 24249 754645 31477.1 12A,9 141€1.2
17CC 2hLeG ~39,.,¢ 31,3244 11703 ‘5183907
12640 ZRLen Fal0 ¢ 2.540,.€ 127.0 12032¢6,1
125.C 32003 4024,7 3531473 ,¢ 12<,1 REG2,7
15045 322,0 399..9 26725 .4 i42.1 7261.1
Ityed 3ac.v 344047 2535 4,7 ifé,2 £3F7.0
14C T I~Ce G E R 22.5324,2 1432.3 5534,6G
NN 135,72 2387 ,¢ 2701, ¢ 172 .4 LESL LK
T el 4.3¢v 27247.° 2835, i3’ “1¢2.3
128.0 420670 l1az2F,4 2207 ,4 17..5 328343
13i.¢ L4 540 1hnuel 2777% 9 RN 3L75.32
-3l ex “Ad.C 141444 27455, 22547 2A1C.E
1aC.¢C =36 1icz,7 EREFICI 2:7.7 22,048
12°C.C 2CJ.C S34,9 TASET .G Z22& a1 142,46
T W0 222.C #l-.l Z2eE713.7 23%.¢ 1809.7
173.2¢ 57,0 95,6 22475 ,1 244,46 127,323
loved CEI.D 55364 222472 23444 S3..7
120.6 SeC.0 2RF,0 2A0274¢ 2e3.1 £E7S5 .5
I0aei AL Jend 2+2.¢ 2521 7.% 2722 Lbg,2
Tetet “23%.0 127478 25€1k42 231.2 23it.1
CI=CULAP 22YLraD= 24,7 LBS=s 2%3.3 &€ CIRTULAR Vzle= 25%87,8 FDS
2S7aAPT PaYLDAr = 122,4 LB8S= 47,7 KO SSFA%- USL, = 1813.,32 EPS



LaUNCH [ERISLF VILGAT CORENRATICN
TIC2L Fe41T BearrovaANCy EmMGLISH LMITS IRTGR A CLIPE
nASE . PreE 2

D::Tr;'-: MTe= e TeMT, = 37\'.[‘ <

LTEIBILATION TATA (CHECK F72 ACTLEACY)

Javpag IV gRCTIAONM
Taeol 2S VElesFPS
A . :,73‘.7.‘ *
St FESZALE
18340 3324 0.4
Z2lat V1R .7
20560 2¢232,.4
LRATEFRN Z274335.2
SC3.C 228%3,4
AIVETINE 2"’3(505 _
SERIGEE PAYLCAD A23Ge* PERIGEE PAYLCAD  _ APDGEE
ALTeosNGMI, aTooLBS ALT esN ™I VELes FOS WTesKG ALTe KM
2C0.C 160.0 204938 ,4 3%3c1,.C 45.64 379&57,C
205480 123.¢ 4725€.0 34442 A 5440 87E836.7
230 16340 Z£1l13.%8 33645,0 62.5 483€2,2
205.C 16949 17614 .8 32922,¢ 72.¢ 3262245
230G.C 18).0 . 12991.7 322¢1.3 8Lleb 24GH0.7
2uD e G 20340 ivi22,.1 31655.3 0.7 1374642
2CLW 0 220440 ALAL, L 311CR .7 9.2 ~211%9.8
7700 240.C S7¢8.] 3{647,7 ir2.6 12417.8
2.760 ?76)6L B2Ge .k 3.1046,1 117.9- -103f64,9Q
RAVINERS) 29342 6726,¢ 20653, 7 12760 8752.%
Z el 3CJo.0 46,2365 2C23¢2.5 26,4 7451.°%
200G 0 223640 3634,4 2332C,H 145,1 530d. 4%
2. .0 3L2.C 223 ,¢F 25481,2 154,7 24460
7l 3470 7%1%.2 2ALSZ,.T 1”3 LRkZ T
Zvlel 239,V 2156, 7 27752, 172.6 3895,5
AR VIR 4,00 1337.¢ 2743042 141.4 26¢2,2
2 et 422490 55444 2712k .0 19C.E 287%.,1
21T 445,0 130,32 2531c,7 i3e.t 2411.9
Z4C e 4420.C 177,323 2ER26,F Z2LR,7 1€6s5,1
230 ., 4.0 n74,C CEZEL B 2L7.7 1#2C.5%
2970.¢C Sld.0 291.5 256GC,4 226 +F 1281,4
Lo el 223%.C 2234 25747.3 23F .G Q73,1
2.CecC B45.C 373.2 28ECS. 5 2546 ,G ~S1.1
2700 SEuLC 233,2 25271458 254,C £21,.,9
CIPCULAS 2AYLTPAC= 36449 LBS= 2S#,2 «C CIGCILLER V=ole= 23214,% F2S
SSC4P2 PAYLDAE = 3T .8 LRBS= 42,5 «& FsCarc vel, s 23253,7 ©0S
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CIrT LimmCd vzHICLE VOE GHT CCRPTIATICOM
SLLEATICWL 7FRRIT dce=2cnb4rn(E ERGLIZA UMNITS TGk A ZLTOF
CASE T PAGE 4
OrT 527 L Te= 4CCau de'le = Thier XV
INTE22ALaT"2N 2ATY (CHECKR FN& ACClrRaly)
Sav LT AT nNgECTI
“'TQYLGS V-.‘:LOJ':)S
P Y ITA0L .08
24143,4
J5C IVFIT.e
277 WL 22294 ,9
330,¢ £732£2,1
“L:OC Z:“‘Ql-e
SLi et Z3C€C3,4
FoGell 2275044
PERIGEE PAYLZAD - A9(GEE 2ERIGEE PAYL"AD APQOGEE
ALTO’M.MI. ‘an!LBS ALT.'N.'NI. VEL-’FDS AT.)KG ALT.,KM
4udel 14deD 55435,3 33638,8 4.4 10275R,8
4. 120.0 263G91.F 32716,2 Ta.b 49G693,2
4060 14043 17329,2 319CG.2 53.5 322C4,.,9
"UC.C 15\;.0 12“8q.b 311(:203 72.6 2312707
£20.0 18C.C Qbbs, P 3L4F2,.H Rl.E 17573.2
4Ll W0 25048 74GL.7 2G864.0 30.7 i3872.8
L2340 22%,3 £J61.C 2G296,0 33%,¢ 1122647
«50. 0 24,43 4363,1 2576347 1e2,9 Gicl.?
RIS Chuel dl{re7 2€2€62.1 127.09 TECELE
Luleg 23u.C 242048 277G7,3 127.u ~334,6
LI 20C.G 2357 .6 272¢2,1 132c3 £292,2
but ot 325.C 2373%.2 2AC4E .9 i45,1 “4QAh2
40,0 34049 1372.7 2-55247 134.2 3623,6
Sl 3A5.3 123,32 2218747 162,32 ICTELL
Lo 39,40 19,4 28327.7 L7244 2ea3, b
40340 £32.0 1o52.2 22461 .4 131.4 194,09
Lluel 423.0 212.& 2315742 2G5 A
“ 4 0w l.!,)..: FESR et ZA‘;Sé.\‘ ‘LZC..’: 110902
UREE N 5 PR LRVAR 24358,35 2Jine7? 7%1.c
CIRCHLA® PaYLNEC= 460,43 LBS= 209,y <€ CIFCULAR V=Les 26749,3 F3S
ESCaPs PAYLOAD = 76,5 LBSs 35,1 ¥G #=SCAPE VcbLe = 2647.2,%58 FPS
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>

