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FOREWORD

Volume 1, Part 2: Program Operating Instructins

The SSSP documentation is presented in two volumes.
Volume I contains the basic user's manual text and al! of the
s:mulation input and output description as well as 2 complete
listing of the computer program FORTRAN V source de<k.
Volume II contairs 2 compilation of statistical data on previous
aircraft, missiles and space systems to serve as background
information and program inputs to the weight/volume portion
of the program,

This report is the second of three documents for Volume
I. Part I contains the engineering and programming discussions
and Part 3 describes the program output and contains all of the
Volume I appendices.
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SUMMARY

Ihe Space Shuttle Synthesis Program (SF8P) automates the trajectory, weights and
performance computations essential to predesign of the Space Shuttle system for
carth-to-orbit operations. The two-stage Space Shuttle system is a completely

. eusable space transportation system consisting of a booster and an orbiter element.
The SSSP's maior parts are a detailed weight/volume routine, a precigion three-
dimensional traiectory simulation, and th2 {teration and svnthesis logic necessary
to satisfy the hardware and trajectorv constraints.

The SSSP is a highly usefu! tool in conceptual design studies where the
clfects of various trajectory configuration and shuttle subsystem parameters must
he evaluated relatively rapidly and economicallv. The program furnishes sensitivity
and tradeoff data tor proper selection nf configuration and trajectorv predesign
parameters. Emphasis is plac~d upon predesign simplicity and minimum input
preparation. Characteristic equations for describing aerodynamic and propulsion
models and for computing weights and volumes are kept relativelv simple. The
synthesis program is desizned for a relatively large number of two-stage Space
“huttle configurations and mission types, but avoids the complexitv of a completely

generalized computer nrogram that would be unwieldy to use and/or modify.
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4/0  PROGRAM OPERATION INSTRUCTIONS

This section contains a discussion of the general program operation information,
the input deck setup, the input parameters, and the basic synthesis operation.

SSSP has numerous possible input parameteras. With the exception of a few
table input parameters, the input parameters have internally compiled values which
are assumed unless input with different values. The data is input via an input/output
selection card (IOS card), cards containing the user's run title (TITLES card), and
NAMELIST blocks ($DATA1, $DATA2, $DATA3). Input requirements are simplified
by using NAMELIST input blocks. Each NAMELIST block contains three elements:
(1) The appropriate NAMELIST name ($DATA1, $DATA2, $DATA3), (2) the input
parameters (both name and numerical value), and (3) the terminator ($). Some
important NAMELIST characteristics are enumerated below for the user's
convenience-

1) Card column 1 is unused

2) The $ preceding the NAMELIST name must be in card column 2

3) For each parameter there must be its name, value, decimal point
(omitted for fixed point numbers), and a comma following the input value.

4) Serial input for arrays may be simplified by inputting the acronym of only
the first element of the series. Groups of input parameters may be stacked
several to a card or condensed to one input acronym, if the values are the
same for serial input data slots, by symbolically multiplying the value by
the number of successive slots it will occupy; see the following example.

Examples

Expanded Input Method
c2(3, 6, 3) = 1,08,

Simplified Method

C2(4, 6, ?) = 1.05, _
C2(5, 6, 3) = 1.10, C2¢3, 6, 3) = 1,03, 1,05, 1,10, 1.29,
c2¢, 6, 3) = 1.23,

TWD1I(5) = &.,

TWD1(6) = 5.,

TWDI(?7) = 8., TWD1(5) = 4s5.,

TWD1(8) = 6.,

4-1
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5) The input may start on the same card as the NAMELIST name.

i
6) The terminator ( $ ) may appear as the last item on a card containing |
input data. '

)

. The systems requirements for the UNIVAC 1108 consists of:

Hardware

1. Card punch (optional)

2. Card reader

3. Printer }
i 4. One tape drive (for CUR tape). It is possible to execute from

' cards in which case no tape drive is necessary.
) 5. 70000 octal words of central memory

-——

—

1. EXEC 11 LEVEL 6 operating system.
2. FORTRANV
3. Ability to execute from a CUR tape (optional)

-

4.1 DECK SETUP

Figure 4~1 depicts the groups of cards and their order which sre necessary
to execute an SSSP case for the MSC system using a UNTVAC 1108 digital computer.
The following paragraphs discuss the deck setup in terms of control cards, input/
output selection (I0S) card, TITLES card, orbiter and booster data decks, synthesis
data deck, and GTS!! data deck.

4.1.1 CONTROL CARDS

The following control cards are necessary to effect execution of an SSSP ]
case(s) for the MSC system currently used for the Univac 1103 digital computer,

(AR EEEN IR REEN]
11121316,.8101218i010821212:618:817:1019:010:218:81918,7.8,:0,01012i31010181218.9:
u D-AAJJI_LAA P S T W Y WY U W Y Y U U W N T ¥ ‘._L_a_‘_.“‘___
v M PILE REG [TAPE 1 FAs3L O F3 WO &
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Aed bt endhac doedh TV W S U W W W W ¥ FYE VN TN U0 U W AN W WU WO WA W W0 WY W A S N 1
S, P T B W Y U P N S WOV S W W W T N U U U U S W'Y Abcdendmadmd b
Ak hd A h b h A Adeddod bbbl Ardeadeahademd et md el Adoded ddhocdd b PO 0 U W S S W\ »
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4.1.2 lOS C ARD

The input/output selection card (108S) is the first card of the data package. Six
program flags, JO,JB, MPRNTO, MPRNTB, MPNCHO and MPNCHBina 6 | 2
format are necessarv.

4.1.2,1 JOand JB. JO is the flag controlling the reading of weight/volume input
data (3DATA3) for the orbiter element, and JB serves the same purpose for the
hooster element. These flags may assume the following values to perform the
indicated function:

0 use stored data, no changes from a preceding case of a multiple run

1 read input data, the SETO subroutine is activated

2 read changes to input data for a case of multiple run

For example, the user would choose the values 1 1 for the firsi case of a
multiple run in order to fully define the input parameters for the orbiter and booster
elements; and then choose the values 2 0 for the second case which would allow
the program to accept changes to the orbiter weight/volume parameters while
retaining the booster parameters from thc preceding case.

In addition to the proper setting of the flags JO and JB, the uaser must also set
the parameter MULT in the GTSM data deck ($DATA1) to the proper value:

MULT =0 for the final case

MULT - 1 if another case is to follow current case
JO and JB are the first and second words, respectively, on the I0S card.

4,1,2,2 MPRNTO and MPRNTB. The printing of the weight/volume input data
($DATA3) is controlled by the flag MPRNTO for the orbiter and by MPRNTB for
the booster. MPRNTO and MPRNTB are the third and fourth words respectively,
appearing on the I0S card in the 6 | 2 format. The printing of the input data is
obtained by inputting a 1 for these flags. Printing is suppressed by entering zero

in the appropriate slot. The $DATA2 ("'svnthesis") input is either printed or suppressed

according to the value of MPRNT, MPRNT is an internal flag which is set to either
the value of MPRNTO or MPRNTB depending on the value of JO and JB as shown.

Jo JB_ MPRNT
lor2 lor2 MPRNTB
0 lor2 MPRNTB
lor2 0 MPRNTO
0 0 0
44
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For example, the 10S card of the first case of a multiple run might contain
1 1 1 1 which would cause the printing of the orbiter and booster input weight/volume
data($DATA3) and the "'synthesis data (§DATAZ). The IOS card of the second case
might contain 2 2 0 2 which would suppress the printing of $DATA3 and $DATAZ2
input data. Note- the print of $DATA1 is handled by PRNTX (1), see Sec. 4.2.2)

4.1.2.3 MPNCHO and MPNCHB. MPNCHO and MPNCHB are the fifth and sixth
words, respectively on the I0S card and cause punched output of the input weight/
volume data for the orbiter (MPNCHO) and booster (MPNCHB). By inputtinga 1
the user will obtain punched card output of the input (useful for ""cleaning up” a
NAMELIST block): a zero will suppress the punching. For example, an 10S card
containing 1 1 1 1 1 0 would yield a punched deck of the weight/volume input for
the orbiter but none for the booster.

4.1.3 TITLES Card.

The TITLES card must precede each $DATA3 deck (see Fig. 4=1). The
hollerith information contained in card columns 2 through 60 is printed as the user's
run title. (The user may insert a blank card). Although a TITLES card must be
present before both the orbiter and booster $DATA3 decks, only that information
appearing on the one preceding the booster $DATA3 deck is retained and printed as
the user's run title,

4.1.4 DATA DECKS.

Four blocks of data are necessary to execute a single case or the first case
of a multiple run. These blocks with their corresponding NAMELIST names and
order of input are

$DATA3 Orbiter weight/volume data
$DATAS3 Booster weight/volu me data
SDATA2 "Syathesis' data

$DATAl GTSM (trajectory) data

For multiple cases, the user may choose to omit the orbiter and/or booster data

if the changes do not affect orbiter and/or booster input. If the "'synthesis” data
and/or GTSM data is to remain unchanged for succeeding cases, the user must still
input the SDATA2, $SDATAL and terminating $ cards even though no new data appears
in these input blocks.

The first case of a run would consist of the following cards:

4-8
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111100 108 card
TRIAL RUN TITLES Card
$DATA3
Orbiter weight/volume data
s
. TRIAL RUN TITLES Card
U $DATAS3
L Booster weight/volume data
o $
v $DATA2 "Synthesis' input data
£ s
$DATA1 GTSM (trajectory) data
MULT=1., )
4
] Y

While the second case, requiring only changes to the “'synthesis" and GTSM
data, could consist of the cards:

220000 108 card
SECOND CASE TITLES Card
o $DATA3
Y Orbiter
g $
SECOND CASE TITLES Card
$DATA3
Booster
]
i IDATA2
{ "Synthesis' data changes
v t $
", $DATA1
MULT=0,, GTSM data changes
s .
4-8
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4.2 INP!T PARAMFTERS
The basic input data blocks required for an SSSP setup, as discussed above, are:

SDATAS3 - Orbiter weight/volume data
SDATA3 » Hooster weight/volume datu
$DATA2 - Svnthesis driver data

$DATA1 - Basic trajectory simulation data

The SDATAS3 input hlocks contain the scaling coefficients, fixed weight/volume
items and basic estimates necessarv to svnthesize the orbiter and booster stages,
respectively. This data is read-in under identical input acronyms or names since
the identical set of scaling equations (subroutine WTSCH) are utilized to size each
stage. Because of the wide range of design parameters and the many possible design
solutions in any area of either the orbiter or booster design, these equations of
necessity are compiled in general terms and therefore are used for both stages in
the SSSP, It is the responsibility of the user to select those items which comprise
his specific design application for each stage and to reflect these differences in the
input to each respective $DATA3 block. (The input parameters for each stage are
internally stored under special data arrays to differentiate between the st ages during
the synthesis process, however). The Weight/Volume Handbook contains a complete
description of the scaling equations in term4 of these general $DATA3 input terms
and only differentiates between the stages when use of an equs tion requires a special
orbiter or booster input parameter to be specified.

The $DATAZ2 input bicck contains the basic parameters which drive the operation
of the synthesis process. These parameters include the synthesis opticn flags,
initial estimates necessary to start the process, and fixed items for each SSSP run
such as the stage specific impulses to be used for each ascent fiight simulation
section Many of the parameters input to this data block either "override" the
basic input to the $DATA3 or $DATA1 blocks due to an option that has been
specified or must be utilized in conjunction with certain input parameters to the
$DATA3 and SDATA1 blocks for a particular SSSP run. In addition certain para-
meters which are normally input to the SDATA! block and necessary to drive the
ascent simulation are computed internal!s during the synthesis process and hence
are not known, n priori, These computed parameters are then 'supplied” to the
GTSM subprogram and therefore, also “override” the SDATA] input, Use of
the SDATA2 input parameters are discussed in Section 2.3, Synthesis Technigues
and are opetationally summarized in Section 4.3, Basic Synthesis Operation.

The $DATA! input block contains the basic parameters necessary to simulate

the baseline ascent trajectory (GTSM subprogram) and, if the option is utilized,
to simulate the booster entsy trajectory from the staging roint on the ascent

47
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trajectory. Scction 2,3, 1.2 discugses the baseline ascent trajectory profile compiled
into the SSSP, Necessary parameters which drive this ascent profile fall into two
basic categories (1) synthesis computed, and (2) $DATA] required input. Examples
that fall into the first category include the foillowing basic items which are supplied
automatically to GTSM:

1) Stage gross weights, prop~llants, jettison weights

2) Propulsion characteristics: thrust levels, propellant flow rates

3) Theoretical wing areas for use as reference areas for the fixed
aerodynamic characteristics

Necessary $DATA1 input includes such basic items as:

1) Initial conditions: launch pad coordinates, launch azimuth, etc.
2) Iteration and integration controls

3) Atmospberic data

4) Aerodynamic characteristics

5) Parking orbit insertion conditions

6) Maximum axial load zllowed during ascent

The basic $SDATA] input items either have built-in default values in the GTSM
subprogram, e.g., the atmosphere model, Appendix I1l, or are compiled at fixed
values which fix the ascent profile prior to GTSM entry.,

The following sub sections describe the basic input parameters for each data
block and, in the cascs of SDATAS3 and SDATA1 input, flag those input parameters
which are supplied from the synthesis process. Due to the large number of required
input for operating the SSSP, it is strongly suggested that the uscr initiallv setup
a configuration with the minimum required input parameters and then proceed to
build upon this basis as necessary. As a new configuration is being developed for
analyses, it is also juggested that the basic data deck setup developed for a previous
configuration oe utilized as its foundation. This process not only assists the user
in the 8SSP operation but also minimizes the number of aborted computer runs. Lack
of a necessarv input parameter is one of the most frequent causes of aborted SSSP
runs particularh during the initial phases of developing a new configuration.

4 ° SDATAS

The NAMELIST input data block $SDATAS supplies the basic scaliag coefficients,
fixed items and basic scaling estimates necessary to size each stage in the sud-
routine WTSCH. [t also includes certain option flags used to define the design
philosopby required within WrSCH such as (1) specifying a fixed wing loading or a

fer
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fired theoretical wing area, and (2) specifying what portion of the total wetted

area is to be covered by the thermal protection svstem, etc. The $DATAS input

is read in twice, first the orbiter then the booster. This data is read=-in under
identical input acronyms, by the subroutine READY and are stored in appropritte
arrays in the subroutine STORE. This possessing iz accomplished for ease of

drta handling when transferring from one OVERLAY to another during t.2 synthesis
iteration process and to differentiate between or’  ~ and booster data, The Weight/
Volume Handbook, Volume I1 contains a complete description of the use of these

input parameters in the general $DATA3 format and differentiates between the orbiter
and booster input where necessary.

This section contains a complete list and briei description of the $DATA3 input
in the general data format (orbiter or bouster) and points to those input parameters
which are either (1) controlled by the synthesis driver input ($DATAZ: or (2) computed

¥y 4 internally during synihesis process. In the first case input for certain parameters
4 are necezsary in order to parallel a particular synthesis opticn This is discusscd
in Section 4,3, Basic Synthesis Operation. In thc 3econd case certain input para-
seters are either internally computed thereby overriding the $DATAS input or are
LA recomputed dur.ng the synthesis process as described in Section 2.3, Synthesis
Techauiques. The basic scaling coefficients are input {n subscripted arravs and
acronym names, The principal arrays and their internal dimensions are: C(300)
and K(30). Thesc arrays are internally initlalized at a value of 0, for both the
orbiter and booster deta, Therefore if a parameter is not input, its value will be
s internally stored at 0. Where an srray parameter is not shows in the following list,
N it has been reserved for future use in expanding the S88P and also has an internally
stored value of G, The remaining SDATAS input parame ters are read-in under
acronym nemes and primarily consist of fixed items or initial estimates used in
WTSCH sizing process for each 1tage. These paramete.’s are also intenally
initialized at a value of 0. for each stage. Since the data for both the orbiter and
booster are input under the same parameter names, it is important to place the
respective input in the proper SDATA3 input data block as outlined in Section 4.1
above. Misplacement of orbiter data (o the booster SDATA3 and vice versa is one
of the mosat fraquent causes of aborted SSSP runs,

B

The brief descriptions following the SDATA3 input list aze utilized in this
volume only for refersnce, The numbers preceding the input parameters refer to
the list of comments succeeding the SDATAS list.

4=9
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TERMS

(1)

c(2)

(N3]

C(&)

C(s)

C(e)

c(r)

c(8)

c9)

C(10!}
Cei)
Ce12)
Ca1d)
C(l1e)
C(15)
C(16)
ca7)
C(18)
C(19)
C(20)
c(21)
c22)
c2y)
c(es)
C(2%)
c(26)
C(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(3u)
C(35)
C(36)
Ce3an
L(38)
C(39)
C(40)
Ciul)
C(42)
C(ud)
C(44)
Cius)
C(46)
Cu?)

sOATA3 INPUT COEFFICIENTS

OESCRIPTION

wING WEIGHT COEFFICIENT (INTERCEPT)
wING WEIGHT COLFFICIENTY F(GROSS AREA)
FIXED wING WEIGHT

VERTICAL FIN WEIGHT COEFFICIENT

FIXED VERTICAL FIN wEIGHT

HORIZONTAL STABILIZER WEIGHT COEF,
FIXED HORIZONTAL STABILIZER WEIGHY
UNIT WEIGHT OF FAIRING OR SHROUD
FIXED wEIGHY OF FAIRING OR SHROUD
INTEGRAL FUEL VTANK WEIGHT COEFFICIENT
FIXED INTEGRAL FUEL TANK WEIGHWT

wING WEIGHY COEFFICIENT (SLOPE)

sASIC gODY WElunT COEFFICIENT F (AREA)
BASIC BOUY WEIGHT COLFFICIENT F(VOL.)
FIXED BASIC BODY WEIGHT

NOT ySeD

NOT JUSED

NOT USED

NOT USED

NOT USeD

NOT USED

40T USED

SECONDARY STRUCTURE wEIGHY COEF,
VERTICAL FIN WeIGHT COEF, F(FIN AREA)
HORI2ONTAL WEIUKT COELF, F(HORIZ, AREA)
FIXED INSULATIUN WEIGHT

FIXED COVER PANEL WEIGHT

CIMBAL SYSTEM wEIGHT COEF. (INTERCEPT)
PRIME POWER SOURCE TANKAGE wT, COEF
LANDING GEAKR welGHT COEF, F (WLAND)
FIXED LANDING OEAR wtIGHWT

ROCLKET ENGINE WEIGHT COEF,

FIXED ROCKET ENGINE WEIGHTY

NOT ySeDd ‘

nNOT USED

NACELLE2PODS AND PYLONS WEIGHT COEF,
FIxSU NACELLE «PODS AND PYLONS WEIGHT
POwtER SOURCE PROPELLANT wEIGHWT COEF,
FUEL TANK wtIGnT COEF, (NON=STRUCTURAL)
FIXEQ FUEL TANK wEIGHT (NON=STRUCTURAL )
OXID TANK wEIGHT COEF, (NON=STRUCTURAL}
¢ IXED OXID TANR wEIGHT (NON=STRUCTURAL)
FUBL TANK INSULATION UNIY WEIGHY

FIXED PROPELLANT TANK INSULATION WEJIGMT

FUEL SYSTEM WY COEF, F{THRUST)
FUEL SYSTEM wT COEF F(LENGTN)
FIXED FUEL SYSTEM wELGMTY

4«10
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UNITS

LBS/FT2
LBS
LBS/FT2
.BS
LBS
LBS/FT2
LB8S
LBS/FT2
L.8s
LBS/FT2 ;
LBS/FT3 i
LBS i

!
- |
- i
-

LBS/FTR
LBS/FT2
LBS/FT2
L8s
LBS

LB

L8%

LBS
LBS/FTY
LBS :
LBS/FT3
L8S
LBS/FT2
LB8S
LBS/FTY
L8
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INPUT COEFFICIENTS (CONT)

TERMS DESCRIPTION UNETS
C(48) OXID SYSTEM WY COEF F (THRUST) -
C(49) OXID SYSTEM WT COEF F(LENGTH) LBS/FY
C(50) FIXED OXID SYSTEM WEIGHT .8s
Ci151) FUEL TANK PRESSURE SYSTEM WEIGHY COEF LBS/FT3
c(52) OX1D TANK PRESHURE SYSTEM WwEIGMNT COEF LBS/FT3
C(53) NOT USED -
C(5¢) NOT USED -
C(55) AERODYNANIC CONTROL SYSTEM WEIGNT COEF ww
C(56) FIXED AEROUYNAMIC CONTROL SYSTEM WEIGMT LBS
c(s?) NOT USED o=
€(58) NOT USED L
C(59) NOT USED Lod
Cle0) FIXED PRIME POWER SOURCE TANKAGE WEIGHT LBS
Ctlel) NOT VUSED on
cte2) tLECTRICAL SYSTEWM WEI@MNT COEF, -
c63) tLECTRICAL SYSTEM WEIGHT COEF, L
Cion) FIXED ELECTRICAL SYSTEM WEIGHT L8s
C(65) HYORAULIC/PNEUMATIC SYSTEM WEIGHT COEF oo
C(66) HYDRAULIC/PNEUMATIC SYSTEM WEIGHY COEF w=
cwen FIXED HYORAULIC/PNEUMATIC SYSTEM WEIGHT LBS
C(68) FIXED GUIDANCE AND NAVIG, SYSTEM WEIGHT LBS
C(69) INSTRUMENTATION SYSTEM WEIGHT COEF LBS/FTY
C(70) F.XZD INSTRUMENTATION SYSTEM WEIGMNT Las
c(r COMMUNICATION SYSTEM wEIGHY COEF, | o=
C(72) FIXED COMMUNICATION SYSTEM wEISHT Les
c(ry) FIXKED ACS RESERVE PROPELLANT WEIGHT LBS
C(T8) LQUIPMENT ECS WEIOMY COEF, -
C(71%) CREwW PROVISIONS WEIGMY COEF, -
C(76) FI1XED CREW PROVISIONS WEIGHY LB8sS
cQm OXID TANK INSULATION UNIT wEIGHT LBS/FT2
c(r8) FIXED ICE AND FROST WELIGHT L8S
C(79) NOT USED Lo
c(80) NOT USED el
c(81) NOT USED -
c(82) NOT JUSED Ll
C(83) NOT USED bl
C(84) NOT USED o
c(a88) NOT USED -
C(ae) NOT USED b
cwem NOT ySED Ll
C(88) NOT YSED o
C(89) NOT USED L
C90) NOT USED o=
«(91) NOT USED -
C(92) HOT USED -
C(93) NOT USED e
C(94) NOT USED -
C(93) n0T USED it
C(96) CONTINGENCY ANU GROWTHM COEF, bnid
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TERMS

com

Ci98)

C(99)

caom
c(iol)
C(102)
c(g0d)
C(104)
C{10%)
C(106)
cuiom
C(108)
C(109)
C(110)
C(111)
ci112)
Ca11y)
ci11v)
Ce115)
C(116)
cq1?
C(118)
caiy
Ci120)
C{12}1)
Cr122)
C(123)
C(124)
C(125)
C(120)
C(127)
c(128)
C(129)
C(130)
C(13b)
C(132)
Ca13y)
Cl13%)
C(135)
C(136)
C(137)
€138
1139
C(180)
Cuimy)
C(162)
C(183)
Cli184)
C(185)

