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FOREWORD

Volume I, ]'art 2: Program Operating Instruct_,ns

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 a complete
listing of the computer program FORTRAN V source de,'k.
Volume II conta:r.s _ compilation of statistical data on previous

aircraft, missiles and space systems to serve au 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

I he ._'paee Shuttle ,qynthesis Program (SF,cP) automates the trajectory, weights and

pt, rform.mee computations essential to predestgn of the ,_pace ,¢;huttle system for

earth-to--orbit operations. The two-stage Space _huttle system is a completely

:c,u_al)lc space transportation system consisting of a booster and an orbiter element.

The '_._SP's mai_r 0arts are a detailed weight/volume routine, a precision three-

dimensional traiectory simulation, and tl,_• Iteration and _vnthesis logic necessary

to satisfy the hardware and trajectory constramts.

_$. The _gSP is a highly useful tool in conceptual design studies where the

effects of various trajectory configuration and shuttle subsystem pararnete,'_ must

h(, evaluated relahvely rapidly and economically. The program furnishe,_ sen*stti_ty

.rod tradeoff data tot proper seJectton of configuration and trajector_ predemgn

par.'imeters.Emphasis Isplac"dupon predesign simplicityand minimum input

preparation.Characteristicequationsfor describingaerodynamic and propulsion "

models and for computing weightsand volumes are kept relatively_imple. The

,_nthcsisprogram isdesignedfor a relativelylargenumber oftwo-stage._pace

_'huttleconfigurationsand mission types,but avoidsthe complexityofa completely

generalizedcomputer 9rogram thatwould be,unwieldy,touse and/or modify.

it \*_
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4/0 PROGRAM OPERATION INSTRUCTIONS

This _ection 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 parameters. 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 dOS card), cards containing the user's run title (TITLES card), and
NAMELIS7 blocks ($DATA1, $DATA2, SDATA3L Input requirements are simplified

by using NAMELIST input blocks. Each NAMELIST block contains three elements:

f (1) The appropriate NAMELIST name ($DATA1, SDATA2, $DATA3), (2) the input /

_ • parameters _both name and numerical value), and (3) the terminator r$). Some L
'Y: .... , important NAMELIST eharacterlstws are enumerated below for the user's

•:: convenience

• ,i._ _ 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 numh<r of successive slots it will occupy; see the following example.

Examples

Expanded input Method Simplified Method

C2(3, 6, 3) = 1.03, 1

C2(4, 6, ,_) = 1.06, _ C2(3, 6, 3)= 1.03, 1.05, 1.10, 1.23,

C2(5. 6. 3) = t, lO,
C2(6, 6, 3) = 1.23,

' -i TWDI(5) = 5.. /

:"i:,.. TWDI(6) = 5.. / TWDI(6) = 4*5.. I

., i TWDI(7) = 5.,
• _ TWDI(8) = 5.,

ii ....... m I I I[ll I
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5) The input may start on the same card as the NAMELISTname•

6) The terminator ( $ ) may appear as the last item on a card contain/ng
input data.

• The systems requirements for the UNIVAC 1108 consists of:

Hardware

1. Card punch (optional)
2. Card reader
3. Printer
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 I

L_: Software f":I 1• EXEC 11 LEVEL 6 operating system, t
2. FORTRAN V
3. Ability to execute from a CUR tape (optional}

4

4.1 DECK SETUP

Figure 4-1 depicts the groups of cards and their order which _re necessary
to execute an ._,_P case for the MSC system using s UNIVAC 1108 digital comimter.
The following paragraphs discuss the deck setup in terms of control cards, input/
output selection (lOS) card, TITLE,q 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 oflect u_ut Ion of an 888]?
case(s) for the MSCsystem currently uso¢l for the Us/vat 1108 dig/tal computer.

,,.,.,.,.,.,,,.,.,.;_l,l,:,l,l,l,l,l,l ,,.,.,.,.,.,.,.,.,..,.,.,.,.,.,,,.,.,.
_u._l_ I> 1

|.,. ,._. .... ,_ _.z._...r._p.,._..._._. L .o.. f.j. _.H.o .....
............ . .................

-rRw A
:zH A
££_. A * "

X_T _fjol
........ I ...................................... _ ,, \

.......... _ _w Hi L i i _._ ilia lUll i In il

1971015348-016



..... _ _ _ -- ,w .y

_.'_nnIL.L. II I III.,m_,._,



EPRODUCIBILf
'.3' . _ _.,_=....-._---.... _ ......

GIR'-DBBT0-O02

4. I. 2 lOS ( A liD

The mput/output selection card {lOS) is the first card of the data package. Six
program flags, JO,JB, MPRNTO, MPRNTB. MPNCHO and MPNCHB In a 6 I 2

z

format arc necessary.

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

0 use stored da[a, 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 first 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 winch would ',allow

the program to accept changes to the orbiter weight/volume parameters while

retaining the booster parameters from the preceding case.

In addition to the proper setting of the flags JO and JB, the user 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 IOS cued.

4.1.2.2 MPRNTO and MPRNTB. The pHnUng 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 arp the third and fourth words resr.ectlvely,

i appearing on the IOS card in the 6 1 2 format. The printing of the input data Is

obtained b_ inputting a 1 for these flags. Printing 1o suppressed b._ entering zero
in the appropriate slot. The SDATA2 ("synthesis") input is either printed or supprnaed
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.

j_ o J.S MI RS I
i 1 or 2 1 or 2 MPRNTB .

i __'_ 0 1 or 2 MPRNTB

I or 2 0 MPRNTO
• 0 0 0 .

............ " .... _ " " • w • ........ lu
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For example, the IOS card of the first case of a multiple run might contain

I I I 1 which would cause the printing of the orbiter and booster input welght/volume
data{$DATA3) and the "synthesis" data /$DATA2L The IOS card of the second case

might contain 2 2 0 2 which would suppress the printing of SDATA3 and SDATA2
input data. Note" the print of SDAT_ 1 is handled by PRNTX(1), see See. 4.2.2)

4.1.2.3 MPNCHO and MPNCHB, MPNCHO and MPNCHB are the fifth and sixth
• I

words, respectively on the IOS card and cause punched output of the input weight/
volume data for the orbiter (MPNCHO) and booster (MPNCHB). By inputting a 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 IOS card

containing ] I I I 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 SDATA3 deck (see Ftg. 4-11. 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 SDATA3 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 NAMELI_T names and

I _rder of input are

SDATA3 Orbiter weight/volume data

SDATA3 Booster welght/volu me data

$DATA2 "Syatheais" data
SDATAI GTSM (treJectory) data

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

If the changes do not affect orbiter and/or booster inlmt. If the "synthesis" data

and/or GTSM data is to remain unchanpd for succ_$ing eases, the user must still
input the SDATA2, SDATAI and termisat/ng $ cards even though no mw data appears
in these input blocks.

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

., 'L

4..6 , _
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1 1 1 1 0 0 IOScard

TRIA L RUN TITLES Card

SDATA3

Orbiter weight/volume data

• . S

TRIA L RUN TITLES Card

SDATA3

" i_ Booster weight/volume data

• ." SDATA2 "_SIS" inlmt data

""'_._:'_" SDATA1 GTSM (trajectory) data

•"_'_." While the second case, requiring only changes to the "synthesis" and o'rSM

:./... data, could consist of the cards:
,'_;(

"iy/, sso 0 o o los c_"d

, ' ."._;'." SECOND CASE TITLES Card
'.-.;i'.. •

'."_*;?, ;'_ $DATA$
,' Orbltor

. .f .,.. $

SECOND CASE TITLES Card

$DATA3
Bo_ter

$

SDATA2 j_

"'!, SDAT^I ,:;_,
• ""' MULT=O.. o'rsMdatachsnSu
:_,:,,:;

.;_ , $ o

'.:,....:,[,

._._.
mm _ i mLu m

_.._,_.,_,_ ,
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i 4.2 INI)!"I I)AI{AMFTVI{S

• . ._ -_ The basic input cesta blocks tc(tulred t-or an SSSI) setup, as discussed above, are:

.'i!i! II'I" $1)ATA3 o 1)easter weight/volume data
$I)ATA2 - Synthesis driver data
$I)ATA1 - Basic trajectory, simulation data

'!.--'; ' : The SDATA3 input blocks contain the scaling coefficients, fixed weight/volume
"-",'_","'": items and basic estimates necessary to synthesize 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) arc utilized to size esch

"'_"_:'.'. stage. Because of the wide range of design parameters and the many passible design
"_"_ " " solutions in any area of either the orbiter or booster design, these equations oL

necessity are compiled In general terms and therefore at'e used for both stages ia
the SSSP. it is the responsibility of the user to select these items which comprise

' his specific design application for each stage and to reflect these differences in the
'" input to each respective SDA'rA3 block. {The input parametera for each stage are L

internally stored under special data arrays to differentiate between the st ages during

the synthesis process, however). The Weight/Volume Handbook (_ontalns a comp,lete
description of the scaling equations in terma of these general SDATA3 input terms

and only differentiates between the stages when use of an eqtu tlon requires a q)oclal
orbiter or booster input par,tmeter to be specified.

The SDATA2 input block contains the basic parameters which drive the operation

of the synthesis process. These parameters include the synthesis optl¢,_ flags,
._, initial estimates necessary to start the process, and fixed items for each S8_P rua

such as the stage specific impulses to be used for each ascent flight simtflat/on

•i!;,.-I section Many of the parameters input to this data block either "override" '.he'.,i,!" basic input to the SDATA3 or SDATAI blocks due to an option t_at has been

specified or must be utilized in conjunction with certain input pa_'nmeters to tlm
SDATA3 and SDAT,_I blocks for a particular .qSSP run. In nddit/_ certain pure-

me:ers which are r)ormally input to the SDATAI block and necessary to drive tiN)
ascent simulation are computed Internsl_t during the synthesis process sad lame#

are not known, a priori. These computed I_rametere are then "supplied" to tim

!_ GTSM subprogram and therefore, also "override" the SDATAI IIWut. Use of
the SDATA2 input parameters are discussed in Section 2.$. taynth_is T_qta/cpms

:, and are ope_'atlonally summarlted in $ectloe 4. $. Basic 8yatlmsia Operation,

'_': The SDATA'_ input block tmata/ns the haste Imrametore aeeesnsr_ to simulate

"., _-_', rite I_ueline ascent trajectory (GTSM subprogram) and, if the o_tlon is uUllaea. #

S:,' tOsimulate the booster entry traJector_ front the staglq pol.t on the saceat

4-? --
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trajectory. ,_.ct,on 2.3.1.2 discusses the baseline ascent traJectors profile compiled

into the S,_P. Necessary parameters which drive this ascent profile fall into two
basic categories (1) synthesis computed, and 12l SDATA1 required Input. Examples

that fall into the first category Include the following basle Items which are supplied
automatlcali', to GTSM:

: I) Stage gross weights, prol>qlants. Jettison weights
2) Propuislon characteristics: thrust levels, propellant flow rates

3) Theoretical wing areas for u_e as reference areas for the fixed
aerodynamle characteristics

Necessary SDATAI input includes such basic Items an:

I) Initial conditions: launch pad coordinates, launch azimuth, etc.

, 2) Iteration and integration co-trols
3) Atmospheric data
4) Aerodynamic eharacteristi©s

5) Parking orbit insertion conditions
6) Maximum axial load allowed during ascent

'" The basic $DATAI input items either have built-in default values In the GTSM

subprogram, e.g.. the atmosphere model. Appendix II1. or are compiled at fixed
values which fix the ascent profile prior to GTSM entry.,

_lr

-_ The following sub sections describe the basic input parameters for osch data
block amd. In the cues of $DATA3 and SDATAI input, flag tlmse Input parameters
which ere Sul_hed from the synthesis process. Due to the large number o( required

'. lmput for operating the S_P, it Is strongly suggnstsd that the user intUallv setep

: a conflgurat_on with the minimum required inlxnt parametsra alld then procood to
build upon this basis as mmcusary. As a new ¢Odll_nrat/on is being developed for

analyses, It is also mggnstnd that the basic data deck setup developed for l proHoml

ecefqFaration be utilized as its foumtatioa. Tb/s prooena mot oaly assists the naer
in the 888P operatloB but also ntis/miser, the number of aborted computer aiM. Ladk

of a nscessarv inpm parameter Is oae of the most frequent causes of aborted SSSP
runs part/eularh durlag the Infltlal IdmSna d developl M a sow oon/_gural/on.

4 SDATA3

The NAMELlST lalmt data block SDATA$ supplies the basle soallag oodlrtelem. -_
fixed items and basle scaling oa//matea sot-_Inary to sm oaeb stage le the sub- "_

rotntlmP WTSCH. It also Inehldna cortes opUon flags used to deflN tlw d_

I_loso_y r_lulr,Kl wltl_a W'tSCH such as ,I, PPsclfylll a fixed wlm loedlag or a I

d.

4..'
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fiyt, d theoretw,ll wint_ area, and (2) specifying what portion of the total wetted P'_

.'lre:t is to 1)e c'overcJ by the therm_! protection system, etc. The $DATA3 input
is read in twice, first the orbiter then the booster. This data is read-in under

identical input 'wronyms, by the s,:brout/ne READY and axe stored in approprPtte

,_rrays in the s,broutine STORE. This possessirg is accomplished for ease of

d_t,a handling when transferring from one OVERLAT to another during t]:_ synthesis
iteration process and to differentiate between or' ,"and booster data. The Weight/
Volume Handbook, Volume II contains a complete description of the use of these

. input parameters in the general SDATA3 format and differentiates bet_een the o_biter --
,. and booster input where necessary.

This section contains a complete list and briei description of the SDATA3 input
in the general data format (orbiter or boosterl and points to those input parameters

'_";'-" _hlch are either _l) controlled by the svllthesis driver Input fSDATA2, or _2) computed

"_:_' .f_ internally during synthesis wocess. In the first case input for certain parameters

• _ are nececsary in c_rder to parallel a part icular synthesis optlcn This is discussed /•. in Se:tion 4.3, Basic Synthesis Operation. In the _second case certain input para-
meters are either internally computed thereby overriding the $DATA3 input or are

-_ . recomputed dur,ng the synthesis process as described in Section 2.3, Synthesis
Teehidques. The basic scaKng coefficients are input in subscripted arrays and

', acronym names. The principal arrays and their internal dimensions are: C(300)

': " and K(3_.00).Thee( arrays are internally in/tlallzed at a value of 0, for both the
!:'; orbiter and booster d_:ta. Therefore if a plrameter is not inpll_., its value will be

._:.i internally stored at 0. Where an array parameter Is not show:l in the following list,
it lute been reserved for future use in expandlnlg the 888P and also has an internally

: stored value of O. The remaining SDATA5 input parameters are read-in under
acronyw n_mes and primarily eomclst of fixed items or initial estimates used In

WTSCH sizing process for each _tage. These paramete,'s are also inte,"nail)
initialized at a value el 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 d_ta ¢o the booster SDATA3 and vice versa Is one
of the most fr_ouent causes of aborted SSSP runs.

The brief descriptions following the SDATA$ inlmt list a.--e utillznd in rids

volume only for refers,nee. The numbers preced/ng the input parameters refer to
the list of comments succeeding the SDATA3 list.