CEIONT | Mrulfd yTaT0L s

GPLGHT CO=pPZRATION

SLLUIPTIZMNL FRTIT 2FrIEQ2MANGE IMNILLIH UNITS BYlrGR A% gL AFE

cusSs 1 2acg

DIQOTIEEZ aLTe= 3Lvev Ne“le = 626,53 <M
TATIGOALATTIAY RATS (CHECK FI8 ACLUSACY)

SevLry) TvERTIoN
vT el =S YL, e=PS
S I~632,4
"“.' 3:::73.'3
1825, TCR2T.T7
ZC . es 24327,
20340 P86,4,6G
AL, ¢ 26434, 4
EDue0 225324,7
LIS 21A€3.5

P=RIGEL 2AYLOAD APOGzZ PeRIGEE PayYLCAD APOGEE

ALTQ’P.MII uTo!LBS ALT.,NONIO VELO)FDS JT-)KG ALT.’KM

02,60 a3z 144575 ,2 33é2°2.2 3he3 25763844
El.T 160.0 28247.5 327844 45 .4 74835,1
EJdee 123.C 21242.1 31327.5 56,6 30242,3
E30.0 143,08 t4311,1 2luile,b €3.5 2A3C4,.1
SCCOC 16C00 164820( 3U257.9 72.6 lq613o7
EGQQC 18000 303306 29569.7 8106 1487?.3
ECG.C 277.0 A354,6 228G42,5 Sue? 11759.2
E}'l: 223, 5-30.@ 25357-1 OQ.- °§Ol.°
ETCaf 264340 177 273232,9 isf.c 772%.32
£l 2,3,.,C 347647 e71E L 117.6 Y
SUdet 23yu. < 2916,06 2c86¢,9 127.9 £21+.0
£30.C EDIINY 2212,¢ 2864.4,0 <31kl 42R&,2
Tolen 326.0 Lurl.F 2389 .,3 LA 4R, C
NP TN 343,40 1516.¢ 2EEE L& 154,2 PwlTL0
Slaet. 2RI La%~e2 Zi2.0 .2 143.32 221¢8.,4
B e 8o, ILT.0 24r2R,0 172.4 17C0a2
RIS IR 422,70 “72.5 24494 .4 191,4 1245 ,4
CIRCULLR PAYLOAN=s 41544 LGS= _n=, & KF CIRCULAR V=L,= 24234,5 FPgS
FSraos pPAYLArAD =2 72,2 |3S= 32,7 K& EZCAPE VL., = 24727%,% FPS
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T LauvCH VvESIC
o

L3

IS LI ST S
ILED BN
-y

L)

~

DARED B SR FURE N0
o S

C Yy G &

L J [ ] - - L d - - *
O "

PEFIGEE
ALT.o\I.I‘I.

€000
&5C.C
€GC.0
€CC.0
€GC.C
03Ge0
£C0.C
~CQ0,.0
FF)S.C
\‘:‘L\G.O
£CGeT
£05.C
tuteC
“Cuwel

£0J.C

CIOCULAR 2aYLD

ESCAPE PAYLOAD

L=

N O IR FEEE |
C I P RN

[

[ASINAS IACRNAV I o8 BN AU IRRC IR EY |

PAYLNAD
WT -)LBS

AD=

CRALIT BEPFAPAANCE

DS I ¢
0

Be9
69.2

300
100.9
120.0
140.0
150.G
189,90
2¢Jde0
223.0
2‘?00“0
260.,0

37460

A4.9 LBS=

ALTe= ACGCSC

EMNGLISH UNITS

NeMIoe

APQGEE

ALT.’N.MIO

€9328.5
28136,.,%
15998.,.¢
11323.¢€
8782,.,2

6763.C

5343,2

428847

2789.,7

224646

L7G4e5%

14u5, 5

1073 .6

TRL .2

169.7 K¢

29.% KG

- A9 -

21111,2 M

PERIGEE

VEL.»FPS

32G4¢E.2
31870.1
30928.1
30067.1
293424,
2R 64648
28011.8
27428,5
2657643
2€361.7
25658u46
25429 ,9
24GCE,4
26534, F
241C4 ¢

ESCAPE VEL.

CTIQCULER VilLe=

PAYLDAD
JT.’KG

3€43
45,4
S54.4
62,5
7246
8l.6
ag.7
99.8
1C8.,9
117.5
227.0
13%.1
145.1
154,2
12,2

-l - @ -

[AV]

ECE!

wm

ol
£z

oC

POPATI
oM FLD
PAGE

APQGEE
ALT.’KM

12723295,4
521C8.8
31481.4
21897.3
16264.8
12525.1

9895.7
7G42.6
€368.0
51&6.4
4161.3
3324,2
26C2.9
19832.3
l1642,2

FPS

= 3384G,2 FPS



£ VOUGHT COPPOPATICN
pan ‘ANCE EP’;LISH UMITS DQDGQAH ELC’PC
CASE 1 oACE 7

STAUT LAUNCH VFRICL
FLLIPTICAL CPRIT PE

P

T

OTGEEZ ALTe= 70CaC NoMI, 2120R,4 UM

I} TZ2P2LATIOY QATA {CHECK FIR ACCUKRACY) A

24YLOAD INJFCTION
WTeslAS VEL 4728
LI 24719,2
Cr.f, 3140A,5
£l 23733,4
220t 26469,.32
3,065 2442607
3CeC 2261640
B23e0 207718
€0C.¢ 19368,.,7?
DERIGEE PAYLOAD APQOGEE PERIGEE PAYLGAD APOGEE
ALTesNeMI, WTesLRS ALTesNoMIo VELe»FPS WTesKG ALTesKM
7¢60.C 6040 483735.2 33208,7 272 90&£9RG,6
709.C 80.C 43635.5 32087.2 36043 830812.9
700.C 1090.0 21579.5 30972.C 45,4 39965,.3
73C.0 120.C 1377440 30G20.2 S4.4 25509.4
70040 140.0G G785.5 29176,4 6345 18124.5
700,0 - 1490.C 7323,.,8 28414.7 72.0 135€3,.7
7C0.C 130.0 BR37.1 27708.5 8l.6 1043G9.9
-l']LnC 2\:000 “42500 2706302 96.7 819501
700.0 223.C 331C,32 264%£G,3 3Q.8 55G1.0
7C0.C 243.0 2778.2 26QLE. 4 148.6 5145.2
700640 250.C 213€.2 253¢1.0 117.9 4053.7
7UCOC ZEDOC 17‘:"0C ZQQ&QQI 1270‘.1 3155.8
70C.C 300,06 1297.7 2642¢.7 13¢.1 24C2,2
0.0 320.C Qaé, 2 23983.1 14%,1 1752.4
CIPCULAR PAYLOAN= 326,2 LRSs ,52,5 «C CIRCULAF VELe+= 23644,4 FDS
FSCAPE PAYLORP = 37,7 LBSs 26,2 KG ESCAPZ VEL., = 33428.,3 FpPS