INPUT COEFFICIENTS (COKT)

DESCRIPYION

CREW WEIGNT COEF,

FIXED CREW WEIGHT

NOT USED

NOT USED

NOT USED

PAYLOAQ/CARGO WEIGHT COEF.
FIXED PAYLUAD/CARGD WEIGHT
PASSENGER WEIGHT COEFFICIENT
FIXED PASSENGEX wEIGHY

FUEL TANK GASEQOUS wEI@HY (JEF,
OXiD TANK GASEOGUS wF @MY COEF,

FIXED PRESSUHE AND PURGE GASEOUS WEIGHT

TRAPPEY FUEL WEIGHT COEF, F(FUEL ¥wTY,)
FIXED TRAPPED FUEL WEIGMT

TRAPPED OXID WEIGMT COEF, F(OXID WT,)
FIXED TRAPPEDL OX1ID WLI6GWT

TRAPPED SERVICE ITEMS wElOWT COEF,
FIXED TRAPPED SERVICE ITEMS WEIGNY
FUEL RESERVE WwEIGHT COEF,

FIXED RESERVE FUEL WEIGHT

OXID RESERVE WEIGHT COEF,

FIXED RESERVE UXIDIZER WEIGHMT

POWER SOURCE RESERVE PROPELLANT WY COEF
13

FIXED RESERVE POWER SOURCE PROPELLANY
RESERVE SERVICe I1TEMS wWEIGHMY COEF,
FIXED RESEKVE SERVICE ITEMS

VENTED FUEL wEIGHT COEF., FITOTAL FUEL)

FIXED VENTED FUEL WEIGNT

VENTED OXIU WELGHY COEF, F(TOTAL OXID)

FIXED vENTED OX1D wEIOGWT

FIXED POWER SOURCE PROPELLANT wEIOGHT
0T USED

FIXED MAIN THRUST PER ENGINE

SERVICE ITEM LUSSES WEIGHT COEF,
FIXED SERVICE ITEM LOSSES

FIXED THRUSTY BUILD=UP FUEL WEISHT
FIXED THRUST BUILD=UP OXID WwEJ*WT
FIXED PRE=IGNITION LOSSES

VERTICAL FIN WeloHT COEF,

FIXED SECONDARY FUEL SYSTEM WEIGNT
FIXED SECONDARY OXID SYSTEM WEIGHTY
INTEGRAL OXID TANK WEIGHT COEF,
FiXED INTEGHAL OxlD TANK wEIGMT
SECONDARY RUCKET ENGINE wElGWT COEF,
FIAED SECONDARY ROCKET ENGINE WEIONY
NOT U3ED

LAUNCH OGEAR WEIGHY COEF,

FIXED LAUNCH GEAR WEIGHT

VEPLOYABLE AERVUYNAMIC DEVICES wY COEF

4e12

UNITS

L8S
LBS
L8s
LBS/FT3
LBS/FT3
8%

L8s

LBS

Les

L8s

LBS

LBS

L8s
L8s
LBS
L8s
L8S
L8S
LBS
LBY
»8s
LBS
LBS/FTS
LBS

LBs

L8s
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Cllse)
C(ie7)
Ciiua)
C{lu9)
C(150)
C(151)
C(3152)
C(153)
C(154)
C(15%5)
C{156)
C(157)
€(158)
C(159)
C(160)
C(16l)
C(162)
C(163)
C(i16%)
C(165)
L (1606)
C(167)
€(168)
Ci169)
C(170)
cCaT
C(172)
C(173)
C(174)
C(175)
C(170)
CQ177)
C(176)
C(179)
C(180)
C(181)
C(182)
C(183)
Ct184)
C(185)
C(186)
€(187)
C(188)
C¢189)
C(19v)
CO9)
C(182)
C(193)
C(194%)

inPUT COEFFICIENTS (CONT)

OESCRIPTION

UNITS

FIXED DEPLCYABLE AERQDYNAMIC DEVICES WT LBS

DOCK ING STRUCTURE WwEIGHY COEF,

FIXED DOCKING STRUCTURE WEIGHT
ATRBREATHING ENGINE THRUST PER ENGINE
~NOT USED

NOT USED

NOT USED

SEPARATION SYSTEM WEIGHT COEF,

FIXED SEPARATION SYSTEM WEIGHT d
ACS SYSTEM WEIGKT COEF.,.

ACS SYSTEM WETIOMT COEF,

FIXRED ACS SYSTEM WEIGHT

FIXED SECONDARY THRUST

NOT USED

GIMBAL SYSTEM wEIGHMY COEF,

FIXED GIMBAL SYSTEM EIGHT

FIXED CONTINGENCY AND GROWTH WEIGHT
FIXED THRUSTY STRUCTURE WEIGHT

ACS TANK WEIGHT COEF,

FIXED ACS TANK WEIGMT

THRUST DECAY PROPELLANT wEIGHY COEF,
FIXED THRUST DECAY PROPELLANT WEIGHT
THRUST STRUCTURE WEIGHY COEF,

FIXED SECONDARY STRUCTURE wEI1OWY
SECONDARY FUEL SYSTEM WEIGHT COEF,
SECONDARY OXID SYSTEM WEIGHT COEF.
ACS RESERVE PROPELLANT WEIGHT COEF,
ACS PROPELLANT wEIGHT COEF, F(wTO)
ACS PROPELLANT WEIGHT COEF, F(WWAIT(S&))
FIXED ACS PROPELLANT WEIGHT
HORIZONTAL STABILIZER wWEIGHY COEF,
NGT USED

NOT USED

NOT USED

INSULATION UNIT wEIGHT

COVER PANEL UNIT WEIGMY

LANDING GEAR wEIGHT COEF, F(WLAND)
ENGINME MOUNTY WEIGHT COEF,

FIXFED ENGINE MOUNT weIGHT
AEKODYNAMIC CONTROL SYSTEM WEIGHWT COEF
NCT USED

F(XED PRESSURIZATION SYSTEM WEIGHT
NIT USED

FUtl, TANK wEIGHT COEF, (JP)

FI-,ED FUEL TANK wEIGHY

FUEL DIST, SYSTEM=PART 1 WEIGNT COEF.
NOT Y3<D

~0T USEY

NOT uSED

del3
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LBS
LBS

.B8s
LBs
L8s

Les
L8s
LBS

LBS

LBS
L8s
LBS/FTY
LBS/FT)

LBS
LBS/FT2
LBS/FTR

.8S
.8S
L8$
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TERMS

C(195)
€(196)
cl197)
c(198)
Cl199)
Cc(200)
c(201)
C(202)
€(203)
C(208)
C(205)
C(206)
ciaom
c(208)
C(209)
C(210)
c(211)
C(212)
c(21d)
C(21s)
C(2i»
C(2le)
C{217)
C(218)
C(219)
Cc(220)
c(22})
Ci222)
C(223)
C(224)
C(22y)
C(226)
c22m
Cc(228)
C(229)
C(230)

INPUT COEFFICIENTS (CONT)

OESCRIPTION

NOT USED

NOT USED

NOT USED

NOT USED

NOT USED

HOT USED

NOT USED

NOT USED

NOT USED

NOT USED

NOT USED

NOT USED

NOT USED

NOT USED

NOT USED

AIRBREATHING ENGINE WEIGHT COEF,

FIXEQ AIRBREATHING ENGINE WEIGNT
AIRBREATHING TANKAGE ¢ SYSTEM WY, COEF
FIXED AIRBREATHING TANKAGE + KYST, #T.
FLYBACK MASS RATIO MINUS 1,0

FIXED FLYBACK PROPELLANY WEIGMT

NOT USED

NOT USED

NOT ySED ‘
ROCKET ENGINE ®T, COEF, F(THRUST AREA
ROCKET ENGINE AREA RATIO

ROCKET ENGINE AREA RATIO EXPONENT

NOT USED

NOT USED

NOT USED

TRAPPED FUEL WEIGHT COEF F(PROPELLANT)
TRAPPEQ FUEL WEIGHT COEF F(THRUST)
TRAPPED OXID wkIGHT COEF F(PROPELLANT)
TRAPPED OX1ID Wt I6MT COEF F(THRUST)
VENTED FUEL WEIGHT COEF F(PROPELLANT)
VENTED OXID WEIGMY COEF F (PROPELLANT)
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ANENGS
ANTANK
ASRATO
ASWEEP
caBocy
CFUEL (1)
CFUEL (2)
CFUEL(3)
CFUEL (%)
CFUEL (D)
CFUEL (6)
CHBOODY
CLBODY
CsSBODY
CSFAIR
CSFUTK
CSHOR2
CSOXTK
CSPLAN
CSVERY
CSWING
CTHRST
CTHST2
FxwOovs
ISP(1)
IsP(2)
ISP(Y)
1SP(e)
IsP(9)
IsSPte)
ITPS
K(L)
K(2)
K(3)
K(&)
n(S)
K(6)
K(T)
K(8)
K(9)
K(10)
K(31)
K(i2)
K(13)

SDATAS  INPUT TERMS

DESCRIPTION

NUMBER OF AIRBREATHING ENGINES

NUMBER OF AIRBREATHING FUEL TANKS (JP)
wING ASPECT RAT}IO

wING LEADING EUVGE SWEEP ANGLE

BCGLY wlDTH OR COEFFICIENT

THRUST BUILD=UP MIXTURE RATIO

NOY USED

MAIN IMPULSE MIXTURE RATIO

MAIN IMPULSE RESERVE MIXTURE RATIO
SECCHDARY IMPULSE MIXTURE RATIO

NOT USED

BOUY HEIGHT OR COEFFICIENT

BO0Y LENGTH OUR COEFFICIENT

TOTAL BODY WETTEU AREA OR COEFFICIENT
FAIRING PLANFORM AREA OR COEFFICIENTY
FUEL TANK SURFACE AREA COEFFICIENT

HOKIZONTAL STAW, PLANFORM AREA OR COEF,

OXID TANK SURFACE AREA COEFFICIENT
BODY PLANFORM AREA OR COEFFICIENT
VERTICAL FIN PLANFORM AREA OR COEF,
wING PLAINFOKM AREA

VACUUM THRUST TO LIFT=0FF wEIGHT RATIO
SECONDARY PROPULSION T/W RATIO
FIXED wING LOADING

THRUST BUILD=UP PROPELLANTY ISP

NOT USED

MAIN IMPUL3E PROPELLANT ISP

MAIN IMPULSE RESERVE PROPELLANT ISP
SECONDARY PROPULSION PROPELLANT ISP
NOT VUSED

TPS FLAG

FUEL TANK ULLAGE VOLUME COEFFJICRENT

OXIDIZER TANK ULLAGE VOLUME COEFFICIENT

AVERAGE FUEL TANK INSULATION THNICKNESS

FIXED PROPELLANT TANK INSULATION VOLUME

CREW VOLUME COLFFICIENT

FIXED CREW VOLUME

FIXED SECONDARY FUEL TANK VOLUME
FIXED SECONDARY OXID TANK VOLUME
FIXED CARGO BAY vOLUME

AVERAGE BODY STRUCTUKAL DEPTM
FIXED BODY STRUCTURAL VOLUME
LANOUING GEAN BAY VOLUME COEFFICIENT
FIXED LANDING GEAR BAY VOLUME
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UNITS

FT

FT

FT2
FT2
FT2
F12
FT2
FT2

LBS/FT2
SEC
SEC
SEC
SEC

FT3
FT3
FT3
FT3
FT
FT3
FT3/L8
F73
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(8)

(9)

(10)

t10)
(19)

TERMS

nile)
K(15)
K(16)
K¢sT)
K(18)
n(19)
X{(20)
n(21)
K(22)
K(23)
K{28)
n(2s%)
K(26)
K(27)
K(28)
K(Q9)
K(30)
KIN

LF
MR(1)
MR(2)
MR(3)
MR(4)
MR(5)
MR(6)
NCREw
NENGS
NLISTO
NPASS
Nwl
PCHAM
Q
KHOFU
RMOF U2
RHOX
KHOXQ
S800Y
TOL
TOVERC
TPRATC
TYTALL
vBODY
wGROSS

INPUT TERMS (CONT)

DESCRIPTION

NOT USED

NOT USED

PROPULSION BAY VCLUME COEFFICIENT
FIXED PROPULSION BAY vOLUME
MISCELLANEQUS VOLUME COEFFICIENY
FIXED MISCELLANEOUS VvOLUME

~nOT JSED

FIXED FUEL TANK vOLUME

NOT USED

os0DY VOLUME INTERCEPT (X (18) SCALING)
NOT USED

AVELRAGE OXID TANK INSULATION THICKNESS
nNOT JSED

nOT USED

MAIN FUEL TANK VOLUME FOR FLYBACK
FIXED OXIOIZER TANK vOLUME

NOT USED

NOT USED

ULTIMATE LOAD FACTOR

THRUST BUILU=UP MASS RATIO OR AV
1Oy ySeD

MAIN IMPULSE MASS RATXO

MAIN IMPULSE RESERVE MASS RATIO OR Av
SECONDARY IMPULSE MASS RATIO OR AV
~NOT JSED

NUMBER OF (REw MEMBERS

TOTAL NUMBER OF ENGINES PER STAGE
HAME LIST OUTPUY FLAG

HUMBER OF PASSENGERS

wING LOADING FLAG

MAIN ROCKET ENGINE CHAMBER PRESSURE
MAXIMUM DOYNAMIC PRESSURE

FUEL OENSITY

SECONDARY FUEL DENSITY

OXIDJI2ER DENSITY

SECONDARY OXIDIZER DENSITY

TOTAL BODY WETTED AREA

GRUSS wEIGAHT ITERATION TOLERANCE
wING THICKNESS OVER CHORD RAT1O
wING TAPER KAT[O

NOT USED

TOTAL B0OUY VOLUME

GROSS WEIGHMY
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UNITS

FT3/L8
FT)

FT73

FT3

FT3

FY

FTy

FT3
PSIA
PSIA
WBS/FT3
LBS/FT3
LBS/FTY
LBS/FTY
FT2

LB8S

-
FT3

L8s

~~_
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$DATA3 Comments

1. For the orbiter this input is the fixed system payioad or cargo for the
mission excluding the weight of furnishings and support equipment for
the passengers, if any. The weight of the passengers is handied
separately. If a fixed booster gross weight (liftoff weight) is to be
specified (see Section 4. 3.5, this input is used as the initial estimate
for the system payload,

2. For the booster this input is unavailable. Internally this parameter is
set equal to the gross weight of the orbiter and hence, the ‘'payload"
of the booster.

3. For the orbiter this input is the vacuum thrust per engine (unit thrust).
If a fixed vacuum thrust/gross weight i desired for the orbiter (see
Section 4.3.1), this parameter must be input as 0. For the booster
this parameter is internally computed and the input value is ignored.

4. For the orbiter this input is the fixed value of the cruise performance
mass ratio minus one which is used to calculate the weight of air-
breathing fuel, if any. Typically the orbiter makes use of airbreathing
engines only for a powered approach and landing with go-around
capability. For the booster this input is an initial estimate (see
section 4. 3. 4) since the booster also utilizes its airbreathing engines
to perform the subsonic cruise to the landing site with the cruise range
requirement being specified internally,

5. For the orbiter or the booster, this input is the fixed specified theoretical
(gross) wing area and the wing loading is computed internally (set FXWOVS=0, ,)
at a selected design condition. If the wing is to be specified (FXWOVS) at
a selected design condition, this input is used as an initial estimate for the
theoretical wing area.

6. For the orbiter this parameter is internally set equal to the SDATA2 input
IVACO(5) and therefore need not be input, For the booster this parameter
is internally computed (see Section 2.3.1, Basic Synthesis Iteration) as
a function of the $SDATA2 inputs ISLB(1), IVACB(2), and PERISP, and
therefore need not be input.

4e17

A S———————— ———



GDC-DBH70-002

7. For the orbiter this parameier is internally set ¢ ma!l (0 the SDATA2 ingut
{1 VACO(5) and therefore need not be input.

8. For the orbiter this parameter is internally computed as an initial estimate
to start the synthesis process (see Section 2,3.1, Basic Synthesis Iteration)
and therefore need not be input. For the booster this input is the fixed main
impulse mass ratio utilized during the synthecis process. If a fixed orbiter
gross weight or fixed orbiter propellant weight is to be specified (see Sections
4.3,5.2 and 4.3.5. 3, respectivelv), this input is used as the initia] estimate
for the booster main impulse mass ratio.

. 9. For the orbiter and the booster, this parameter is internally computed by
E the maximum dynamic pressure attained during simulation of the ascent
‘ trajectory and therefore need not be input. Inte:-nally the initial estimate
| for this parameter is equal to the $DATA2 input estimate CMAX,

) ' 10, For the orbiter and the booster, this input is used as an initial estimate
E < to start the synthesis process.
-

L4~
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The NAMELIST input data block $DATA2 primarily controls the basic operation of

the SSSP. It contiuns the basic synthesis drive. parameters and optinn flags necessary
to interface the two major operational portions of the program: the W TVOL and GTSM
subprograms. It also includes estimates for the various synthesis options anc control
flags for printing output during the synthesis iterations. These inputs are read in
from the subroutine VEHDF and are stored in subscripted arrays for easc of data
handling when transferring from one OVERLAY to another during the basic synthesis
iteration process described in Section 2.3, Synthesis Techniques. These subscripted
arrays are also utilized to store internally computed data necessary to drive the
synthesis iterations. A complete list of these arrays and their definitions is
discussed in Appendix VI, Use of the $DATAZ2 input parameters for driving the basic
SSSP procedures is discussed in Section 4.3, Basic Synthesis Operation.

Input Internal Compt led

Parameter Parameter Value

IDVEL sV(2) _— Total characteristic velocity estimate to
parking orbit insertion (fps) see Section 2,3.1

COYIES SV(29) 6. No. of copies of summary ailnt (see Program
Output, Section 5)

ISLB(1) SE(3) 90, Booster sea level specific impulse (sec)

ISLB(2) SE(13) 390. for ascent flight simulation sections 1 thru 4*

ISLB(3) SE(31) 390,

ISLB(4) SE(35) 390,

IVACB() SE(1) 450, Booster vacuum specific impulse (sec) for

IVACB(2) SE(11) 450. ascent flight simulation sections 1 thru 4*

IVACB(3) SE(29) 450,

IVACB(4) SE(33) 450,

ISLO(1) SE(4) 390, Orbiter sea level specific impulse (sec) for

ISLO(2) SE(14) 390, ascent flight simulation sections 1 thru 4y

1SLO(I) SE(32) 390,

ISLO“4) SF.(38) 390.

ISLO(5) SE(18) 390.

ISLO(6) SE(18) 390.

ISLO(T) SE(20) 390.

*Values wsed for sections 3 and 4 are used for priat purposes where the value for
the parameter in Section 3 is considered the nominal and Section 4 the uprated value.
7 Valuer for Sections 1 and 2 are not used unless FIRE=1,

4e]9
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IVACOM
IVACO(2)
IVACO(3)
IVACO®4)
IVACO(5)
IVACO(6)
IVACO(

TFCTRB(1)
TFCTRB(2)
TFCTRB(3)
TFCTRB4)

TFCTRO(1)
TFCTRO(2)
TFCTRO(3)
TFCTRO®4)
TFCTRO(S)
TFCTRO(6)
TFCTRO(7)

FIRE

BOOTW

OMXS

FBPAR

SE(2)

SE(12)
SE(30)
SE(34)
SE(15)
SE(1T)
SE(19)

SE(26)
SE(27)

SE(3n

SE(21)
SE(22)
SE(38)
SE(23)
SE(24)
SE25)

SE(S)

SE(8)

SE(N

SE®)

450,
450.
450,

450,

450.
450.
450.

900.

250,

GOC-DBBT0-002

Orbiter vacuum specific impulse (sec) for
ascent flight simulation sections 1 thru 7* y

Booster multiplicative thrust factors for asceat
flight simulation sections 1 thru 4*, see Ssction
2,3.1.2, Trajectory Simulation Driver.

Orbiter multiplicative thrust factors for
ascent flight simulation sections 1 thru 7* 7, see
Section 2,3.1.2, Trajectory Simulation Driver,

Flag for stage ascent burn sequence: Sec, 4.3.2
= 1,, for aimnultaneos stage burns
= 2,, for sequential stage burns

Flag for propulsion option: Sec. 4.3.1
= 0,, for fixed booster thrust or fixed liftoff
thrust/weight with common engines

= 1., for fixed liftoff thrust-to-weight (non
common engines)

Slope used for CMAX adjustment (paf) when
liftoff thrust/weight varies during the syntbesis
iterations, see Sec, 2. 3.2.1, Fi,.d Booster
Thrust

Estimate of slope for adjusting the booster
cruise parameter if WOREC >0, or WPOREQ
>G., ser Specizl Note, Sec. 2.3.4.2,




CMAX

NXFOB

SYNIT

TOLMU

TRATIO

PERISP

CLVG

ALD
SFC
VCRUSE

SLVOUT

SE

SE(39)

SWa)

SW(5)

SW(6)

sSwW(n

SW(9)

Swln
SW(12)
SWild

Wi13)

550,

0.

. 0005

.81

1.0

GDC-DBB70-002

Estimate of maximum dynamic pressure (psf)
during ascent flight used for sizing of stage
components, see Volume II, Weight/Voluine
Handbook.

Flag for cross~feed of propellants from booster
tanks to orbiter engines at liftoff if FIRE=1,, see
Section 4.3.2, 2,

= 1., for no crossfeed

Numuoer of allowable basic synthesis it: rations,
see Section 2.3.1.

Con*ergence tolerance for orbiter main impulse
mass ratio during basic synthesis iteration
process, see Section 2,3.1.

Ratio of booster to orbiter :agine vacuum thrust if
BONTW=0,, common engines, see Section 4.3.1.

Parameter used to estimate the effective booster
specific impulse in calculating the hooster
characteristic velocity requirement in sizing,
see Section 2,3.1.

Correlation factor used to adjust reference
cruise range requirement if FLYBCK=1., see
Section 2.3.4.1. (Adjustment not used if
CLVG=1.)

Booster subsonic 1ift/drag ratio, specific fuel
consumption (1b/1b~hr) and cruiise velocity (fps)
respectively for determining cruise perfor.nance
parameter it FBFUEL = 1., ree Section 2,3.4.2.

Flag for printout of weight sizing iterations
during booster and orbiter weight svnthesis
(see Section 2.3, 1.1 for iteration orocess) )
= 0., for no printout
2,, for printout of finul iteration
= 3,, for printout of each iteration

4=2)
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WTOUT SW(16) 0. Flag for intermediate printout of weight data and
trajectory simulation during basic synthesis
; iteration process (see Section 2.3,1 for iteration
process)
= 0., no printout
= 1., for intermediate printout

TWLO SW(1T) 1.371 Desired liftoff thrust/weight ratio if BOOTW=0.,
and TWLOI >0., see Section 2. 3.2.2 Common
Stage Engines.