I

•.._ 11-9
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SDATA3 Z_*PUT COEFFICIENTS

TERMS DESCRIPTION UNITS

C(I) wING WEIGHT COEFFICIENT (INTERCEPT) -°

C(2) wING W_IGHT C_FFICI[NT F(GROSS AREA) LBS/FT2
C(3) FIXED wING WEIbHT LBS

_ (.(_) vERTICAL FIN WEIGHT COEFFICIENT LBS/FT'_
C(S) FIXED VERTICAL FIN wFIGHT LBS

• *- C(6) HOF(IZONTAL $TAUILIZE_ WEIGHT COEF, --
C(7) FIXED HORIZONTAL STAUILIZER WEIGHT LBS

:. C(8) UNIT W[IGHT OF FAIRING OR SHROUD LBS/FTa
, C(9) FIXED wEIGHT _ FAIRING OR SHR0_ LBS

C(10) INTEGHAL FUEL IANK WEIGHT LOEFFICIENT LS_/FT2
- C(11) FIXED INTEbKAL FUEL TANk wEIGHT L5$

," C(12) wiNG WEIGHT C0_'FFICIENT (SLO_) ---
.._,:. C(13) _ASIC UOOY wEIghT COEFFICIbNT F(AKEA) LBS/_T2

", i._.-_ C(1;) uA_IC UOUY W[IbHT CO_FFICIFNT F(VOL.) LB$/FT3
.... _ C(15) FIXED t_ASIC BODY WEIGHT LBS

-. , "_.. C ( 16 ) NOT US4LD --,

_-.'.•: •_. c(z?) ,,,o'rosEo"'::,.": C (18 ) r,*OT USED -" _
.:_". C (19) N_T US_'D -"

.': C(20) NOT USED --
":" ' C (21) NOT USJ_D -"

:: , C(22; _OT US_'D --
.." ' C(23) SECONDARY STR_TURF wEIGHT C_F. LBS/FT_
":' C(2_) VENTIC_L FIN Wt.IbHT COEF, F(FIN AREA) LBS/FT_-

;"_". • (-(25) HOHIZONTAL W[IUHT COF.F. F(HORIZ, AREA) LGS/FTa
_-'.-" C (26) FIXED INSULATIUN WEIi_HT LB$

• (-(27) FIXEO COVER PANEL WEIGHT LBS
", C(28) bIMBAL SYSTEM wEIGHT COEF. (INTERCEPT) --.'

C(29) PRIME POWER SOURCE TANKAGE WTe COEF --
C(30) LAf4DIN(_ GEAH WEIGHT GOLF. F(WLAND) --
C(31) FIxeD LA_/NG _EAR WLIGHT I.B_
C(32) HO_KET ENGINE wEIGHT COEF. --
C(33) FIXED HOCKET ENGINE WEIGHT LBS
C ( 3_ ) r._OT USbD , -"
(- ( 35 ) r,_OT USeD ',_
C(3b) NACELLE,PODS AND PYLONS WEIGHT COEF. --
C(37) ;ZX_U NACELLE,PODS AND PYLONS WEIGHT _BS
_.(38) PO_EH _OUHC_ PHOPELLANT wEIGHT COEF, --
C(_.g) FULL TANK w_.ZGt_T COEF, (NON-_TRUCTURAL) LBS/FT3

. C(_0) FIXE_) FUEL TANK I/EIGHT (NON-STRUCTURAL) I.BS ."
C(_l) OXID TANK l/EIOi*,TCOEF, (NON-STRUCTURAL) LBStFT3

" _ _(_2) _ IXED 0XID TANK WEIGHT (NON-STRUCTURAL) LBb
: C(_3) FULL TANK _N-C)ULATION UNIT wEIgHT LBS/FT_

' . ." C(_) FIXED pROPELLANT TANK |NSULATXON UI;XGNT L.BS

' C(_6) FUEL SYSTEM WT COEF F(LFNGTH) LBS/FT

_il id C(;?) FIXED FUEL SYSIEM wEIGHT LBS

4-10
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o

|NPU1 COEFF_¢|ENTS (CONT)

TERNS O(SCR|PTION UN|TS

C(195) NOT USED -"
C(19b) NOT USED --
C(197) NOT USED --
C(198) NOT uSED ---
¢(199) NOT USED --.
¢(200) 'JOT USED --
¢(201) NOT USED "
¢(202) NOT Ur_l[O --
C(203) NOT U.r_O --'
C(20_) NOT U_[D --.
¢(208) NOT USED --
¢(206) NOT USED _"
¢(207} NOT USED --
C(206) hOT USED -,.
C(_09) hOT USED -,,,,
G(210) AIRSREATH|NG ENG|NE UI[|GHT CO(F, -.-

¢(211) FIXED AZRBREATHZN6 EN@ZN( WE|IHT LBS
C(222) AIHGREATHZNb TANKAGE • SYSTEN IT, COEF --
C(213) FIX(_ AIRBHEATHZNG TANKAe_ • SYST, WT, LB$

(_) C(21_) FLYBACK NASS RATIO UINUS 2,0 --
¢(21b) F;XED FLYBACK PROPELLANT ttE1el, IT LOS
C(2|b) hOT Ur_F..D .-.-
¢|217) hOT USED --
C(2|8) NOT USED ' .--
C(219) kOCKET (NG|N( IT, COEF, F(THRUST AREA) --
C(220) ROCKET £NG|NIF. AREA RAT|O --.
¢(22_) ROCKET (NGZNE AR(A RATIO EXPONENT ,..-

1 Ct222) NOT USED .,.-
C(t23) hOT USED --
¢(_2_) hOT USED 0-
C(22b) TRAPPED FUEL VE|OHT CO(F F(PROPELLANT) --
¢(126) TRAPP(O FUEL tlgZ_.lT ¢O(F F(THRUST) ,,-,
¢(2Z7) TRAPP(O OX|b Mk.;tHT CO(F F(PROPELLANT) --
¢(226) TRAPPED OXZD Wb|tHT COI[F F(THRUST) -.-
C(22_) VENTED FU(L l_lGHT ¢O(F F(PROIIq[LLANT) -,-
¢(|30) VEhTED OX|D UE|GHT CO[W F(PflOPELLANT) --

[

4-14 *_ \
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IDATA3 INPUT TERII_S

TERMS DESCR|PT ION UNITS

AN_NG$ N'JMBER OF A|RBRIrATHING ENGINES --
AHTANK NUMBER OF AIRBREATHING FUEL TANKS (JP) --
ASRATO wING ASPPCT RATIO ..

ASWt[FP WING LEADING _UGE SWEEP ANGLE DE6
COBOCY BODY w|DTH OR GOEFFIC|_NT FT
CFUEL(I) THRUST BUILD-UP MIXTURI[ RATIO ,m
CFUEL (2) NOT USED -.
CFU_L(3) MAIN I_ULSE I_|XTURE RATIO -..
CFUEL(_) NAZh; IMPULSE _ESERVE MIXTURE RATIO --
CFUEL(b) SEGC_)ARY IMPUI.SE JJIXTURE RATIO ,,-
CFUEL (b) nOT US[O ..,
GHSOOY UOUY HEIGHT OR COEFFIC|IrNT FT
C.LBODT BODY LENGTH UR COEFFICIENT FT

"_:" CSBODY TOTAL BODY WETTEU AREA OR COEFFICIENT FT2
.'. ._' C_)FAIH FA|HIN(_ PLANFO_M AREA OR CO(FFICZENT FT2 /

-. :. _,_ CSFUT¢ I;UEL TANK ,_UHFACE AREA COEFFICIENT --' c'-" - CSHORZ HOhIZONTAL STAU, PLANFORM ARIrA OR CO(F, FT2
:"" CSOXTK 0xlo TANK SURFACE ARE/, COEFFICIENT --

• _L.

,- C,_LAht BOU¥ PLM4F0_M AREA OR COEFFICIENT FTi?.
CSVERT VEttTICAL FLh PLANFOPM AREA OR COEF. FT 2

' (5) CSWIN(_ wING PLA_4FOHM AREA FT_.
CTHRST VACLIUM Tt_u_T ro LIFT-OFF wEIGHT RATIO' --

_.." .

./:, (,THST2 S_CONOARY PHOPULSION T/W RAT|O --
_'.'.. FxWOVS FIXED WING LOADING LBS/FTJ) "
/'"-i ISP(I) THHUST GUILD-UP PROPELLANT ISP SEG

ZSP(2) NOT USED --
(b) |SP(3) MAJ,N ZNPUL'_E PROPELLANT ISP SEG
(7) ISP(q) MAIN IMPULSE RI_SERVE PROPELLANT |,_d_ fd_G

ISP(S) SECONDARY PROPULSION PROPELLANT |SP SEe
ISPlb) NOT USED
ITl_ TP_ FLAG -..

K(l) FUEL TANK ULLAGE VOi.uMIr CO(FF_C_I[NT --
K K2) OXiDiZER TANK ULLAGE VOLUI_ COI[FFICII[NT --
K(3) AVERAGE FULL TANK INSULATION THICKN(,_S FT
K l_) FIXED PROPELLANT TANK |_t_ATZON VOI.Utl_ FT3
kIS) CR_W VOLUME COI_FFZCZENT
K (6) FIXED CREW VOLUME FT3
K(?) r|xEO SECONUAHY FUEL TANK VOl,,Ull_ FT,$
RIB) FIXED SE'.CONOARY OXI0 TANK VOt.UMI[ FT3

K(9) FIXED CARGO BAY VOL.IJI_ FT,_ :
K(_0) AVF.RAGF. BODY SlrRUCTUt(AL 0[PTH FT
K(l|) FIXED BODY STRUCTURAL VOI, UMI[ FT3

. K(X s)) LAHOII_ GEAN BAY VOLUMI[ C01[FF|CZI[NT FT31L6 I
;'.i K(13) FIXED LA_I_ GEAR BAY VOLUME FT3

;::' £

",-. 4-_5
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$DATA3 Comments

1. For the orbiter this input is the fixed system puyload or cargo for the
mission excluding the weight of furnishings and support equipment for

the passengers, if any. The weight of the Passengers is handled
' separatelw 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 '_ayload"

. of the l_oster.

_:ii_,. 3. For the orbiter this input is the vacuum thrust per engine ,unit thrust).ff a fixed vacuum thrust/gross weight is desired for the orbiter (see

_ Section 4.3.1), rids 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 airbresthing
:. engines only for a powered approach and landing with go-around

_'_ capability. For the booster this input is an initial estimate ,see -

•'._"":i section 4.3.4) since the booster also utilizes its alrbreathing 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 inlmt is the fixed specified theoretical

(gross_ wing area and the wing Ioadtng is computed internally Iset FXWOVS=0., )
at a selected design condition, ff the wing is to be specified CFXWOVS) at
a selected design condition, this input is used as an initial estimate for the
theoretical wing area.

6. For the orbiter tMs parameter is internally set equal to the $DP.TA2 input _ '
IVACO_5_ and therefor°, need not be Input, For the booster this parameter
is internally computed (see Section 2.3. I, Basic Synthesis Iteration) as
a function of the SDATA2 inputs ISLB(1), IVACB(2_, and PER[BP, aud

' :' therefore need not be input.

;' [
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q 7. For the orblt.er this parameter is internally set c.?.:._I to the $DATA2 lal_l

_1VACO4.5_and therefore need not be input.

8. For the orbiter this parameter is internally computed as an initial estimate
to start the synthesis process Isee 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 synthesis 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, respeetlvely_, this input is used as the initial estimate

for the booster main impulse mass rat/o.

• i 9. For the orbiter and the booster, this parameter Is internally computed by

ill the maximum dynamic pressure attained during simulatlon of the ascenttrajectory and therefore need not be input, inte:nally the Inlt/al estimate
. .: for thi_ parameter is equal to tke SDATA2 input estimte CMAX.

' _ I0. For the orbiter and the booster, this input is used as an/nltlal estimate /
_,_., t._ to start the synthesis process._L

I

• i _

?'., !

I

- !
J

_;,. [

"_' [°
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4 I. 2. "J $ !L-_,I A z

lht, N.s MELIS'I mput data block SDATA2 primarily controls the basle operation of
tht. S_'_P. It cont;.ns the basle synthesis drive, parameters and optl-n flags necessary •
to interface the two major operat/onal portions of the program: the hTVOL and GTSM
subprograms. It also includes estimates for the various synthesis options and control

-IF

f" flags for prmtmg output during the synthesis iteraUoms. These inputs are read in
from the subroutme VEHDF and are stored In subscripted arrays for ease of data

handling when transferring from one OVERLAY to another during the basle synthesis
iteration process deseribed in $ection 2.3. Synthesis Techniques. These subecrlpted

arrays are also utilized to store int(.rnally computed data ue©essa_ to drive the
".. synthesis tterat|ons. A complete list of these arrays and their definitions is

• : discussed in Ap_nd/x VI. Use of the $DATA2 input parameters for driving the basic
SSSP procedures is discussed in Section 4.3, Basic Synthesis Operation.

Input Internal Com_ led
• Parameter Parameter Value

._ ;.'. i IDVEI, SV(2) _ Total charaeterisUe velocl._ estimate to

:_%' ' parking orbit Insertion (fps) see Sectioo 3.3. I
":_" . i

_:i:.:i'[ CO'?IE8 SV(29) 6. NO. of copies of summary shset Iso¢ Progra_[ Output. SeeUon 5)

•.'o. ISLBi2) SEll3) 390. for ascent flight s/mulation sections I thru 4"

_." _ ISLB,3) qE(31) 390."- _ ISLB(4) SE{gS) 390.

i:?! IVACB(1) ,qE(1) 450. Booster vacuum specific Impulse ,eacl for

• ! IVACB(2} SE(I1} 450. ascent flight mimulatlon sectioM I thru 4*
• ? IVACB(3) SEi29) 450. ..

IVACB(4) SE(33) 450.

ISLO(I) SE(4) 390. Orbiter sea level specific imlmlse (8e¢) for

ISLe(2) SE(14) 390. aaeen_ flight iIIla_llttiea sectloaP I thru 4*./
_ iSLe(3) SE(32) 390.

ISLO(4) SE(_6) 390.
ISLO(S) SE(16) 390.

ISLO(8) 3£(18) 390.
ISLO(?I SE(20I 31}0.

• Vidmm mml for eecUa_ 3 imd 4 am tied for l_qnt Imrlmo_ whore tlw vidv_ let" !

_ tim IX_amMor in ,qecUoa3 Is ewmldmrod the nonldlil mid 800tloo 4 tiM, aal)a"mtodvshlo.

d p"_-.,_.._ ./Valtm_ for 9ectaN_ I and 3 are oet umM mlim IrtlU_l. . , .-"

4o19 _ \
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+iil

IVACO_I) $E(2) 450. Orbiter vaetmm specific impulse 4secb for
IVACO_2) SE(12) 450. ascent flight simulatloe sectiom8 1 thru 7.
IVACO_3) SE(30) 450.

IVACO(4) SE(34) 450.
IVACO($) SE(15) 450.
IVACO(6) SE(17) 450.

IVACO(7) SE(19) 450.

TFCTRB(I) ._E(26) 1. Boceter multiplicaUve thrust favors for ascent

TFCTRB(2) SE(27_ I. flllht simulation sectLons I thru 4", see S_'t/oa+

• TFCTRB(3) -- h 2.3. I. 2. Trajectory b'/mulat/oo Driver.

• "_ TFCTRB(4) SE(37) 1.

• _'_-:_"+'i_,_;, TFCTRO(1) SE(21) 1. Orh/ter mult/pl/eaUw thrust factors forTFCTRO(2) SE(22) 1. asoent flight simulation sectJomJ I thru '/. 4. see

"t'/ [

++.: TFCTRO(3) -'.- 1. Sect/on 2.3.1.2, Trajectory .qmuJaUoo Driver.

+'_"i.i"" TFCTRO(4) SE(38) 1.
• ,. TFCTRO(5) SE(23) 1.