- AlO -



SCTUT LaUNMCE YEHICLE VOAUGHT CPRPFRATICN

SLLIPTICAL CRIIT PRRFRRMAMCE ENGLISH UNITS OICGRAM CLOPE
Ctese 1 DAGFE %
PEQICEE ALT.'—' POC.’\-} NeMI 160818 KM_____ _ __
INT=«23LATINY DATA (CHFCX FPP ACCUFRACY)
24YLEAR IVJECTIOM
wTesl?S VFLesF0S
NG 22237,9
S, 7 TlvnhR,2
15“:0‘4 2!’5‘?7.3
2200 72493 ,8
30Ce°C 23301.9
4CC.C 21309.7
NIV Iy 195869,7
£0GaC 18102.9 \
PERIGEF DAYLOAD APQGEE PERIGEE PAYLOAD APOGEE
ALTesNeMI, WTe»LRS T ALTesNGMI, VEL.»FPS WTesKG -ALT.sKM
8CC.C 63.C 1623652.C 324(6,.1 272 191965.3
80CeC 8040 30821.°% 21183.0 5€.3 56525.9
20C.C 1C0.0 16303,2 30C5%5.9 4S5 ,4 31304.8
g0L.C 12040 11161.¢ 29C%2.1 Chets 2072648
BGGe0 143,90 3054,9 28239.2 6345 14917.7
P00.0 160.0 5038,2 274¢2.9 T2.6 11182.7
80C.C 180.0 462043 2676545 81.6 B556.8
86l .C 20C.C 3581,8 26C88.9 0.7 6633,4
£C0%.C 220,0 - 279547 25483,6 . G§9.8 516G.6
5CG0C 263,C 2143.u 249(C G5 ,u 1(8,.9 3G6E,8
£0J.40 260.,C 141%.€ 24371.F 117,.¢ 3600.0
EONL( 200.0 Q2uec 223e1,9 13¢.1 1519.0
CIFCULAR PAYLTAD= 331.2 LAS=s 1l3o0.0c XG CIRCULAR VELes 223%4.2 FPS
FSCAPE PAYLOAN = 50,6 LAS= 22,0 K€ ZSCAPE VELe = 22042,0 FPS
- All -



SCOUT LAUNCH YEHICLE

VCUGHT COrPNRATICN

FLLIPTICAL o3 IT PEPFNPMANCE SNGLISH UNITS PROGRAM FLOPE
£ase 1 Pece  Q
PERIGEE ALTe=z= GOC.0 NoMIe =1lotée® X
INTEFFDLATION CATA (CHECK rFD2 ACCURACY)
payLADR INJECTICN
WTesl3S VELssEPS
L7 0 322335,4
<" 20£51,%
120.¢ 76674,3
22C4 0 244%7,5
20C.C 2220J.4
C3UaC 2C133.2
~ 5G0.C 13315.¢
faGet 1673048
PEPIGEE PAYLDAD APQOGEE PERIGEE PAYLDAD APQGEE
ALTI,M.MII HT.’LBS ALT.!NONI. VEL.,FPS WT-’KG ALT.)KN
90C.0 €040 5393047 314G0,2 272 9996¢.9
SH IR 3340 2247G.9 3022444 3¢.3 41616.1
300.0 1ud.0 13372.1 £9114.8 45 .6 264765,.1
90C.C 129.0 GJ69.3 22132845 54,4 16796.%
93C.0 140.C 6564,°% 27272.8 €3.5 121574
GG0.0 160.C 43G95,.8 264A2.7 7246 9067.1
O0CC.0 180.,0 3€G3,.8 25T7EC .5 8l.6 684GC,9
G00.0 2C0.0 2797.7 2ECT8.5 QGC.7 5lel.4
ALC.U 220,90 21062.¢ 24457,% Q9 ,R 3894,1
GCJ.C 2LG,0 1534.7 238FF .9 158.9 2842,.2
G:;0.C 25690.C ivb9.2 2232.3,2 117.¢ 1980,1
CIRCULAR PAYLQAD= 253.,5 LBS= 121.3 K¢ CISCULAR VEL,.,= 23¢092,7 FO5S
ESCAPE pPaAYLOAL = 43,5 LBS= 19.7 KG ESCAPE VELe = 32659,5 FOS
- Al2 -



SCOUT LAUNCE VESTOLE VPUGAT €D2=°0°2TICN

SLUTPTICAL 03217 d=sknNevanies cMGLISY UNITS PRPOGRAM ZLOPE
CASE i PAGE 10
PECIGEE ALT.=1C00,0 NoMI, 21252, XM
THTEQRPILATION DATA (CAECK F0O% ASCURALZY)
cayLoAR INJECTION
"TQ'LQS VEL.)FDS
4,60 2227406
Fliel 28ra3,2
180,C 2¢£a53,¢C
227,22 23371.¢
306.C 21124.1
46GCGlC 18359.2
SCL U 16927,3
€JC.C 15225.%
PERIGEF PAYLOAD APOGEE PERIGEE PAYLOAD APOGEE
ALT.oNMI, WTesLBS ALTesNeMI, VEL.,FPS AT 4o ¥G ALT.sKM
100G.0 40,0 2471906,¢C 32007 ¢4 18.1 %5779%.8
1¢30.0 £CeC 34408.4 30546,.,5 2742 63724,.,3
100040 8§00 14661 .5 2Q2¢4644 3¢.3 314€8,.9
10GL.0 1Cu.C 10580.3 2813¢&8.1 45,4 19594,8
1000.¢C 120.C 7263.8 27144,7 56.4 13452.5
1CCC.C 140,0 5233.8 2€6261.4 53.5 97C2.3
1€a0.C 160.9 3849.C 25453,2 T246 7128.4
1uG3S.0 180,.C 292740 2473244 1.6 F235,.,5
1CLUC.C 292.0 2052.1 24C11.32 BGa7 28v2,.3
1i( 3.0 223.,0 1445, 23371.¢C J¢,.8 ct77.1
CIFCULAR 2AYLDAD= 237,.,7 LBS= 1)27.8 K@ CIRCULAR VEL.a 22522,4 FPsS
ESCAPF PAYLOADL = 36,5 LAS= 1é.6 KC =SCAPLZ VELe. = 32289,3 F9S

- Al3 -



INJECTION ALTITUDE. N

SCOUT LAUNCH VEHICLE
P T i/

T . ETERLT i . e L TTEM T 0 P 0 S S
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APPENDIX 8
FORTRAN CODE LISTINGS

ORNGRAM ELOPE(INPUT,OUTPUT,TAPES®INPUT,TAPEG=NUTPUT,

A

TAPEL,TAPE2, TAPE3, TAPER)

PROGRAM ELOPE CONVERTS PERIGEE ALTITUDE-VELNCITY-PAYLOAD DATA

TN PERIGEE ALTITUDE-APOGEE ALTITUDE-PAYLOAD DATA PARAMETRICALLY

shrerpadkRRR R R RRkien [NPUT DATA *rdkxdkxsssharisokifnknikk

ALTMAX
ALTMIN
APAGcE

CELALT

DELWT
FACT

iaeT

IPLOT

IPRNT

IRAD

KASE
LeLar

PERIGE

PLABEL1
-PLABLE9
PTITLEL

-PTITLES4
REARTH

R1=-R15

MAXIMUM PERIGEE ALTITUDE USED FOR PARAMETRIC

CUTPUT, UNITS ACCORDING TO IOPT.