TOLTW SW(18) .001 Tolerance on TWLO for iteration process, see
Section 2. 3.2.2, Ccmmon Stage Engines,

SN E- J 4
o { TWLOI SW(19) ~1. Maximum allowable number of iterations to -

] » obtain TWLO, see Sectior 2. 3. 2.2 Common
Stage Engines. :

. PRNTX(1) SQ(1,1) 1. Non zero value allows printout of basic $DATAl
: input as controlled by $DATA1 input parameter
. YOUT (see Section 4.2.3). - -

. ‘ PRNTX (2) §C(1, 2) 0. Non zero value allows printout of ascent

L trajectory during synthesis iterations as con-
trolled by $DATA1 input parameters XOUT,
etc. (see Section 4.2, 3).

PRNTX(3) 5¢(@1,3) 1. Not used.

FSEC 50(2,1) 0. Final simulation section of ascent trajectory
for use of a constant integration step size (from ;
section 1 through section FSEC). The constant
step utilized is the one specified by $DATA1 ]
input of "STEP" for each section through FSEC 3
{see Section 4,2.8). Use of a constant integra~ 7
tion step size during section 1 smooths the
convergence of the trajectory iteration scheme ; I
to a specified staging condition (dynamic E
pressure or flight path angle), therefore FSEC 3

t should be input = 1., with a tvpical STEP(1)=2., ;

as an input vajue,

4=22
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WOREC cCao,n 0.
DRNG SC(10, 3) 0.
WPOREQ SQ(13,1) 0.
GWREC SC(16,1) 3500000.
i}:
FLYBCK SC(19, 5) 2.
SOLID $C(20,1) 0.
b ‘ AS S0(20, 2) 0.
: BS SC(20, 3) 0.
' SINERT SC'(20, 5) 0.
| SAE SO21,1) 0.
SISP 5020, 4) 0.
TSBO 8421, 2) a.
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Required orbiter gross weight (lb), see Section

2.3.2.4, If WOREQ < 0., the option is not used
(also see Section 4. 3.5.2).

Additive range increment (n. mi) to bias results
of booster cruise reference range requirement
see Section 2. 3.4.

Required orbiter total impulse propellants (lb)
see Section 2.3.2.5, Uf WPOREQ <0., the
option is not used (also see Section 4. 3. 5. 3).

Required booster gross weight (lb), see Section
2.3.2.3. if GWREQ 0., the option is not used
(also see Section 4.3.5.1)

Flag for desired method of calculating reference
cruise range requirement for booster, see
Sections 2,3.4.1 and 4.3, 3:

= 1., for parametric flybaclf range data

= 2., for staging € function range

= 3., for constant range

= 4,, for ballistic impact range

= 5,, for entry trajectory simulation range

Required number of solid rocket strap-on
motors, see Section 2.3,3,3. If SOLID <0.,
the option is not used (also see Section 4,3.5.4).

Constant (lb)éslope (Ib/sec),inert weight (Ib), and
exit area (in®) per solid rocket, respectively, if
SOLID > 0., see Section 2,3.3, 3,

Constant vacuvm specific impulse (sec) and
total burn time (sec) for solid rockets, respectively,
if SOLID >0., see Section 2,3.3.3.

4«23




FBFUEL:

CA
CB

WFLYX

RT
R1
R3

ALD2
SFC2
VFLY2

ALD1
SFC1
VFLY1

ALD3
SFC3
VFLY3

SC432, 1)

$0(32, 2)
8032, 3)

532, 4)

S¢(32, 5)
$¢(33,1)
¢33, 2)

SQ(34, 2)
$Q(33, 4)
SQ (34, 5)

SE(34,1)
SC(53, 3)
S0(34,4)

SO(34, 3)
8€(33, 5)
8¢:(35,1)

GDC-DBR70-002

Flag for desired method of calculating booster
cruise performance parameter, see Sec. 2,3.4.2:
= 1., for single segment cruise

2., for four segment cruise option 1

= 3., for four segment cruise option 2

Percent of the current booster weight at initia~-
tion of idle descent and final descent, respectively,
to be used as cruise fuel during these cruise

flight phases when FBFUEL=2., see Sec. 2.3.4.2.

Weight additive term (1b) used in calculating the
becoster cruise performance parameter, see
Section 2. 3.4.2,

Range decrements (n. mi) for transition, idle
descent and final descent, respectively, when
FBFUEL~2., or 3., see Sec. 2.3.4.2.

Booster subsonic lift/drag ratio, specific fuel
consumption (Ib/lb-hr) and cruise velocity (fps)
respectively, for determining fuel expended
during cruise phase when FBFUEL=2., or 3.,
see Section 2,3.4.2.

Booster subsonic lift/drag ratio, specific fuel
consumption (lb/lb=hr) and cruise velocity (fps)
respectively, for determining fuel expended
during idle descent phase when FBFUEL=3.,
see Section 2,3.4.2,

3ooster subsonic lift/drag ratio, specific fuel
ronsumption (Ib/lb-hr) and cruise velocity (fps)
respectively, for determining fuel expended
during final descent phase when FBFUEL=3,,
see Section 2.3.4.2.
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4.2.3 $DATAL

The tra jectory simulation technique which is used in the SSSP program is
accomplished with a special version of the General Trajectory Simulation Module
(GTSM) (Reference 1), With the exzeption of a few input parameters required for
the ascent portion of the flight, the input to the trajedory simulation part of the SSSP
program is identical to that of the standard GTSM input and is accomplished via the
"NAMELIST" block "$SDATA1." These differences in input arise because the SSSP
program assumes a fixed ascent profile and because the SSSP synthesis segments
internally determine vehicle weights, propulsion parameters, and othe r vehicle
characteristics. $DATA1 has numerous possible input parameters which provide a
means to sim:late a large variety of aerospace vehicles and trajectory profiles.

Witn the exception of a few table parameters, the input parameters have internally
compiled values (compiled via DATA statements) 'vhich are assumed unless specifi=
cally input with different values, or unless set or computed subsequent to the reading
of the $DATAI input. These parameters are identified in the foilowing paragraphs
(paragraphs 4.2.3.1 to 4.2.3, 7) by underlining the tabulated compiled-in value; a
complete list of these parameters is presented in Appendix V.

This section lists all the $DATAI1 input parameters together with their
definitions and stored values. For convenience, a complete index of these parameters
is presented in Section 4.2, 3,7, For input parameters with subscripts, these sub-
scripts are defined:

First independent variable table position number

Second independent variable table position number
Simulation section number

Table number

General iteration block number

Denotes first or second independent variable table argument

ZZ R~

Four quantities, each in parentheses, appear at the end of each input parameter
definition, These are:

a. The input parameter code number

b. The internally compiled value. This is the value which is compiled via
the DATA statement and is the value which {s assumed unless specifically
input with a different value, or unless redefined subsequently. Those
parameters which are subject to internal redefinition are identified by
underlining this Internally compiled value as It appears at the bOtOmMoO!
its sesocTased Topwt paTasseter eNllios—These parameters are also
{dentified in the Input Parameter Index (Sec. 4.2.3.7). A complete list
of these parameters is presented {n Appendix V.
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c. The units of the parameter

d. The corresponding internal parameter

All input parameters are floating point regardless of their first letter. For
those input parameters ending with a "'0", the '"0" is a numeric zero, When the "0
is not the last symbol in the acronym, the "O" is an alphabetic O. Even though some
of these input parameters are used as "flags' to control the program logic, it is not
necessary to be concerned with the floating point to integer truncation as the required
logic has been provided internally in the input processing portion of subroutine TRAJA.

N 4.2.3.1 [nitial Conditions. Initial Conditions input parameters define the initial
, state of the vehicle, the program contro] parameters which apply to the entire
: trajectory or which initiate the trajectory, and the required constants.

Vehicle Stat {
ALP Initial pitch angle of attack (output parameter 12) about the vehicle pitch .
axis (n axis) with algebraic sign in accordance with right handed rotations
of the standard £ - n = £ coordinate system (pitch up is positive).
(62) ©.) (deg) (V(62)) =
.‘ ALTO Initial altitude above the ceniral body surface (see "ALTF" which appears -
RPEh later in this section). '
iy ® () (v (V)
AZM The initial relative azimuth measured clockwise from north. j
4) (270.) (deg) (V(40)
GAM The initial relative flight angle.
3) (90.) (deg) (V(3)

LAM Initial yaw angle of attack (output parameter 13) about the vehicle yaw
axis ({axis) with algebraic sign in accordance with right~handed rotations ;
of the standard € = n={ coordinate system (yaw right is positive). : '

(63) ©.) (deg) (V(83) 1
LAT Initial geocentric latitude ~ positive in the northern hemisphere
(5) (34. 5815)* (deg) (V(s)

Py

*Western Test Range (WTR) coordinates.

LN
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LNG

PLD

PSI

SIG

TO

WGH

GHC-DBRBT0-902

Initial geocentric longitude ~ positive to the east of the Greenwich meridian.
(6) (=120.6233)* (deg) (V(6))
Payload., This weight is added to the initial weight ("WGH"), the simu-
lation section termination weights if any ("STGV(K)" if, and only if,
"STGC(K)=7.," for simulation section "K'\, and the simulation section

initial weights if any (if and only if "JETW(K-1)" < -0, 00001 for simu-
lativn K),

(10) (0.) (ib) v(10))

Initial relgtive pitch attitude {output parameter 43). This angle is meas-
ured from the initial geocentric radius vector (up sense) to the iritial

vehicle roll axis (2 axis).
(60) (0.) (deg) (V(60))

Initial geocentric radius magnitude (se2 "ALTF" which appears later i:; :mctﬁon
(1) (0.) (ft) )

Initial roll (bank) angle (output parameter 11) about the vehicle roll axis
A
(€ axis) with algebraic sign in accordance with right-handed rotations of
A
the standard ’i\- ﬁ - { coordinate system (roll (bank) right is positive).

(61) (0.) (deg) (V1))

Injtial time. The time at the initiation of simulation Secticr 1,
(51) .) (sec) (V(51)

The initial relative velocity.
(2) ©.) (ft/sec) vy

Initial Weight. The value of "WGH" does not include payload (the value
of PLD)

(M 0.) (1b) V(™
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Program Cont rol.

AGQ The relative flight path angle -~ relsitve azimuth tirme derivative cutoff
parameter. The state kinetic equz’ an of motion which defines the time
rate of change of relative azimut" ) is undefines for relative flight
path angle (v) values of + 90 der . To prevent the expression for g
from being arbitrarily large iu aitude (" 18 meaningless for y= - 90
deg) it 1s possible to zero Ouc thys xpre~sic a

1yl >acq, B=o0
if |yl < AGQ, B = state kinetic equation of motion value

§

4
i
T%

subject to the logic associated with "ATQ" and "VELQ".
(41) (85.) (deg) (V(41))

ALTF The initial altitude -~ imtial radius flag
If ALTF = 0., assume the input value of "ALTO0" and compute "RAD",
If ALTF = 1., assume the input value of "RAD" and compute "ALTO".
(71) (0.) (none) (V(11))

ALTQ The altitude above which it is assumed there is no atmosphere. Above
E this altitude, "ALTQ", no atmosphere definition is made and no aero-
o dynamic calculations are performed,

4" (300000.) (&) (V(47))

ATQ The absolute time - relative agimuth time delay parameter. It is possible
to assume that the time rate of change of relative azimuth (5) is zero until
after a specified absolute time (t)

Ht<ATQ, 8 = 0 and the value of ¥ is unconstrained (e.g., v can asgume
values which are greater in magnitude ‘ban 90 degrees).

i t2ATQ, 3 = state kinetic equatioa of motion value subject to the logic .
associated with "AGQ" and "VELQ", ¥ is constrained such that -80°
Sy<90° if V>"WELQ".

(42) ©.) (sec) (V(43)) '

4e2B

—~



P

s REPRODWCIE C ORIGINAL_PAGE 15 PUUS

R é .

{
GDC-DBBT0-002
AZMF  The automatic initial relative azimuth predictor fiag which 1s used in con-
junction with latitude-longitude targeting,
S See Scction 4.2, 3.3 Targeting.
If AZMF = 0.,, 18sume the input value of "AZM"
. iIf1., * AZMF « 4,,, approximitely determine "AZM" to yield the shor-
- test (less than 180 degree) trsjectory to "TLAT(AZMF)" and
;; "TLNG(AZMF)",
o If 5.,< AZMF < 5., approximately determine "AZM" to yicld the longest
T (greater than 180 degrees) trajectory to "TLAT(AZMF-4)" and
o "TLNG(AZMI -4)".
LT 2) (.) (none) v(12)
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A A A A
Relative azimuth of the first axis (E 1Y) of the Jj - Jy - u3 1nertial coor-
dinate system used with the 'Optional Vector Components'.

If AZM1 < 900.,, the input value of "AZMI' is assumed.

If AZM1 > 900.,, the value of "AZMI" is reset to the current value of
the initial direction parameter. "AZM",

(15) (1000, ? (deg) (v@s)

Al\mle betw'e\en the initial geocentric radius vector and the third axis

/ N
(J3) of the J) - J3 - J5 inertial coordinate system used with the "Optional
Vector Components".

I{ GTIP <800.,, the input value of "GTIP" {s assumed.

If GTIP 2 900.,, the value of "GTIP" is reset (computed internally) to the
geodetic tip angle corresponding to the initial latitude, "LAT",

(76) (1000.) (deg) (v(ré)

Multiple Run Flag
If MULT = 0,,, no additional cases will be proeuud execution termi-
nates after the current case is completed.

If MULT = 1,,, an additional case is processed upon completion of the
current case. "MULT" is then reset to zero, consequently it is necessary
to input "MULT = 1.," in each case after which a subsequent multiple run
is desired. Execution will terminate upon completion of the first case for
which "MULT = 1.," has not been specifically input.

(64) (0.) (none) (V(6¢))

Iteration Print Option Flag

1f PRNT = 0.,, brief summary information which indicates the simulstion
sections which have been sucoessfully entered is output during the iteration.
Upon completion of the iteration block (either sucocessful or otherwise)

the normal detailed trajectory parameters are printed for the simulation
secticns which comprise the iteration block.

If PRNT = 1,,, & complete output group of the detailed trajectory para-
meters is output at the beginning and end of each simulation section which
is successfully entered during the iteration. Upca completion of the itera~
tion block (either successful or otherwise) the normal detailed trajectory
parameters are printed {c. ine simulation sections which comprise the
fteration block,

If PRNT =« 2,,, complete normal detailed trajectory parametsrs are printed
at all times during and upon completion of all iteration dlooks.
(c8) (0.) (none) (Vees))
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The 1mnial piteh angle of attach-piteh sttrude flag

If PSIF = 0.,, the input value of "ALP’ is assumed and "PSI" is then
computed

If PSIF - t.,, the input value of "PSI" is assumed and "AL.P" is then
computed

(67) (1.) (none) (V(67))

This parameter defines the simulation section at the end of which the
total propulsive ideal velocity (Z2(17)) is stored in SV(3) for subsequent use

(14) 0.) (nonej (V(74)

Total number of simulation sections including those required if a sumeri-
cally integrated booster return trajectory is specified. The ascent trajectory
always requires exactly 7 simulation sections. Any integrated return

s ections follow the last ascent section, consequently the first return section
is Section 8. Up to 8 return sections are available and correspondingly

“SET <15,

9 (79 (none) (Vi)

Minimum Integration Stepsize Option Flag

If STPF = 0.,, if the required stepsize is less than the input minimum
acceptable stapsize ("HMIN(K)"), a dirgnostic is printed and the integration
continues with the preceding stepsize,

1f STPF = 1,,, if the required stepsize is less than the input minimum
acceptable stepsize "(HMIN(K)"), a diagnostic is printed and the case is
terminated. (Subsequeat cases are still processed, )

(48) (0.) (none) (V(48))
Estimated trajectory time from the initiation of simulation section 1 to
passage through "TLAT(M)" and "TI.NG(M)" used in conjunction with the

automatic initial relative azimuth predictor option described under
"Az M Fn.

(13) (1800,) (sec) V()
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« VELQ The angular time devivative cutoff parameter, The state \inetic equations

of motion which define the time rate of change of relstive flight path angse
(7) and *ne time rate of change of relative azimuth (b bave thg iw ilve
velocity (V) in the denominator. As V approaches zero, ¥ and 8 become
meaningless, In order to provide continuity in the functional values of
these equations, it is possible to assume A value of V in she denomiastor
of these equations. (Numerator values of V are not affected.)

i | V] <"VELQ", V = "VELQ" is assymed in the denominator of the state
kinetic equations of motion for ¥ and 8 and the value of ¥ is unconstrained
(e.g., Y can assume values v.hich are grecater in magnitude than 90
degrees).

It | V] 2 "VELQ", the state kinetic equations for y and # are defined
conventially, ¥ {8 constrained such that -90° £y s 90° if t 2 "ATQ",
(65) (10.) (ft/sec) (V(esy

VGA! This parameter is NOT available to the user DO NOT attempt to input.
n (0.7 (none) V1T -

oUT ‘Table output suppression flag. The value of "YOUT" controls the printing ]
¥ of the input tables in accordance with Table 4~1a.

(78) 0.) (none) (V(T8)

ZOUT Optional vector components output flag., See Section 5.2.3, "Opticnal
Vector Compoaents'.

If ZOUT = 0.,, no "Opticnal Vector Components” are computed or output,

If ZOUT = 1.,, in addition to the regular output, "Option A" of the " Optional
Vector Components” is computed and printed,

M ZOUT = 3,,, in addition to the regular output, "Cption B" of the "Optional
Vector Components” is computed and pristed.

Dr not zttempt 0 input other valwes of ZOUT (e.§.. 2., 4., otc.)
(se) (.) ) (uons) v(se)

B v . .
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Table 4~1a. Input Table Printing Controlled by "YOUT"
Print all Tables other Print the Atmosphere
] Table
YOUT™ than the Atmosphere Tabie
' Value First Case Subsequent Cases First Case Subsequent Cases
B 0., yes yes yes yves
! 1., yes yes yes no
. 2., yes no yes no '
3 3., yes yes no ro o
/.
Gt x. 4., no no no no e
f\ ‘ > 5., yes no no no
NOTE: Use of "YOUT" is used only in conjunction with the normal printing of the -
: $DATA1 input which is obtained by setting the SDATA2 input flag ""PRNTX(1)" to a
T non-zero value (see Section 4, 2.2). This allows the GTSM subprogram to print the
: - initial conditions simulation section data, etc., in a special format., Special care
> should be used in interpreting this output since many of the simulation section
conditiuns and initial conditinrnz are computed during the synthesis process snd there-
. fore will be printed with only their intarnally initialized values (see Secrion 5.0).
i
4 L]
) 1
. \
- 4 \‘
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Constants

Equatorial surface radius, semi-major axis of the surface ellipsoid of
the central body.

(49) (20925741.) (ft) (V(49))

Polar surface radius, semi-minor axis of the surface ellipsoid of the
central body.

(50) (20855591.) (ft) (V(50))

Gravitational field constant of the central body
(36) (1,407654 * 1018)  (it3/sec?) (V(36))

Converrion factor, 3.14159265 radians per 180 degrees.
(44) (3.141592€5) (rad/deg) (V(44))

Conversion factor, 57,295780 degrees per radian
(45) (57.295780) (deg/rad) (V(45))

Conversion factor, 6076.1033 feet per nautical mile.
{46} (6076.1033) (ft/n. mi. ) (V(46))

Conversion factor, 0.00030480061 kilometers per foot.
(79) (0.00230430061) (km/ft) (V(79))

Second gravitational harmonic coefficient*
(38) (1082.30 x 10-6)t  (none) (V(38))

Third gravitational harmonic coefficient*
(39) (-2.30 x 10~6)t (none) (V(39))

Fourth gravitational harmonic coefficient*
(40) (-1.80x 108)*  (none) (7(40))

*These coefficients are detined according to standard convention (Reference ) and

t‘ agree with Re’erence 12,
Ve t Refcrence G

4=33
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GO Reference gravitaticnal surface acceleration used for mass to weight
conversion
(35) (32. 174049)% (ft/sec?) (V(35))
Po Reference sea ievel atmospheric pressure used for the atmospheric
correction to the thrust level, ;
(43) 4. ) (Ib/in2) V43) -
WE Rotational rate of the central body
. 7 (0.0041780746) **  (deg/sec) V37
fasl B
4‘ %
£
T E ’
!
12 =

* itefcrence 9 N
** Reference 5 .,

4=34
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4.2,3.2 General lteration.

A general iteration block (GIS block) is a group of simulation sections which are
‘terated to meet specified end conditions defired within the simulation sections of the
viock (sce Figure 4-2), The primary* iteration control variables must also be select J
from the simulation sectionst contained within the iteration block, however the sec~
ondary* control variables need not be within the ileration block. This general iteration
scheme (GIS) allows the selection of any of the "innut parameters" which have a code
number as members of iteration control variable groups for an iteration block. The
end conditions may be any of the output parameters which are computed* in any section
contained in the iteration block in question. The end condition value is the last com-~
puted value of the selected output parameter during the selected simulaticn section,
One or two control variable groups - end conditions can be specified for each iteration

TRAJECTORY

SIMULATION
SECTIONS

GIS Block 1: Simulation sections 3, 4, & 5
G318 Block 2: 3imulation sestions 9, 10, 11, & 12
O Denotes initiation or t armination of a simulation section

Figure 4-2. Flight Profile with General Iteration Blocks (GIS Blocks)

*it is possible to chain control variables such that a group of control variables act
as a single control variable during iteration, In this case there is one primary con-
trol variable per control variable group., The other control variables in the group
ave secondary,

+Initial Conditions are considered as simulation Section 0.

+1f the desired end condition is an "Optional Output Parameter" (see Section 5/1.2.2,
"Optional Output Parameters"), it is necessary to call for the containing
group of optional parameters with appropriate input.

4=35
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tlock, and up to four iteration blocks are avallable, however iteration blocks cannot
overlap contained simulation sections. * It is possible to chain up to five like simu-
lation section input parameters to form any or all of the control variable groups.
Caution should be exercised to ensure that a reasonably continuous dependence exists
between the selected end conditions and the control parameters.

The ascent trajectory uses the first two GIS blocks with some of the correspond-
ing input being preset or defined internally (See Appendix V). Consequently only
GIS blocks 3 and 4 are available during the integrated return trajectory, however
these GIS blocks are general and accept all the input listed in this section.

CVC1(M) Input parametcr code number of all the parameters comprising the first
control variable group

an 0.) (none) (V(11), VQ(1, M))

CVC2(M) Same as "CVC1(M)" except for the second control variable group.
(12) (0.) (none) (V(12), VQ(2, M))

CVC3(M) Not available to user.

(13) (0.) (none) (V(13), VQ(3, M))

CVLi(M) The minimum value allowed for the primary control variable of the first
control variable group., If the iteration procedure predicts a value of
the primary control variable which is algebraically lower than
"CVL1(M)", the iteration process is terminated with appropriate
diagnostics.

(29) (0.) {(C. V. Units)* (V(29), VQ(19, M))
CVL2(M) Same as""CVL1(M)" except for the second control variable group.