+ :. TFCTRO(6) SE(FA) 1.
.:; I TFCTRO(?) SE,'25) 1. "
+ t

FIRE SE(5) 2. Flag for star( ascent _,_rn sequence: floe. 4.3.3

: = I.. for slmultaneo'm st qe burns
,. , i = 2.. for s_.qumtlal stoge burns "

• "_;:_I
• _, BOOTW SE(8) 0. Flag for prolmlsloa option: Sec. 4.3.1

• = O., for fixed booster thrust or flJ_l IUtoff

_rust/weq_ withcommoneqpnes

= 1., for fixed liftoff _hrust-to-wei_bt (nou

common engines)

OMXS SE01 9O0. Slope used for OldAX sdJustmnt (p_ skin
Ilftoff thrust/weight mr/el during tits symbeels
lternUmm, lee 88c. 2.:J.3.1, Ft_M Boeetor

Thrust ,r

/

FBPAR SEl8) 350. Estimate _r slope for sdJustiq t/to booster
crulee perametor If WOREO >0. or WPOlU_

',+ >0., lee _:leClld No41_.,l_c. 3i.3.4.J. !
,1;

• + ,

+.++
,+- - , +

.,++++ +..
++i
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_MAX SE_9) 550. Estimate of maximum dynamic pressure (psf)
during a_cent flight used for sizing of stage
components, see Volume II, Weight/Volume

'. Itandbook.

NXFOB _E_39) 0. Flag for cross-feed of propellants from booster
tanks to orbiter engines at liftoff if FIRE=I.. see
Section 4.3.2.2.

.... 1., for no crossfeed

$YNIT SW_;) 5. Num;=er of allowable basic synthesis it_ rations,
•_".. see Section 2.3.1.

TOLMU SW(5) .0005 Con',ergence tolerance for orbiter main impulse
•' '_ mass ratio during basic synthesis iteration

•: ." process, see Section 2.3.1.

TRATIO ,_'(6) I. Ratio of booster to orbiter _,_tglne vacuum thrust if

. BO_,_TW=0.. common engines, see 3ectlon 4.3.1.

.%,, PERISP SW(7) .81 Parameter used to estimate the effective booster
• ,. specific impulse in calculating the booster

" characteristic velocity reaulrement in sizing.
"_, see $ection 2.. 3.1.

.',

CLVG SW_9) 1.0 Correlation factor used to adjust reference

cruise range requirement ff FLYBCK=I., see
Section 2.3.4. I, (Adjustment not used if

CLVG:I .)

ALD SW(ll) 6. Booster subsonic lift/drag ratio, specific fuel
SFC SWI12) .2 consumption (Ib/lb-hr) and cr_Jlse velocity (fpa)

VCRUSE SW, 14, q00. respectivel_ for dutermimng cruise pe.rfol.nance
parameter it FBFUEL ffi1., #ee Section 2.3.4.2.

SLVOUT ,_4'i13) 0. F_ag for printout ot weight sizing iterations

during booster and orbiter weight svnthesls
' ' Isee Section 2.3, I. I for iteration orocess) l

0., for no printout
•_" _ 2.. for printout of fin -I iteration

=,_. _l[_i;i: ffi 3.. for pr/nteut of each iteration

.._ 4-21 _/
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- WTOUT SW{16) 0. Flag for mtermedtate printout of weight data and
trajectory simulation during basic synthesis
iteration process (see Section 2.3.1 for iteration

process)
• = O., no printout

= 1., for intermed/ate printout
?.

TWLO SW_17) 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 Cr,mmon Stage Engines.

",,.'_ _ TWLOI SW(19) -I. Maximum allowablenumber of iterationsto

.": obtainTWLO, see Section2.3.2.2 Common

"'" " Stage Engines.

,'.-._:. PRNTX(1) SO(l,1) I. Non zero calue allowsprintoatofbasicSDATA1
':- inputas controlledby $DATA1 inputparameter

.'_'.'.• You'r (seeSection4.2.3). "- -

_'._. PRNTX (2) SC(I,2) 0. Non zero valueallowsprintoutofascent

-'. trajectoryduringsynthesisiterationsas con-

trolledby $DATA1 inputparameters XOUT,

etc. (seeSection4.2.3).

PR_TX(3) SC(1, 3) 1. Not used.

FSEC SO(2,1) 0. Final s_mulation 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 SDATA1
input of "STEP" for each section through FS_.'C
(see Section 4.2.3). Use of a constant Integra-
tion step size during section 1 smooths the

, convergeace of the trajectory iteration scheme l
to a specified staging condition (dynamic

%, ¢

pressure or flight path angle_, therefore F_EC

it should be input = 1., with a typical $TEP(1)=2.,
"_'"' as an input value.

- \
• ":_'.,."'

" ' L 4-22
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WORE( _ .cC(10, l) 0. 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).

DRNG SC(10, 3) 0. Additive range increment (n. mi) to bias results
of booster cruise reference range requirement
see Section 2.3.4.

WPOREO SO(13, 1) 0. Required orbiter total impulse propellants (lb)
see Section 2.3.2.5. If WPOREO _:0., the
option is not used (also see Section 4.3.5.3).

GWRE_ SC(16, 1) 3500000. 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)

: FLYBCK S_(19, 5) 2. 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 flybacl_ range data
= 2., for staging C' function range

• _c.
: = 3., for constant range

: _' 4., for ballistic impact range

': = 5., for entry trajectory, simulaUon range

SOLID S_C20, 1) 0. Required number of solid rocket strap-on

motor-s, see Section 2.3.3.3. If .QOLID_).,
the option is not used (also see Section 4.3.5.4).

t AS S_20, 2) 0. Constant (lb)_slope (lb/sec),inert weight (ib), and
BS ._('(20, 3) 0. exit area _ln_) per solid rocket, respectively, ff

SINERT SC(20,5) 0. ,_OLID >0.. see Section 2.3.3.3.
S.%E S_"(21, 1) 0.

SISP St_(20,4) 0. Constant vacm.,m specific impulse (see) and
TSBO S('_21,2) O. total burn time (sec) for solid rockets, respectively,

if SOLID >0., ste Section 2.3.3.3.

4-23
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FBFUEL: S('(32, 1) 1. 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

r

CA SO(32, 2) 0. Percent of the current booster weight at lnitia-
CB SO_32, 3) 0. 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.

WFLYX SO{32,4) 0. Weight additive term (lb) used in calculating the
." :""-:... booster cruise performance parameter, see

•_ ;'_ 4_ Section 2.3.4.2. /

$"" RT SO(32, 5) 0. Range decrements (n.mi) for transition, idle

j R1 SO(33, 1) 0. descent and final descent, respectively, whenR3 SO(33,2) 0. FBFUEL=2. or 3. see Sec. 2.3.4.2.

• .*_ ALD2 S0(34, 2) 1. Booster subsonic lift/drag r_tio, specific fuel

"i: SFC2 SO(33,4) 0. consumption (lb/lb-hr) and cruise velocity (fps)
"_ VFLY2 $0(34,5) 1. respectively, for determining fuel expended
•....." Ouringcruisephase when FBFUEL=2,, or 3,,
• see Section2,3.4,2,

ALD1 SO(34, 1) 1. Booster subsonic lift/drag ratio, specific fuel
SFC1 S¢_(53, 3) 0. consumption (lb/lb-hr) and cruise velocity (fps)

VFLY1 80(34,4) 1. respectively, for determining fuel expended

during idle descent phase when FBFUEL=3.,
! see Section 2.3.4.2.

ALD3 SO(34, 3) 1. i_ooster subsonic lift/drag ratio, specific fuel

SFC3 St_{33.5) 0. _,onsumpUon (lb/lb-hr) and cruise velocity (fpe)
VFLY3 SO(35, 1) 1. respectively, for determining fuel expended

during final descent phase when FBFUEL=3.,
see Section 2.3.4.2.

• .' [

:.

\
"" '_ 4_24
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4.2.3 SDATAI

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 exception of a few input parameters required for

' - ': the ascent portion of the flight, the input to the traJectory simulation part of the SSSP

program is identical to that of the standard GTSM input and is accomplished via the
• "NAMELTST" block "$DATA1." These differences in input arise because the ._SP

program assumes a fixed ascent profile and because the SSSP synthesis segmeats
-:, internally determine vehicle weights, propulsion parameters, and othv r vehicle
" characteristics. SDATA 1 has numerous possible input parameters which provide a

means to simulate a large variety of aerospace vehicles and tra|ectory profiles.
: Wits the exception of a few table parameters, the input parameter._ have Internally
'_,. compiled values _compiled via DaTA statements) which are assumed unless specffl-,. r, _

cally input with different values, or unless set or computed subsequent to the rea_ng

. , ,_: of the SDATA1 input. These parameters are identified in the following parngraphe ,

_:: ._.:' (paragraphs 4.2.3.1 to 4.2.3.7) by underlining the tabulated complied-in value ; a'._,;., complete list of these parameters is presented in Appendix V.
,4' .

This section lists all the SDATA1 input parameters together with their
.':'" definitions and stored ,,slues. For convenience, a complete lades of these parameters

• ,_, is pro.sented in Section 4.2.3. 7. For input parameters with subscripts, these sub- -

".:_:_ii"" scripts are defined:

".. - 1 First independent variable table poalUon number
"_ J Second independent variable table position number
".. K Simulation section number
. L Table number

M General iteration block number

N Denotes first or second independent variable table argument

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

a. The input parameter code number

b. The in*.ernally compiled value. Thi,i is the value which is compiled via
the DATA ,.tatement and is the value which is assumed tmless specifically

' .' input with a different value, or unlus redef/ned subs_Bmntly. Tho._._
parameters which are subject to Internal redefinition are idonkified by

.... its assoc so

}.,".i I'deatlfled in the Input Parameter Index (See. 4.3.3. ?). A complete list
,_.:_. _'_ of these parameters is presented in Appendix V.

'.,,. 4-u
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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. V,_en the "O"

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 tt_erequ/red

'".:_. logic has been provided internally in the input processing portion of subrout/ne TRAJA.

'" _ 4.2.3. I Initial Conditlons_ Initial Conditions input parameters define tile initial
, state of the vehicle, the program control parameters which apply to the entire

.'_','_" trajectory or which initiate the trajectory, and the required constants.

"','. Vehicle State.

.._._ .
• ' "-.' ALP Initial pitch angle of attack (output parameter 12) about the vehicle pltch

':_'" axis ('n axis) with algebraic sign in accordance with right handed rotations

_..':.- ! of the standard ._- _ - _coordlnate system (pitch up Is positive}.

,i_ __ (6_ (o.) (deg) _(09)) -

.._:: .. ALTO Initial altitude above the central body surface (see "ALTF" which appears -
-, ._ later In this section).

....'_ (8) (0.) (ft) (V(8))
_, A ZM The initial relative azimuth measured elockwise from north.

(4) (270.) ((leg) (V(40)

CAM The initial relative flight angle.

(3) (90.) (dog) (V(3))

LAM Initial yaw angle of attack (output parameter 13) about the vehicle yaw
axis (Caxis) with algebrale sign In accordance with rlght-hemied rotatl_s
of the standard [ -_- CcoOrdlnate system (yaw right is positive).

(63) (0.) (dog) (V(63))

LAT Initial geocentric latitude - posiUve in the northern hemisphere

_ ._:! (s) (s4.sss_), (des) (V_))

• -f_', ff

_"" ,: *Western Test Range (WTRI coordinates.

1971015348-040
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LNG Initial geocentric longitude - positive to the east of the Greenwich meridian.

(6) (-120.6233)* (deg) (V_6I)

PLD Payload. This weight is added to the/nitlal weight ("WGH"), the simu-
, " , latlon section termination weights if any ("STGV(K),' if, and only if,

: '_TGC(K) = 7.," for simulation section "K"L and the sLmulation section

"")..;i_, Initial weights if any (if and only if "JETW(K-I)" -<-0. 00001 for simu-
._:- lati_,n K).

':. ," t,10) (Ib)
_',.-"Y, (o,) (V(lO))

._,.._:__ PSI Initial relative pitch attitadc (output parameter 43). Tlds angle is meas-

._, . ured from the ln/t/al geocentric radius vector (up sense) to the lr.itial
•:._,; j _ /%

vehicle roll axis ((axis).

,,_. (60) (0.) (deg) (V(6011

_:_ RAD Initial geocentric radius m_gnltude (see "ALTF"which appears later in tiffs• section.

• -_' (1) (0.) (it) (V(1))

, : SIG Initial roll (bank) angle (output parameter 11) about the vehicle roU axis
' '_:._, 0%

.:_ .:.,, (_ axis) _'Lth algebraic sign in accordance with rlght-handed rotations of

•,_ the,tand,rd_ _- _ coord_tesystem(ronCbank)rightis posltlve)..__-'-_ .

:_ : (619 (o.) (des) (V(61))

i)

"; ,, TO Initial Ume. The time at the initiation of simulation Sectlcn I.

(51) (0.) (see) (V(51))

VEL The initial relative velocity.

(2) (0.) (ft/sec) (V(2))

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

• . ._¢ ._;,._..

%| __
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prol_r_m Control.

AGO The relatlve flight path angle - mlalive azimuth tine derlvatl;'e cutoff

• parameter. The state kinetic equz, ._nof motion which defines the time
rate of change of relative azimuF. ,i_) Is tmdefLned for relative flight

,'"

, : .,, path angle (_v)values of + 90 der . To prevent the expression for
from being arbitrarily large i,, nltude I_ _s meaningless for .f= - 90

deg_ it ts possible to zero ot,_ thJ_ _pre-.st+ n." -/. ,

_+:+1+ tf I+,I>_,GQ,++ o
+"++ If I?1+ ;_oQ,_ s_tckineticequationofmotionvalue

subject to the lo_ic associated with "ATQ" aJ:d '_ELQ".
,_'-;q ; =

+':_2-:"'. ALTF The initial altitude - imttal radlug _a_

'.' " ; _ If ALTF = 0. assume the input value of "ALTO" and compute "RAD"o
.._:._..

i;_; i:,.+. if ALTF = I., assume the Input value of "RID" and compute "ALTO".
;, (__) (0.) (,,one) _VC_z9)

/j.,.:

+%++_

_3:+,'." ALTQ The altitude above which _'tIs assumed there is no atmosphere. Above
;:. this altitude, "ALTQ", no atmosphere definition Is made and no aero-

_ "_'_. dynamic calculations are performed.
"-% , +

++, (4_) (3o00oo.) (It) (v(4_))

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

If t < ATQ, _ = 0 and the value of y Is unconstrained (e. g,, _ can all'tlme

values wh/ch are Ireater In malndtude .*ban90 dqlrees).

. _ H t _ ATQ. 3 = state kinetic squat/on of motion vlJue =labJ_t to the l_Itc I

_ associated with "AGQ" and "V_LQ". _ _m_onllrllned such that -80"'"+'"+-" • y s llO* if V _+"VELQ". ' I

_'! (4:11 _0.) (am_) 0t14_11) '

1971015348-042
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AF.XIF The :_ut,,r,:.dl(- mRi'aJ relative -*zimuth predictor flag which Is use,! tn con-

)unction w_th latitude-longitude targeting.

"*' See Sechon 4.'2.3.3 Targeting.

If AZMF = 0.,, assume the input value of "AZM"

, _ If 1., • AZMF _: 4.,, approximltely determine "AZM" to )ield the shor-
test {less than 180 degree) trsjectory to "rLAT(AZMF)" and

'_.'. "TLNG{AZMF)".