MINIMUM PERIGES ALTITUDE USED FOR PARAMETRIC

CUTPUT. UNITS ACCOROING TJ IOPT.

APQGZZ ALTITUDE OF SINGLE ORBIT. UNITS ACCORDING

TC IOPT, INPUT WHEN I0PT=3 QR 4.

IMCREMENTAL PERIGEE ALTITUDE USED FOR PARAMETRIC

CUTPUT. UNITS ACCORDING TO IOPT, MAXIMUM NUMBER OF

ALTITUDE POINTS IS 59,

INCREMENTAL PAYLOAD USED FOR PARAMETRIC OUTPUT.

UNITS ACCORDING TO IOPT.

FACTOR TO INCREASE OR DECREASE SIZE OF LOG PLOT.

PLOT IS PLACED ON FILE PLT3.

DATA OPTION

=1 INPUT ALTMAX, ALTMIN, DELALT, OELWT, WTMAX, AND
WTMIN IN No MIs» LBS.s AND COMPUTE PARAMETRIC
DATA IN N, MI. AND LBS, (1 BUILT-IN)

=2 INPUT ALTMAX, ALTMIN, DELALT, DELWT, WTMAX, AND
WTMIN IN KM AND KG AND COMPUTE PARAMETRIC DATA
IN KM AND KG.

=3 INPUT APOGEE AND PERIGEE IN N. MI. AND COMPUTE
SINGLE ORBIT ONLY.

=4 INPUT APOGEE AND PERIGEE IN KM AND COMPUTE
SINGLE ORBIT ONLY.

A NON ZERQ VALUE PRODUCES A PLOT OF ALTITURE_ VS

VELOCITY. LOCAL PLOT FILE NAME IS PLT2. (O BUILT=-IN)

FREQUENCY 0OF OUTPUT CONTROL. DATA IS COMPUTED AT

CELWT INTERVALS FPOM WTMIN AND PRINTED EVERY IPRNT

DATA POINTS CALCULATED. (1 BUILT=IN)

DATA OPTION

=1 INPUT R1=-R15 AS RADIUS IN FEET (1 BUILT-IN)

=2 INPUT R1-R15 AS RADIUS IN N. MI.

=3 INPUT R1-R15 AS ALTITUDE IN N. MI,

CASE NUMBER

NON=-ZERQ VALUE PRODUCES A SEMI-LOG PLOT OF APOGEE

AND PERIGEE ALTITUDE AS A FUNCTION OF PAYLOAD WEIGHT.

LOCAL PLOT FILE NAME IS PLOT. (0 3UILT=IN)

PERIGEE ALTITUDE OF SINGLE ORAITe UNITS ACCORDING

TO I0PT. INPUT WHEN IOPT=3 QR 4.

LARELS PLACED OMN UPPER RIGHT SIDE CF APOGEE-PERIGEE

PLOT, 30 TITLE CHARACTERS EACH.

TITLES PLACED AT TOP OF SEMI-LOG PLOTS.

40 TITLE CHARACTERS EACH,

EARTH RADIUS USED TO COMPUTE ALTITUDESs FEET.

(20925741, BUILT=IN)

TABLE OF RADIUS 0OR ALTITUDE (ACCORDING TO IRAD) FOR

EACH WEIGHT. INPUT IN INCREASING ORDERs MINIMUM OF

4 AND MAXIMUM OF 10 VALUES PER TABLEe ENTER J AFTER

LAST VALUE IF LESS THAN 10 VALUES ARE INPUT.

MINIMUM 0OF & TABLES.

- 8l -
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TITLE. = TITLE PRINTED AT THE TOP OF EACH PAGE, 72 TITLE
CHARACTSRS,

TTTLSE2 = TITLE PRINTED AT THE TOP OF EACH PAGE. 72 TITLE
CHARACTERS,

Vi-V15 = TABLE OF INERTIAL VSLOCITY FOR EACH WEIGHT. INPUT IN
ORDER OF R1-R15. MAXIMUM OF 15 VALUES PER TABLE,

WEIGHT = TABLE OF PAYLOAD WEIGHTS, IN LBSe. CORRESPONDING RADIUS
AND VELJCITY MUST B8E INPUT FOR EACH WEIGHT. MINIMUM
GF 4 VALUES AND MAXIMUM OF 15 VALUES.

WTMAY = MAXIMUM PAYLOAD WEIGHT USED FOR PARAMETRIC QUTPUT,

UNITS ACCORDING TO 10PT.

MINTMUM PAYLNAD WFIGHT USED FOR PARAMETRIC OUTPUT,

UNITS ACCORCING TO IQPT,

YING = INCREMENTAL VALUE OF X AYIS MAJOR DIVISINNS, LBS
CR KG, ON SEMI-LNG PLOT. THERE ARE SEVEN MAJOR
DIVISIONS ON THE X AXIS. (10Ge BUILT=IN)

wTMIN

IMPLICIT REAL(A=-H,0~-2)

CCMMON /BLKY1/TITLELI(S8)» TITLEZ2(B)» TITLE(LI6)sLABEL(36)

DIMENSIONM NC(15)»WW(15s50)»WEIGHT(15)

DIMENSION R{10,15),R1(1C)»R2(10),R3(10)»R4(10)»R5(10),
R6(10)sR7(10)sRB8(10)»R9(10),R10(10),R11(10),»
R12(1C)»R13(10)»R14(10),R15(10),VI(10),WI(1D),
V(10»15)»V1(1Q)»V2(10)»V3(10)»Va(1l0)»V5(10),
ve{lo)sV7(10),V8(10)sV9(10)5V10(10)5V11(10),
V12(10)»V13(10),V14{(10)»V15(10),
H(10515)»HH(50),VV(15550)

EQUIVALENCE ( R1I(1)»R(1ly 1))s( R2(1)sR{1ls 2))»( R3(1)»R{(1y 3))»

{ R4(1)»R(1s 4))s( R5(1L)sR(1s 5))s( RE(L),R(Ly B))>
{ R7(1)sR(1y 7))o RB(LI»R(1, B))»( RO(LISR(1, 9))
(R1I0(1)»R(15,10))s(R1IL{(1)sR(1511))s(R12(1)»R(1512)),
(R13(1)5R(1,13)),(R14(1),R(1,14)),(R1I5(1)sR(1s15)),
( VI(1)sVI(ls 1)) V2(1)oV(1ls 2))s( V3(1)sV(1ls 3)),
 Va{1)»VI(1ly 4))sl V5(1),V(1s 5))5( V6(1)sV{1, 6))
( V7(1)»V(ls 7))o VB(1)sV(1lsy 8))s( VO(Ll)sVI(1y 9))»
(VI0O(1)»V(1,10))s(V11(1),V(1,11)),(V12(1),V(1,12)),
(V13(1)»V(1s13))s(V1a(1l)sVI{1lsla))y(V1S(1),VI(1s15))