(30) (0.) (C. V. Units)* (V(30), VQ(20, M))
CVL3(M) Not available to user,

o ©.) mone)  (V(31),VR(31, M)

*The simulation sections where : condary control variables are defined are aot
nocessarily contained in the gen ral iteration block.

tSame code number,

$Coatrol varisble units.
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CVM1(M) The maximum value allowed for the primary control variable of the {irst
control variable group. If the iteration proccdure predicis a value of the
primary control variable which is algebraically greater than "CVM1{M)",

' the iteration process is terminated with appropriate diaguostics.

(26) (.) (C.V.Units)*  (V(26), VQ(16,M))

.‘ ' CVM2(M) Same as "CVMIL(M)" except for the second control variable group.
(27) (0.) (C. V. Units)* (V(27), VQ(17, M))

CVM3(M) Not available to user.
| (28) (©.) ( none) (C(28), VQ(18). M))

CVN1}(M) The simulation section numbers of the simulation sections for which the
control variables of the first control variable group are defined. Only
simulation section input parameters (input parameters with a "K" sub=-
script) may be chaived, thatis, have more than one parameter to a control
variable group. Non-simulation section parameters must be solo members
of control variable groups and are consequently considered the primary
control variable for the purposes of these definitions, For control variable
groups consisting of simulation section input parameters, there must be
one and only one primary control variable and there can be from 0 to 4
secondary control variables, The primary coutrol variable value is the
one used in evaluating the iteration derivatives and the predicted control
variable increments. The secondary control variables which must have
the same input parameter code nuimber can have values different from the
primary variable and from each other, The secondary variables are in-
cremented whenever the primary variable is and by the same amount,

The simulation section where the primary control variable is defined is
contained in the GIS block; this is not necessary for secondary control
variables, thatis, the secondary control variables can be defined in any
simulation section before, within, and after the GIS block which contains
the primary control variable. The value of "CVN1(M)" defines the simu-
lation sections in which the primary and secondary control variables for
the first control variable group are defined, The general form of
"CYNL(M)" is:

CVNI(M) = [ 100000000 - B‘ + 1000000 * BS + 10000 - 83*100 * Bl +Al.,

*Control variable units,
4=37
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where: "A" is the simulation section number in which the pririary control vcriable
is defined. For non-simulation section input parameters (input paramet 2rs
with no "K' subscript) "A" is assuined to be gero. B;, Bz, By, and B,
arc the simulation section numbers of the simulation sections tn which the
secondary control variables are defined. If any "B" {s zcro, it is sssumed
that there is no corresponding secondary control variable for that particular
""B" position,

Emmgles:
1. Ifthe first ‘ontrol variable group of the 3rd GIS block is com-

prised of simulation section input parameters from simulation
sections 9,13,10, and §, and the parameter from simulation sec
13 is to be the primary control veriable then "CVN1(2)" can

CVN1(3) = 1009080013,,
o A

.

3. If the first control variable group of the 4th GIS hlock is com=
prised of one input parameter from simulation saction 9. then
"chl (4) ! = 9. » *

(14) () (noue) (V(14), VQ(¢, M))
S 4038

have the following values:
CVNI(3) =  9100813,, )
or Any permutation of 00,
CVN1(3) = 8091013., 08, 09, and 10 is accept-
or shle providing 13 always
CVN1(3) = 908001013., occupies the tens and units
or positions reserved for "A",
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CVN2(M) Same as "CVNY(M)" except for the second control variable group.

- (15) (0.) (none) (V(15), VQ(5. M))

CVN3(M) Not available to user,
(18) (0.) (none) (V(16), VQ(6, M))

DCV1(M) First cortrol variable increment for all elements of the first control
variable group used to determine the iteration partial derivatives,

(23) (0.) (C.V.Units)*  (V(23), VQ(13, M))

DCV2(M) Second control variable increment for all the elements of the second con-
trol variable group used to determine the iteration partial derivatives,

(24) (0.) (C.V.Units)*  (V(24), VQ(14, M))
DCV3(M) Not available to user,
(25) (0.) (none) (V(25), VQ(15, M)

EC1(M) The required value of the first end condition.
(52) (0.) (E. C. Units)* (V(52), VQ(25, M))

EC2(M) The required value of the second end condition.
(53) (0.) (E.C.Units)t (V(53), VQ(26, M))

EC3(M) Not available to user,
(54) (0.) (none) (V(34), VQ(27, M))

é ECC1(M) Outpat parameter code number for the first end condition,

(17) &1 {vone) V(17), VQ(7. M)
ECC2(M) Output parameter code number for the second end condition,
(18) (0.) (vons) (V(18), VQ(s, M))

ECC3(M) Not available to user,
(18) (0.) (oone) (V(19), VQ(9, M))

*Control variable units,
tEnd condition units,
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ECN1(M) Simulation section number of the simulation section 11 whicl the first end
condition is defincd,

(20) (C.) (none) (V(20), VQ(10, M)

' h ECN2(M) Same as "ECN1(M)" except for the second end condition,
‘ (21) (0.) (none) (V(21), VQ(11, M))

ECN3(M) Not available to user,
(22) (.) (none) (V(22), VQ(12, M))

e g N ety

ECT]1(M) First end condition iteration tolerance. Acceptable first end condition
values for convergence must be within this tolerance of the required
end condition,

32) (0.) (E.C.Units)*  (V(32), VQ(22, M)

ECT2(M) Same as "ECT1(M)'" except for the second end condition,

(33) (0.) (E.C.Units)*  (V(33), VQ(23, M))
ECT3(M) Not available to user,

(34) (0.) (none) (V(34), VQ(24, M))

GIS(M) Iteration control flag, The value of "GIS(M)" determines what type itera-
tion, if any, will be accomplished., *

HANM Orbiter targeting flag. If HANM <the orbiter vehicle is not targeted to
sn orbit with a specific injection true anomsly, perigee altitude and apogee
altitude. If HANM > 0 the option to target the orbiter vehicle to specific
orbit is nsed, In this option, the "target" or it is defined by the value of
its apogee and pcrigee altitudes with the other orbital elements being left
free to be # function of the ascent trajectory. The injoction coadition is
a specified true anomaly. This targeting option {s flagged whenever
HANM >0. The option then takes the value of HANM as that of the
required apogee altitude

(none) ©.) (n. mi) (8C\(3, 1), HANM))
AR ‘ *GISK) = 0.,, 1.,, or 4., denotes no iteration, single variable
e f ’ iteration, or two varialle iteration -

4=40
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HPNM The required perigee altitude for the orbiter targeting option (see KANM
described above)

(none) 0.) (n. mi) (SQ(3, 2), HPNM))

ITTI(M) Maximum number >f iterations allowed for the (1 x1), or (2 x 2) iterations
respectively, If the number of iterations during an iteration exceeds
ITT1(M), an appropriate diagnostic is printed and the iteration is terminated.

(57 (10.) (none) (V(57), VQ(29, M)
ITT2(M) Not available to user

(38) 10.) (none) (V(58), VQ(30, M))
ITT3(M) Not availabla to user

(59) (10.) (none) (V(89), VQ(31, M))
TRANOM The required injection true anomaly for the targeting option (see HANM

described above)

(none) (0.) (deg) (SQ(3, 3), TRANOM))

4.2.3.3 Targeting. It is possible to reference a geocentric radius veotor of any
magnitude (see Figure 4-3 ) which is defined by its geocentric latitude ("TLAT(M)")
and longitude("TLNG(M)") in order to compute the current cross range st each
integration step from the plane which passes through this reference geocentric radius
vector (called the "target vector") and the initial geocentric radius vector which is
defined by “LAT" and "LNG". A target landing or other reference point can then be
any point along this target radius vector and would be defined by its radius or its
altitude (usually introduced in a simulation as a simulation sectiza termination para~
meter). The significance of this option is tho capability to compute the "target miss
angle" (output position parameter code numb er 50) and the ""target miss angle' (output
position parameter code number §1). This option together with the option to auto-
matically determine ‘e downrange angle betwewen the initial and the target vectors to
use as required end conditions in GIS blocks 3 or 4 greatly simplifics the iteration
procedure and eliminates parameter crosscoupling which oczn occur when iterating

to a latitude and longitude within a GIS block. In this case, she required dowarsnge
end condition value (corresponding iteration end condition code number is set equal
to 49.,) can be internally computed, and the required crossrange end condition value
(corresponding code number is set equal to 50.,) is identically equsl to zero. In
addition, a rsdar or landing site caa be located along the target vector by specify-
ing it altitude above the central body surface ("RDALT(M)") for the purpose of com=
puting the position of the vehicle in radar coordinates from this site (see "WOUTK)™
in Rection 4.2.3.5).

*end condition units
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CPGE{N, Crossrange-downrange targeting control flag.

U CRG!'(M) - U, . !OI le poa’lble "”" \rlllle! ‘l. " 3. ') 3- " m 4, vel
the output parameters 50,, and 31., are not computod,

If CRGF(M) = 1., same as if "CRGF(M)" » 4. .

W

LI -PHRATO =00

except the first iterution

end condition required value of the Mth GIS biock ("EC1(M)") s internally
set equal to the range angle between (LAT", "LNG') and ("TLAT(M)",

“TLNG(M)").

The range angle can be either the smallest o1 the largest

great circle subtended by these (wo points (greater the 1 or less than 180

degrees). This selection is based oa the

input value of "AZM™, even if

the automatic initial relative azimuth prediction option ("AZMF*) is
used, and is defined in Table 4-1

It CRGF(M) = 2., same as {f “CRGF(M) = 1., " except "EC2(M)" is set
oqual to the appropriate range angle between ("LAT", "LNG") and
{""TLAT(M)", "TLNG(M)").

I CRGF(M) = 3., yo¢ available to user, DO NOT attempt to input.

Table 4=1, Definition of Great Circles

Direction of the Smallest

Great Circle between

("LAT"' "LNG n). aw
("TLAT(M)",
("TLNG(M)")

Desired Great Circle
Angle between
("LATN. "LMH’
and ("TLAT(M)",
*TLNG(M)")

YAZM"
(Input Value)

Easterly
Easterly
Weaterly
Weaterly

Less then 180 degrees
Greater than 180 degrees
Less than 180 degrees
Greater than 180 degrees

0° S “AZM" 5 180°
180° < "AZM™ < 360°
180° < "AZM" < 360°
0° € AZ /™ s 180°

¢

?
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CRGF(M) Ciossrarge- Sownrange targeting control Jlag.

If CRGF(M) = 0., for ull possible A" values (1.,, 2.,, J.,, and 4,,,)
the output parameters 50,, and 51,, are not computed,

If CRGF(M) = 1., same as if "CRGF(M'" = 4,, sxcept the {irst itoration
end condition required value of the Mth GI8 block ("EC1(M)'") is intersally
set equal to the range angle between (LAT", "LNG") and ("TLAT(M)",
*TLNG(:)"). The range angle can be e¢itlier thy smallest or the largest
great ~ircle subtended by these two points (grester than or less than 180
degrees). This selection is based on the input value of "AZM", even if
the sv*~matic initial relative azimuth prediction option ("AZMP*) is
used, and is defined in Table 4=1

"t CRGF(M) = 2., same as if "CRGF(M) ~ 1, ," except "EC2(M)" is set
oqu-l to the appropriate rrage angle between ("LAT", “LNG") and
("TLAT(M)", ' TLNG(M)".

i CRGF(M) = 3., noy available to user, DO NOT sttempt to input.

Table 4=1. Definition of Grest Circles

Directica of the Smallest Desired Grvat Circle
Great Circle bLetween Angle between
("LAT", "LNG"), and ("LAT*", "LNG")
("TLAT(M)", and ("TLAT(M)", "AZNM"
("TLNG{M)" *TLNG(M)") (nput Value)
Easterly Less them 180 degrees 0° S VAZM" S 180°
Easterly Greator than 180 degrees 180° < "AZM" < 380°
Westerly Less than 180 degress 100° € "AZM' < 360°
Westerly Greate: than 180 degrees 0° € YAZ " € 180°

-
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If CRGF(M) = 4., for any or all possible "M" values (*.ev2,,,3.,, and
4..,) and Iif ther: are no GIS iteration blocks in the simulation {(*GIS{M)
=0.," for M = 1, 2, 3, and 4), the highest “M" for which "CRGF(M)" >

0.5, is the "M" used to define "CRGF(M)”, "TLAT(M)", “TLNG(M)", and
“RDALT(M)” and to compute the corresponding crossrange angle and

target miss angle values (output parameters 50,, and 51.,) at each inte-
gration stup during all the trajectory simulations; see Figure4 ~4A for

. example. If any or all GIS iteration blocks ("GIS(M)" > 0. § for "M* = 1,

‘ and/or 2, and/or 3, and/or 4) are used, the current “M" which defines

all the iteration parameters (all that are subscripted with "M") for the Mth
GIB block also defines "CRGF(M)", "TLAT(M)", "TLNG(M)" and
“RDALT(M)". This current "M" not only defines the above parameters
durfug the simulation sections of the Mth GIS block, but also for all the
simulation sections between the Mth GI8 block and the immedistely

! previously defined block {f one exists. If there are no previous GIS blocks,
these parametors are defined from and including the first simnistion section
to the last simulation section of the Mth G18 block. The last defining *'M" .
value is assumed for any simulation sections following the las: GIS block. /

. See Figure 4-4B {
(68) ©.) (mone)  (V(68), V(2. M))

RDALT(M)Altitude of the rudar site above the central body surfsce

- (80) ©.) @) (V(80), V@S, M) :
;\.’Z‘ TLAT(M) Geocentric latitude of the target vector -
(69) ©.) (deg) (V(89), VQ(33, M))

TLNG(M) Gsocentric longitude of the target vector
o) ©.) (deg) (V(70, VQ(34, M)
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The efficient Kutta-Merson variahle sepsize numerical integration techaique 1s
uscd to integrate the twelve state equations which define the three degree-of -{resdom
vehicle motiou, vehicle masa, ideal velocity, velocity losses, and bosting parameter.
These twelve state equations define the time rate of change of the following parametere

n, Geocentric Radius Magnitude

b, Relative Vdocity

c. Relative Flight Path Angle

d. Relative Azimuth

e, Geooentric Latitude

f. Geocentric Longitude

€. Vehicle Weight

h, Total Ideal Velocity

i Relative Velocity Loss due to Gravity

) Relative Velocity Loas due to Aerodymxﬁc Forces

ke Relative Velocity Loss due to Thrust Misalignment
1. Heating Parameter

The Kutta-Merson integration technique requires the evaluation of five sequenced
polynomials, each (except the first) dependent on the preceding one, to integrate ¢ er
a single step. Ideslly the values of these polynomials should converge to the correct
integrated value at the end of the integration step. The integration error has been
shown to be 0, 20 times the magnitude of the difference betwesn the fourth and fifth
polynomial and is a massure of the integration accuracy during a single step. The
relative values of the lower and upper integration tolerances and the current integra-
tion error are used to control the integration stepsize, To expand the stepsise, the
integration error must be less than the corresponding lower integration tolerance for
All the state variables: stepsize contraction is caused if the integration ervor for
oy state variable is greater than its corresponding upper istegrstion tolerance, U
all the integration error values are less than their corresponding upper istegration
tolerances but at least one is greater than its corresponding lowe intagration toler-
ance, the integration stepsize remaias unchanged. The units used for the integration
errors, lower tolerances, and \pper tolerances are the same as those of the corres-
ponding state variables. This variable mepeise procedure is illustrated in Table 4-2,

¥
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TABLE 4.2, VAKIABLE STEPSI/F PROCT UK

«
r - T T T T TS e T TN T S mmaes Sl s e e e e - S— g
‘ Number of State Effcit on
| Error Variables for which Btepsize and
Condition the Condition Exists Integration Procedure
Error < lower tol, All Sepsize is expanded for starling
the next integration step
- - - ——— ~ g
Error ~ upper tol, One or more Stepsize is reduced and the cur-
rent integration step is
reattempted
L —_
Error  upper tol, All Stepsize is unchanged for starting
Error - lower tol, One or more I fae next integration step

* ‘ ’ (‘ = HCOEF(K) Integration stepsize expansion coefficient.

AR 4 If the lower integratioo tolerances are met for all the state variablea, the
integration stepsize is expanded by "HCOEF (K)" times the current stepsize
value,

(40) 2.0 #one) Q0,K)

HMIN(K) The minimum acceptable integration stepsize. Fajlure to meet any of the

T upper integration tolerances results in halving the stepsize (0 reattempt the

integration s‘ev. This halving process is continued as required until either

“i the upper lolerances are met or the required stepsize is less than ‘HMINK)".
- In the latter event, after appropriate diagnostics are printed, the case can

be either continued by using the nearest halved stepsize above 'HMINK)"

or terminated. The option which is exercised depends oun the value of the

initial conditions-program control input parameter "STPF " which is des-

cribed in Section 4.2,3.2.

(49) (0, 05) (sec) QA% K))
HTL!'(h) Lower integration tolerance used for the geocentric radius magnitude,

(15) 0.10) qat) Q(15.K))

HT14K) lower inlegration tolerance used for the relative velocity. tolal ideal velo-
city. veloeity luss due 10 gravity. velocity loss due W serodynamic fotcrs,
and velocity loss due (o thrust misalignment,

{16) © 05) dt/sec) QOE.K))

4?7
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HT1.3(K) ower intigratic: tolerance used for the relative fhight puth angle,
(17) (0.01) (deg) QUT.K))

d HTL4(K) Lower intcgration tolerance used for the redative a2imuth.
(18) (0.01) (deg) Q1s, K))

HTLS(K) Lower intogration tolerance used for the geocentric latitude,
(19) (0.01) deg) Q(i9,K))

HTL6(K) Lower integration tolerance used for the geocentric longitude.

| (20) (0.01) (deg) €Q(20,K))
j ) HTL7(K) Lower iategration tolerance used for the vehicle weight.
i i @ (0.10 o0 Qa1,K)
b, HTLS(K) Lower integration tolerance used for the heating parameter.
R (88) (10000000.) (b/R-sec)  (Q(E5,K))

RCOEF(K) Integration step size reduction coefficient. If an upper integrstion

tolerance is exceeded for any state variable, the integration step
e size is reduced to a value which is equal to "RCOEF(K)” times : -
R the current step size subject to the logic associated with ‘
- "HMIN(K)",

a) (0. 3) . (mone) Q2. K)

STEP(K) Stepsize which is used to start the integration process st the beglsaiag of 1
simulation Section "K* subject to the logic associated with "HMAX(KY".
m 3.0, 14°5,0) (se0) Q7. X))

TOLY(K) Upper integration tolerance used for the gecosntric radins magaitude,
®) (1.0) () Q. K»
TOL2(K) Upper integration tolerance used for the relative veloulty, tetal ideal vele-

oity, velocity loss due to gravity, velecity loss due 6 Sevedymamie
forces, and velocity loes due to missligament. !

o) .9 ®/oec)  QP.KY |
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TOLA(K)

TOL4(K)

TOLS(X)

TOLA(K)

TOL7(X)

TOLS(K)

CiM ~HRBTe-0e;

Upper integration tolerance used for the relative flight path angle,
(109) (0.1) (deg) Q(10,K))
Upper integration tolerance used fcr tisr relative azimuth,

(11) (0. 1) cg) Q(11,K))

Upper integration tolerance used for the gecocsntric latituds,
12) 0.1) (deg) Q(12,K))

Upper integration tolerance used for the geocentric longitude,
(13) (0.1) (deg) Q(13,K))
Upper integration tolerance used for the vehicie weight,

(14) (1.0) av) (Q(14,K))

Upper integration tolerance used for the beating parameter.
(54) (50000000, ) (b/(ft-sec)) (Q(34,K))

4
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rogram Contro)

A trayeciory simnulstion cen be subdivided 1nW several simulslin sec e, 00t to
rateedd Tor 15 degending on whether s numerically mtegrsted rrture trajectory ts

cutrprated

The program cuntru] perameters sre used o regulaie theee simulation sec-

tions by defintng the condifions under which the sections are termicsted, by spectfying
the addition al computations of the instantineous orbital elements and instanlaneous
impsct conditions, by spectfying a ¢ ‘cle check for the relative azimuth sad geccentnic
longitude, by resctting the jdeal ve-  ty and associated velocity lose->, and by delining
the amount of nutput suppression,

BCKT(K)

BCKTT(K)

ORI

Backup time section termination flag.

If the norma) simulation section termisation jogic has been inilintad or if
‘“STGC(K)" = «1., or 0., the backup time simulation sectiun lermination
option is bypasced. The former condition occurs whe= the integration
step results in the specified normal termination out put parameter (defined
by the value of "STGC(K)") passiag thruugh its specified termination value
("STGV(K)") in the specified direction {('STGD(K)""). Otherwise:

Y BCKT(X) > 0.,, "BCKT(K)" is the section relative haciap time. If the
section relative time axceeds the value of "BCKT(K)", the simulation
section ig terminated at the section relative time equal to the vaive of
"BCKT(K)".

If BCKT(K) <0,., "BCKT(K)" is the negative of the absolute bacikup time,
If the absolute iime exceeds the value of minus "BCKT(K)"”, the simulation
section is terminated at the absolute time equal to the value of minus
"BCK‘!“K)"'

{(41) {500.,) (sec) (Q(41.K)

Backup time termination tolerance.

If the backup time termination procedure has been initiated, the baockup
time terminstiot is considered completed when the section relative or ab-
solute (ar ennrosriate) time s within “BCKTT(K)" of the value defined by
"BCKT(K)".

(42) (0. CO1) (ser) (Q(42,K))
Ortiital Elements Flag.
HORKK) - 0.,, no orbital eler.ents are computed.

i ORKK) = .., the orbital slements (ouiput parameters %4 to
T 91, and 96 10 100)® are cumputed and priated.

T the rhiter (argeting option (see HANM ia Bectian 4.2.3.2) is specifind, cutpel
parametire 0l Lo 103 are 2lov computed,

4ai0
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MMy . .t artital climeals it pErameters o L) TT ¥l e
Mol ) apd the inslantancuus impact RBLM®® gl paresielets
a4 1 and Including #¥) fur an ublate central budy (f modelcd for e sineo
Intsum) are copputed G printed.

B ORBK) 3., the rhital clementa (outpst parameters 68 W 77, 91, mapd
‘M, Lo 100)® and the 1L stantaneous Impact conditians ®® utput paramelers
A4 to and including #9) for a spherical central hody with 3 surface cadius
equal to that at "[.AT" are compauted and printed.

(o) (0.) (none) (Q(5%, X))

PHRIF(K)  Relative Azimuth, Longitude, snd Argument of Perigee Cycle Check Fiag.