• If S., ._AZMF _ 6.. approximately determine "AZM'* to yield the longest

_._..-: (greater than 180 degrees) trajectory to '_I'LAT(AZMF-4)" and
,:.. "TLNG(AZMI" -4)".

,,,. _ ft2) (o.) (none.) {Vff2))

• "2 ,-
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AZMI Relative azimuth of the first axis (Jl) of the Jl - J2 " "J3 inertl_ cool'-
' dln,_tc system used with the 'q_lona] Vector Components".

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

If AZMI > 900.,. the value of "AZI_I" is reset to the currem vQlue of

the Jmtl_l direction parameter. "AZM". I

_ _rS) (1000. _ (des) (V(TS)) J
!

-" GTIP AnEI_ between the In/t_l geooentrle tad/us vector and the th/rd axle

(_s)of_e_1 - -3 i_ _=d_to ._st_ used,_h _e '_p_1 I

_:-_ Vector Components".

IIf GTIP < 900., _ the input value of '_TIP" is assumed.

."_ If GTIP _ 900.,. the value of 'qGTIP" is reset (eomputod in_rulIy) to the
_./_, geodetic tip aNOe correspo_h_ to the _ lat/tude. '%AT", I

.., _, (76) (xooo.) (_) _s))
"_' .': _ MULT Multiple Run FI_

..:_. If bIULT = 0.,, no additional cases will be processed; a_eouUo_ terml-
• . _ .- natos after the current ease is completed.

:.

/*' If MULT = I.,. an addlt/onal case is processed upon eomplMlo_ of tJ_
,:';"/ ' current case. "MULT" is then reset to _ro, conuqu_ly it Is Meeasa_

,._:, to input "MULT = I.," in _ case after which • subsequent multiple nm
"_":---_.,_ is desired. Execution will torm/nate upon oompletlon of the first _ for "

., which "MULT = I.," has not been speeffloally input.

•: (_4) (0.) (none) (v(64))

PRNT lteretion Print Option FI_
If PRNT - 0.,, brief summsry information which lnd/ostes the simulst/on

seetioas which have been 8uc_esshd_y en_red is output durt_ the iteration.
Upon eompleUon of the iteration block (either su_osMul or o_bervdN)

the normal deta/led trajectory params_re m _ for ths simulsU_
sections which comprtN the itoration block.

If PRNT = 1.,, • complete output iffoup of the dMta/led trNectory palm-
meters is output at the be_inm_ and end d inch a/mulat/on _ s4d_h

ts suceessfuUy entered _ the _terat/oL Upon eOml/,_/ea of the Itm'a-
tiOn block (either imooells$1do1"other_lle) the aot_a_ dst•fl4ld

I_remotere are prmt_ f_ ibs mmul_/oa suet/mJ udd_h eomprl_ Ik_
.i".,. tterauonblock.

i

l
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q P$IF The ::-_::a! ,-_;tch ar_le uI ,_,tt_ck-p_tch .,ttntude t'L_

If PSIF • O.,, the input _lue of "ALP' is assumed and "PSI' is then

computed

If PSIF : i. ,, the Input value of "PSI" Ls assumed and "AI.P" is then

.t computed

(67) (1.) (none) (1I(67))

RFCN This parameter defines the simulation section at the end of which tie
total propulsive ideal ve!ocitT (Z(17)) is stored in SV(31 for subsequent use

(74) (0.) inone) (V(Y4))

SEC Total number of simulation sections including those required if a mtmeri-

caIIy integrated booster return trajectory is specified. The ascent trajectory . i

(i always requires exactly 7 simulation sections. Any Integrated return, ;. seeUons follow the last ascent section, consequently the first return section
<?'" Is Section 3. Up to _ return sections are available and correspondingly
::" "FEC _ 15,

• _ (9) (7.) (none) (V(9_)
• I

,'._i STPF Minimum Integration Stepslze Ol_tion Flag

If STPF = 0.,, if the required stepsize is less than the Lnlmt minimum

• ., acceptable stepslze ('_[MIN(K)"), a di,_gnostie is printed and the/ntegraUon
, :._ continues with the preceding stepslze.

If STPF _ I.,. if the required stepslze is loss than the Input minimum
• acceptable stepsize "(HMIN(K)'), a diagnostic is printed and the case is

term/n_ted. (Subsequent cases are nULl processed. )

(,,e) (0.) (none) Ov(4s))

TWo'- Estimated trajectory time from the lnltlaUon of simulation section I to

passage through "TLAT(M)" and "rI.NG(M)" used in conjunction w/fit the

automatic initial relative arJmuth predictor opUoa described unJer
"AZMF".

(73) oe00. ) (see) (V_3))
-., [

., , m

4..$I

\ \

,o _ ......... . .... • . . L 4'

[ |
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4 VELQ The +_ng_dartime derivative cutoff par3mcter. The st_ _tnet+e _ttutttoas
of motion which derma tim time rate of change of relative tltlht path tall=e

(_) and 'he time rate of chanle of relative azimuth (_) have th_I t,,, dv_
" " veloctt_ (V) in the denominator. As V approaches zero, _ sad B become

mesnl_less. In order to provide continuity in tim functionalv_hms of

rinse equations, it is possible to assume a value of V In _ deuomimtor
• ,. of those equations. (Numerator values of V are oat affected. )

If IVl < "VELQ", V = "VELQ" _ asatjmed in the denominator of the state
-:;+ kinetic equations of motion for y and B and the value ol y is uac+nstrain+d
'.... + (e.l., Y can assume values l*.h/ch are Ir_ler in maln/tude than 90

i! i degreea).
i ;.+ . Ivl • thest.. kmm+equa.ou .nd ..

"+-+'+".+ convmltinlly, y 18 eOlllKrldm_ such that -90" .e y + CO" if t • "ATQ".

_,:. _ _, (ss) (]o.) (n/see) (V(Os)_
-, "..

;_+-- VGAI Thls parameter is NOT available to the user DO NOT altempt to Input.
• .... (_7) (o. o (_) (V("l?)) .

.: Table output suppression flag. The valos d '"lOUT" controls the prlatl_

.._+_'++i+.-++. your of the Input tabl. In a_cordam_ wlth Table 4-1..

-,_., (78) (0.) (none) +V(51_)I

/ .

":. ZOUT Oi_oul vector eomponm_s output IInl. Sm Se_Uoo $.1.|. "Optkxml
, , Vector Compomtats".

" It ZOUT - 0.,, m "Opt/e_ Valor ComlmmSm_s"m oo_Iml_l or oc4qmt,

II ZOUI" = 1.., In a_kllU_ to tlM_rllulsr o_qm41,'_pl/o_ A" oll_"Opl/_ll
V_tor Compomets" ;s eOmlmt_! sa_ pr/at_

UZOUT.S.,, m sddmmto t_ rq._ss"o_qmt."t'_Um r dt_s"Osmmm£
vso_r Compem_s"Is mmp_t_lml pr/st_

Dr not £ttmapt to Inlmt other valms _ ?olyr _s. |.. a.. _.. etc.

(m (O.) Omm) if(N))

direr,.

o -.-.-

1971015348-046



(;DC-D FIB70--O02

T,Jblc 4-1a. Input Table Printing Controlled by "YOUT"
w

• Print all Tables other Print t_e Atmosphere

than, the Atmosphere Tal>le Table.... YOUT"
Value First Case Subsequent CUes First Case Subsequent Coses

" • i 0., yes yes yes yes
• j

1., yes yes yes no

" 2., yes no yea no

'_.' _;; 3., ye_ yes no vo
/.

¢,,.,._'..' [, 4., no no no no (_'_" " ' 5., yes no no no
Y_,

..';i,', NOTE: Use of "YOUT" is used only in eouJunction with the normal printLng of the
/.., . SDATAI input which is obtained by setting the SDATA2 Input flag "PRNTX(1)" to a

•:_. ', hen-zero value (see Section 4.2. 2). This allows the GTSM subprogram to print the
"_' initial conditions, sln_ulat/on section data, etc., in a special format. Special care

" _. should I_ used in interpreting this output since many of the slmulnUon section
.' ccod/tiuns and Inltlal condl_nn._ are computed during the synthesis process _ed there-

. fore willhe printed with only their internally ln/tlallzed values (ave Section 5.01. 1

!

1971015348-047



GDC-DBB70-002

Constants

A Equatorialsurfaceradius,semi-major axis ofthe surfaceellipsoidof

thecentralbody.

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

B Polar surface rddius, semi-minor axis of the surface ellipsoid of the

central body.

• (50) (20855591. ) (it) (V(50))

CK Gravitationalfieldconstantofthecentralbody

(36) (I.407654 _ 1016) (ft3/sec 2) (V(36))

CNVI Cqnverrionfactor,3.14159265 radiansper 180 degrees. /

'Y: i" (441 (3.14159265) (rad/deg) ,¢V(44))

CNV2 Conversionfactor,57.0-95780degrees per radian

(45) (57.295780) (deg/rad) (V(45))

• i,_, CNV3 Conversion factor, 6076.1033 feet per nautical mile.

" "_ (46) (6076.1033) (fl/n. ml. ) (V(46))

:. CNV4 Conversion factor, 0. 00030480061 kilometers per foot.

(79) (0.00_30490061) (km/ft) (V('/9))

D2 Second gravitational harmonic coefficient*

(38) (I082.30x 10"6) * (none) {V(38))

D3 rhJrd gravitational harmonic coefficient*

(39) (-2.30 x lO-6)t (none) (V(39))

D4 Fourth gravitational harmonic coefficient*

J ., (40) (-1.80 x 10"6) �(none)(V(40))
.'-: [

" . *These coefficients are defined according to standard convention (Reference5) and

it ¢ Reference _ _\

-. .: 4-B3
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'"- " GO Reference gravitati6n_ surface acceleration used for mass to weight
conversion

(35) (32. 174049)# (ft/sec 2) (V(35))

P0 Reference sea level otmospheric pressure used for the ztmosphertc
' " correction to the thrust level.

-:- (43) (14. ) * (lb/ln2) (V(43))

WE Rotational rate of the centralbody

. I (37) (0.0041780746) ** (deg/sec) (V(37))

,,. - ./ [[

/.-':i °
'_'_.

'. [

_i';;)/ • Ftel,_,rence 9 4b

,!_ ;_: ** Reference 5 , , "" \
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4.2.3.2 General Iteration.

A general iteration block (GIS block) is a group of simulation sections which are
**.eratedto mee_ _pecified end conditions defined within the simulation sections of the
.,lock (see Figure 4-2). The primary* iteration control variables must also be selec_ d
from the _/mulatlon sectionst contained within the iteration block, however the sec-

ondary* control variables need not be within the iteration block. This general iteration
scheme (GIS) allows the selection of any of the "input parameters" wh/eh 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 simulation section.
One or two control variable groups - end conditions can be specified for each iteration

:::' _--'-_ SIMULATION _ _I

xszczIo s

GIS Block 1: Simulation sections 3, 4, & 5
• "_ GI8 Block 2: Simulation s_.tions 9, I0, 11, & 19-

O Denotes initiation or t .,rmination of a simulation section

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

eR is possible to chain control variables such that a group of control var/ablo8 act

.-.. as a single control variable during iteration. In this ease there is one primary oon-
.... trol variable per control variable group. The other control variables in the group f

a_'e secondary.
_ _ _Inlthtl Conditions are considered as simulation Section 0.

• _LI_. ,If the desired end cond/tton Is ,m 'T)pt/onal Output Parameter" (see _hmtion 5/1. _. 2..... '_ptional Output I_z_metera"), it is necessary to _ for the contalninG _.

group of optional parameters with appropriate input. _ \i F...... .-_
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,')lock, 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 group6.
Caution should be exercised to ensure that a reasonably continuous dependence erastg
between the selected end conditions and th6 control parameters.

' The ascent trajectory uses the first two GIS blocks with some d 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 GI,_ blocks are general and accept all the lngut listed in this secUon.

CVCI(M) Input parametvr code number of all the parameters comprising the first
control variable group

(II) (0.) (none) (V(II), VQ(1, M))

C, -_. : CVC2(M) Same as "CVCI(M)" except for the second control variable group.
:.J.

" . _ (12) (0.) (none) (V(I2), VQ(_, M))

CVCZ(M) Not available to user.

(13) (0.) (none) (VOa), VQ(S, M))

" i CVLI(M) The minimum value allowed for the primary control variable of the first

• I control variable group. If the iteration procedure predictv a value

the primary control variable which is algebraically lower than
"CVLI(M)'; the iteration process is terminated with appropriate
diagnostics.

(29) (0.) (C. V. Units)# (V(29), VQ(19, M))

CVL2(M) Same as ,,CVLI(M)" except for the second control variable group.

(ao) (0.) (c. V. U_ts)* (V(S0), VQ(S0, M))

CVL3(M) Not available to user.

(3Z) (0.) (none) (V(Sl), Vg(SL M)) '

!

• The slmtflatton sections where _ _mdary control varlable_ are ddt_d are not

.' 11;_,necodemmber. . ..

} -, , _ ,nuunu_u m m n Ilnl ..... J • mm_mmm
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CVMI(,',I) The m_xlmum value 3Jlowed for the primary control variable of the _ir.-t
control_ariahleLroup. Ifthe iterationprocedure prLxliclsa valucaf t.he
primary controlvariablewhich is algebraicallygreater than "CV.MIbM)';

." - ! the iteration process is terminated with apprc, priate dia.,,ostics.
• j

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

. , J CVM2(M) Same as "CVMI(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) (0.) { none) (C(28), VQ(18), M))

_, _._ CVNI(M) The simulation section numbers of the simulation sections for which the
_ controlvariablesofthe firstcontrolvariablegroup are defined. Only

, .'i _,_ simulationsectioninputparameters (inputparameters witha "K" sub-

,,.-,.'., script) may be chained, th_t is, have more than one parameter to a control

:i'..i ';" 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 consistingofsimulationsectioninputparameters, there must be

•. :. one and only one primary control variable and there can be from 0 to 4

:,._,. secondary control variables, The primary control 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 number 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 vontrol variable Is deftnod Is
contained in the GI S block; this is not necessary for secondary control

variables, thatis, the secondary control variables can be defined In al_
simulation section before, within, and after the OIS block which oonta/ns

the primary control variable, The value of "CVNI(M)" deRne| the simu-
lation sections in which the primary and secondary control variables fo_'

first control variable group are defined. The geaeral form o/

"CVNI(M)" Is."

,. cvm(.) . [ zoooooooo• s, • zoooooo• as �zoooo•ss �see.sz.^_.,
-; f

".... _, *Control variable anlts,

IV
i

/.!.i ---
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where: "A" is the slmul',tion section number in which the prln_ry eoatrol vcrtlbl¢

is ddlned. For non-simulation section input parameters (input pirln_,el._ri

'." i w/thno "g" subscript) "A" Is assumed to be z_ro. BI. 132. B3, and B_;
: F are the simulation section numbers o_ the simulaUon sectlon_ tn wldeh the

": . I secor._ary control variables are defined. If any "B" is zero, It Is assumed

" i that there is no corresponding secondary control variable for that pswticular
- "B" position.