DATA TITLELl,TITLE2/16*10H /

DATA TITLE, LABEL/52*10H /

DATA FTNM/6CT7€4,11549/sGM/1440T76576EL1E/9XKG/ 445359/ 9XKM/1.852/

DATA NDIM/Z1Q/

NAMELIST /INPUTD/IRAD»ICOPT s WEIGHT)ALTMIN, ALTMAX,DELALT,

WTMINS WTMAX»DELWT,REARTH»APOGEE, PERIGE,R1,R2,
R3yR49R59R6sR7sRBHRI9yR10»RPL1»R1I2,R135R14,R15,
V1,V2,V3,VayVEsVE,VT>VByVI,V10,V11,V12,V13,
V14 V15, LPLOT,»IPRNT,IPLOTeXINC,KASESFACT

22 > > )

> > > 2> > » >

> > > >

INITIALIZE DEFAULTS
APQOGEE=O,
FACT=1. -
I0OPT=]
IPLCT =)
IPRNT =l

- B2 =
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A0

OO

O

29
30

40

50
60

79

80

Qa0

IRAD=1]
KASE=1l
LPLNT =y
PEPIG==Ce.

QREARTH=20925741.,

XINC=13C,

READ INPUT DATA

CONTINUE

CaLL INPUT
READ( 3, INPUTD)
UNIT 1 USED FNPR
UNIT 2 USED FOR
UNIT 3 USED FOR

SEMI-LOG PLAOT
SEMI-LOG PLAOT
LINEAR PLOT

REWIND 1
REWIND 2
REWIND 3

Do

DETERMINE NUMBER 0OF PAYLOAD WEIGHTS

20 I=1,1%

IF (WEIGHT(I).EQ.0s) GOTO 30

NWTs1

CONTINUE
CONTINUE

Do

DETERMINE NUMBER OF DATA POINTS PER PAYLOAD

60 I=sl,NWT
DO 40 J=1,NDIM

IF (R(JyI)eEQ.Q,) GOTO 50

CONTINUE
NC(I)=J
GOT3 66
NC(I)=J-1

CONTINUE
IPAGEs}

CONVERT APPROPIATE INPUT TO ENGLISH IF METRIC
GOTO (70,80,9G,100),

CANTINUE

HMINsALTMIN
HMAX=ALTMAX
OH=DELALT
WMINaWTMIN
AMAXsWTMAX
DWsDELWT
HAMAX=l,E6
GNTN 110

CONTINUE

HMINsALTMIN/ XKM
HMAX=ALTMAX/ XKM
DHaDELALT/XKM
WMINSWTMIN/XKG
WMAX2WTMAX/ XKG
DWaDELWT/ XKG
HAMAX =1 ,E6/XKM
G773 1190

CONTINUE



a0

oo

HaszAPQGEE
HO 2P ERIGE
G077 11
«0J CONMTINUE
AL=zAPQOREE/XKM
HP aPERIGE/XKM
110 COMTINUE
REaREARTH/FTAM

CONVERT INPUT ALTITURES OR RADIT TO ALTITUDE, NM
GATO (12Gs1S<s1l&8)» IRAD
120 CNANTINUE
210 14C IsloNWT
DN 13¢ J=1,NDIM
H{JsI)=R(Jy[)/FTNM=RE
IF (R(JsIVeEQeCe) H(J»1)=0,

1390 CONTINUE
140 CONTINUE
G0TO 21¢

150 CONTINUE
DO 170 I=1,NWT
DO 160 J=1,NDIM
H(J»I)asR(JsI)=RE
IF (R(JsI)eEQeOe) H(JrI)=0.

169 CONTINUE
170 CONTINUE
GOTg 210

180 CONTINUE
DN 20Q Isl,NWT
DO 190 Js=l1,NDIM
H(J»I)=R(J»1I)
190 CONTINUE
200 CONTINUE

210 CONTINUE
DO 220 I=1l,NWT
IF (TeEQe¢l o0R, I14EQe7 «ORe I+EQel3) WRITE (65400)
WRITE (6,420) WEIGHTI(I)
WRITE (65410) (H(J»I),J=1,NDIM)
WRITE (65420)
WRITE (65440) (V(JsI)sdanlysNDIM)
DO 220 J=1,NDIM
WRITE (3) H(J»I)»V(J,I)
29 CONTINUE
CONTINUE
IF (IPLOTWNEO) CALL PLOTLR(TITLEL,TITLE2,REARTH)
IF (1I0PT.GE.3) GOTO 270

[AS I V)
w
(=]

CALCULATE NUMBER OF PERIGEE ALTITUDES
NHsINT{(HMAX=HMIN)/DH+1,5)
NHsMINJ (NH»50)

CALCULATE VELOCITY FOR EACH PERIGEE AND PAYLDAD LINE
HNEWaHMIN
D0 250 K=s]l,NH

HH (K ) sHNEW

N0 240 I=1,NWT
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c

o0

240

CALL INTER(HNEW,VEL,NC(I)yVI(lyI),H(1,1))
VV(TI,K)sVEL
WW(IsK)sWEIGHT(I)

CONTINUE

HNEWsHNEW+DH

253 CONTINUE

oe

CALCULATE NRBIT DATA AT EACH PERIGEE
31309 Ksi,NH

MREC=C

HHMETaHH (K )*XKM

wRITE (£,450) TITLEL1,TITLE2,KASEy IPAGE
WRITE (Hp460) HH(K)yHHMET

WRITE (6547J0)

WOTITE (E5480) (WW(I,K),VY{I,K)pI=l,NWT)
WVRITE (#£,4G0)

HFsHH (K)

RFa(HF+RE)*FTNM

REVERSE ORDER OF VELOCITY AND WEIGHT ARRAYS
JaNAT
N0 260 I=1,NWT
VI(I)=VV(J,sK)
WI(I)aWW(JsK)
J=J=1
CONTINUE

CALCULATE PAYLOAD AT 1E6 APOGEE ALTITUDE
A= ((HAMAX+RE)*FTNM+RF)/2.
VMAX=SQRT(GM*(2+/RF=1./4))
CALL INTER(VMAXsPL)NWTH»WI»VI)
IF (PL.LT.WMIN) GQTO 270

NRECsNREC+1

WRITE (1) PLyHAMAX
CONTINUE

CALCULATE NUMRER OF PAYLDOAD WEIGHTS
NNWs INT( (WMAX=WMIN)/DW+1.5)

CALCULATE ORBIT DATA AT PAYLOAD INCREMENT
WNENsWMIN
DO 3G0 I=1,NNW
CALL INTER(WNEWSVEL)NWT,VV(1,K)sWW(1sK))
IF (VEL.GT.VMAX) GOTO 290
HAm(2,/(24/RF=-VEL**2/GM)=RF)/FTNM=RE
IF (HALLT.HF) GOTO 31¢
IF (MOD(I-1,IPRNT)NE.QO) GOTO 280
PLM=WNEW*XKG
HAMET=HA®XKM
WRITE (€5500) HFsWNEWSHASVEL,PLMyHAMET
CONTINUE
IF (LPLOT.EQ.Q) GOTO 290
IF (HA.GT.HAMAX) GOTO 290
WRITE (1) WNEWsHA
NREC=NREC+1
CONTINUE
WNEW=WNEW+DW