If PRIF(K) = 0.,, the values of the relative azimuth, the longitude, s:1d (if
, compuicd) the argument of perigee are kept betwecu ¢ and 360 degrees Uy
{' adding or subtracting 350 degrces as sppropriate,

If PRIF(K) = 1.,, the valucs of the relative azimuth, the longitude, and

L (U computed) the argument of perigee are not restricted to the 9 to 360
A degree range, but are allowed to pi'oceed sutside this range when sppro-
A priate. This option is particularly useful wiin fterating to or termimating
> a simulation section on values of these parameters near ¢ degree of an
internal multiple (cither positive or negative but less than 25 ia magnituds)

. | of 360 degrecs as it provides numerical continuity in the values of these
R paramelers.
(85) (0.) (none) {Q(e5,K))

STGC(K) Section termination code number. The value of “STGC(K)" should be equi-
valent to the code number of the output parameter which is to be vard to
terminate simulation section K",

(22) ©) (sone) €23, K)

* It the urbiter targrting option (see HANM ia Section §,2.3.2) is specified, output
parameters 10] to 103 are also compuied.

*® The instantanecus impact conditions are computed enly ¥
1. Rp < 0,999

‘,'J‘ Fore 2. lAIr
( N 3. 0,0001 < 05 0.9
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TP Rection W@ rminatios diredtion oo’ ¢ sumber,
' HETGINK) -1, . simuistion sectian “K° ia 10 be e minsted an the
! Socrrasing value of the lermirstion eutput perameter
1 STGINK) - +),, simuistion section X~ umbmm«-mm
value of the termiastion culput parameter,

(%) (nome) Qe2s, Ky

(1.)

STGT(K) Section termination tolerance.

If the value of the simulaticn section "K' terminstion culput paremaeter is
within ‘STGT(K)" of the spectified simulation section" X" erminstien value
COTCV(K)") and f the terminstion parameter valuse have the right directies
) {see ‘BTGD(K)") thea tve simulation section is termineted.

x- (24) (0. 001) @a.T.P. (Q(24, X))
Y - Usite®)

STGV(K) Section termination parameter valua. This is the requtired valus (lhe veine
of initial coaditionc laput parametet “PLD” is internally added ¥ “¥TOC(K)"
= 71.,) of the section termiastion paramier at the end of siauiation sectien
"K* (see "STGT(K)"). Additicmslly, if the terminstion directign (‘“STGDMK )
and the terminatica value ("STGV(K)™) are such as to iadicete that this
termination value would have besa resched prior to simuistion secties “X™
(the lagic here assumes & continmous monotonir trajectory), thes simuls -
tion section K" is terminsted immaediately with aa appropriz’s dingmostic,
snd the trajectory continues by starting the sext simnlation section,

(23) (.) 6.T.P. X3 K))
Units®)

VINC(K) ideal velocity incretnect paramater. See "VBET(K)” this section frs usege.
(h8) {0.) (ft/ser) Qqss, K))

VRFT(K) ldeai veiocity reset flag. The vaives of the propuision ides) s electty (2417,
the gravity reiative velocity ises (2(10)), the seralymamic reistive veioctty

i "hame ualts 28 the covTespanding sertien 1Orminatien culgadt persmetev, ‘

g2
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2y, WOUT(K)

o 3 XOUT &)

GIX -DBBT0-002

log:. (7119)), ur the thrust misalignment relatiyv e velooity insys (Z¢2u)) can
be rescet wpon termination of simulacion section "K' according to the foliow -
ing scheme,

If VSE'I(K) = 0.,, there is no change in Z(17), 7Z(18), Z(12), and Z(20).

If VSET(K) - 1.,, Z(17) is reset to "VINC(K)"” and there is no charge in
2(15), 2(19), agd 2(20).

If VSET(K) - 2.,, Z{17) is resct to "VINC(K)'' and Z(18), Z(19), and Z(20)
are resct to 0. -,

If VSET(K) - 3.,, Z(17) i8 resot to 7¢17) + "VINC(K)" and theve is no
change in Z(18), Z(19), and 7.{29).

If VSET(K) = 4.,, Z(17), Z(13), Z(i9), and Z(20) are reset by incrementing
each value by “"VINC(K)",

If VSET(K) = 5.,, Z(17} is reset o Z{17) + "VINC(K)" and Z(18), Z(1i),
amd Z(20) are resct tn 9.,

(67) 0.) (none) (QCT, K))

Radar coordinate flag,
If WOUT(K) = 0,,, the pcoition of the vehicle is not computed i iz

* coordinates.

If WOUT(K) = 1.,, the positior: u{ the vehicle {8 computed i:: 117 coordi-
nates from a radar site located ut the initizl coordinates 5 - i by
"LAT", "LNG", and "ALT0" cr "RAD" The correspondini: riput param-
eters are 53, 70, and 80,

If WOUT(K) = 2.,, same as when "WOUT(K) = 1,," encept 12 addition

if "CRGF(M)” > 0.5, the position of the vehicle is ufsc corsputed in radar
coordinates for a radar site located on the target vector ut ¢ point defined
by "TLAT(M)", "TLNG(M)", and "RDALT(M)". The corresponding output
parumeters are 53,79, 80, 81, 83, and 83,

H WOUT(K) :- 3.,, same as when "WOUT(K) = 2., " except in sddition,
the position of & landing site defined by "TLAT(M), " "TLNOOE), " and
"RDALT(M). " The correspoading oulput parsmeters are 83, 79, 80, 81,
“' ”. ”. “. “ ”’

(69) ©.) hone) KREeK)
Section outpul suppression flag. The cutput pasameters are prinied ence

every "XOUT{K)"-th fnlegration step and at he beyianing and end of
simulation section "K", .

(63} a.) hme) QE3.K)

S A ¥ e T R
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The modeling control parameters provide the means to select which of the
available models are to be used to define the magaitude and diraction of the applied
forces on the vehicle during flight. The modeling categories inciude “.r.dynsmics,
vehidle attitude, and propulsion,

ATMCSPHERE MODEL, The atmospbere model is specified by defining
the ambient pressure (1b/in2) and the velocity of sound (ft/sec) as functions of altitude
(ft). Thic is sccomplished by means of » double two~dimensional table, In the
event thst the current altitude is autside the lower and upper bounds of the ta.l2
altitude argument values (the lowest and the highest values of "ALT(1)""), an appro-
priate error diagnostic is printed and the trajectory case is terminated (subsoquent
cases re stili processed) i and only if this error vocurs at the successful com-
pletion of an integration step, Errors of this type oocurring within an integration
step do not cause termination.

The Cape Kean~dy Refereace Atmosphere (CKRA) also nown as the 1963 Patrick
Referen. ¢ Atmosphere (Ref 9) is internally stored and is the modz! which is used unless
another niodel is inpuit by the parameters listed below. A listing of this computed
atmosphere is presented in Appendix IlII.

ATLIC(K) Atmosphere and GIMAC* weight flow rate fiag.

i ATMC(K) = 0., the stmoephere table is not used or required, the
*mbient pressure is assumed to be sero, there are no serodyramic ocal-
oculstions, and no GIMAC weight flow rates ave computed.

I ATMC(K) = 1., the atmospbere table is .sed to defius the ambiem

pressure and the velocity of sound as functions of alti‘ude, No GIMAC
weight flow rates are computed.

U ATMC(K) = 3., same as when "ATMC(K) = 1,," except in addition
the GIMAC weight flow rates sre comxwted.

7) (©.) (vone) (Q(87,K))

° Gan lajection maneuver and comtrol.
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ALT() Ith altitude argument of the atmosphere table, This parameter (s the inde-
pendent variabie of the atmosphere tatle. See Figure i-i,

(none) Bee Appeadix 111) (143) (ALT(1))

PRS(I)  Ith atinospheric ambient pressure argument which corresponds to the Ith
altitude argument of the atmosphere table, This parameter is ons of the
deperdent variables of the atmosphere table, See Figure 4.5,

(pone) (See Appendix 11i) (1b/1n2) (PRS(1))

XKA0  The number of altitude arguments (and likewise the number of ambtent proc-
sure and velocity of sound argun.ents) in the atmosphere table. The maxi~
mum number of arguments for these parameters is 200 and the minimum
number is 2, conscquently 2 < XKAO0 < 200 {f the table is called out,

(none) (193.) {none) (XNAO)

VLS(I) Ith velocity of sound argument which correaponds to the Ith altitude argument
of the atmosphere table. This parameter is one of the dependent variables
of the atmosphere table, See Figure 4-5,

(none) (See Appendix I1I) (ft/sec) (VLS(1))

AEPODYNAMIC MODELS. GTSM has three~dimensional aerodynamic
modeling capability which can be used to define the aerodynamic forces along the

standard® pitch axis (7, axis), roll axis {g axis), and yaw axis o? l.xh).' Each

of these models is specified by defining the appropriate aerodynamic coefficient (C,p

Cﬁ and C,) us a function of Mach number and the pitch angle of attack. This is
accomplished by means of three-dimensiunal lables for each aerodynamic coefficient

to be modeled. In the event that either the current Mach number or the angle of attack
value is outside the lower and upper bounds of the table acgument values of these param-
eters ("A2(J, L)' and *XM2" (1, L)" in the case of the Aerodynamic Axial Force Coeffi-
cient Table) an appropriate error diagnostic is printed and the trajectory case is ter-
minated (subsequent cases are still processed) if and only if this error occurs at the
successful completion of an mtegrauon step. Errors of this type occurring within an
integration step do nct cause termination. Up ‘o five tables are available for each
aerodynamic axis, however Tables 1 and 2 are reserved for the booster ascent nortion
uf the trajectory (Sections 1, 2, and 3). In this case Table 1 for both Cg and C
represents the powered booster aerodynamic coefficient while the booster is in

presence of the attached orbiter, while Tsble 2 represents the no thrust orbiter sero-
dynamic coefficient while the orbiter is attached to the booster. Table 3 is reserved

for the powered orbiter solo (Rections 4, 5, 6, and 7) aerodynamic modeling (C( md Cp)

while Tables 4 and 5 are available for the integrated booster flyback (Sections 8 to 185)
as appropriate,

® Sce Figure 5-10, Section 5.1,2.1, Acceleration,
t Not uvatlable i the current vereion of 8882,

4=33

12
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TABLE ARGUMENT POINT
FINAL INTERPOLATED POINT
CURRENT ALTITUDE

CURRENT AMBIENT FAZSSURE
CURRENT VELOCITY OF SOUND

AMBIENT PRESSURE
OR
VELOCITY OF SOUND

venmali.
<40 =
[ ]

FUNCTIONAL CURVE
~ = = = [NTERPOLATION CURVE
LINEAR INTERPOLATION I8 ASSUMED
PRS(1-1)
OR
; VL8(1-1)
E P
y OR
N {\ v
P ) ]
o ‘-»\.) \ i
PRS()
f OR
, VL8(1)
]I seulii- AL TITUDE
ALT(-1) h ALT()

Figure 4-5. Atmosphere Table

AC1(K) This parameter is NOT available (o ine user., DO NOT attempt to Suput.

i 8) ©.) ©one) Q8. K))
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2N fre vielae o 30 0K ifinip whith o A live pusritic aer stynamic s
table s are W be uned an simulstion Section K. Up W five ables arc avall-
a' . ¢, however the use of these tables 16 restricted accoraing W simulation
scction number (defined by the value of the subscript K, Thase resinticions
are explained abaove, The atmosphere must be defined (input “"ATMC(K)"
-~ .4 in order to obtain any aerodynamic modeling ‘.. Sectiun K (eee "ATMC(h)").

U AC2(K) = 0., no acrodyna.:ic axinl forces are computid,

HWACZK) = L.y, (for L+ 1.,, 2.,, 3.,, 4.,, or 5,,) the Lih acrodynn.ic
axial table 18 uscd to define the current aesodynamic force coeflicicat (ol rat
parameter 22) along the standard* roll axis (2 axis) of tko vehicle. Thiy co-

efficient table, the Cg table, is given as a functica of Mach nuinbes and pied
angle of attack (cutput parameters 40., ard 12, , respectively).

(29) (0. ) (none) (Q(29,K))

AC3(K) The value of "AC3(K)" defines which ore of five pcssible aerodvnamic ncrmal
tables are to be used in simulation Section "K". Up to {five tables are available
however the use of these lables is restricted according to simulation section
number (defined by the value of the subscript K. These restrictions are
explained above. The atmocphere must be deffned @input "ATMC(K)' > .5
in order to obtain any aerodynamic mode'ing in Section K (see "ATMC (i)").

If AC3(K) = 0.,, no aerodynamic normal forces are computed,

ILAC3(K)=L.,, (for.L =1.,, 2.,, 3.,, 4.4, OT 5.,,) the Lth aerodynamic
normal table is used to define the current aerodynamic force coefficien:

{output parameter 23) along the standard* yaw axis @ axis) of the vehicle.
This cosfficient table, the Cyr table, is given as a function of Mach number
and pitch angle of attack (output parameters 40., and 12,, reaspectively).

30) ) (none) (Q(30,K))

Aerodynamic Yaw Force Coefficient Table (Cy Table). This table is not available
in the current version SSSP program,

AlW@.L) This parameter is NOT available to the user. DO NOT attempt (o inpu..
{nane) fone) (deg) Alg. L)

AREF1(K) This parameter is NOT available to the user. DO NOT attempt to laput,
“) ©.) a?) QH. K))

C10.J. L) This parameter is NOT available to the user. DO NOT =itempt to taput.
thone) ®one) @one) «€14.4.1.)

ot
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AF HODYVNANMGC
CHF} FICIENT

I
(‘O.J-I.L)/ ,’/

ca,J, L) e

’
d

C crera
. ca-1, J, L)/ //

cd-1, J-1, L)

i / a CURRENT ANGLE OF ATTACK
' AL L’ @ "( M CURRENT MACH NUMBER
Coppo CURRENT AERODYNAMIC COEFFICIENT

@ TABLE ARGUMENT POINT
& INTERMEDIATE INTERPOLATED POINT
@ FINAL INTERPOLATED POINT

wmamsmms FUNCTIONAL SURFACE CURVE
= e« e = INTERPOLATION LINE

A(J,L) 1s either A2(J,L) or A3(J,L) according to which agrodyaamic
model is being defined.

\ C@.J,L) 18 either C2(1,J,L) or C3(1, J, L) scoording to which aerodyramic
model {8 being definag.

. XM(1, L) ls either XM2(1,1.) or XM3(l, L) according to which serodymamic
- model is being defined.

it Thcmomummnu.dmmct or Cp taties,
s l.inear interpolation is assumaed, & !

Figure 4 6. Three-Dimcastonal Aerudynamic Tables
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Ce o« BTty

For o« 2, A2, 1 1e the nuaber Of pated ar o o lach arguinetty
AN, Ty lur the Tth C( table, The mavin .- nurh ot of “ANJ, Ly
arguments 18 12 ar? the minimum bur.ner 13 2, consdgaantly

2 XKA2(2, 1) 12 if the table 18 to be ured.

{none) (0.) (none) (XNAUN, L))

ith Mach number argument (firet independent variable) for the 1.ta C(
table, 8ee Figure 4-6.

{oone) (nonc) (none) (xm27,L))

Aerudynaniic Normal Force Coefficient Table (Cr Table,. This table

defines the acrodynamic normal force m?’ﬂclcut (output parameter 23) which is the
serodynamic cocfficient® along the standardt ( axis as a function of pitch angle of
attack and Mach number,

A3(J, L)

AREF3(K)

c31,J,L)

XKAJN, L)

Jth pitch angle of attaci: argunient (second independent variable) for the
Lth C¢ table, Sec Figure 4-6.

(none) (none) (deg) (A3, L)

Normal aerodynamic refercnce area used with Cp to define the serody-
namic force aloag the yaw axis (; axis) during simulation Scction “K",

(6) (0.) (n?) Q6. K)

Normll asrodynamic force coefficient (Cg)directed along the yaw axis

(( axis) which corresponds to the Ith Mach number argument (“"XM3(1, L))
and the Jtb pitch angle of attack argument ("'A3(J, L)"') for the Lth T
table. Cgis positive downward from the vehicie in accordance with tte
lhndmﬁe - 6 -E vehicle coordinate system, consequently in most
applications it is necessary to input CZ with a negative valus. See
Figure 4-6.

({none) (none) (none) ca.J,L)

Number of tabls arguments for the Lth T table. These parameters
("XKA3(1, L)") and "XKA(2,L)") must he input for each CT table to be
used,

For Ne ], “XKAS1,L)" is the sumber of Mach sumber argumests
{"XM3(1, L)") for the Lth Cp table, The maximum sumber of "XMa,L)"
arguments {9 25 aad the miaimum surnber {s 2, consequently

2 € XKAS(1, L) < 38 tf the iable s to be used.

*1n the sigebraic sense coupatible with the stasdard ( -n- r ocoordinete system,

‘See Figure =10, Section 5, 1,2,1, Accelerstion.

4=80
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clE «Dshblue s

For ™ - 2,0 e a2l etbeour o o pitel Lrgle of attack argur culs
A,y bt Tt (‘£ Lbde, Tur mastmum sun.isxr of "A¥ I, Ly
Brg. vetds ir 12 asd the minkiowin L ber 1 2, Cu. sojucmtly 2
XKAY2,Ly 12 if the tavle 38 to be used.

(none) (0,) (bone) (XNAUN, L)

XM, 1) Ith Mach auwnber argument (first indejendent varialie) for the L% C(
tabie, Bee Figure i-6,

(none) (none) (none) A, Ly

ATTITUDE MODFLS, Attitude models are available to define the roll
tbatk) angle (0), the nitch angle (¢) or the pitch angle of attack (0), and the yaw angle
(}). These rowation argles are sequenced, that is for their definitions it ¢= assumed
that the vehicle is firs rolled (banked) to the required roll angle, then pitched to the
reguired pitch angle or pitch angle of attack, and then yawed to the required yaw
an,le of attack, These nngles, 0, ¢, &, and ) are relative angles; they are measured
with rerpect lo the current geocentric radius vector, relative velocity vector, and the
standard® ¢ - ’7’C vehicle coordinate system. This section and Section 5.1.2.1
describing outputl parameters 11, 12, 13, and 43 provide detailed definition.

Roll (Bank) A.gle Definition,

GDOT(K)  S8pecified time ate of change of relative flight path angle used ocnly {f
sither "SIGC{K) = 3.," or "ALPC(K) = 7.,". When tbis opiion is used,
the roll (bunk) angle or the pitch angle of attack 1s modulsiad within
limits to rhaintain the constant specified value of "GDOT(K)", See
"S8IGC(K)" and "ALPC K)" in this section,

(82) (0.) (deg/50c) (Q(s2,K))

SIGC(K) Rol! (bank) angle control parameter. The value of "SIGC(K)” specifies
the method of defining the current value of the roll (bank) angle (0)
according to Tatle 4-3,

(32) 1.) (mone) (Q(32,K))

-

¢ Boo Figure ~10. Bectian 5. 1,2,1, Acceleration,
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TABLE -3 DEFINITION OF ROLL (BANK) ANGLE @)
Roll (Bank) Angle® r
(Outpat Parameter 11) *'RMGDOT(K)™* | "WRGRYy *
00 tR * O 0 ox
o-ocnoaxoao o c.
o« Co, 1f Cog > Kou"
¢ % Lam

0 =01 1M i w.‘xcun

where: C -

|

*Obesrve algebraic signe,
tAlgebraic sense Lo account for right o7 leR bask,

Roll (bask) angle cosfficient used to define the required rell
mymoammwmmmmmw
8 specified time mdwd%ﬂﬁnﬁﬂo(ﬂ.

For flight at a specified ¥, C (imput by "SIGDT(K)™) chould be either

+1., for a right bank asgle (positive roll angle) or -1., ior s lef
bank angle (negative roll angte).

Célncl. a oumber (+1 or -1) with uait magnitude and with th, same
signas C,

Time from the initiation of simulation section "K" t0 ‘e currest
time (sec).

c«mmm)m(wunmmmum
rdlmugma)mwwhmﬁmmw-
banded rotations of the standard ¢ - § - ¢ ccordiaate system (roll
(bank) right is positive) (deg).

Time rate of change of the roll (bank) angie (deg/sec).

Constant roll (bank) angle term of the linear roll angle apressien
(deg).

Mintmum (maximum)t “MMI&MW&.
mummamdmmmmm. "

the bank angle requirement s lese (greater)! thas this ltmit, theve
uumuﬁomv sad the flight centianse with

7 %L

42
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p K 4

t LI T N WYY

TARIY «-3 D B 6, WOLD (RANH G ANLLY § y (Comr e 8
whete 9, Mol . wan) angly ¢ the Curremt e (deterrnitad | "ertaidy) whie d
teswlty In matd. Ring 8 ConSlArt Lime Tate of change of refutne
; flight path angle {ur a spectiled pich angle f attac. aseuiming &
zero yaw angle of sttack (deg).

0p = Koll (hank) angle £t i termination of simulation Section"K-1~,
H K =1, 0g5in the initial roll (bank} angle for the trajoctory aimy-
1ation (deg).

P e o o e -

. sl

1 ert poui

g SIGDT(K)  *“BIGDT(K)" isthefirst roll (bank) angle parameter and i d~fined in Table ¢ -3, i
N For SIGC(K) = 1., or 2., "SIGDT(K)" is the time rate ! changc of 1
the vehicle roll (hank) angle. The algchirsic sign is In accordance
with right-handed rotations of the standard § - ;. - ¢ coordinate sys-
tem (deg/sec).

.I . /‘
T ( For BIGC(K) = 3., "SIGDT(K)" iz the roll (bank) aagie coefliciont C which ' { €
’ . is described in Table 4-3 (dimensionless).

(3¢) (0.) (deg/vec) or  (QE36,K)
(none)

B8&IG(K) *SYIG(K)" is the second roll (bank) angle parameter and is defined in the
tsble describing tho use of "BIGC(K)", ’

Pour MIGC(K) = 1., or 2.,, "SIGC(K)" is the constant roll (bank) angle
: term of the linear bank angle expression. See "KIGC(K)" (deg). |

For SIGC(K) = J.,, "SIGC(X)" is the limiting roll (bank) angle allowe+
for Oight referenced to 3 ( pecified time tate of change of relstive flight
path angle, Se« “SIGC(K)~ (deg).

(44) (0.) (deg) Q4. K))

Pitch Angle or Pitch Angle of Attack Definition, Esther the pitoh wagle
(€)° or the pitch angle of attack (a) can be delined by input, the other parameter ts sub-
sequontly computed laternally. liscar procedures similar % that describesd for (e
roll hank) angle ) i0 U preceding paragrapgh are available o define @ or § sad
the re 18 also a linear cotangent steeriag procedure svalisble o deftine §. Additsanally
cither @ ur § can be defined {ron tables. Up W0 four tables sre aveilable (or @ or ¢
Sefinitim. buwever Table | (the value of subscrign | is equs] 10 1) 1 used durtng osm - /
] slation sections | and 2. Tables 2. 3. and ¢ cos be wsed ‘o any wumber of stmulatiom
L rexUuns afler and includiag Sectian 5 10 and loclhaling Usr 1588 s rtdun which is defined
C’ Wy KRCT, mever anly qme o these 1abies can be used 8l 8 Limme In any sgle sre Uiom

Mhrs uatng the (MU h angle. 1t is assumed thal e roll aak) gl 12 ser0
(2 %]
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e @ 4 s
- “ 1 & Kt ~h ot
i e e l',J TRk are tvmaiadle W be determined
Ihe (4% steering opdian® used 1 define the relauve piich angle ¢ as defined (. ¢
e 1, INM &, ntem (aee Kectian 2.2,2.8, Attitede, for the defimitian of § ) provides o
L Clowe eatimonie A (he uptimal pitch steoriag fwctiva if the {ollowiag condibiuas oty

nolaa lieud,

ihe exrth 18 either fist or a sphere® with a coastant radial gravitations!
werloratiom,

Acroaynamic effecta during LCS are negligible.
3. The LOK controlled trajectory §s aesrly plans:

_ §.  The termmal alttude and velocity vector gnagnitude md relative flight path
angle) must be specified cither directly or with equivalent other porameiere
i while the terminal range i3 {ree.
“ The 105 steering option 4s used in the .TSM s) stem provides & means © intemslly
Fans vetimate the values of K ana K, io terms of pbysically memingful parameters,

f,".;;:.