• :' Examples:

. - • ,,., I. If the first -.mtzol varlable group of the 3rd GI5 block is oom-

' ;i:..'":i prised of simul_lon seeUon Input plrametenm from ilmulltl_l_sections 9,1S,10, and 6, and the paz_neter from stmulatloa leo

• _ t 13 is to be the primary control vz,rlable then 'q_V1ql(2)" mm
' :' ' have the foll_v'i_ values:

"":/!'_/,-: CVNI(3) - 91oo81a., "_

/_;'_;!._ ( or Anypermut_on ot 00, £''_/_;""- CV_I(31 - 8091013., 0S, 09, L'_llO isao_ept-

,;,. or able provldinll 13 sdwsys

. !;_;.o OVNI(3) = 908001013., ooouple| the tens and units
,',, / or poslfloos reserved for "A".
"_/'.: OVNI(3) = 1009080015.. "

' "_.':_" or

m

II. If the first ooatrot vs,rllble Ipr,,_apot the 4th GIN blo_ le _m-

ofone i_ l_zmnet_r from |imulaU_ a_ot/on 9 then
"CVlq114) ' = 9., I

/ IX4) (o.) 0nee) (V(x_I,V_(_,M))
;,

/. !

_ • 1 m mmm m
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CVN2(_,I) Sa,me as "CVNt(MV' except for ,he second control variable grt_up.

_-.-:" 05) (0.) (none) 1V1151,VQ(5, MI)
,.' _.

'-"'. CV_3(M) Not available to user.

' "" .. (16) (0.) (none) (Vll6I, VQI6,MI)
•'i' ':

'. :.:.... DCVI(M) First coLtrol variable increment for all elements of the first control

,'"."-'"-' variable group used to determine the iteration partial derivatives.

._---'-': (23) (0.) (C.V.Units)* (V(_),VQlZ3,M))._ ",,_,.

"_:" DCV2(M) Second controlvariableincrement for allthe elements ofthe second con-

. ,._.... trolvariablegroup used todetermine the iterationpartialderivatives,

•;_._:_.
_,.._: " (24) (0.) (C. V. Untts)* (V(241. VQ(Z4_ M))
;:N_.

• " ,_',_,r-':. ::, DCV3(M) Not available to user.
h

•_:;,". (25) (0.) (none) (V1251, VQ(15, MI)

,;_:;, ECI(M) The required value of the first end condition.

_: ,, 1_1 10.) (E.c. ualts)* (vcs_l,Vq(_s0MI)

,_. ,. EC2(M) The required value (_f the second end condition.

.. ' "';" ' (53) (0.) (E. C. Units) f (V(M), _1_(_6, MI)

_t."
";':' EC3(M) Not available to user.

(541 10. ) (none) (V(_41, V_(_, M))

ECCI(M) Outl_Jt parameter code number for t_ first end eonditlon.

(z71 1o.) (aoae) _(z_), v_ff, _11

ECC2(M) Output parameter code number for the suc_Bd end ecsdlition.

" (Z8) 10.) (z_) (VlZS),V_(_, Ul)

,'.: i I_CC3(M) Not available to user.

(ze) 1o.) (now) _(z_), v_(_,MI)

_:_} ; • *Controlvffiri_bl_unite.
." t _EM co_ditic_z units.

• 1_

m_ m • m • mm
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ECNI(M} $1m 'ulation section number of the simulation section In which the hrst end
"-." condition is deftncd.

(20) (c.) (none) (V(20),VQ(XO,._X))

ECN2(M) Same as "ECNI(M)" except for the second end condition.

• (21) (0.) (none) (V(21), VQ(11. M))

.,: ECN3(M) Not available to user.
• r (22) (0.) (none) (V(22). Vq(l$, M))

.''

ECTI(bl) First e_! condlUoa ltezlLUon tolennce, Aooeptable first end co_dlUon

;_.;_, .._ values for convergence must be within this tolerlmoe of the requlr(xl

...., - (3:11 10. ) (E. C. Unl_s)* (V132),'_1:1:1, M)) /

._-7:_ ECT2(M) Same as '_ECTI(bl)" except for the second end condition.

•.._ :*: _ (33) (0.) (X.C.Un/t|ym (V(33),VQ(23,bl))

:'': -'" ECT3(M) Not available to user.
'.._:/

._... :.. (34) (0.) (none) 0t(34), VQ(2i, M)) -

."' GaS{M) ltoratioa control flag. The value of '_tI_M)" d_ermlnea what _ itara-
•" tlon, if arts,, will be accomplished. *

(ss) (0.) (noD,) Or(ss),v_(_8.M))

HANM Orbiter targeting flail. If IIANM _the orbiter vahlcle is not t_rl_d to
an orbit with a Sl_clflc InJeotton true mealy, perlg_ altitud_ _ apope
altitude. If HANM > 0 the option to target the orbiter vehicle to specific

orbit is u,_ed. In this opt/on, the "tarot" oP _t Is diMleed by t_ value of
its apogee and pvrlgne alUtu_s with the other orbital elemmta beiq[ I_t
free to be s function of tlmeascent tmJeetory. The laJecUoa c_diUon is
a speelfledtrue anomaly. This tsrptl_ opttoa Is fl_ged WlMmO_
HANM _,0. The o_tiolt then tokes the value of HANM ea that c_ the

.: - required apogee altitude

_ (_one) (0.) (a. mi) /8_3,1), HA NM))

' ""'" _ * GI,q(K) = 0.., l. ,. or 4., denotes no lteraUo_ aiqle variable
• .' '." iteratIoa, or two variable itemtlo_

4-40

_'_ "L
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tlI+NM The required per,gee altitude for the orbiter targeting oplloa (lee HANM
deocrLbed above)

qnone) (0.) In. el) (SO43,2), HPNM))

ITTI(M) Maximum number +,f lternUous allowed for the (1 x 1). or (2 x 2 ) Iterattoas

, respectively. Ifthe number of Iterations during an iteretlon exceeds
ITTI(M), an appropriate diagnostic is printed and the Iteration is termlmJt_l.

(57) (10.) (none) (V(57). VQ(29. M))

ITT2(M) Not a_railable to user

(+8) <I0. ) <none} (V<5S), VO(30, M ))

ITT3(I_ Not availablo to user '_'

.... (59) (10.) (none) (V(50), VO(31, M)) i

+ + _. TRANOM The required injection hue anomaly for the targeting option (see HANM +

-:,_..+ _ described above)L l
J, ,,,.

:i (none) 10.) (dell) (SO(S, 3), TRA NOM))

•" 4.2.3.3 _. It is possible to reference a geocentric radius vector of any
magnitude (see Figure 4-3 ) which is defined by Its geocentric latitude ("TLAT(M)')

: '_ and long/tude("TLNG(M)") In order to compute the current cress range st each
'\'+_" I Integration step from the plane which psuse_ through this reference geocentric redlus

-:._..t

i _+ vector (called the '_argnt vector") and the lutUal geocentric radius vector which Is
f _

i_! defined by '_L._T" and "LNG". A target landing or other reference point eu tbeu be
any point along this target radius vector and would be defined by it/J radius or its• .,_

" altitude (usually introduced in a simulation as a slmulstinn snell.on tormlaatiou pars-

. . meter). The significance of this optlo:s Is the capability to compute the "terl_ mlss

angle" (output position parameter code numb er 50) aad the "tarliet miss sunlle" (ouqmt
position parameter code number Sl). 11sis option totether with the otXlou to saW-
rustically determine "_e dewnruse anfle between tim Initial and the tarpt vectors to
use as required end coadittces In GI8 blocks 3 or 4 i_fly simplffi,_s the itorstina

procedure and eliminates parameter ercescouplinE whleb rataoccur when ltoraUq
to a lqtitude and longitude within a O/S block, le this ceee. m req_red dmmrange

end condlt/on value (eorrespoading iteration ead coadiboa code amber is set eqml
to 49.. ) can be internally competed, sad the required cronsraa_ end coa_t/oa t_lw

(cerrespondiM code number is set equal to 50., ) is idenUeaHy eq,_sl to zero. In

sddiUon, • radar or in(ling site cue be located along the tsrgnt vector by Sl_clly-
_ iNC it altitude above the central body surface ("RDA LT(M)") for the parpose of corn-

/ I put/_ t_ positiou o( the vehicle in radar coordinates from tlds stW (see r
In Seetlou 4.2.3.5_.

• i k_'_,! "end coudttlon units

J +
, 4.4_ + \

+,

,I!+L.. .....
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Ct'.[,I*7._:, C_ossr_n_;e-do_rnrq;e tsrT,etlnll control flJ4;-

I/C_ _(._t)- O.,fo,".J|po6slblz"M" values(I.,,3.,,3.,,ud 4.,,

the o_tput ;_rameters 50., and $I., are mot computdd.

If CRGF(.qf) - 1., same as if "ClqGlr(bf)" ,, 4.. except the first tter, zU_l

sad eondttion required vulue of the Mth GLqblock ('_CI(M)'_ is I,_.enuLlly

: set equa/to the ran(e an_le between (LAT", "_.NG") and ("rLAT(M)",
: "rLNG(M)"). The rangeangle can be either the sm:_'e_ or the iarsest

Irrest circle subtended by th_se Lwopoims (zrester th_ I or less _ 190

dqrees). This selection Is based on the Utput vllue _ "AZIt_', even if _
the suton_Uc _lfl_l relsflw szlmulrhprediction option ("AZMF') hi
used, and Is defined in Table 4-1

ff CltGF(M) - 2., same as tf 'q:BGF(M) - 1. ," except "EC"/(M)" is Ht

equal to the appropriate rtnge Juqle betweeu(,".,AT", '%NG") and

('t LAT(),I)", "TLNG(I_5)").

" ._ If CRGF(M) = 3., Not available to user. DO NOT attempt to input.
q" /

Table 4-1. Deficltion o( Grest Circles

, ,. i

Direction of the Smallest Desired Great Circle
Great Circle between AqJle between
("LAT", "LNG"), and ("LAT', "LNG")

("rLAT(_X)", and ("fLAT(M),,, -AZM"
. ("TLNG(,%I)") "TLI_G(M)") (InputValue)

I_ssterly Less them 180 degrees 0" t; "AZM" 1;100"

_asterly Greshir than IS0 degrees 180" < "AZ_d'_< :180"

Wuterly Less than IS0 de_rees 180" < "AZM" < _J0"

Wedterly Greater than 180 deKrees 0' • "AZ ," s IS0"

. 4-4:1

k
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It CleF(M) - 4.. for any or all p+l+Jlble "M" values (._.., 2. ,, 3. ., sad
4.., ) and if there =:'_ no GIS Rer_tlon block+ In the simulation ('_I_M)

• 0.," for J! - I, 2, 3, and 4}° the b/_h_l "II" for which '_IIGW(14)" >
0.5, is the 'II_" used to de_ine "CI_F(M)", '"rLAT(M)", "TL_(II) °'.

+

"RDA LT(_)" aud to compute the corr_1_mdlnll croisr_le aOlllOud
,+" tarl_ mls8 anl_le values (_,_tl_t l_ram_ers 50., sad 51., ) at 1_ch l_l_-

IlX"s+llo+',.st.gp dQlflnll all the t_.'lJl_-'lory s_l_u}llio_l; lee Flllorl4 ,,4A lot

,_ sample. If Iny or all Of8 Iterltloll blocks ("GI_My" :'0.5 for "M" - I,
stud/or _. and/or 3, rid/or 4) are used, the curr_ "M" w_eb 5_l_s

.' 111 the Iteratlon plramIlerl (111that are _bser/pl+d wlth ,_I',} ImP the Mth
O18 block also d_/_es '_ll_F(141)", '_FLAT(M)", '_LI_(M)" a_

.:+ "I_ALT(M)". This ourr_ "I/" no¢oldy d_l_Istheaboveplram_er,l
'- duz+!_llthe simulation sections of the Mth GI_Iblock, but also for all the
+ stmul_,%on_ betweenthe bl_ OlS block ud the inmm_y

previously defined block _ one mdsls. If there are no previous GL8blocks,

_,+/+, thin parametersared_d fromand Ineludlnlthefl_stjlnmlsllon
+ ..+-:. to the I-It sLmulstlon leeUon ol the Mth O19 block. Tho htst d4fl_n I "IMI"

_".... _ value Is assumed for Jmy simulation seetioos followUtl the lu; O_ilblock. /

'"" L.• See Ftlure 4-4B L++_:. ; ,
-++,.'2

•+.+_+i;- (+s) 1o.) 1_) (vi+s),_(_s,_)
• . " :_, RDALT(M)Attttude ol theradtrs14_abovetheeem_'al body

• +

• (8o) (0.) (_) Or(so), v_35, _)

.+.. TI_.T(]H[) GSOc_ l_l_ude of the tarllot vector

.i+'+.:!:._+ 1+0) (0.) <d,s) _'+,), ms, -))
+++*+'.++ TLNG(M) g_ocmtrlc looll4mde of th_ tlUrll_ veotor

_O) (0.) (d_l) 01_0, VQ{_4. M))

+ .' I
.. ., ,

++, ''+
4-,14

't
'\

-.+_,++.,::_ ,:h

+' L+ " , _ i ............ lilll
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*,: .' -I,bh:v-gv.

' : II1 1.3(K) I ,p_'cr srx:csr_h¢,:: I_er=t_c_. u_ for the r(-l.,tl_e Night p..th iutf_¢.
'1
i

(|7) (0. oil (deZ) (_q I 1. KU

"I HTL4(K) Lmver le_ellratlonlolfa_ used farthe relaUvcaz_m,_h

(IS) (o.ox) (dq) _Ib, K))

FITLS(K) Lower Imql_tlon toleru_ used for the |eoeemUe LaUlJtudo.

' (lap) (o.ol) (dq) _Is. K))
._:

?.

:., HTL6(K) Lower Jatqratlon tolerfmco used for the |oooentrlc Imq_ude.

(2o) (o.Ol) (dq) Fifo, he))

:':',.:,'_ IrfL'/(K) Low_ l:_rratlo, tolennee usedfreethev_dleJeWeql_. _
':':,.': o

_ Lid"i (ZX) (0.XO) Oh) e_l, X))'-" ':; IITLO(K) Lower fnte_tfoa tolezqm_ _ four b l_mUnll IXursmetm'.
, :.',

::,: (ss) Ooooeoeo.) (tb/It-a_) F;F(_,K)9

• :,_ RCOEF(K)Integrationstepsizex_lud!m eoerrl©ierd.If anupperInterr_loan
'"": tolemn_ Is exoeeded for any m v_xtablo, the tntqniU_

.:;," "ilMIN(K)".

(_s) (o._) (moan) qq_s. JO)

arrz_) lmpam_4_wt_dh_ nan tosuu_tamnm_ls,s_i U.mmmmtaM_tqmsamsd

_) (s.o. n4*o.o) (a,oa,) (_l'l'._)

TOLl(K) Vm.r lm4nlra,,_mtd_ i _ amImmm.r'k__ rapid..

•. •'_- _o ivllii_ l

.::i (e) 0hip _l/m_l _._

I " _ m It m • mlu • u m m mmm,mm_m
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_;lJl -4JbbTl-tl:

TOl..l(_) t'pll_r ui_r.rluoa t_ler_e m_l for _ r_ Irl_M _

(1o) (o. 1) Ida) t_1o.I))

TOL4(K) Upper Ul_nlll_ t_4e4'mloe uNd Ir(_ I_ rll_llyl mrdm_k.

(ll) (o. 1) _lel) tl_ls,g))

TOLI_) Upper ImlrsU_ taleruce used for _ |d_mNZ4c_.

(12) (o. l) (des) (Q(12,K))

TOIAOq Upper l_-sU_ tolersnoe used for tho leooealr_ loalttu_

(13) (0.1) (del0 (Q(ll, K))TOLT(K) UpperiatqraUon tolerance used for Ibmvehicle wolltZ.

(14) (1.0) 0b) (Q(14, K))

TOLS(K) Upper _ tolonu_e used for the bemtLq l_'Sml_er.