10890 CONTINUE

312 CONTINUE
CALCULATE CIRCULAR AND ESCAPE PAYLCAD AT PFRIGEE ALTITUDE
VELC=SORT(EM/RF)
CALL INTER(VELCHWTCHNWT,WI,VI)
WTCHETsWwTC*XKG
VELE=SORT(2.,)*VELC
CALL INTER(VELE,WTZsNWTsWI,VI)
WTEAETaWTEXYKG
WRITE (6,51G6) WTCsWTCMET,VELCH)WTE,WTEMET, VELE
[PAGF=[PAGE+1
IF (LPLOT.EN.u) 5070 330
IF (ATCGTsWMAX) GOTO 332G
WRITE (1) WTCHHF
NREC=NREC+1
329 CANTINUE

WRITE (2) NREC
330 CONTINUE
IF (LPLPRTLEQ.0) GOTO 39¢C

CALCULATE CIRCULAR ORBIT LINE
HPaHMIN
HAasHMIN
NREC=(
349 CONTINUE
JesNWT
N0 350 I=1,NWT
CALL INTER(HP>VELSNCI(I),VI1,I),H(1,1I))
VI(J)=VEL
WI(J)=WEIGHT(I)
JxzJ=1
350 CONTINUE
RBAR= (HP+RE)*FTNM
A= (2 ,¥RE+HP+HA) /2. ¥FTNM
VEL=SQRT (GY*(2./RBAR=1./A}))
CALL INTER(VEL,PLsNWTs»WILVI)
IF (PLJLELWMIN +0OR, PL.GT.WMAX) GATO 236G
NREC=NREC+1
WRITE (1) PL»HA
362 CONTINUE
HA=HA+DH/ 10,
HP=HA
IF (HP.LE.HMAX) GOTOD 34¢
WRITE (2) NREC
CALL PLOTLG (IOPTsXINCYALTMINSDELALTsNHpl,.0%44%4s4HPLOT)
CALL PLOTLG (IQPTsXINC,»ALTMINSDELALT)NHyFACT»36,5,4HPLT3)
G370 330

CALCULATE SINGLE ORBIT
370 CONTINUE
JaNWT
NO 380 T=1,NWT - —- -
CALL INTER(HPSVELSNC(I)sV(lsI)yH(1,1I))
VI(J)=VEL
WI(J)=WEIGHT(I)
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J2J=1
335 CONTINUE
RAAR=(HP+RE) =FTNM
A3 (24 XREFHD+HA) /2., #FTNM
VELSSART (GM* (2./RBAR=1./A))
CoLl INTER(VELSPLINWTH,WI,VI)
HPMET sHP®*XKM
HAMET s AXYKM
O MaPLEXKG
WOPITE (6,450) TITLEL,TITLE29KASE,TPAGE
YRITE (€,460) HPOHPMET
wRITE {6,490)
WRITE (£9500) HP9yPLeHAYVELY PLMyHAMET

3150 CONTINUE
KASE=KASE+]
G070 1)

00 FORMAT (1H1)

410 FORMAT ((15X,5(F1043)))

420 FORMAT (/715X *WEIGHT(LRSe)s*yFB8e1/15Xs *ALTITUDE(NGMI,)*)
430 FORMAT (15X,*VELOCITY(FPS)*)

440 FORMAT ((15X»5(F10.1)))

450 FORMAT (*1%, 8X,8Al0sT68,*VOUGHT CORPORATION*,/

A IXsB8A10,T73,*%PROGRAM ELOPEX,/
~ T6B8s*#CASE *,12,
IS T79s*PAGE #*,12/17)

460 FORMAT (25X, *PERIGEE ALTes*sFbelso* N MIs =%,Fb1s% KM%*//)
470 FORMAT (15X,*INTERPOLATION DATA (CHECK FOR ACCURACY)*,//
A 13Xy *PAYLOAD*,6Xs*INJECTION*,/
) 13Xs*¥WTesLBS*y7Xs*VEL 4»FPS*,y/)
480 FORMAT (5X»2F15,1)
493 FPORMAT (///13X,*PERIGEE*y9IXs *PAYLOAD*,8X» *APOGEE*,8X,*PERIGEE*,

A IXy*¥PAYLNAD®, & Xy *APOGEE*,/
A 13Xk AL Tao NeMIa* 9O Xo*WTapLBS*, X, ¥ALT s NMIo*,
A SXpRVEL oo FPSX 9L X *¥UT oo KG¥93Xg*ALT 49 KM*, /)

5G0 FORMAT (5X»4F15.1»2F10.1)
510 FARMAT (///713X,*CIRCULAR PAYLOAD=*,F6.1s*% LBSs*sFb.1y* KG*,

A 5X9*CIRCULAR VELes*yFBoely* FPS*,//
A 13Xs*ESCAPE PAYLOAD s*,Fbe1s* LB3Ss*,FE.1ly* KG¥,
A EXy*ESCAPE VELs =*»F8e1y% FOPS*)

END
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SURBRAOYUTINE INPUT

THIS SUBRQUTINE RE4DS MODIFIED NAMELIST FORMATTED DATA,
IT READS 4 CARD 3N UNTT 5,VWRITES THE CARD ON UNIT 5,
RITES THE CARD TIN UNIT 2 (FIRST 72 CHARACTERS ONLY),
THs TITLE CAKDS AS DEFINED IN THE DATA STATEMENT BELOW
ARE NOT WRITTEN IN UNIT A RUT THE DATA IS PLACED IN

THE APPOCPRIATE ARRAYS FOR TRANSFER BACK TO THE CALLING
P?GGRAM, THE TITLE CARDS MUST 8EGIN IN COLUMN 2 WITH
N} SPACES. THE CALLING PRGGRA® MUST BLANK THE TITLE
NAMELIST DATA

ARQAYSsy CALL INPUT AND REAC(8,INPU

MUST BEGIN WITH SINPUTD AND END WITH $END,

A=A INNINR IN COLUMN 2,

TPLICIT INTEGER (A=7)

crvmnn /817 TITLE(ER)

DIMENSICN CArC(8)s LINE(13)

DATA LINE/LCH TITLEl=s 51G0H TITLEZ=
»1CH PTITLE3 ,10H PTITLE®
»1GH PLABEL3 ,10H PLABEL®
»10H PLABELT »10H PLABELS

DATA BLANK/1CH /

PEWIND 8
WRITE (65,70)

19 CONTINUE

23

39

READ (5,11C) CARD
IF (ECF(5).NE.O) STOP
WRITE (659C) CARD
BLANK COLUMNS 9 AND 10
ENCODE (10,8C,WORD) CARD(1),BLANK
00 30 I=1,15
IF (WORDJSNEJLLINE(I)) GOTO 30
CARD READ IS A TITLE CARD
IF (I.EQ¢l) J=1
IF (I1.EQ.2) J=9
[F (I.GE.3) GOTO 20
ENCODE(72,60,TITLE(J))ICARD