L If the pitch angle at the snitistion and at the lerminstion of the LCH sepment i§y and

wd 0. respectively) mnd the durstiun of the 1.CS segment (1) ~g) are imown thew K, md K,
A « myy e determined:

3

L T

¢
K' ot 'l,
Cot Wy) - K,
M T
1CW
! Therr ire four available options wich sre defised by "ALPC(K)' by which siBer "

- o | kz e ﬁ|.doftubvxnllmﬁwuflbh 4-4). mv“ﬂlm“~.‘"]

W E nte mally esttmnaied by apalytic megration of the time rale of change of weighl (4 )

;;', * The 1O sirering I3 18 revitly derivad by using B caltulus of vetislians oF s -
.; v s lenily the F*miny ag masimus principle wilh - asoumpliens lt2ied ® B0

“F Ik 1o ragTaEd

* CTae latier arsummy U 38 juir o ible Derause of the wny B vhich § 4~ definal for B

i b ALK T PP

'wé}

. - - » EES——— ' -




i
o

‘ _‘_‘,.'

—— s =

o . « A
t REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR.

.
.
2

GIr =1HBT0-002

Table -4, Lincar Cotangent Steering Options

A X.I‘C‘l‘.'! OPTION
I, ‘REP' Ay, and ‘1 are input
19., ‘REF:QV -yo;Mmdy'urelnput
20.,, "REF = Uo; &y and ‘l are input
3 ::l andKz are inpu

expressions which are defined us part of the synthesis process. If the LCS input
parameters are used as control varfables for the second GIS block, t; g I8 updated

by setiing it equal to the value of i s which was, computed at the end of the previous
iterated® trajectory. In this case, control v;arllblu are "PSIDT(5)" and "RALP(5)"
and the end conditions are altitude (output parameter 8) and inertial flight path angle
(output purameter 42) at the termination of simulation section 7.

The d» table (see Figure 4-7) defines the step pitch rates as a function of a time
argument (t,) which has a flexible defivition {defined oy input). This flexible time
argumeat definition allows the § table to be referenced to either absolute time or sim-
ulation section relative time. The curvent y is defined by computing the area under
the ¥ step function to the left of the current time argument (t,) (shaded area in Figure
4-7) and then multiplying this area by the piich rate attenuation fartor ("PITX(K)").

To this, the terms ¥ and ¥, (if appropriate) are added. In the event that the current
t, is outside the lower or upper bounds of the PT(l, L) values, the u table is bypassed
and & is sssumed to define the pitch attitude and is set equal to the epecified value of .

The a table assumcs that & is a function of Mach number (M), snd is similar in
form (o the atmosphere table shown in Figure 4-5except that the a table has only one
dependent variable @) and the table argumnents have different definitions. The corre-
Jation between the table arguments of the atmosphere table and those of the & tabdle is
defined in Table 4-5. In the event that the curreat Mach number is outside the lower
and upper bounds of the table Mach number argument values (the lowest and the highest
values of "PT(, L)), an appropriate error diagnostic is printed snd the synthesis case
is terminated (subsequent cases are sill processed) if and only if this error occurs at
the successfid completion of an integration step. Errors of this type ooourring within
an integration stepdo not cause termination. -

* Does not include tratsctories simulated during the determination of the it eration
partial derivatives,

. 488




P . ettt e

¥ PRODUCIBILITY OF THE ORIGINAL PAGE IS*POCR.
" 7 L e - . R - - P e

s — e e e i . - —— —
ng_ _I Il . -
GDC-DBBTO-002
SHOWN FOHR SIX TIME ARGUMENTS (FIVE ¢ ARGUMENTS)
"
| . N u
‘ { oo = THTXK) & 0 * 9K * b (lwmﬂm) o ay
" PDT(4,L) - - -
|
1
) '
L PDT(2, L) .- S— :
g 7 ‘
‘ l PDT(3,L) -
- PDT(1, L) §——-- '
5 7
) ( © PDT(s, L) - -- —
R
/ |
." Y y /A ! -
- PILL) | PTA.L)| PT4, L) PTG, L)
% PT(2, L) PT(S, L) TIMP APGUMENT

ty = Currenttime srgument = t oy = iy/peyon . - PTMEM)

taps = Absolute time (sec) (output parar:eter -1)
tg(K' = Absolutotime at the initiation of sizrulation section *K¥

tA
f (.odt = shaded erva (ares under the step function to the left of t,)

f 13 -
' ARG PT(. L)
f Note: The definitions of parameters not defingd here appear ia appropriate places
s throughout this section (e.g. Table 4-¢).
i c Figure ¢-7, Ralstive Pitch Rate Table
E
] -8
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Labie 1-75, Courresponding Atmosphere and Pitch Angle
of Attack Table Arguments

Atme-phere Table Pitch Angle-of -Attack Table
ALTO) PT@. L)
PRS{1) and VIS@) PDTA. 1)
XKAD XKPT(L)
h M
P and Vg a
Ref. Figure 4-5, Atmosphere Table

R

ALPC(K) Pitch angle or pitch angle of attack control parameter. The value of
"A1.PC(K)" specifies the method of defining the current value of the

k ta pitch angle (¢ ) or the pitch angle of attack (&) according to Table 4-6,
. f (33) .) (none) (Q(33.K))

ALPDT() "ALPDT(K)" is the first pitch angle of attack parameter and is defined
in Table 4-6.

N For ALPC() = 1.., 2.,, 4.,, or 5., "ALPDT(K)" is the time rate of
change of the vehicle pitch angle of attack, The algebrajc sign is in

) accordance with right-handed rotations of the standard e- 6 - e coordi~
nate system (deg/sec).

For ALPC(K) = 7., "ALPDT(K)" is the pitch angle of attack increment
used to initiate the Newton-Raphson iteration used to determine the pitch
angle of attack which yields the specified time rate of change of relative
flight path angle (deg).

For ALPC(K) = 3.,, 6.,, or values greater than 7.,, "ALPDT()" is
not used and consequently can have any value.

For ALPC(K) - 18.,, 19,,, or 20,, "ALPDT ()" is the time duration
of the LCB segment of flight.

F‘lr ALPC(K) = 24. " 25- 'K 26- e 27. ’e 28-. [} or 29- e "Awmm’"
is the time rate of change of pitch angle of attack ).

a7 ©.) deg/sec)  (QET.K)
- or (deg)

GHOT (K) The definition appears in the previous paragraph.

g

4-47
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, {4 ae 4-6, Pilch Angle (¢) and Piich Angie of Attack (« ) Dehiastym

[’- ALIM (K I 4ot g Oulnt Parameter 12 or 43) “ALPDTE) | PRDTE)Y ['"A1PK) | Bemm, :I
J 1 a 01“ . “K ] - [ - 1
e ¢ o atg.0 -a o - o -
R R S y ¢ - |
(— 4. a alkcﬂk &moar"" a - OK -
“ 5 o ""R‘“K“'G“"“’"’" a - L9 -
N 6, o [ ‘;R'QK - ‘ - .K
o Gy MO Ty
B o M % " Ohax Aa “ s %00 TaAx
a auuﬂu‘ux - a.
LA 44 ¢ 'ﬁ' Tﬂk‘l)o’xo‘o - - qx .“
9, o ¢ (@ Table 1), - - o, "
10. 0 V- l”. Table 2) + ‘K . .0 - - .K .K 4
- 1., 0 % (@ Table 2w, - - o " A
12,00 ¢ 1@ Table 3) < §, + 8, - - o o -
13..°* $:- 1@ Takle 3) + ‘K - - QK “ :
14,, % ¢ 1% Table )+ &, + 8, - - "
15.,%¢ © [(§ Table 4)+ % - - a, o
16., ’ Not avatlable to user; - = - -
17.. Should ot be input - - - -
18.. #- Cot”! K, + Kz t) e ot Ayt T
19., ®- Cot! K+ K1) Yt ot a9t -
Ca ) -1 -
g 20,. ¥~ Cot u(l + Kz" t'" ﬁ' byt
' .. ¢= Cot"! (¢, <Ky 1) - - K, K¢
.. Not available 10 uaer; - - - - 3
23., shoald not be input # - - o - -
.. o lﬁ'l‘lblel)outnocx ? - ‘K -
25.. a: u.-m..,.an..cx.., « - L - ;
20, crlp‘l'ﬁlea)o&l“oax e - a -
271., o lp'l’-bie:lpctaockon. ? - c.‘ -
2e.. & llllek!)ocllblx ? - 9. bt
| .. o (@ Tabled)+atyeay oo, & - L™ - 3
o 3. Not svatlshle W0 user. - - - - . v
- ., should aot be input - - - - -
»j,‘ * The pitch angle and iia derivative (suipul prrameters 43 and 78) are ast compuiod. -
=¥ o0 When using this =z, 1t (s assumed et Lie roll (henk) sagle o sere, =
t This pursmeter is anly ingat for the first seotien e wivoh the LCS sption 10 wond
Sectien 5 for the ssneat trajoctory). -
o TRIEP version of GTEN inlersally dufines Shis porameter and sancogumily svad aet e iges. . X
.Mmmman‘TﬂL Table § b0 ronorved lov the aovent “ - ¥
# Wbie which o used i Soctions 1 04 3, ¢ . & N
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Table 4-6.

Pitch Angle () and Pitch Angle of Attack =) Definition. Consd

where: K,

Q.
"

1C8S constant term

LCS coefficient of ¢

Time from the initiation of the LCS segment of flight
Time at the termination of the LCS segment of flight

Time from the initiation of simulation sec ton “K* to the cur-
reat time (sec)

Current pitch angle of attack (output parameter 12) about

the vehicle pitch axis (5 axis) with algebra ¢ sign iu accordance
with right-handed rotations of the standard # - {} - ¢ coordinate
system (pitch up is positive) (deg).

Time rate of change of the pitch angle of attack (deg/sec).

Constant pitch angle of attack term of the linear pitch angle

of attack expression shown in the above table or the pitch angle
of attack which is assumed if the ¥ table time limits are
exceeded (deg).

Minimum pitch angle of attack which is allowed for flight
referenced to a specified time rate of change of relative
flight path angle (7). If the pitch s agle of attack requirement
is less than this limit, thoreunordormtohmndv
and the flight continues with & = a \qN (deg).

Maximum pitch angle of attack which is allowed for flight
rdcronoodtonspoom«lt!mmddnx-drdﬁnm
path angle (¥). If the pitch angle of attack requirement is
greater than this limit, there is no reference to the specified
¥ and the flight continues with & = a4, x (deg).

Pitch angle of attack at the curreat time which results ia main-
taining a constant time rate of change of relative flight path
angle for a specified roll (bank) angle and a spefied yaw
angle of attack (deg).

The initial pitch angle of attack which is assumed to start the
Nowton-Raphson iterstion which s needed to obtain ay-

Pitch angle of attack at the terminstion . stmulation section
“K-1", WK =1, ag is the initial piok angle of sttack for the
mmryuuimuam .
Ratztlye ingt Poth angle at the iattiation of & simulstion section
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@ TABLE 1)

Ihe patet angle A stlack iIncrement which 38 used to start t
Newton-Raphson 1tetation required to obtase a, .

Piwch angle increment (observe »gcfrléc signs sccordiug W
the right handed rotation of the £ - 1 - { axee - pitch up is
negative) at the injtiation of an 1.CS segment

Curremnt relative pitch angle (output parameter 43). This angle
is measured fr~m the currAcn goocent ric radius vector to the
current vehicle roll axis (¢ axis) (deg).

Relative pitch angle at the initiation of the simulation section

in which the pitch angle control procedure is initiatad. For
"ALPC(K)- 3.,0r20.," this section is the curreat simulstion
section, "K''; for the pitch rate tables specified when “"ALPC(K)"
= 8.,, 10.,. 12.,, 14.,, or 16,,, this section is defined by

"PSEC(K)" (deg).

Constant relative pitch angle term which appears in both the
linear expression for ¢ and the expression which uses &
¥ table (dcg).

Pitch angle at the termination of an 1.CS segment
Pitch angle argument which is added to A¢ to equal Y

Time rate of change ofthe relative pitch angle (deg/sec).

Relative pitch angle argument (UARG) determined by

table lookup of the Lth ¥ table as & function of the & and the
current time argument. If the current time ergument

is between the first and the last table time argument

value, then ¥ = YARG * ‘)K + ﬁo (if specified); i not,

the ¢ attitude definition is bypassed and @ is set equal

to oy attitude dofinttion,

Pitch angle of attack argument determined by table lookup
of the Lth @-Mach number table as a function of the Mach
number,
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rPUTA,L) Time rate of charge o realive pilch ankle (1 whach is specifial Letu ot
the Ith and the | « ] time argument between PT(1, L) and PT(1-1,!) .
‘The relative pitch angls 1s measured {rom the curi ent geocentric
radius vector (up direction) to the current vebicle roll axis
(¢ axts) (see Figure 4-7).

. {none) (none) (sec) (POTA.L)

PITX(K) Pitch rate attenuation {actor. Piich rates, specified by either » ¢ table ]
("PD7(,L)") or simulation section input ("PSIDT(K)") are multiplied by
“PITX(K)" during simulation section K" to obtain the current effective
pitch rate (oulput parameter 78), If "PITX(1)" is input with a negative
value an estimate of the correct value of PITX(1) is made intemally
using the synthesis data as a basis.

(62) ©.) hame) Q(62.K))

PSIDT(X) "PSIDT(K)" is the first relative pitch angle parameter and is defined in
Table 4-8.

For ALPC(K) = 1., 2.,5 4.4, 8.y, Or values greater thaa 7.,,
"PSIDT(K)" is nct used and consequently can have any value.

For ALPC(K) = 3., or 8.,, "PSIDT(K) is the time rate of change of the <
relative pitch angle duriny simulstivn nectior: "K". The relative pitch F
angle is measured from the current gecceutric radius veotor (up direction) ;
to the current vducurdlm.h(iuh)(dq/uc). 3

g For ALPC(K) = 7,,, "PEIDY(K)" is the minimum pitch angle of attack

allowed for flight at a specified time rate of change of relative flight
path angle (¥). LU the required pitch angle of attack is lese than this
minimum, the flight continues with the pitch angle of sitack set e7mal to
this minimum value with no refesence to the required ¥ (deg).

For ALPC(X) - 18.,, 19.,, or 20.,, "PEIDT(K)" is the pilch angle at
the termination of an LCS segment (t¢).

(38) (0.) (dog/wee) or Q(3s,K))
tdeg)

PERC(X) Sinmmiation section munber which defings 1he stmulstion sestien to which
the time Argument ("PT(, L)) of the $tabls is refevenced duriag stmu-
isticn section *X", (Ses Figure ¢-7 and "PTa, L)),

G“) “o’ m m.‘» ‘
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PTA Ly

PTME(K)

( SALP(K)

GO - DB R8I

mmm(\uh&nu‘hﬂ& This parameter (o the tade-

pendent variable of the ¢ table (ses Figure ¢-7) snd is defised by
A« tAms - b {PeECHK) ] - PTME®)

vhere t,pg is the currest sbeclute time (cutput parameter -})

te (PBEC(K)) I8 the sbeslute time ot the initiatien of he stmy- J
lation section defined by the valve of *PEEC(K)". ‘

PTME(K) s a section ingat parameter which is delined
subsequently,

(none) (mone) (0e0) 14,1

The reference time during the specified refereace simulation sectien
("PSEC(K)") for the time argument (“PT(1,L)") of the § table. (Bee
Figure 4-7 and "PT(,L)").

(64) (©.) (sec) (Qs4,K)

*SALP(K)" is the second pitch angle of sttack parameter and is defined
in Table 4-6,

'“ALMK) = lc.. 2.., ‘Q" “6..' 'mm)"ulﬂm
pitoh angle of attack term of the linear expression which defines the
current pitch argle of attack.

r“ALm‘x’ - a.. 0!'3... "ALP(K)"‘I“MM“M
can bave any value,

For ALPC(K) = 7.,, "SALIKK)" (s the initial pitch angie of sttack
which is assumed to initiste the Newton-Rapheon iterstion used to deter-
mine the pitoh angle of sttack which yldde the specified time rate of

change of relstive flight path angle.
For ALPC(K} greater than 7. ,, "SALIK)" is the pitch sngle of aitack
which is assumed if the curresat time is cutside the time

argumaent ("PT(l, L)") bounds for the ¢ table.

For ALPC(K) = 18,,, 19.,, or 30,,, 'SALP(X)" is the piich angle
increment (A#) at the iaitiation of an L.CS segment.

For ALPC(X) = 31.,, "SBALP(K)" is the LCS coefficient of ¢,

For ALP'(K) = 24.,, 258.,, 26,,, 37.,, 38.., or 39.,., 'BALPX)”
in the constant additive pitch eagle of sttuck term @y ) lor the C*Ul;‘
number tabive.

“o) ©.) eg) Qus. X)) ’
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Thntera ®ImOY LE U eemusind Temalive pilcth angie parainetel and is defiomd
Tarue +
tour AL PCIR) Lows 2usy 40y 0 5.y, "SPE(K)" 10 aat y oed and con-
sajuanily can hive an, value,
tor ALPC(K) .. 0¥ G, ,, "SPBUK)" 15 the constamt reistive pitch
angle term of the linear o7 sssion whicl: defines the currest relatise
pitch angle.
For ALPC(K) Teee "BPSI(K)” 15 the maximum pitch angle of sttack
allower! for {light at a specified time rute of changs of reistive flight
< puth angle (~). If the required pitch angle of sttack is grester ther this
e maximum, the flight continues with the pitch angle of md: set egual
o thia maximum value with no reference to the required y,
F o ATPC(Ky 1%, "SPSI(K)" is the pitch angle argument ®Sppy)
ahich s added to B¢ o equal Y-

For ALPCR)  21.,, "978I(K)" is the L.CS constant additive term,

e
(43 (0.) Weg) QH3.K))
XKIT(L.) Number of time arguments ("PT{l, L)' {or the Lth & table. It is noted
‘, that the corresponding number of relative pitch rate srguments
e ("PDT(1, L)"') is always ode less than the value Ul "XKPT(L)"; this lat-
PR ter number is not input. The maximum number of “PT(l,L)"” arguments
N per ( table s 25 and the minimum number is two, consequently if the
: ‘. . N Lth { table 15 to be used, "XKPT(1)" mus: be input such that 2~
: XKiTl{ly " 2%,
E (nore! (©.) (ncue) (XNPT(L))

Yaw Angle of Attach, T_)cfmmon.

LAMC(K) Yaw angle of attack control parameter, The value of "LAMC(K)"
spe. (fics the method of defining the cut rent value of the yaw angle of
attick {2) according to Table 4-7.

(33 (.) (none) €Q(34,K)
v LAMDT(F) "LAMUT(E)” 18 the Ume rate of change of either the vehicle ysw angle
- or of the soumuth ol the vehicle roll axis according to Table 4-7. The

llﬂl”rl’:l(“ﬂgl} 12,1 accordance with right-handed riiations of the
standard £ - 1 - { coordinite syster: (deg/sec),

(38) (0.) (deg/ sec) Q3L K)

H
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h TABLE 4=7. YAW ANGLE OF ATTACK (3) DEFINTTION
- [ T T T o e e e
Yaw Altloolhm‘
“LAMC(K)"” (Output Parameter 13) “LAMDT(X)" ‘SLAMNK)"
Lo NS TR A Ag
.. A g oAk e, A Ax
’o.' 9 - a'n * OK 6 “
4“,! 6 - ‘CB . “ . 60 6 &

where: tp = time from the initiation of simulation section "K*” tc the currest

time (sec).
B . 8 = The azimuth of the vehicle roll axis (§). Use of this parameter
ro rr for yaw angle coot -ol is particularly useful whea &t is neceseary
» to maintain a specified vehicle beading regardiess of the oriea-

tation of the relative velocity vector (deg).
§ « Time rate of change of 8 (deg/sec).
b Coastant roll axis szimuth term of the linsar reil avis expression
&
A

shown above (deg).
= Value of § at the initiation of simmulstion sestion “K™ (deg).

s Current yaw ungle of atiack (output parameter 13) about the
vehicle yaw axis (¢ axis) vmngcbnlc sign ia secordance with

N mu.wmmdau ,, gmqmw

* right is positive (deg).

« Time rate of change of the yaw angle of sttack (deg/sec).

Constant yaw sagle of sttack term of the linesr yaw sagle of
attack expression shown sbove (deg).

Ag "~ Yawangle of attack at the terminstion of cimuistion secties
"K-1%, U K = §, Ag is the initia} yew angle of aitack ler the
trajoctory simulation (deg).

X >

F tUse of this eption sssumes & 3079 <l sagle, d
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BLAMYK) BIAMK) s eilles the cot.itant yaw s de of 3ftais terwm of ™, liume:
yae amgle A attach caprossion, or Un constatd rull ants [V IV, WP
of B linear rull arts ar.m b expression srcurdisng to Tatle ¢-7 (deg).

(¢8) (0.) tdeg) Ques, Xp

WEIGHT MODEIS. There 87¢ three principal ty;ee of weight madels g
sbie 1a OTEM the weight statement parameters, the Ume rate of change of weight, aad

Section 4.2.3.1 under ‘WGH", in Section ¢.1.3.1 under “PLIY. sad tn Seeticn ¢.3.,3.5
under the genera! simulation sectios jermination parameteors "TTUCH)”", "STCDEK)™.
"STCTA)", and ‘STGV(K)". in this last 0080 80 spuctfic mention of weight is made,
however weight 1s implied Hf the value of "STOCEK)" (s oqual 10 7., the code sumber
for weight. The time nudmdmummuuhmum
(laler in this section) under “TWDS4. L)" and “TWNIK)". The GIMAC weight flow
rates and jettison weighls are described ia this section .

GIMAC flow occurs oaly if the fapul parameter "ATMC(K)" (described ia secticn
stmonphere model) is oqual 10 2.,. The GIMAC weight flow equation is-

v ] )
GIMAC - 2th(l(,u o!(zl o&‘ﬂok‘)ﬂ
where: C¢ - “urremt acrodynamic norma force coelficiont {output pavameter
23),
»  First GIMAC coeffictent,
= Second GIMAC coefficicnt,
Third GIMAC coeflicient,
*  Fourth GIMAC coefficient.
s Currenst Mach aumber (output parametur 40),
* Currest dymamic pressure (cutpwt parameter 9) M’b.