(s4) (5ooooooo.) 0b/0rt-sec)) (_s4,K))

--- iiiii

....mmmmm ms ...... "" llll Hi
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. i[ IIII i lill L_ _ _ n_I I II I _ II I L __ _- I I -__ _ _.

/_"i Ill ill I,"

trljt< IsJr+ II.IUlIUCRI <lIB b_ ll_dlVld4_g_l llSlls iMPvlerld slmuliU,Ja _Io, . iol li_

,-_,, .-I 7 ._r ! b ,l.-lN1n_$_li[ ua w_lJ_r i numel=Ic-ally lilldrtrlll_ /_luirm Iril/ocWr/ llb

,,Jrr.l_t_. Ttw program c_mtr_l ptra_et_rm ire um_ 1_ rqvllt_ _ .im_Im_ l¢_--

H,Xt. |._ dc_lrll_i I I_e- oolr_|U(wlq ,_dler s4_lch _ i¢_c_loml ire IAPiPi_llr,il_. b). iqp_tl_yli_

'_ th,. _J_JJU_i.xl c.,_mpuLmUohll c_ the intUmLm_e_i orblUil el_meml¢ imd lii_l_lilmxmms

l.,pl(.| (_J_diO,_rli00 by l[._e_l[ylil$1[ i c Tit clilil-ck for l_e rellOve xllmu_ id ilm_>eilrsl.

I,mglhtde, by rel0ctUfll the Idell 'Iv." W _ amlx)cilib_d fe|ocl_ Iolts*:_, _ by di_tliiill

¢h,. _un(_unl uf ouq_t /u_remmlem.

i It('KT(K) Backup IJme secUc_ termln_tlo_ flag.
!

i If the normal slmulaUol_ secUoa t_rmlt;ati(m logic hu b¢¢_ taiUliii,ed or ff

i '_STGCfK)" : ..1., or 0., the backup Ume slmulxtl(m secure termmUmoptl_m Is bypasred. The former condition occur_ _ the mtegraUom

• tep results in _ mpecffled normal t_rmlnxUo_ _utput i_r_me_er Id_l_d

by the yah,,, of "STGC(K)") pus_g through It_ specified termtaaUoa v4hte

.... ("STGV(I_)") In t_ specified dlrecfloa ("STGDOK)"). OU_l'wl_e:
_,'_.

i,, LfI_KT(K) > 0. ,, "I_KT(K)" 1_tint _¢Joa rolmmm_ Ume. If II_
Imotion relative time exeudm the value _ "BCK'r(K)", the iLmulattlm

section ill terminated at the m_tlon rehtUve time _qmll to the wl/ue oil

"BCWr(K)".

•. If BCI_(K) < 0. r. "BCKT(K)" is the NI_Uvo _ tin Id_o_ul_ _

if Um abltolute Lime exceed, the vldum o_ mJaliil .'BCKT(K)", Uim slmul_km

a_ctto_ Is terminated _ the absolute Ume equal to _ value _ m_s
"I_CKT(K)".

(41) 15,00., ) (see) (Q441.K))

J_'KTT(K) Backup time termLmtUoa toleranee.

If tbe beck_ Ume t4¢mlaaUem prooalllre I1_ _ _, _ badla_

: time tm-mtMUot l_ eewidered vompiqi_l wire tim m r_tt_w or lib- "

i mlute (a_ .__,_ruu_) Un_ Is _ 'qtCKTT(K)" el me value ddtmd b_"BCKT(K)".

i (,2) (0. c0il (me) (q(_Z, K))

I_ ORI_K) - 0.., at) orb_,ld dW, m are ¢_mllli_l.

• '_ if f_RJ_(K) - I.., the ort_tllJ elem4M_ (_1_111 ln_rltm_s _ t_

i _7. '_I. ind _ t,, ll)op ir_ emmi_lld _ prtak, d.

_.tr*n_0-l_ ra '. *_ t,) 103 Ire _llm r_mpuMid.

4_bO '_

i
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I' I T --v n- w .......... _ v

...... _ I I I I III III -4.

If li_(,l_qK) -1.. _ mootS,am"11("_ to be le-',al amt_

If IIT(;[)fK) _ "1., etmdldla_ oo_Lt_ '1(" 101o lab m_ mub
ynl_ al die tell'lyJt88Uml _ pSllJl_14f.

(25) (I.) (HI (q_(_. KIt

PrI"(;T(K) lieetl_o tdrmUmUam tolerator.

if lira vLluo d Ilto Ilmed_ll_ m _1_ _ odlmt psrom41_ to

'?ri'G'I'(1Q°'d b apeelfled_ ueUes"_" Im-mllm_lee_due
.. ('IITUV(K)") aldIftbotermtmtJempsr_ue_wv_uoobsvotJto85868

(see "S't'Gt)(K)")thos_ s_ _ tofm_mmoL

r_ (34) (0. 001) (IJ.T.P. (q(J4, K))
e_mmmummm

Vmiol

S_V(K) fJectSoetermUaS4oop_rumetorv_quo.1"hi8Is tJ_requUredvuJee(abevokm
of UdtUdooadmouolaputpurume_v _ la Ila_r_lly eddedIf -81_[:(K)"
- 7., ) ol theacl_i tm'mlamllompuaim_k_,,* b em_d mlmdmOmemsl_
*_" (*** "ll_T(K)"). ,4ddllU_y. If II_ _ _ ('arlrl_)-)
tad me t_da_lc8 wduo('WFGV(lC)"Isro reek a_to ladleuaetlmttl_
t__ vulue u_uid_nve been rmdud pasta.U_8iulstUm eoeUm "W"
(the _llJc here al_iumee & (mmP.Jain__ tlrs)4qs4_'y), tlt4mmbmelm-
t_ eect_cm*_- latc,rmtn_ladImmmlll_y _ u _q_rop,'tL'_dS_noet_.
m_ t_e trajeo_-y oonttnueebynmr_8 themeltobm.tabem

(2.1) (0.) (IT, P. (_1(1_1.Ill
t.lab*)

_('(K) l_al v_t_ltv in_retne_l Isnmr. lee *-I/llrl'lK),' LlU, _ I_._ _lle.

_*_) (o.) (IlL/ore-) F_N_. K))

_'I_T]IK) l,km! vt-6_ty ree4nl f_, _ t'iil_O_ d _ _lll&m_ Idesl t_ (14171h
tha, iiruvlty relsllVJ vOi_l_lty _ (Z4III|I, tin 1t41e'_JsIS_ml_ re4JlJve _4eue'Ml_ /
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•_, _J_'_',_. _ _ III II II X. _

,.:. -FdsllTf'-','_.

I J ,_.f, M,,,h]m14(',_lr,,l

The modellnK control i_ramaLers provide the mmms to II_e_t _hleh _ tile m
available models are to be used to defh_e the _ sad dirsetlon _dthe q3pUed
forces on the vehicle during flllht. The modllinlK cal_lortes Include -,_rwJy_mlcs,
vehlde _Ltitude, and proptdslon.

ATMCSPHERE MODEL. The atmosphere model is si)eetlled by deflalal
the ambtet_tprusure (ll)/in2} and the velocity o( sound (ft/INte) U ftmctioas of Illllh,a_
(ftLThi_,is_complimhedby"means ofsdoubletwo_Um_on_l tabl@,hlthe
evem tl_tthet_rrentsdtltudeis,_tsldethelowersadupperbmmda eltlwta_la

tlUtuae argument v_lum (thelowestaadtheIdO_t vslu_ el"A'.T(I}'% so sppro-
prtate error dia4p_s_c is printed aad the mJlN:tory cue Is te_.mllllll (suil_NIq_

• -. cases _re stiff processld) ff and only ff this error oocurs It the successful ooln-
pletiun of an tatqrattco step. Errors cd this type ocourr_| within so lat, gt_l_
step do mt cause termte_c_

[,"}' The Cape Ke_m,_lyllefer_,_ce Ahnosphere (CKRA)also _mownas the 19_3 Patrick
Referm. c Almosphere 01el 9) is internally stored and is the mode! .,_hleh is used unless _,

another ,_odel Is Inl_q by the parameters listed below, A listing of this e,-_nputod tlll---
lll_osphere Is presented I_ Appendix Ill.

-_. AT_C(K) Atmosphere sad GIMAC* _ flow _ flql,

.. II&TMC(K) = 0.. tl_slm_taldels uolm_d_'roq_Irsd, ll_
, _*mblo_ prusure Is suss_ed to be sm'o, tbom m m ssrod_,sm/e cal-

o,laU_, andm OIMAC weqCstflow rs_s m _mputod. m-

IfATMC(K) - 1., tlms_oqdl4retaldeis _idtod_l'_ptlmlmbl_s
prmsure sad the velot_ el _ ss bmetiem el s/trade. No OIMAC
weqr_ _lew rstm s:e mmp.t_

IfATMC(K) - |.. sumeuwlma"ATMC(K} - t.,"mto_t faMkltl_
tim GIMACwet_t flew rsm m om_t_L

On) (o.) (m) (qOw.K))

it i
i l I ii ii
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AI,T(1) lth _ltt:+,]e axgument of the atmosl,here L_bl¢. Thlb p_m(-tez il the tode-
potent vart_Jc of the atmosphtre t_le. See Ft_r_. i-:,.

(l_on_) ¢_ee Appendix Ill} (ft) (ALl 0))

PRS(1) lth aUnospherlc ambie,t pressure argument which correspoeds to the lth
altlt_de argument of the atmosphere table. This parameter Is o_s of the

i depev.de_t variables of the atmosphere table. See Figure 4-5.

(_ne) (SeeAppend/x Ill) 0b/In2) (PRS(1))
r

XKA0 The number of altitude arguments (and likewise tbc number d amb_ pre_-
sure and velocity of sound argun,ents) in the atmosphere table. The nut.-
mum number of arguments for these parameters is 200 and the mtnlmum
number is 2, consequently 2 • XKA0 • 200 ff the table is called out.

(none) (]93.') t.one) O_XO)

:_ VLS(1) Ith veloci W of sow_I argument which corresponds to the Ith altitude arpme_t
+ of the atmosphere table. This parameter is one of the dependent varlabl_

of the atmosphere table. See Figure 4-5.

(none) (See Appmdlx llI) (ft/aec) OTLS(1))

,_EP.ODYNAMICMODELS. GTSM has three..d/mensional aeredymunle

+++ modeling _apabfli.'y which can be u_ to deftr_ethe aerodynamlc forces alo_ t_

standard* plt:h _x_J (_ axis), roll axis *,_axis), and yaw ax/i (_ axis), 1'Zllch

of those models is specified by defining the appropriate aerodynmmie coeffioie_ (Cn,

C( and C_) _ a funcUoo of Maeh number and the pitch angle of attack. This is
accomplished by means of three-d/melisl(mal lablel for e/lob lerodymlmic Co_fflofeDt
to be modeled. In the event that either the eurr_t Mach number or the "nile of attack
value is outsldo+the lower and upper bounds of the table a,'gume_t values od these pa.,'mn-
eters ("AZ(J, L)" sod '_AM2"(I,L)" In the ca_e of the Aerodynamic Axial Force Comfit-
cleat Table) an appropr/ate error d/a_ost/c Is printed am/the trajectory ease is ter-
mInated (subsequent cases are still processed) ff md only ff th/s error occurs at
successful completion o( an mte_retlcn step. Errors of Ibis type occurring wtthla m
IntegraUon step do net cause termInation. Up _ fife tables are available for eooh
aerodynamic ax/s, however Tables I _d a are reserved for the booster escmt norU_

of the trajectory ISecUess I, 2, sod 3). In th/a e_u_ Table I for both C( and C{,
represmts the powered booster aerodynamic coe/flelent wh/le the booster Is In
presmee of the attached orbiter, while Table 2 reprm_mIn I_ no thrust orbi_r aero-
dynamic eoeffleleet while the orbiter Is atl_h, ed to the booster. Table 3 Is reserved !

for the powered orbiter solo (#_ms 4, 5, 6, Md 7) aerodymunle mod_l_ (C( md C_')

+_.. while T_bles 4 and ._ _tre avsllab!e for the Integreted bowler flybaell (SeclJolls t_to 15)
•. _ a_ropr/ate.

_ " _ee Figure 5-10, L_.Uan 5.1 2.1, Ac_elersUo_.
i ' \, _ t No¢avall_d_leIf+,U't,++currt_i Versloa of _JP.

;i +-ss
iiiiiiiiiimu
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ALT, 1-11 b ALT(I)

Fqure 4-5. Atmoq_s_ Tsbto
r

^el(K) l'hlm psrsmeter le NOT mvilluble to _ user. DO NOT mtbsnpt to Input.

,/) (2s) 1o.) bone) Fi(2s, KI) r

KI ""',', 2,

t
• %, .

'l..... '...... _ i,=
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L_|,J. _ ._r, bJ l_" u_,',J in _imulilU,_1 t_/-¢ti,m '_". [|, b} flv(- _llJ,l¢-o irt aVil|-

a _ .q', |l_('¥t'r lh, uJ(" _/( Ui_'is_" Ud:)|('b Ib ri.lb|rtqL'l_d l('('._r_|I/i i Lo bln_i_t_,J,_

., {'[i_I rlunlbq, r (d_¢In(_dby lhe value of Lt_ SUlbl_(.rivi K. T_ M" rct¢nt'u,m.

fir," ,.xplam(.d abr_{.. TIw atznonl)h(,r(, must be defined (_nl_lt "'ATMC(K)'
:, In ord_.r W obta/n amy aerodynamic modelloK ;- ,qecU_n K Imi._ "'ATM('(K}' ).

If AC2(K) = 0., no ._erodyno,,-,c a x'/_l forces _re cn, np_t,.d.

If AC2(K) = L.,, (for I. = I. ,, 2. ,, 3. ,, 4.,, or 5.,) the l.;h a<.rc, lynlnAc
axial table is used to define the c,arrent ae,'o_namic force coeffncit._ _'.,_:;,_t

parameter 22) along the standard* roll ax/s (_ sc_i_) of tl:e vehicle. T_,i_ co-

efflcl,nt t._blc, the C_ table, Is given as a functic,_ of Macb number studp_;l
angle of attack (ou:_ut parameters 40., zrd 12., respectlvely).

(29) (o......2 (nc_e) (_(_, I<))

'" AC3(K) The value of "AC3(K)" defines which one of five possible aerodynamic n_rrnad
:. tables are to be used in simulation _ection '_K". Up to five tab[ee are available

('_, however the use of these table, i. restr/cted .ccord/n_ to ./mulaUoa see*ton•L. number (de(/ned by the value of the subscript K. These r_stricfloas are

_ . explained above. The al0mo_pheremust be defined 0spat "ATMC(K)" > . 5
,..., in order to obta/n any aerodynamic mode_/ng in SeeUon K (see "ATMC(]Q"}.

If AC3(K) = 0.,, no aerodFoamic normal forces are compu*.ed.

If AC3(K) = L.,, (for L _ I.,, 2.,, 3.,, 4.,, or S. ,,) the Lib aerody_mie
:_ normal _able is used to define the current aerodynamic force coeffieler_

(output parameter 23) along the standard* yaw axis (_ suds) of _ vehicle.
A

This c__ffieient table, the C_ table, is l[Ivsn as a function of Mash number

,_. end pitch angle of attack (output parameters 40., axxl12., r_plct/vely).

(30) (0.) (non,) (_00. _))

A.erod_mamlcYaw Force Codficlont Table {C_ T_le). This table is not mrailsble
in the current version SSSP pro_rmn.

A I(J. L) This parameter is NOT available to the user. DO NOT attempt to i_pu;.

i_one) _one) (dell) {AI(J. L))

AREFI(K) This parameter is NOT available to the user. DO NOT aiSmmp( to _Imt.