TD)e

» 10H
2104
»10H
»10H

PTITLEL
PLABELL
PLABELS
PLABEL9

A0TH

»10H PTITLEZ2
»1J0H PLABELZ2
»10H PLABELG
/

SNCODE(30,50, TITLE(J)) CARDI(1), CARD(2), CARD(3), CARPD(4)

G3T0 10
CNNTINUE
Jal7+4%x([=3)
G0TO 18
CONTINUE
BLANK CCLUMNS 73-80 OF DATA CAR
ENCODE (1G»1CJ,CARD(8)) CARD(8), B
WRITE (8,110) CARD
IF (CARD(1).NE+10H $END ) GOTO 10
REWIND 8

CALL DATE(DAT)
CALL TIME(TI™)

WRITE (65,40) DATHTIM
RETURN
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47
A
=9
50
73
=0
Q0

N~
‘o

116

EQRYAT

FaRMAT
FOGYAT
FARMAT
EQRMAT
FARMAT
FRRMAT
FNRMAT
SND

(771771,1.X,*DATE IS %,A9/
10X, *TIME IS *,A9)

(R1+A10,A1049)
(R297TAL3)

(1HL)

(AR, A2)
{10X,8A10)

(A2, 48)

(RA1C)
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1)
20

39

4G

SUBFAUTINE INTER (X,Yy,NUM,B,A)
SFCIND QRLEQ TINTcRPOLATOR

SEL=CT FCUR DJATA POINTS CLOSEST TO X TO INTERPOLATE FOR Y,

X3 INDJECENDENT VARIABLE VALUE

Y=RESULTING DEPENDeENT VARIABLE VALUE

LMTaNQ, QF cLRMENTS TN A AND 8§

RsARRAY OF DEPENDENT VARIABLES

A=ARRAY COF INDEPENDENT VARIABLES
DIMENSION A(15)58(15)

1

(MUM,EQ.4) GOTO 3¢
(MUMSLTos) WRITE (K,40) NUM

(NUM,LT.4) STOP

e I B

m T

TF (XsLTeA(2)) I=1
IF (XeGTeA(NUM=2)) TaNUM=3
IF (XeLTeA(3) «0Re XoGT.A(NUM=2)) GOTO 30

EMTaNUM=2
D0 1C Ka4,yLMT
IF (XeLT.A(K)) GDTO 20
CONTINUE
CAONTINUE
Tak=2

CONTINUE

X0=A(1)

X1=A(I+1)

X2=A(I+2)

X2sA(I+3)
Y1l=((X1=X)*B(I)=(XO=X)*R(I+1))/(X1=X0)
Y21s{(X2=X)*B(I)=(XJ=X}*B(I+2))/(X2-XC)
Y312 ((X3=X)*B(I)=(X0=X)*B(1+3))/(X3=XGC)
Y22 ((X2=-X)*Y11l-(X1=-X)%Y21)/(X2=X1)
¥Y32=((X3=X)*Y11=(X1=X)}*Y31)/(X3=X1)
Ya((X3=X)*Y22=(X2~X)*Y32)/(X3=X2)
RETURN

FORMAT (//71CXs*SUBRAOUTINE INTER = VALUES IN INTERPOLATION TABLE s==*

A I3% MUST SE +GEe 4%)
END
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OO DO OO0 OO0

SUBPQUTINE PLOTLG (INPT,XINC,HMIN,DH,NUMH,FACT,ICAL,PFILE)
THIS SURRQUTINE GZNZRATES A SEMI-LOG PLCT OF APOGEE
ALTITUDE AS A FUNCTION OF PERIGEE ALTITUDE AND

DAYLAAD WEIGHT,

Ekdkkdkkkokkkkrkkkrx [NPUT DATA Xkxkkdokkmkkkkkkkkkkkrk®
DH z PERJGEE ALTITUDE INCREMENT

FacCT = FACTOR FOR RELATIVE SIZE OF PLQT PRODUCED.
HMIN = MINIMUM PERIGEE ALTITUDE
ICAL = TW0 DIGIT CALCLCDE,
2PT = 1 IF ENGLISH UMITS
= 2 IF METRIC UNITS
NUMH s NUMSER NF PERIGEE ALTITUDES
PEILE = LNCAL FILE NaME OF PLOT FILE.
XINC = A3CISSA MAJCR DIVISION INCREMENT

IMPLICIT REAL(A-H,0=S»U~2)»

A INTEGER(I=N,T)

COMMON /BLXL1/TITLEI(8)s TITLE2(B)TITLE(16)yLABEL(36)
DIMENSION X(1000)», Y(10CO)

DIMENSION A(5), LABELY(20)

DATA LABELY/1CH100 »10H200 » 10H400 ’
A 1C0H600 $10HB800 » LOH1 000 ’
A 10H20EO »10H4CO0 s 10H6000 ’
~ 1GHB8000 »10H10000 »1GH20G00 ’
a 10H40000 »10H60000 »10H80000 ’
~ 1CH100000 » 10H20G000 »10H400000 ’
A 10H600000 » 10H800000 /

DATA XKG/Ge45359/,XKM/1.852/

ENCODE(S5s5,CALCODE) ICAL
5 FORMAT(3HCAL,I2)

Catt PLOTS (CALCODE»O,PFILE)

CALL FACTOR(FACT)

REWIND 1

REWIND 2

NCYCLE=&

A(1)=Q.

4(2)=AL0Gl0(2,)

A(3)sALNGLlGO(4,)

A{4)=ALOGLG(64)

A(S)=AL0G10(8,)

XYINT=a(,

CRAW TICK MAPRKS ON Y AXIS AND ANNOTATE
DC 20 J=1sNCYCLE
DO 10 I=21,°
Y1=({FLOAT(J=1)+A(1))*2,5
CALL PLOT (GCesYl,3)
CALL PLOT (=,055Y1,2)
xl"ol*(3o+FLOAT(J))
Yl=Yl=,0¢%
TBCOsLABELY (5%J=5+1)
NCHAR=2+)
CALL SYMBTOL (X1sY1lselsIBCDsGes+NCHAR)
13 CANTINUE
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20 CONTINUE

Y1=(FLOAT(NCYCLE)+A(1))%*2,5

CALL PL2T (CerY1,3)

CALL PLOT (=eG5,Y152)

Y1a=o1* (3,+FLOAT(NCYCLE+1))

YisYl=,ub

CALL SYMBOL (X1sY1lselsp7HIOCUGUCCH04r+7)

NRAW TICK MACGKS ON X AXIS AND ANNOTATE
na 33 J=1,R

X1=sFLOAT(J=1)

CALL PLOT (X1yCes3)

CALL °oLOT (X1,=.35,2)

¥1=X1=e1%

FONaX INT+(J=1)*XINC

CALL NUMBER(X1,=¢2541lsFPNyDer=-1)

2) CONTINUE

40

69

A

~

~

A

LAREL X AND Y AXIS
IF (I0OPTWEQ.1)
CALL SYMBOL(=e6492¢45541921HAPOGEE ALTITUDE=NeMI+»50.5+23)
IF (I0PT.EQ.1)
CALL SYMBOL(24¢39=¢355¢1521HPAYLOAD WEIGHT~POUNDS,»04,+23)
IF (10PT.EQ.2)
CALL SYMBOL(=46452¢45541518HAPOGEE ALTITUDE=KM»90.,+20)
IF (I0PT.EQ.2)
CALL SYMBOL(2e35=e¢355¢1,24HPAYLOAD WEIGHT=-KILOGRAMS,0.,+23)