» Curreat relative velocity (s put parameter 2) (ft/sec)

Wmmc *  Current GIMAC weoight fiow rate, This flow rete is (n adistion to
mﬁhdhhnmbn“.‘"mm
(ater ta this section). The reie ls considered posttive o the
vehicle weight is decreasing (B /soc),

<a g xR R x
]

*Gas mjertion mancuvering sad cantrel.
=75
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S AR YA LR wH, el th, inthe (IMAL evaght Diw @psibm
$ :
, [ M e [V P ST
MO KR Thr con ot CIMAC comtiiciont (hg 18 Uhe GIMALC verght Ooe apustaom) '
3 3 U
[N T M sec) NS, L)) .
T CTT T thid GIMAC crwtiiciont (Ky in the GINMAC soight Nlow ayuastizn)
3 2
{0y (.0 N sec ) AN, X))
LM 4K) It fourth GIMAC corfficient (Kg 0 the GIMAC weight flow eguation)
.’\: 3 3
oy (0,) (R /oo ) Qe k)
: JET %K) Jettinon Weight Parameter,

HITTWIK) © -0, 00001, the vehicle woight is set egual b0  JETWIK)
- 11D upon termimation of simulation section "K"~,

i -, 00098 © JETW(K) < 0, 00001, the vehicle veight is wachanged si
terminatios of simulation sectioa *X*.

H JETW(K) 3, 0001, the vehicle weight is decressed by the valse
of "JLTW(n; o termination of simelstion arction “R ",

126) 19.) ) Q. X))

»

PROVULISON MODE Ls. GTSM hzs teo hrust-time tables with of withowt
4 correspanding » eighl dot® - ume tables, There are nins ditfereat UM PO splicas

. avutlsble 10 each bogster return simulstion seztion. The MMPO madel option te
istemally specified fur the asceal (rajectory sectiens (see Appendix V), A RIMPO
Adiun 18 ane i which the propulsion charecteristics are defiand ia o sisnplified
nanier by three parameters which are assuined §0 be constant. la thees epliens, The
rurrent thrust, weight 3, and specific impulse @sp) sre dstormined as s wctien of
theoe thres propulsian parameters sad the curren! atmcspheric ambiemt prosonre. The
thrust-time tables aisv smploy the simple SIMPO propulsien relationships ;. Bhe princigal
HiTeremce 10 that vacuan (hrust and woight dot Of desired) areliret determined a0 o
funcitas of » s argummcat and then asoumed tegrther with the amit ares 1o be the Beww
‘vusstant' parsinetere of that instant which define the sessesary propuistes eheresier-
ietice, Ia sach simulatian sexting o the boagler returs flight, sty we of the oo hrust -
Dme lables taith or withut U curresguadiog veight ~ @t - time lubie) and/or y e
f the nine KIMIV) wpdians may be waed. A gives Bhrunt - Gme Lable can be waed B oy
sumber o simulation sectiane duriag the bosster flybark (ad cap be combined oolh 0y
o the MMIN) Luume 8 each simulstian sectian, el b8, ARy SINS ‘arwst - tine lable

* Tudal WBe rote of change f velucie woight, eachuding any CIMAL fNioe rete.
A positive 7eie i sspenct W the volticle wuight 7 donveesing.

e
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~an be combinemi with any SIM1¥) option durtng any simulation section in which the table
in yied, The given lable can be used in more than one section. In addition, s weight
uwut may be specified in any simulation section even if there §s no thrust,

TWC(K) Propulsion contro! parametcr. Tho value of "TWC(K)" specifies
which, if any, propulsion models are assumed during simulation
section K", The general form of the oumerical value of *“TWC(K)"
is (10A + B1, A and B are the propulsion option designators and are
defined subsequently.

a. SIMPO Options: The SIMPO options by themselves (a0t in combinatica with
any thrust - time table) are specified by input of a "TWC(K)" value such that
A=0and 0SB 59, A inthis case is 2ot used while the value of B defines
which one of nine possible SIMPO options is to be used according to Table
4-8. The "TWD11{K)", "TWD12(K)", "TWD13(K)", and "TWD14(K)"
parameters are described later in this section,

Examples of SIMPO Models

1. 1f given a vacuum thrust (Tyac) and the vacuum and see
level specific impulse values (Iyac) and Igy), then SIMPO
2,, cwld be used to simulats the engine if a constant
W could be assumed,

3. 1 given a sca level thrust (Tgy ), the propellant fiow rate (W),
and the exil ares (Apx1T) then SIMPO option 8., would be used.

3. I no propulsion is desired, but a weight flow rate is required,
then SIMPO option 0, ,("TWC(K)" = 0, ,) should be used. 1

b, Tbrust-Time Tabic Options: A thrust-time table s specified by input of a
*TWC(K)" vaiue such that 15A £10 as shown in Table 4=9, The valus of A
in this case is the SIMPO option designator (corresponds to B when SIMPO s
used by #tsclf), while the value of B defines which one f two poesible th:ust
time tahles is to be used, Note that A and B bave different meanings berethan
for the SIMPO without thrust tahles,

Examples of the Value of "TWC(K)" for Models with & Thrust - Time
Table

1. U the 6th SIMPO option s to be combined with the 4th thrust -
time table, then A » 6 and B = 4 thus requiring "TWC(K)
-6‘-0"0

8. 1f the 2nd thrust - time table is to be used b; itself (no acoom~
panying SIMPO option or with SIMPO option 0., then A = 10
and B =2 M\lll’w ”TWC(K) = 102,,",

31 £.) (none) Q(3,Kp
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TAGLE 4-8, SIMPO OPTION TABLE (“TWC(K)" = B.,)
B . SIMPO Optton
%: Constant Paramdters Varisble
s Number) | "TWDI1(K)" [*TWDI2(K)" ["TWD13(K)|{  “TWD14(K)" Parameters
‘ 0., - - w - -
" L, Tyac Tgy, w - T, lsp
2., Tvac Ivac IgL - T, Iop
3. Tc Ivac Iy - v, Isp
4, TvAc w Apxar - T, lop 1
" t 5. TaL w Azar - T, lop i
sl »~ .
*"i 60 | [Tvac)max| wac | s [* A )aax TV i
\ T.. ITSL] MAX Ivac 5L :" ”A)/wlmx lep, T, W -
i‘;* 8., ITVAcl MAX| lvac s l"" “’lw\x lop, T, W
J |9 l"'sx.lmx lvac ls 'T’ Wlm op, T, W
where: AEV:‘:‘ = Exit axse (Inz)
Fu =  Aerodynamic axisl fcros directed along the standard
é‘axu (b},
; 1sp =  Current spectfic impulse (sec). - i
- = Bea level pecific tmpulse (sec).
. vac =  Vacsum epecifis impuise (sec).
G T = Curreat thrust lovel directed aloag the {axis (Ob).
. Tc = Constant tarust level (b}, '
Tgy ©  Sea Lovel thrus lovel (b},

418
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[A{LF 4=k, SIMPO OPTION TABLE ("TWC(K)" = B.,) (Contimued)

—

[TSL ]mx

'
'

1]

Tyac

[roachurx -

lT/wl =

IT/ Wlmx

"

[T Fay|

[(T *F"’/wlmx -

Sea level thrust level used to define T which is
asnsumed for SIMPO options 7., and 9., if the
“TWDIHK)" constraint is not excesded (1),

Vacuum thrust level (ib).

Vacuum thrust level used to defline T which 1s
assumed far BIMPO options 7., and 8., if the
*TWD14K)" constraint is not exceeded (1b),
Current thrust to weight ratio

T/u| constraint. In SIMPO optinas 8,
:ﬂnda?m’ird&iludby['r\’mc'mx“ TsL w\x.

results 1n excoeding [T/ | pax + T 18

yleld | T/wl MAX, ‘
Ratio of the current thrust plus the aerodynamic
axial force to the curremt weight.

Maximun, [(T + FA’/wl constraiut. In SIMPO options
6., and 7., it T cefined by ITVAClmx or
[TL |aax resutts in exoeeding [(T + Fad/g | uny

T is redefined to yield |(r + 'A’/w]uhx .

Current total weight of the vehicle (ib).

Time rate of change of weight (exciuding any GIMAC
flow) (1b/sec).

R v oA o4 -

»
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TABLE 4-9, THRUST - TIMF TASLE OPTIONS ("TWC(K)" = 10A « B, ,)

9 SIMPO Model Option
which s Combined
TA" with the Thrust - "B Thrust - Time
SIMPQ Time Table Thrust - Time Table Number
1 Designator Defined by '"B" Table Designator {Lth Tablc)
‘ ) S 1., 1. 1.,
:", 20 () zc [ ’D [ ’o [
‘ 3. » ao »
,. ‘ ‘o » ‘o ’
:“,;‘ 8., 5.,
s
;E:T_:; 3 ~:= 70 » 7. ]
.;;;.: we " 8. » 8. »
B 9., 9.,
By 10., 0., that 1s, either no SIMPO
=, model s assumed and the
thrust - time table is used
by itself, or SIMPO option
0., is assumed,

Propulsion Table. The following ten input parameters ("'TWDL(K)") to
"TWD10(K)" define the five possible thrusi - timo‘tabln. Each table (see Figure ¢-8)
defines the vacuum thrust (T) directed along the ¢ axis as a function of a time argu-
ment (tg) which has & flexible definition (defined by input). This flexible time argu-
ment definition allows tne thrust - time table to be referenced to either absolute time
or simulstion section relative time in 8 mamer similar to that discussed eariier in
this secticn for the § tables. In the event that the current ty value is grester thas the
upper bound of the takle time argument valuus (the highest value of "TWD7(1,L)"), an
sppropriste error diagnostic is printed and the trajectory case is terminated (subse-
quent casos are siill processed) f and only if this error occurs at the sucosssful
complietion of an integration step. Errors of this type ocourring within an integration
stop do ot cause termination, If the current tp value is below the first tabie time
argument value ("TWD7(1, L)" then the thrust, flow rate and specific impulse resulting
from the table model are assu...¢ to be sero; ia other words the table is not “cut 58"




W SRRt qu.um-oml.l:m.mu..‘m m’
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W
r(
G = HR 7009,
VACUUM THRUST DIRECTED A.ONG THE £ AXIS FOR A 8INGLE MOTOR (T)
TIMF RATE OF CHANGE IN WEIGHT FOR A SINGLE MOTOR (W)
TWD8(1, L)
or - -
1WDs(, L)
T
or Y-
w
TWDS(1-1,L)
. or
TWD3(i-1,L)
; - TIME
;g;f_.' H ARGUMENT
el i
- TWD?(1-1,L) t T#D7Q, L)
@ TABLE AAGUMENT FUNCTIONAL CURVE
8 FINAL INTERPOLATED POINT == e emw eme  INTERPOLATION CURVE
LINEAR INTERPOLATION IS ASSUMED
tyg = Current time argument =t ABS " ' (TWDIK)] TWD2(K)
‘apg - Curront sbeolute time (sec) (cutput parameter -1)
¥y '; .
2 t,(x] = Absolute time st the initistion of simulatios seatios "K"
‘ Figure 4-8, Propulsion Tables

4=81
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uile o current ty valee te. hes the first table time argument sadue (TWDM, L, 5
There are two mesles to deline the corresponding current time rate of change of
weight (W), The first mode assumes a constant effecttse vacuum spectfic impulse
CTWDL0K)") widzh is divided into the current value of the vacuum thrust (obtained by
tabie Jopkup) to defline the current W, Tbhe other mode utilizes a conjugate tahle to
define W ax a function of the same time argument used {or the thrus - time tabile,
Both tables are identical in forin and there is one available W table for eack thrust -
time table,
TWDL(K) Simulation section number which defines the simulation section to
which the time argument ("TWD7(1, L)'} of the thrust - time table
o (and W table if specified) is referenced during simulation sectios "K".
DN (8ee Figure 4-8 and "TWD7(1, L)"),
47) (1.) (none) (Q47,K))
TWD2(K) The reference time during the specified reference stmulation sectisn )
("TWDL(K)") for the time arguraent ("TWD7(1, 1.)*) of the thrust -
time table ( and W table if specified). (See Figure 4-8 and
*TWD7(1, L)").
(48) (0.) (nec) (Q(48,K))
TWD3(K) The number of motor groups where sach group is modeled by the
thrust - time table (and W table if specified). For example, for a -
configuration using two strap-on solids, table data could be prepared '
for one sqlid with "TWD3(K) = 2",,, The pressure-adjusted thrust
(and the W if defined by table), obtained by table lookup and subsequent
c sdjustment for atmospheric ambient pressure (by exit ares) is multi-
plied by “TWD3(K)" to obtain the total pressure-adjusted thrust mag-
nitude (and total W if sppropriate).
|
| TWD4(K) Tbhe nozzle cant angle, This is the angle between the vehicle roll axis
‘ and the thrust application vector. The total pressure-adjusted thrust
magnitude (soe “TWD3(K)") is multiplied by the cosine of "TWDHK)"
to obtain the tolal effoctive thrust alcng the § axis which is dertved from ;
8 thrust - time table, It s the net thrust due to symmetric mouatirg ]

of such canted engines that acts along the { axis; the other componcats
are assumed to cancel out,

(80) ©.) (dog) QoK)
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TWDNL) The number of time argumerdts ("TWDI(1, L)) for the Ltk thrust - time
table (and the Lth W table if spocified). The maximum sumber of
“TWD?(1, L)" arguments per thrust - time tatie (per W Lable if spaci-
fied) is 25 and the miaitmum sumber is two, consequently if the LIS
tLoist - time table (and W table if required) {3 o be used, “TWDHL)"
must be input such that 2 £ TWD&(L) € 23,

(none) (0,) (moaw) (XNP(L))
TWDe(X) Motor group exit area for the corresponding thrust ~ time table, ;
(61) (0.) () Qe1,K)

TWD?(I,L)  Ith time argument (tp) for the Lth thrust - time table (and the Lth W

table if specified). This paramster is the independent variahle of
these tables (see Figure {-¢) and is defined by:

‘s " Ams ~ Y (TwD1(K)) ~ TVPHK)

where: TAH is the current abeclute time (cutput parameter -1).

Ta{TWDL(K) ] i# the absolute time st the initiation of the stme- 3
lation section defined by the value of *TWDI(K)".

TWD2(K) is a sectiou input parameter which is defined above. 4
(none) (none) (vec) (TWD?@, L) |

TWD(,L) Ith vacuum thrust argument which corresponds to the 1th time argu-
mest ("TWD1(1, L)*) for thrust ~ time table "L". A‘l\lﬂ“hh
total vacuun thrust magaitede directed slong the ¢ axis at time

i “TWD?(1, L)" for the motor group modsied by the Lih thrust - time
% table.
‘ (sone) (none) ) (TwDeql, L)

: TWDS(,L)  Ith time rate of changs of weight (W) argument which corvespends to 3
the 1th time srgument ("TWDY(, L)) for the thrust - time table L.
Thio W o the total W at time “TWD(L, L)" for the meler grewp
modeled by the Lth thrust - time table. This tahie 15 uned ealy ¥
thrust - time table “L"is spesified and ¥ | TWDINM) < 0, 000001,

(none) (nane) b/ ess) (TWDG, LY
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Gl e vews,

The tirme rate of change of welght (“y -~ spacific umpul 00 garumeter.

i TWDI(K)i * 0, 000001, miuucmammuu
specified thrust - time table 18 used during stmulition sectiea "%,

I ! TWDI(K)| - 0,000001, "TWDIXK)" 18 the constast effective
vacuum specific impulse assumed duriag simulsties sectien “X*
for the spectfied thrust - time table. The currest W is chtained by
dividing the vacuum thrust obtained by table lLookp by “TWD16(K)”
and then multiplying the result by the aumber of molor groups

(""TWD3(K)"").

(81) (0.)

(wec)

(Q(s1,K))

SIMPO, The following four input parameters are the propulsios sys-

isT parameters required by the various SIMPO options. Thay are delined ia the
SIMPO option table listed under "TWC(K)", consequently owly their code aumbers,
internally stored values, units, and corresponding internal parameters are presen-

tod here.

TWD11(K)

TWD12(K)

TWD13(K)

TWDI14K)

8es "TWC(K)" for definition,

g ©)
See "TWC(K)" for definition,
2) (0.)

8ee '"TWC(K)" for definition,
) ©.)

Bee "TWC(K)" {or definition.
(66) (0.)

(1b)

(1b) or (sec)
or
(1b/sec)

(1b/sec) o»
(sec) or
(1n?)

®

(Q(1,X))

(2, K)

Q(3,K))

Qres. X))
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Thes Legad Purar eder 1ade s vection Jists sl the porticie inpul parameterd with
*heor (ode pur Teega, intornall, comptled-in values, sntic and corresponding interasl
parsueters. Forthe input pirameters with subscripic  these oubecripts are
de! ned
1  First independent variable taie  sition o mber
' J  Second indeperciont variable table posivion mumber
- K Simulation section number ’5
L Table number
M General iteration block sumber 3
1
N Denotcs first or second independent variable table aryument,

The $DATAL input parameters which are internally defined
see Appendix V; are denoted by placing an arrow Oin the
left margin adjacent to the parameter ia the lis!.

A detailed listing of input parameters begins on the next page,
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INPLT W0 1] & NALLY SPONDIN; ’;
PARAM- NUM. COMMLED DITERRAL E
FTER BER VALUE uNrTS PARAMETER ;_’J
1. IMTIAL CONDITIONS
VEMICLE STATE ‘
ALP 62 0. DEC Vi)
ALTO . 0. rr vee)
AZM 4 270. DRC V(&)
GAM 3 90, DEC v
LAM 63 0, DEG Vies)
LAT [ 34.5818 DEC v»
1.NG 8 ~120, 6233 DEC vee)
PLD 10 0. LB v(19)
P8l 60 0. DEG V(s0)
RAD 1 0. o vQ1)
G 6l 0, DEG v(81)
To 51 0. sEC V(s1)
VEL 2 0. FT/3EC v(3)
WO H 7 0. LB 7en)
PROGRAM CONTROL
AGQ 41 (1% DG V(s
ALTY 7 0. NONE vem)
ALTQ 47 300000, rn vien
ATQ 42 0. szC V(e
AZMP 72 0. NONE v
Azma 7 1083, DG v(78)
amp 76 1000, DEOC vere)
MULT L] 0. NONE vied)
PRNT ] o. NONE ves)
o 14 L1 1 NONE vs?)
©| RrcwN 74 0. NOME Ve
©| sxc ’ 1. NONE v
sTPY L 0. NONE vies)
TWE 73 1800, sEC v(73)
VELQ L1 10, r1/88C V(es)
VGAS 7 o, NONE verT)
youTt 7 o, NONE vere)
ZRT ] o, noux v(s4)
-
Sty
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1 INTR M- CORRE-
YL et ( ODE NALLY SPONII ML
VARAM- NUM- COMMILED INTERNAL
FTIrK BER VALLE UNTs FAMAMETER
CONSTANTS
A o 20928741, rT viep)
B 50 20885801, rr v(80)
cK 3 1. 407654 7 1018 rrdsec? V(38)
CRVI 44 3.14180268 RAD/180 DEG | V(44)
CNVE 43 57.205760 DEG/RAD V(4s)
CNV3 “ 6076, 1033 FI/N. M, v(48)
CNV4 ) 0.30480081 ¥ 10~ | xM/FT v(19)
D2 38 1082.30  10~8 NONE v(3s)
D3 3 2,30« 1078 NONE ve39)
D4 40 -1,80 > 108 NONE V(40)
Go 38 32.174049 rr/sect v3s)
Po o 14,7510 LBANS V(43)
wE ” 0.41780748 x 10~2 | DEG/SEC v
2. GENERAL ITERATION
CVC1(M) n 0. NONE van. v, )
CVC2:A) 12 0. NONE v(12), VQ(2, M)
CVCUM) 13 0. NONE V(13), Q. M)
CVLL(M) » 0. C.V. UNIT®®* |V(39), VQ(19, M)
CVLUM) 30 o, C.V. UNIT®* |V(30), VQ(20, M)
CVLYM) 31 0. C. V. LT |V@31), VQ(31, M)
CVMIM) 2 0. C.V. UNIT®® | V(38), VQ(16,00)
CVM2(M) n 0. C.V. UNITe® | V(rn, VQ(17, M)
CVMX(M) 20 o, C. V. UNIT®® [V(38), VQ(15,M)
CVNI(M) " o. NONE v(14). VQu4, M)
CVNN) 15 0. NONE Vv(18), VQ(s, M)
CVN,L VY, 16 0. NONE V(16), VQu, M)
DCVIHM) - ] 0. C.V. UMIT®® | V(23), VQ(13, M)
DCVUMY 24 0. C.V. UNITe® | V(34), VQ(14, M)
DCYHM) 25 o, C. V. UMITO® | V(38), V(18,30
ECI(M) Y] 0. E.C. UMITO®® | V(52), VQr2S, M)
ECHUM) 83 o. E.C. UNITO® | V(83), W)(Ds, M)
CCHYM) 54 0. E.C. UMITO®® | V(84), V2T, 0M0)
ZCCHM) 17 0. NONME v(i?), V7, M)
£OCUM) 1 0, NONE Vi18), "Q(e, M)
ROCHM, " 0. NONE v{i9), VOO, M)
ECNLM; J 20 . noux I, VI, M i