(4) (0.) Cts) (_(4, K))

(" ! (I. J, l.) Thi. parameter is NOT available to the u_r. DO NOT attempt to *..put. !

(n_ne_ (none) (noa.) (c I d.J. !.))

"L!l
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": 4_ '_""

m

..... 'mr - -- -- v

: sli_tll IIII _

, _ _ tl_it--q_,t

lof :, • _, ' .'.r.-.'_2(201t" It the n_; lt,.ez d, t Jt(|o _:,,_( t_' J'l_cl _rl'i.,u._._t

(' ,_2(J, I )' ) t_,r th_ : t,_JC( table., TL_ rusk1:, ,, -. ::J--',_! _ "A_J, :.r
arg_:ne_s Is IZ _f._ *.he m_r-lum Dun.r_er IS 2, coas(q_t_l|)
2 XKA2(2. ! ) " 12 If the table 1| t_, t_e u_t_.

(hone) (0.) (nohe) (X);A 2(,_. L))

XM2(i. L) ltb M'lcb number arg_._mt (f*.rrt lndependen¢ var|_le) for _ I*.ts ('(
table. See Ft_are 4-6.

(none) (none) (nooe) (X_2(1, L))

Aerudyn,_;lc Normal F_rc, Coefficient Table (C_; T_lt,. TliJ_ table

aerodynamic coefhclent" along the ttaadard* _ _cte tit • funct|on o( pitch angle of
utLaek and Mach number.

,_'" . A3(J, L) Jth pitch mnlile of aKac'._ argument (second _ vzriahie) for tl_,. .., Lth C_ table. See F/_ure 4-6.

(none) (none) (deS) (A_._. L))

AREF3(K) NorlnaJ aerod_'namic reference area used with C_ to deftm the sutrody-
mmic force alo_ql the yaw axis (_ axis) during limulatlo'_ Seetims *'K".

'_.. (6) (O.) _) (Qie. K))
• _ mmmmm_

,. C3(1,J, L) Normal urodynamlc force ooeffScle_ (C0dirKtedalo _ the _ luds

, (_'Lxts)wh/ch corresponds to t_ Ith Muchnu._rr arsumeat ('_Od_l, L)'3
and the Jth pitch nnlOe o( attack m_lun,.elt (*'AS(,/, L)") for tin Llh C_

table. C_ |e positive downwjrd from th, vehicle hi saoosdln_ _ t_

•;_iicatto_ tt is mee_sary to inputC¢ with• mlpmve vmlu,, l,e
Ftl_re 4-ft.

(ram) (me,) (am_) (C_(I.J, L))

XXA3(H.L) NumberdtahtSarlpmSmfort_L_C_tabie, Tl_mpsnlamerl

('_OCA_(hL)")Md "X]_(I.L)") mst_e _ fmrmc_ C¢hi_t,l_
_1_.

For Iq. t, "X]L_l(h L)" hi t_ mmberd _ mmberUlr_ma_
('_o_(1, L)") for _1_L_ CC _ Timnummummuml_ d "XXM, Lr" /
sqltsmmU ts SSamlt_ _ mmbm.ta :t. ealmqum_y
I • XXA$(I. L) • |l U USe_tJ_e Is to be vs4d.

l 1 "l14mt'llf_,,- ',--ll'_, Se,ctl,ts % 1.1, I. A¢_',_r'mtiall. 'k
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_" REPRODUCIBILIT' PAGE IS POOR.

!w, "; I_|.*ID- _.

1AIlI. Ir i- :_ DI_FINIT1ON OF IIOLL IIIANK) AI_Lr 41ul

Moll IllUkl

'I_;,CIK)' (OuIIM Pm_ Ill "lil_l:)Ttl_l ''° li(._KV "e
imi i _ i,, : J

_., o ._ I_. oK _ o1(

2.. o -_tlt "OK "o o o oil

o ,, COs !! COI > KOUI I J

3., cr,. oLI M I1 _e • KQLLM J C o UIM

•n_rre. C- noU(lm_)ul_oodflm4Umml_ddUmUmmqtmdmU
(b,_k),q_ed,re=thmaad,_ ,_m _rms,dinrein. te

for fl_ll atamec_ed_,.c (mp,_I_ "noDT(IW')druidbe
+l.. fort x'_htbuk sq.le (po,,mverid1m)or-l.. ;a' 8 If
t_k m (nqut/ve nlt ,qie).

K - "/JcJ, amnnber(*lot'-l)wtbunJtma8 njtndo'''tsdlhQooame
" '_-8npuC.

" r ta " Time from tho Udt/a_ d e/muJafleo eeetJon "K" to 'die ourfenl

J t/re. (,,_).

I (r. Cmet_nLr_dl(bs_la_Io(_qmt_ll)adx_tlneqdmlde

. ran.,dm(_ a,.,,_),,.m,adt,aa.r'a_=_,, ,,u"Mcm,_dmw_mm,,huakdroU._o__ theam_l_,d¢ - W-Cammhe_om (.'d_
(buk) _ _ pooaUve)(_).

c; - 'r_era.mddm.SodUmr=U(t,mnk)aml_4_(dq[/am).

oK- CmmmmU(luuk)_letm'm_mUmm, rdlmltem_f_mm
(des). o

e,_n_- Mmm,m(ummmuml+bsxkss_es/l_mlhr_s_wmmlOss

um mmJ m _ _ metme.(ip'ucm1+Wm _ llm_m._
_ w r_n_e t_ t_ew_ll_ y Mdama_l_ eea_mN_'_ e

o -OLI M. o

0

II

'_ 'Aladm,_ m _ mortallot rl_ _ _11ImmL

.. ()

n i ini i ii inn
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F .......... v ,, _ --_ .IF-=-,._ .... w v 1

,o

IAI': I i-_ I) II CI;,):. th ItI_L'0 ,It_;._.,A:.,_l ! e., IC*_':,.._!L

Wt)_ If" O11i !,t_ii (_,,_,_) atliBl, '¢. _ (_ll("g |i,_,e (_,.41Pr_l, lfii_ I' "(_f_li_ b mliJkr _

_ero _h a_lte ol mtla_ (dq).

0 O - _ _k) _llle e__ l_rmllill_ M Jl_ul_l_n S4_'_IK-I 0.

", i U K - I. o05_ the ml¢_l toil (b_) a_le for the _m)4m,e_Irslm,-
: | Is_ (dell).

L

IK;I)T(K) '_IIGD_r(K)" i8 the firs! roll (bsnk) a_le parameter and It d,_l_ I_ Tidbit ¢ -_.

For fIIGC(K) _ 1.. or _.. "/IlGDT(K)" lJ the Ume rate ©f cb8_¢ air
the vehicle roll 0_mk) mnl_le. The lJiSebnl¢ slf_ I_ In mceordl,sc_

•_:-!..: wl_h right-h_ndod rotatio_l o_ the .tludanJ _ - _ -t/ _ eoordumUe _-
;. I_m (dell/see).

.:;; ' For IlIGC(K) - 3.. "EIGDT(K)" is the roll (lmak) aqlJe eoefflelat C wlMeb
le descrll_d In Table 4-3 (dtmemllonlel_).

(3e) (o.) (dq;/Ne) or /_(3_,.K))
,%

,, • (.w_e)

':.. II_IG(K) 'I_IG(K)" l| the secoed roll (beak) eqlJe psnlmeter _ i| 4_¢U_d I_

• , t_ble doscrlblqi the use o( "81GC(1K)".

" __r _iGCIK)- I., or 2.,, 'IGC(K)" to the eoUUmtroll II_dc) _1_
• ¢.,;'m _ the Liter bank Ml_e oxpremmtoa. Ik_ "II_GC(K)" (d_).

For SJGC(_) - 3... '_lo_)- Is th_ ltmnln_ roll (t_m_) mqlleadlc,mre,¢

fnr fl_l_ rdere_ced to s t poeLfled time rate d elumle _ rdlttw

l_m _s_le. _ '$JOCIKF _ (dq).

(44) (0.) (dq) (_(44, K))

_)o Or tJ_ pIIGtl il_le o_ It_ck (t_ _ I1_ defUMRIby lllpl_. _ oiler ;)lrll_M_14" tl &
Nqv4m_y com,pu_ed laten_ly. I_r pruc_br_e similar I_ Ilml d_e_rlbed for I_
r-If _bmkl m_lr (O) i_ Uw prec,,dmll psr_rsldl ere ev_Jsbl_ I_ d_tl_ II or 0 mid

_rl, i_sl_om Imrmr eoll_m4rql_l-l_rlall_l_r mvalbndb__ defll4r llk.A41tl_llfr

¢tlJ_r O ur I1,rim I_- (ll_Irlll_l fr_. tabl_.m. Up t_ four IJbk.a m_ milabl_ f,_r • _r •

.. ,J_Leltl_. bu_evrr T_b_ I (fll_r vll_ _d mlbe4rrll_ l- is eqt_! I_ I)i_ um_d d_lS_l elm- [
_IIuII_ I_r_(ltll | ._MI__, Tmbl_ Z. 3. _ 4 m be udled_e mY I_um_r cd @l_mm_mlm¢IPmm

• ., p l,_ "'_IC", IPmcv. • unh ,_r ,d _ labiee tlll be _ III m I_lm¢ II "iS _IU_W lW_IL/,_il

L"" : "_We,4 _m8 _t_ _,_ h =0qlh-. ol o,, au.we,wd ta_l _ roll Ib_aa_kiaaall,lkr _. a_,ro

]97]0]5:348-079



REPRODUCIBILITYOF THE ORIGINAL PAGE IS POOR.
-_ ..... _ ..... - _ _

'_ ,.l._ld ,,,l_m (_*,_ I_r_rll(m ?._.Z.S. Alltlld*, for _ d_fuutKm uf I_1 _ a

,_, _ heel.

• '. ". _. jl_ e._rlll II l, lLIl_r lilt ()r • stdl_re t uSlb • e_emtanll _dlll Inv_t_llma6l

;"V' , ar.r_'h, r•U,Jn.

: '. Ai-r_Jr_lllUrnl(: _tr_c_lui (_lri_il[ _ •r_ IIt1:1t_11,
-. :::._

_,..,_:.. : i, TI_ l_rml_sl all_ll_elad _,loell,/vlclmr ililllJlZd* id nlllllv flillNlalk (

" _t-_.*''' al_i_) m_Jl be gpe_lfled elU_r dtreelJ_ or _ll_ll eqlliva]_lll e41_r perumeier_
• _,- _t_tll' UI_ brflr,_tna_ ra.'llLe t3 frl._.

..%.:

L_.:_ _n Kz In term_ _ pllymtcall_ Ikemiml_,l ll_e41iru.

.%",

•'.' I i, I i_ik_,t * _k

K I ('ol t_l)

(',_ _)- _

i 114,_

T_.-r_ _re f,_r •Vii|It_I_' _qJi2_• _ 11'11/ lily "AIJ_K|" b/elllk'i Mll_lr K 1

Sl • _ili_ lt'_ •k,_e,,-I t1_ Omr_klly ,-Jert_ t_) _ I_ t-illllhll 411tr_i_lltdlll Ill lilll-

"" t, _tillt r/i lll,1_ 044 \

?

._.
n nlup • _ _ m

• u n nn.... • ii
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. ,4 --

(,IP -l_l_B7oooo_

Tahh. t-4. lJnt.ar Cola_gmI 5l(-('rlr.g Optjon-

A I.I-'C(!'_ (.Pl'TI()N

4. I _., _REF' A_, and _'f are mlASt

": 19.. _HEF = 9(/" - Yo; _ and Itf are Input

20., _REF _ 60; _ and If are Input

.; 'PI., ;:1 and K2 are inpu'.
./ i n •

;-: expressions which are defined as part of the synthesis process. If the IJ_8 input

:,." parameters are u_ed as coatrol varlables for thG second GI8 block, tLC S is updated

_" by setUng it equal to the value of tl_ 8 which wast computed at the end of the previous

." iterated" trajectory. In th/s ease, the control v_riabl_ are '2PSIDT(5)" and '_,ALP(5)"
• _,/_. and the end condltfoos are alUtude (output parameter 8) sad inertial flight path mlgle

"'-_!i',I ...,,,, (output parameter 42) at the termlnstlou of s/mulatioa sectim 1.

• '..... q__ The _ table (eee Figure 4-7) defines the step pitch rates ss • funcUoa of a time"." ._ argmnmt (tA) which has a flexible doflr.ltion (defined ey input). Thls flexible I/me

_9'_ argmnent definition allows the @table to be refereeced to either absolute t/me or slm-
"- "" ulaWoa secUon relat/ve time. The curet _ is defined by computing the area under

':._"i"," the _ step function to the left of the current time Srlgmneat (tA) (shaded ares in Figure

, '7"'_' 4-7) and the_ multiplying th/a area by Ll_epitch rate atteauntiun faeWr ('2PI'rX(K)'_.
,., ..," To th/s, the terms @K sad @0 (if appropriate) are added. In the eveat that the current

,_,_,... tA Is ouinide the lower or upper bounds of the PT(I,L) values, the _ table Is bypuaed
and a Is assumed to ddine th_ pitch attitude sad Is set equal to the f_._c_ted value of a K.

,a t ,

_'":., i
a table assumes that a Is a funetioa of Msch number _1)0 and Is _lmi/nr ia

' ' ' i form to the slumosphere table shewn in Figure 4-5 except that the a table has only one
•* depaaxkmt variable _) and the labl( ara_ments have dlffer_t d_rinllJoml. The corro-

latioa betwom the table sqpnnunts of the atmosphere table sad tho.e of the a table Is
defined in Table 4-5. In the event that the currmt Msch number is oute/do the lower

and upper bounds of the table Mach number srlgummt values (lINDlowest sad Um I_lf_st

values of 'WI'0, L)"), in appropriate error dlqlnostlc Is printed sad ths synthesis case
is terminated (subuqumt cues sra sall prueemmd) if and only If tMs error oeeuro st
the sueueashd _ompleLion o/sat intel:raUaa step, Errors _ thto _ ooeurrin_ w/_

' m integratio_ atepdonot esune lem/naUoa.

'" Ik0.o not _lude trat_:toriea simulaind 4uriNj tin dotomlsmlkn d tholtenU_

' partialdsttnUvm,.

,mmmm_ u _ sin mj _ mum un n m
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! ,_hh. _-_. Correalx_dingAtmoeph_.r¢-and PIWh Angle

,d Attack Table Arl_mont_

AL'n,;_-l_h_'r(-Tabh. Pitch Aagle-._-AUbsck Table

A1,1_1) PT0, I,)

t I'RSfl) ;u_d VL";(1) PDT(I. I.)
r

XKAO XKPT(L)t ,

h M

f,
, _ p and VS a

;'I_ Eel. Figure 4=5, Atmosphere Table

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

_.._: pitch angle (t_) or the pitch angle of attack (_) according to Table 4-6._'.._ " (33) (1.) (none) (Q(33, K))

•'i ALPDT(K) "ALPDT(K)" is the first pl_h angle of. attack parameter and is de_thed
-i i,_ Table 4-6.

For ALPC(I?) = 1.,, 2., 0 4.,, or 5., "ALPDT(K)" is the time rate of

",..'] changeof thevehiclepitch angle of attack. The algebraic _gnAl, in

r

. accordance with right-handed rotations of the standard _- I1- {_coordt-
-- naW system (deg/sec).

For ALPC(K) = 7., "ALPDT(K)" is the p/tch angle of attack incremant

: used to initiate the Ncwton-Raphaon iteraUon used to determine the pitch

i angle of attack which yields the specified time rate of change of relative
• f flightpathangle(deg).