WRITE 4 LINES OF TITLE AND 9 LINES OF LABEL
Ks]l
X1874/2e=8Be% ol4
Y1=210e=esl4
DO 40 I=1,4
CALL SYMBOL (X1sY1lse1l4sTITLE(K)»O04s30)
YlaY1l=,14=,035
KueK+b
CONTINUE
K=l
YlI?.".lO*3°oE
YlsR,5
20 50 [=1,0
CALL SYMBQOL (X1,Y1i,.10,LABEL(K)»04530)
YlaY¥l=-,1C-,035
KaK+4
CANTINUE

FILL ARRAYS FOR PLOTTING
CONTINUE
READ{2) NREC
IF (EOF(2).NE.G) GOTO 80
DO 70 I=1,NREC
READ(1) WT,HA
IF (ICPTLEQ.1l) X(I)=WT
IF (IDPTL.EQ.1) Y(I)=ALOGlO(HA)=~2,
IF (IDPT4EQe2) XI(I)=WT*XKG
IF (I0PT.EQ.2) Y(I1)=ALDGLO(HA*XKM)=2,
CONTINUE
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DEFINE SCALE FACTORS
X(N2EC+1)=XINT
X{NREC+2)=sXINC
Y(NREC+1)=(,
Y(NREC+2)=14/245

PRAW CURVE
CALL LINE (XyY,NREC,1,C»0C)
GOTN €2
80 CNNTINUE

WRITE ADDITICNAL LA3ELS IN RIGHT BQRDER OF °L0T
Xi=¢,
Yi=é,
HGTs,.185
IF (INPTWEQ.1)
A CALL SYMBOL (X1,YL,HGT»24HPERIGEE ALTITUDE = NeMIos0ss+24)
IF (INPT.EQ.2)
A CALL SYMBOL (X1,Y1l,HGT»21HPERIGEE ALTITUDE = KMyQe.s+21)
D0 <0 I=1,NUMH
YisY1l=HGT=e035
FPNaHMIN+DH=2(I-1)
CALL NUMBER(X1,Y1,HGT»FPN»Qesr~1)
30 CONTINUE
YlsYl=,2
CALL SYMBOL (X1,Y1»HGT»15HCIRCULAR ORBITS»Oes+15)
CALL PLOT (1245045999)
RETURN
END
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SUBROUTINE PLOTLRP(TITLE1, TITLE2sREARTH)
THIS SURRQGUTINE GENERATES A LINEAR PLOT OF PERIGEE ALTITUDE
AS A FUNCTTON OF VELCCITY AND PAYLODAD WEIGHT,

IMPLICIT REAL(A=H,0=S,V=7),

~ INTEGER(I=N,T)

DIMENSION TITLEL(8), TITLEZ(S8)

DIMENSION X(122)» Y(152), £{(150)

DATA CM/2454/5,GM/1.4075578E16/

CALL PLOTS(EHCAL32,0,4HPLT2)
REWIND 3

SnZ=SCRT(2,)

ANNDTATE X-AXIS
NCHAR=H
no 1. J=1,2C
X1sFLOAT(J=-1)*2./CM
CALL PLOT(X15Ces3)
CALL PLOT(X1s=e3552)
X1=X1=.1*NCHAR/2,
FPNs18GUU.+100C.*(J-1)
CALL NUMBER(X1ls=u25e1lyFPNyQusr=-1)
10 CONTINUE
CALL SYMBOL(565=¢359«1»23HINJECTION VELOCITY, FPS»0.523)

ANNOTATE Y=AXIS
NCHAR =4
00 20 J=1,13
Yl=sFLOAT(J=1)*2./CHM
CALL PLOT(Oe»Y1,3)
CALL PLOT(=.05,Y1,2)
Yl=Y1-.05
X13=,05=¢1*¥NCHAR
FpN’Oo+ICCo*(J-1)
CALL NUMBER(X1yYlyelsFPNyQer=-1)
2) CONTINUE
CALL SYMBOL(=e6s2¢55¢1522HINJECTION ALTITUDE, NM,90,,22)

WRITE TITLES

Xl=8.-.14*40.

Y1210e=407

CALL SYMBOL(X1,Y1lsel4s TITLE1»G.»8G)
YlsYl=,2]

CALL SYMBAOL(X1lsYlrelss TITLEZ»0.580)

DRAW CIRCULAR AND ESCAPE VELOCITY LINES

H=100.,

T=]

3u CONTINUE

X(I)=H
Y(I)=SQRT(GM/(X(I)*60T764115494REARTH))
Z{I)=5Q2=*Y(T1)
IF (H.EQ.120C.) GOTO 40
I=1+1
HaH+20,

GaTo 249
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40 CONTINUE

X(T+1)=C.
X(I+2)81Gue/24%CH
Y(T+1)=1EC0C.
Y(I+2)3100uUe/2.,%CHM
Z(1+1)=18000.
Z01+2)=1030 e/24%CH

CALL LINE{(Y»Xs1,51,0,50C)

CALL LINE(ZsXsTs150»

ELAT DATA
I=1

59 COMNTINUE

&0

A

READ(3) Y(I),¥(I)

<)

IF (ENF(2).NE.C) GOTO £€C

IF (Y(I)sLT.0 JOR,

X(I) el Teal8UOG

I=1+1
GOTN 59
CONTINUE
[s1-1
Y(I+1)=0,
Y(1+42)=1C0./2.%CHM
X(1+1)=18000,
X{1+42)31C00./2.%CH

Y{I).GT.1200.

«OR,

oeORe X(I)eGTo37C0U)

CALL LINE(XsYs»1sls=1s1)
CALL PLOT(17.50.5999)

RETURN
END
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APPENDIX C

SCIENTIFIC DATA PROCESSING ROUTINE
SUMMARY DOCUMENTATION

IDENTIFICATION

Trtle Elliptical Orbit Performance

Routine No. 7031 Date Filed March 72 Security Class. U

Responsible Engineer T. R. Myler

Date Completed March 1972 Source FORTRAN Other
Language: Iv

Key Words Orbit parameters, interpolation, CalComp plot

RESOURCE REQUIREMENTS

Typical CPU 5 sec Machine(s) CDC CYBER 175 No. Source Cards 710
Core 60k (octal) Tape none Plot yes Graphics none
DESCRIPTION

Purpose: To calculate elliptical orbit altitudes as a function of payload
weight and generate a CALCOMP plot.

Input: Parametric data of insertion velocity as a function of insertion
altitude and payload weight. Also selectors on desired plot.

Output: A table of apogee aftitude and payload weight for each perigee
altitude selected. Also the payload weight at the circular and escape
condition. All data output in both English and metric units. CalComp plot.

Punctional Description: Uses a 2-body orbit equation for orbit determination
and a second order curve fit to interpolate for velocity and payload weight.

DOCUMENTATION

Vought Report 2-53030/1R-52643, "Elliptical Orbit PerformanceComputer
Program” dated 1. June 1981,
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