*Contrul Variaide Units

** fad Conditios Parameter Unite
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2. GENERAL (iEnATIO8 _ (Cutirmnd,
v Of oMy 21 0 NONY Vi3, Vi1, N
bonush 22 ° NUNE V(22), VI3, M)
YOy 32 0. E.C. UKITS* |VE2), Y22, M)
berach b} ] 0. E.C. UNITS® |V(@33), VB, M)
O M) 3 0 =.C. UNTI®* | V(34), V&34, M)
O .InM) 5 0 NONE Vi(s8), VQ2e, %)
HANM NONF 0, N.MI, 893, 1). HANN
. NINM NONE 0. N.Mi. Q0. 2). HPNM
A ITTI(M) 57 10, NONE VST, V7e, M)
i ITT2M) 58 10. NONY. V(58). YQ06. M)
:', ITT3(M) o9 10. NONE V(s9). YQ(31,. M)
L ( TRANON NONE 0. DEG 5Q0. 3). TRANUM
G 3. TARGETING
N CHLF(M) ! 68 0. NONE V(es), V(2. )
;-:‘:"'A RDALT(M) 80 0. T V(80), VQ(35, M)
i TIAT(M) 69 0 DEG V(89), VQ@3, M)
* TLNGOM) | 10 0. prc Ivm). Vo4, M)
2 4. [NTEGRATION CONTROL
A HCOEFR(K) | <0 2.0 NONE Q(40, K}
e HMIN(K) » 0.0% s¥C Q3 %)
WT LX) 18 0.10 re Q1% K)
WY LK) 16 0,08 rI/NNsc 18, X)
WTLXK) 17 0.0 DEC Q11,X)
NTLYX) 18 e.01 DRO s, K}
NTLMK) 19 .0 DEG Qe K)
NTLS(K) 3 .0 1 ] QM. K)
NTLNK) 1 (¥ L Qs K)
NTLAK) » 10000000, L(FT-8EC) |Qee, K) r
TENK) Y 3.8, 14%, s8C 8 L)
TOLI(K) e Lo r .5
T TOLXK) ’ «s rr/asc W0
TOLNK) 10 &t osy e K
TOLMK) n (¥ d aLE
o ToLux) | s ot D8o MK
- f ) roum | 1 a1 pec Q8,10 .
Vi ( : TOLUK) " .o Le Qe K
, g ' TOLMK) » s0000000, L/ITT-800) | Qe ) I
‘ ;.;ﬁ *Sat Contiticn Parsmeter Ustte
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INTEH- CORRE-
INPUT CODE NALLY SPONDING
PARAM- NUM- COMPILED INT ERNAL
ETER BER VALUE UNIT3 PARAMETER
- 5. PROGRAM CONTROL
BCKT(K) 11 500. SEC Q(41,K)
BCKTT(K) | 42 0. 001 SEC Q(42,K)
ORB(K) %6 0. NONE Q(56,K)
PRIF(K) 65 0. NONE Q(65,K)
STGC(K) 22 0. NONE Q(22,K)
STGD(X) 25 1. NONE Q(25,K)
STGT(K) 24 0, 001 8.T.P. UNITS* Q(24,K)
STGV(K) 23 0. 8,T.P, UNITE®* Q(23,K)
VINC(K) 68 0. FT/8EC Q(88,K)
VSET(K) 67 0. NONE Q(87,K)
WOUT(X) 69 0. NONE Q(69,K)
XOUT(K) 53 1. NONE Q(53,K)
€. MODELING CONTROL
ATMOSPHERE MCDEL
ATMC(K) 27 0. NONE Q27,K)
ALT(I) NONE See Appendly. 11 | PT ALTQ)
PRS(I) NONE |Sce Appeadix 11 | LB/IN2 PRS(1)
XKAO NONE 193, NONE XNAO
VLS() NONE See Appendix 11 { FT/8EC VvLS(1)
AERODYNAMIC MODELS
ACL(K) 28 0, NONE Q(28,K)
AC2(K) 29 0. NONE Q(29,K)
AC3(K) 30 0, NONE Q(30,K)
AERODYNAMIC YAW FORCE COEFFICIENT TABLE
(Cn_TABLE)
Al(J,L) NONE NONE DEC AlJ,.L)
AREF 1(K) 4 o, rTd Q4,K)
ci(,J, L) NONE NONE NONE C11,4,K)
XKAI(N,L) | NONE ¢ NONE XNAL(N, L)
XMi@,L) NONE NONE NONE xXMi@, L)

*Section Terminstion Parameter Units
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l INTER- CORRE-
ISNpUT CODE NALLY S8PONDING
PAHRAM- NUM- COMPILED INTERNAL
ETER 1 BER VALUE UNITS PARAMETER
AERODYNAMIC AXIAL FORCE COEFFICIENT TABLE
(Cg TABLE)
A2(J,1) | NONE NONE DEG A2(J,L)

O AREF2(K) 5 0. FT2 Q(5.K)
cz(1,J,1) NONE NONFE. NONE c2(1,4,K)
XKA2(N,1) | NONFE 0. NONE XNA2(N, L)
xXM2(1, 1) NONE NONE NONE XM2(1, L)

AERODYNAMIC NORMAL FORCE COEFFICIENT TABLE
(C¢g TABLF
( - A3(J,L) NONE NONE DEG A3(J,L)
L~ ©|AREF3(K) ¢ 0. Fr2 Q8. X)
c3q, 4, L) NONE NONE NONE C3(1,J,N)
XKA3(N,L) | NONE 0. NONE XNA3(N, L)
XM3@,L) | NONE NONE NONE XM3(1, L)
ATTITUDE MODELS
ROLL (BANK) ANGLE DEFINITION
GDOT(K) 52 0. DEG/SEC Q(32,K)
8IGC(K) 32 1. NONE Q(33,K)
SIGDT(K) 3¢ 0. DEG/BEC or | Q(36,K)
NONE
881G(K) “" 0. DEG QU K)
PITCRE ANGLE OR PITCH ANGLE OF ATTACK
DEFINITION
o | ALPC(K) 3 1 NONB Q3. K)
© | ALPDT(X) 37 o, DEG/SEC or ] Q(37,K)
DEG
_|aporx) s 0. -DBG/BEC Q(s3,K)
roOTA. L) NONE NOME DEG/BEC Ta.L)

o I MTX(K) (1] 1. NONE Qes, K)

PEDT(X) 38 o, DEC/SEC or | Q(38,K)
1) (]
PSEC(X) o 1, oF 3 Q(e3, KX)
PTa. L) NONE RONB sxC ra. L)
PEME(X) o 0. S8C ﬂém.n
S8ection Terminatios Parameter Units
400
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INTER- CORRE-
INPUT CODE NALLY SPONDING
| PARAM- | NUM- | COMPILED INTERNAL
| £TER BER VALUE UNITS PARAMET IR
# PITCH ANGLE OR PITCH ANGLE OF ATTACK
i DEFINITION (Continued)
E O |8ALP(K) 45 0. DEG Q(48,K)
8PSI(K) 43 0. DEG UL K) :
i XKPT(L) NONE | 0. NONE XNYT(L) E
i YAW ANGLE OF ATTACK DEFINITION
f; LAMC(K) .7 1. NONE QR4,K) ;
, LAMDT(K) | 38 0. DEG/SEC Q(38,K) :
! BLAM(K) | 46 0. DEG Q(46,K) 3
3 WEIGHT MODELS
s GMC1(K) 57 0. FT3/8EC2 QS7,K) ]
P GMC2(K) 53 0. FTi/81C3 Q.58, X) :
! GMC3(K) 59 0. F13/82C3 AU, K) :
I GMC4(K) 60 0. F13/8EC2 Q(60,K)
; O | JETW(X) 26 0. LB Q(26,K) ;
A PROPULSION MODELS 4
: ol Twe) 31 | 0. | nowe | @e1.x) :
4 PROPULSION TABLE :
TWDL(K) 4T, 1. NONE Q(471,K) 1
TWD2(K) 48. 0. SEC Q(48,K) 3
{ TWD3(K) 9. 1. NONE Q(49,K) '
! TWDHK) 50. 0. DEG Q(50,K)
3 TNDS(L) NONE 0. NONE XNP(L)
5‘. TWD6(K; 61, 0. INd Qs1.K)
B TWDI(,L) | NONE NONE SEC TWDT(d, L)
y TWDé(1,L) | NONE NONE LB TWDe, L)
N TWDS(, L) | NONE NONE LP/SEC TWDs(, L)
? TWD1(K) 61, 0. 8EC Q81 X)
A SIMPO
o | TwpiK) TR 0. LB QLK)
O] TWDIXK; . 0. LE,SEC,LB/ | Q(3,X)
b sxC
£ o 9| TWDINK) a 0. :.l/lt’c.ltc, A3 K)
S N
% Lid WL % | ee. 2, ' QU8s, K)
Eﬁ ) 4o
£
i;‘ ay u _
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(. BASMC SYNTHESIS GF FRATION

111v mection «ontajins the basic operation instructions for using the rynthesta driver

k:
11 the 8¢}’ and for control of {ts various synthcris options as discussed under y
s tion 2.4, Synthesis Techniques, The input data block $DATAZ2 containe the hasic i X
input duta requirements necessary to drive the SSSP however, the various synthesis :

procedures reiy on the valuer of certain parameters that must be input to the $DATA3
‘orbiter and booster) and $DATA1 input blocks in order to be successfully used. The 3
hasic input parameters for the $SDATA3 and $DATA1 blocks are described in Section
4.2 and will be referenced in thig section where neceesary.

The succeeding paragraphs are broken down into the following basic categories:

1. Propulsion Option ‘\
2, Stage Burn Sequence ‘\
3. Booster Cruise Range Calculation \
4. Bbooster Cruise Fuel Calculation \

Stage Weight Constraints and Solid Rocket Thrust Augmentation |

ol .ncluded in each of the first 4 categories are optional procedures or methods
. necessary to drive the SSSP. One procedure from each category must be selected “
for a given computer run. The last category contains those options which may be \
uttlized {n conjunction with the selecte:d procedure but are not required for a given ‘ E
L computer run. If options from the last category are not selected, the run obtained \
wil] yield the rtage gross weights, performance, and design data for the following “

et g bt e e o
o ot i o

"

fixed inputs: | e

‘ i

$DATA3 - ORBITER:  selecied value of C(103) = system payload weight ‘ E

. SDATA3 - BOOSTER:  selected value of MR(3) = main impulse mass ratio \
(booster)

In addition this section will assume that the basic parameters necessary to drive the
si7ing process (SDATA3, orbiter and booster), and the sin.. = 1ca ~! the baseline
ancent trajectory ($DATAI) have been input.

4.3.1  PROPULSION OPTION

1.%.1.1 Fixed Booster Thrust (Common Stage Engines). This option specifies

‘ tlat the thrust level for the booster is obtained from the total vacuum thrust of the
Ck orbiter, Thir option is described in Soction 2.3.2.1. The following are the taput
data requirements:

-



&

SDATAL

$DA 1AX~-ORBITER-

or

(X -DBRTO—oV !

scl Nags BOOTW -0, ,
TWLOL- =3,

set desired value of TRATIO - ratio of havster
vacyum thrust to orbiter vacwum thrust

set dosired value of C(129) = vacuum thrust/eagine
and CTHRST=0,,

set desired value of CTHRST = ignition thruct/weight
at vacuum coaditions and C(129)-0.,

4.3.1.2 Fixed Liftoff Thrust-to-Weight. This option specifies that the vebicle
thrust/weight at liftoff be held constant indepeadent of the gross Iiftoff weight result-
ing from the sizing process. This option is described in Section 2.3.2.2, Owe of
two procedures is availsble and the following are the input data requirements:

a. Non~-common Stage Enginss

$DATAZ:
$DATA3-ORBITER;

or

$DATA3-BOOSTER:

b. Common Siage Engines

$DATAZ:

set nn m“o ']
set flag desired valve of C(129) = vacuum thrust/
engine and CTHRST = 0.,

set desired value of CTHRST~ignition thrust/weight
at vacuum conditionsand C(129) = 0, ,

set desired value of liftoff thrust/weight (sea level
conditions)=CTHRST

NOTE: he booster sizing process is still
performed on the basts of tcta! stage
vacoum thrust/stags gross weight. The
adjustment to CTHRAT (0 accommodate
this basis is performed iatersally prior
to synthesis of the booster stage.

set flag BOOTW=0, ,

set desired value of TRATIO=ratio of booster
vaowum theust 10 orbiter vaouum thrust,
TWLO= ithoff thrust/weight for vehicle,
TOLTW = fteration tolerance oa TWLD
s 901,), snd TWLOL = number of max.
slownbie Kerations to ciala TWLOD
“'O'

L

ki

RPRTRY
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SDATACHBITER estimate CTHRST ignition thrust/weight at
vacwum conditions o,].3, typecal)
and C(12% - 0.,

4.3.2 STAGE BURN EBQUENCE

4.3.2.1 Soquential Stage Burns. This is the normal operating procedure wilize!
for the shuttle concept and involves only solo-burns of the stages 3s if the stages
were in the normal “stacked” arrangement of expendable launch vebicles. This
option is described in Section 2.3, 3,1, The following are the input dats require-
ments-

$DATA2: set flag FIRE =2, ,
set desired values of booster sea level and vacuum
specific impulses and thrust factors for
ascent flight sections 1 ~4: 1SLB(D),
IVACB(I), TFCTRB(D): I=1,...,4

set desired values of orbiter sea level and vacuum
specific impulses and thrust factors for
ascent flight soctions 3-7: ISLO®M),
IVACO@M), TFCTROM: 1=3,...,7

NOTE: the booster and orbiter specific impulses and thrust factors for flight
.1 sections 3 and 4 are used only for printed output purposes since these
A sections are coast simulated (see Section 4. 2. 2 above for use),

P ¥ 4.3.2.2 Simultaneous Stage Burns, This option allows for utilizing the orbiter
R 3 mnrin rocket engines along with the hooster engines during the initial boost phase of
b flight for thrust augmentation. It assumes that the stages are in a parallel arrange-
ment (or "piggy-tack'' arrangement) on the launch pad. This optica is described in
fiection 2.3.3.2. One of two procedures is available and the following are the input

data requirements:

a. No Crossfeed

SDATA2: set fiags FIRE =1.,
NXFOB=1., for £ 0.,)

set desired values of booster sea level and varmum
specific impulevs and thrust factors for
ascont flight sections | -4 IBLB(D,
IVACH(!), TFCTRAM: 1-1,....,4
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set desired valuer of orbiter ses level and vax wue
specific impulses and thrust {actors for
ancent flight sections § =7 BLIND, IVACO 1,
TFCTROM 1-1,....7

NOTE  the booster and oriiter specific impulses and thrust factors for flight
sections 3 and 4 are used only for printed cutput purposes since theze
soctions are coast nimulated (see Section 4. 2. 2 above for ver).

SDATAL ascent flight simulation section 1 must be terminated
nn time from liftoff, therefore:

> ret ﬂl‘l STGC(“ ""lo.
STGD( 1.,
B 8TGT(1) =. 001, (typical)

set desired value of STGW1)-absolute time (sec)
from liftoff to terminate flight section

b. With Crossfeed

s $DATAZ: set flags FIRE= 1,,
A NXFOB =0. ,

set desired values of spacific impulses and thrust
- factors for each stage per procedure
£ outlined in s, No Crossfeed” above.

4.3.3 BOOSTE"® CRUISE RANGE OALCULATION

This paragraph describes the operation instructions for providing the SSSP witk a
method for calculating the booster reference range requirement discussed in Section
¢2.3,4.1. This reference range is used for determining the cruise performaace

' parameter (Section 2,3.4.2) used in synthesis of the booster. Five options are
svagiable.

4.3.3.1  Parametric Flyback Runge Data. The following are the input data
ceguirementa
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4.2.2.2

43,33

4.3.3.4

$IATAL

[ TR ¢ % ST T

et ilng FLYBOK - ).,

set deeired valur of DRNG- additive range {actor
ured 0 hias resulls of aiaiped refevence
range requirement (.25 8. m!)

set desired value of CLVG - adpustment Iactor on
range requirement due o varistions ia
the booster estry hypersonic charscleristics

Maging-(* Function Rznge. The following are the input dats requirements:

SDATA2

$DATAL:

net flag FLYBCK - 2.,

set desired value of DRNG ~ sdditive range {actor
used to bias results of cbtaimed refersacy
range requirements

the initial pitchover mansuver during ascest

fight simulstion section must be used to target to
an specified valuy of the staging dymamic pressure,
O', at the termination of ascent flight simulation
section 3, therefore:

seot the flage: ECCIQ) = 92.,
ECN1(1) = 3,,
ECTIi(1) = .001, typical)
EC(1) = lq“ (0.)

where Q. 1s the desired value of the staging
dynamic pressure {psf).

Constant Raage. The following are the input dsta requirements:

SDATAZ: set flag FLYBCK = 3.,
set desired value of DRNG - range (acroment wood
to defline reference range reyuiremsat
Bellistic bupact Rasge. The following sre the iaput dets requiremsats:
SDATAZ set flag PLYBCK - 4.,

set desired value of DRNG - additive raoge facter
used ® bing results of ebtained reference
range requiremmont

|
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ol h it e,

Potr, dtaator, Gmulstion Harge  The lojlosing are the . ynat data

s g by

YHIATAL ret flag FIYHOK &,
set deatred value of DRRG additive range fac wor
used W ar results of adtsined relerem ¢
s g requirement

$DA TA) ihe hooster entry /return trajectory is computed h
numecrical integration of the flight M fferential
squations of motion therefore the trapctory profile,

. vehicle control, and vehicle modeling must be ingast
* by the user, Set flag SEC > 7 as required
. (7 « SEC < 18) to specify the total number of
‘ simulation sections ior the entry trajectory. Al
< — input must be satisfied as speeified by Section
( 4.2.3, SDATA1 where section subscripts must be
greater than 7 (also see Section 2.3.4.1e for
restrictions placed on this option).

1.1 4 WOOBTEFR CRUISE PERFORMANCE CALCULATION

This paragraph describes the operation instructions for providing the SSSP with »
method for calculating the booster crulsy performance parameter discussed in
Section 2,3, 4.2, This parameler e used in the sizing of the booster in the form of
the ¢ ruine performance mans ratio minus one. Th ee options 2re aviiable.

.40 Simplified Single segment Cruise. The following sre the input data

requirements

SDATAL se¢ flag FBFUEL - 1.,
set desired values of Breguet coastants for cruise
condition: SFC, VCRUBE, ALD
set desired value of WFLYX ~ optional additive
welight term

SDATAS-HO(BTER: estimate C(214) - cruise performancs mass
ratio misus |

$.1.4.2 Four hegment Refrtence Range Option 1. The follosing are the ingut

oy Asta recpiirement s
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AT A, et fing FHFUFL - 2.,
set destred raluee of Hreguet coastamis lof « reses
condition SFC:, VRLY2, AR

srt dugired valur of B [ Y X - cgdionsl adlitinve
weight term

set desired valaes of (C/ sad CB coastadts esed for

the ule s’ fianl] doscent portions of

Might, respectively

set dosired v>'ues of the cruise range dec remeuts

KT, R). R2 used for the transitioa, die desceat

and final desce st portions of flight, respectively ]

BIATAM-BNNTER: estimate C(214) - cruise performance mass
ratio minus 1

$.3.4.3  Four Segment Reference Range Optica 2. The following are the laput duta
requi rements :

SDATAZ set flag FBFUEL - 3.,

set desired valucs of Bregust constasts for idle

descent: 8FC1, VFLY1, ALDI; cruise: SFC2,

VFLY2, ALD2; and final descest; SPC3, VFLY A,

ALD3

sot desired value of WPLYX = optional sdditive
weight term

set desired values of the crulse raage decrements
R7, R1, R3 used {or the transtitton , idle
descent and fiss! descent porticas of
flight, respect ively

SDATA-ROOSTER: sstimate C(214) - crulse poriormaace mass ratio
mimms 1,

4.3.8  STAGE WEIGHT CONSTRAINTS AND SOLID ROCKET THRUST AUGMENTA TION

(Note the options stlined in the following paragraphs are ot (aput reguirements
nocessary for driving the SNSP, but may be cumbined with the majerity of the peasthie
selectied combinstions derived (rom the precediag paragreghs).

4.3.8.1  Naed Soonter jroes Weight (Lifiefl Weight), This eptinn provides for the
capablity of fiaing the grom weigit of Lhe besster (or grees 1Nl ewight of the
seotem. T aption te deocribed In fertion 2.3, 2.3,
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WITE  this aption shengdd oals e ueed ohes the srlurted oy 3'ena
e Lo e}l e (RRIUH rrd PIIE I otion §.3.5 | o lD ( (12P egue vl
Vs TAI-OKNITL A The following are the ingast dotn reael rements «

¥

LDATA: et desired vajue of QWREC - boneter gruss 4

weight (1ol vewghts Y

K set ROOTW - 0., :

TWLO - =)., sand desired valus of
TRATIO) (sve Bection 4.3.1. 1,

SDATAIORBITER: estimste C(103) - system payloed
sot desired value of ((129) (see foction §.3.1. 1)

NOTE: if this option is not desired, set

L e
Ly bt o)

GWRERQ £0. i

1» ( - 4.3.3.2 Fixed Orbiter Gross Weight. This option pravides the cegebility of fixiag t

e the groes weigh! of che orbiter. Thiz aption is described is Section 2.3.2.4. The %

e followiag are the input data requirements: g

o SDATA2 set desired value of WOREQ - orbiter gross weight !

- f
SDATA-BOOBTER:  estimate MR(3) = mais impulse mase ratio taosster) | -

NOTE: i this optios not desired, set WOREQ < 0.

4.3.6.3 Fixed Orbiter Propellast Weight. This aption provides the capahility of

f luqmmllmuovmuamm during the orbtiter burns @ecent and i
! on-orbit). This aption is doscribed in Sectien 2.3.2.5. The lollewing are the inpat
data requirements:
LA TAG st deeired value of WPFOREQ - tatal capendsd
o7blter impulse propeiiants
SDA TAM-BOOSTER: sotimate MR(S) = mein impuies mase rette Aevstor)
3 SDATAS-ORBITER oot MRS - tota) an-ortit velority budgnt g or '

mase ralle for total en-ortit mearyver-
ing reguired.

/
NOTE: o this apticn (o st desired, ont
WHIOREC <O,
=00 \
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NOTE this option should only b used when the selected procedure abhove

SDATAZ:

$DATA3-ORBITER:

in~ludes the Propulsion Option described in Section 4.3.1.1 with C(129) specified
The following are the input dats requirements:

set desired value of GWREC = booster gross

weight (liftoff weight)

set BCOTW =0 ,
TWLOI = -1., and desired value of
TRATIO (see Section 4.2.1.1)

estimate C(i103) = system payload
set desired value of C(129) (see Section 1.3.1.1)

NOTE: if this option is not desired, set

$DATA2:

$DATA3-BOOfTER:

set desired value of WOREQ = orbiter gross weight

estimate MR(3) = main impulse mass ratio (booster)

GWREQ <0.

'4.3.5.2 Fixed Orbiter Gross Weight. This option provides the capability of fixing
the grose weight of the orbiter. This option is described in Section 2.3.2.4. The
following are the input data requirements:

NOTE: f{f this option not desired, set WOREQ <0,

SDATA2:

$DATA3-BOOSTER:

$DATA3-ORBITER:

4.3.8.3 Fixed Orbiter Propellant Weight. This option provides the capabili+v of
 ixing the total impulse propellants expended during the o biter burns (asceat and

orbit). This option is described in Section 2.3.2.5. The following are the input
jata requirements:

set desired value of WPOREQ = total expended

estimate MR(3) = main impulse mass ratio (booster)

orbiter impulse propellants

set MR(S) = tota) on-orbit velocity budgst (fps) or
mass ratio for tctal ou-orbit maneuver-

ing required.

NOTE: {f thin option is not desired, set
WPOREC <0,

4=99

_




g o oo
REPK Ji F THE ORIGINAL PAGE 1S POOR.

é

/ o AR . | pp—— o l ﬂ{ &
P — i - - . - [ ) e———

— 0 — . — ——— “

GDC-DBET0-002

4.14.5.4  Fixed Solid Rocket Motor Augmentation. This option provides for tisrust
augmentation during initial boost phase of flight (fligit section 1) by utiliziog fixed
soltd rocket strap-ons, This option is doscribed in Section 2.3.2.3. The following
are the input data requirements:

$SDATAZ: set desired va'ue of SOLID = number of iolid
rockets and TSBO = burn time durstion
of rockets (total propellant depletion)
set desired values of AS, E8, SISP, SINERT,
and 8; " as defiped in Section 2,.3.3.3.

NOTE: flight section 1 is automatically terminated on the input value of TSBO oy
at which time the spent solid rockets (=iiOLID * SINERT) are jettisoned. U this option . ’ﬁ
is not desired. set SOLID s0. ©
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