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

For ALPC(K) : 18.., 19.,, or 20., "ALPITr(K)" Is tlle t/me duraflt_

of the LCB _cgment of flight.

i For ALPC(K)_ 24,,, _5.,, 26.,, 27.,, 28.,, or29.,, "ALPIYr(K)"t_ _e Ume rate of ehimge of pitch angle of attack (a).

(37) (0.) (deg/eec) (Q(37, g))

;,. "-- or (d_) t

• GDOT(K) Tiu, ¢ieflniUon sppear_ i_ the p[_VlOtlll parl_l'allh.

i
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q Table 4-6. PitchAngle (&) sad PilchAngh. el Attack_) Dr/InIU(m.ComN

wlsere: K 1 , I,CS const_mt term

K2 _ I_"-'8ec_4flelel_t o( t

Li.CS _ Time from the inlUstion o( the LCS selPrneat _ flll_t

tf :- Time at lbe temlaaUon of the LC8 I_lpmenl ol flll_

tR - Time from the tniUal_:o d _mulaZioa noc too "K" to the eur_
rmt time (see)

'., o . Currm,l pitch angle ol attzck (output pznuneter t2)

." t_ vehicle pUch axis (_ Ix/s) with slllebra o mtlu m _eonleaee
with rllht-has_ed _ of the studazd P - _ - _
sytWem (pitch up Is pos/Uve) (dq).

(_ = Time rate of chanKe of the pitch MEIe of attack (deK/sec).

_r" _ _ = Constant pitch anlie el aUa_ term d the Ilmmr _

;.+ _'_ el attack expression shown in the above table or the pitch ulle

/ ?' _...+ of attack which is usumed if the _ table time limi_ are
exceeded (des).

" aMl N = Minimum pitch aagle o( attack wldds is aUowed for flflbt

refereuced to a _ time rate st olumlle ol rllallve
,:+:+ flight path mqlle (Y). If the pitch _Nile ol s_lsek requlrmHat
...." Is less than this limit, there is no rdernoee to the _ :v

_ and the flight continues wl_a - al14iN (deC.

++.;+:. 0 MAX " Maximum p_ch aungie d 8ttaul whlds _ adlowed for
rdm'mm_ to a _q4Kl t/rim ret@of dm_Is _ rdat/_ fliebt
petha.qle_). xzthepU_ u_e _ .Unekmqutrmmtts
qrmler than ltde llm/t. II_m Is no ri_rmoe to lke 8pwllled

_d the flJshtooatimu with a - a MAX (dq).

,_ _ = Plteh_leo(_eksttbemz_mttlmev_ddheeNi_laamb_
talainl • ommla_ lime rele el dmale el rd_ IIIibl Imet • ,

i+ usle for sapeefff_lroll(IMmk)m mid• Ipl_lld Taw
! ,_e o+,n,_ (_s).

o_ - TlseUdtlalpll_ulled_leakwld_le_mmsmltoallsqllm

l+mmma-lt_l.m _ _ t_ mmkd to _ ell.

"K-I". IIg ._I,oM Ish Islllalp_dk ul/l d allm_kIra,Mle
wmeetory_ (dq). .

_+ - ",'.'.==+,.r.sm_ .,st- ,__Ptm,,,m d • ,m,sm,m .w,m

C_! ,

• :,-,_<_-%."_-.... ..
i i i i ! I l i I I I ill I m
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,I _ -! ,I_b ,'O-O@.:

VAC['['M TIIRUI_TDIRECTED A_.O._K;THE ( AXIS FOR A SINGLE MKTI'OR(Ir)
TIMF RATI_ OF CHANGE IN WEIGHT FOR A INULE MI_POR (_q)

-- TWDS0, L)
OF _----

., 3WDgO,L)

• . /

_ ) /

:_:'s. T

.-:.::. TWD80-1,L__ !_"

"'..._.... TWDg(I- I,L )

"" ", '( I

I
,_-:,• :' AI_UMEYr

4

.'_' TWD7(I-1. L) tB T_I_(I, L)

TABLE A_UMENT , J........ FUNCTIONAL CURVE

• FINAL INTERPOLATED POINT -_ I..m ... INTERPOLATION _[]_

LINEAR INTERPOLATION I ||

': t8 - c_ urn,ars_,m - tAm - ts _TWDI0_] " TWI_0C;

•i',. tam - Cu_._mab.alut,Urn.1.._1 (eu_ im.aa_.r -l)
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[,Rj :4;I;i;_oJDl£qI:JIqII&moj :rollmI:LOJ_LL_,.',uJnkr.,%_;IN

i

I I II I I IIBII I I ...... _m

u !nvD_e(K)i- o._ol, thewf_dR_a_h mra_w_mdo_ Zlw
a,p_dted thrum - time Uddo Is _ 4uruqK_m _ _,

If !'rlrDs_K)J - O.oo00QI. _TWDI(I_)" to tho namamm _

v._.m q,e,_nc tmwda_uamnmaddeme anamedlatam5eeU_ "K"
, , for tl_ _poe_el__ - umo u_lLo. 'rbo mrrml w _ diUNd b_

di_llal the_ m_a_dnCam_dby¢amio_ by'q'WDleO_y'
.*. and titan multiplying tl_ remit by tbo minber of m4dorip_aipe

("TWi_K)'_.

, (sz) (o.) (a_) (_111.g))

.. " BX_._,_._.The foilowlql fmnrIqput ps_ 8m lho _ a_-
• .. _rzma_j re_p_r_dby tidevtrtou_ SIMPO _ _ au_ d_lud In tiN)

_'.;: _IMPO _l_J_mtable Ila_d under "TWC(K)", ommqmn_y oa_ytilt _do Imkn, •
• _:__iI ilm'mdly a_.or_dvilmD,, units. _ oorroq_lidi_ In_ _ luPo
"' r' t4_dhero.

• ::; TWT)!Z(K) _ 'q'WC(1K)"for deftnltlo_

.!.:_" (1) (0.) fib) (_(1. K))

.... .,

,_,., TWD!2(K) See"TWC(K)" |oF definition.

,;-: . (2) (0.) (lb) m"(No) (_(_,K))
--_::.'', OIL"
-',", (Iblo_c)

I TWDI3(K) Soe "TWC(K)" for ddlJ_on.
i (3) (0.) (lb/Ne)m (9_, K))

"-- (m_) or

TWDI_K) floe 'q'WC(K)" for _,_rJaJUm_

(_ep (o.) (al) F_fe4.10)

,%

_,:
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" ............" '+'+l........ I-]Ihl_'T L ((JIDE _k LL! _J_

PA lqA ld* _ I.,_l- CON Pl LED IlYYKIIIU, L

rll N BEll VALUE LYllIITII PAIIA MrrllN

1. U4TIAL CONINTIO_

_Lz _ATZ

ALP _2 0. V(al)
•. AI.TO ! O. ler y(ll)

AZM 4 1'70. Y(4l
- (;AM 3 to. DI_ VGI)

LAM .3 o. DIK; Vm)
I _T s 34. HIS DIDO v0i_

• * I,xg s - 1:o.sigh1 _ Vfl)

, O _+n _o o. LIi Viler

_ PSi so o. DIG VfU9

'__,.,_:_i!.ill _ , o. rT V(l)
6_ o. DIG V(el)

TO Sl O. IIEC VIII)
.__.! _tL 2 o. rT_BC vc_

,, 0 Wt)H ? o. LIJ "/(71

,.:".;.: PilOGRAM CONTNOL +
++ ,"

+1 as. DIG V(4"
ALTF fl 0. NONE V_'/'I)

,, _. AL'I_ 47 300000. rJr' y(4ff)

A'r_ 41 0. V(41)
AZMF T| Oo NONE V('/T)
AZMI Ts 1o0o. DBU V(7|)
(;TIP T+ 1ooo. DB0 V_l)
MULT 64 0. _ V(e4)
plurr _J o. _ V_J)
PElF II? 1. IIGIIII v(_r)

O, P.FCN _4 o. V('i'4|

rrplr _4 o. _ V(4_
Tw_ f| 1141. VCrl)

•., zc_+'+"l' M l, YqrM)lY+,Sz+_+J_

(_i ........ '+ +,,,.. \

,'[+'+ , 1 -------,
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1NTE R- CORRZ-

lNPUT COD g NA I.LY JPO/_I)ING

PAHAM- NUM- COMPILED I]¢]"EIiHAL

ETER BER VALUE UNIT3 PA P..A]i4rETF.R

5. pROGRAM CONTROL

BCICT(K) ,ll 500. $F.,C Q(41,K)

BCKTT(K) _2 0. 001 /_EC Q(42. K)
O OP,_K) ,_ 0. NONE Q(_,K)

P_F{K) _S O. ._l_ Q(SS,K)

O STGC(K) 22 0. NOb'E Q(_. K)
O S'rGD(K) 25 1. NONE Q(2S, K)

O STGT(K) 24 0.001 8.T.P. UNITS * Q(24,K)
O STGV(K) 23 0. 8.T.P. UNITICq q(23,K)

VINCfK) _ o. z_r/sY_ Q{6S.K)

, VSET(K _ 67 0. NONE Q(67, K)
'-,;. ' _our(K) _;9 o. NONE Q(eg, K)
_: XOUT(K) 53 1. NONE Q(5,_, K)

."i' 6. MODELING CONTROL

ATMOSPHERE MCDEL

_i_ ATMC(K) 27 I 0. NONE Q(_ffjK)

j, ALT(I) NONE i See AppendD. Ill FT ALTO)_. PRS(1) NONE See Appe"zdlx Ill LB/IN 2 Ply)
.':" .XM,AO NONE [ 193. NONE X]_O
_. VLS(I) NONE J See Appendix III FT/SEC VLS([)

AERODYNAMIC MODELS

ACt(K) 28 0. NONE I Q01S, K)

O AC?IK) 29 0. NONE I _B.K)O AC3{K) 30 0. NONE _I0.K) _'

A__&.SODYR',mC_AWFOrE coz.r.nOztr_,'rAmJ¢
(C_ TABLE)

AI(J, L) [ NONE NONE _]_ AI(J, L)

AREFI(K) I 4 0. l,'r | Q(4.K)

C I(I, J. L_ NONE 'NONE NON1r- CI(I_ J.K)
X._AIfN,L) NONE O NONE _OIAI(N. L) f

_:,' XMI(I, L) NONE NON_ MOME XMI(I. L)

i,
%

\ \
40_9

1971015348-105



r

\

1971015348-106





( ,,__ -f }_},.:,j-,,, ,o

! __., _r_'tlo_ f _nt:oJm_the basJ("(J,p_.rollon instructions for uplng Ihe _-nll_sia drlter
I,_the ._',J'"endfor _ontrolofll_variou_syrtdLh(-sisOfl_lOnlan discumJoHunder

_, tlon_.:L '-snlhe_l_"I('¢hnlque_.The Inputdata blockSDAT/k2 (_on[ainwthebs_Jc

_n_,utdata r,._mir_-n)_.nt_n_-('e._sar_todrivethe .%_P however, the varlouss_nthe_,ls

¢,r-(edure_ rely on the values of c_.rtain parameters that mus! be inpu! to the SDATA3
: ._,rhtter and Ix_o_ter_ and $IJATAI Input blocks in order to be successfully used. The

ha_l_, input p_rameters for the $DATA3 and SDATAI blocks are described in P_ctio_
-I. Z and w_II he referenced In thl_ section where necessary.

The _uc.c'eeding paragraphs are broken down into the following basic categories:

I. I,ropu|slon Option
2. Stage Burn Sequence

_'t 3. l_o_tcr Cruise Range Calculation

_",.. " 4. l_ooster Cruise Fuel Calculation

5. Stage Weight Constraints and Solid Rocket Thrust Augmentation
"i

;'-""i :ncluded in each of the first 4 categories are optional procedures or methods
• .[

'.. n,'_'essary to drive the %_S1). One procedure from e_ch category must be selected
.. for a given computer run. The last category contains tho;e opt/one which nmy be

'..\?j._ ullli",:edinconjunctionwiththe selectedprocedure butare no/requiredfor • Wen
- . compute,"run. Ifoptionsfrom thelastcategoryare no[selected,the run obOdoed

will yield the _tage gross weights, performance, and design data for the following
"* fixedinputs:

SDATA3 - ORBITER: selected value of C(I03) = system p•ylo_d weL_

SDATA3 - BOOSTER: selected value of MR(3) = mMn Impulse mass ratio
(bcosterl

In addition this secUon will assume that the basic parameters necessary to dtdv# the

si_Ingprocess _$DATA3, orbiter and booster), and the sin,, .:._(a P_.the bamelble

ascent trajectory ($DATAI) have been input.

4.3. l PROPULSION OPTION

_.._..I. 1 Fl_'d Booster Thrust (Common _qb_e E_nl_). TIMs Ol_on _p_ifk_
tl.-t the thrust level for the boo_tsr Is obCaim_dfrom tb@total v3euum tbnJgt d

•_,: orbiter. This olXlmt ts described in ,_,ectioo_.3._. 1. The |ollowtl_ are _ lapV[ [
". cisl_ requlrem_mts:

.i ! ?
,2 .....

1971015348-108





aml........,..... ........................ . .... . .................................... _ ,,Jm +,_,g

" i-



'b

+j •

,, ,.+ :" ,," ,'r " ' ' , ........

' B *

V V W v-,lp,,,qrqmlml_ u "qlW"ll_'ql_qlP'qww--vv "qW-nlr'qlm"



!



+



"_il:4_l'_:_oJll..Lell:Sil/Ik_ej:inhlam,.e.]t4L-.d_:,-'Ulilv:_,_l,,,l IL.e_.Oj;l_
,,,{m .... '" , ......................



,_I ,ojIIl'-I ORIGINAL PAGE IS PooR._&_la ......:



_! . ..
. .Aq lkej01Lql .llllKie]:. THE ORIGINAL PAGE IS POOR._= .. "." ...... - _. .'_ _.- ..... . -._

I
• "m

GIX'-{) IHI7(._-O02

• NOTL this option should only t_,. used when the selected procedure al_tr

lnTludt.s the i)ropuls/on Option described in Section 4.3. I. 1 with C(129) specified

($DATA.'I-ORBIT_R). The following are the input data requirements:

" .'_ SDATA2: set deslredwelghtValUe(liftoffOfG_,'REOweight)=booster gro@sf

.'_,ILI_ set I_,OTW -- 0 .

• • TWL(X = -I.. and desired value of
TRATIO (see Section 4.3. I. I)

SDATA3-ORBITER: esUmate C(103) = system payload
set desired value of C(129) (see Section I. 3. I. I)

' ._e_ NOTE: ff tiffs option Is not desired, set
,.. ."'_ ._ GWREO _;0.

4.3.5.2 Fixed Orbiter Gro_ss Weight. This option provides the capability of fl:dag
: the gros_ weight of the orbiter. This option is described In Section 2.3._.4. The

following are the input data requirements:

:,._ SDATA2: set desired value of WOREQ = orbiter gross weight
. ,, >

-. SDATA3-BOO_TER: estimate MR(3) = main impulse rues ratio (buceter)

',_. NOTE: ff th/s opUoa not desired, set WOR_Q I; 0.

4.3. S. 3 Fix..ed Orbiter Propellant Weight. This option pro_Ides the eapabil['v d
fL_b_ the total impulse propellants expe, nded durlqi the o_ biter burn (ascent and

This option is described in 8eotJon 2.3.2.5. The following are t_ i_pgt
requ/remonts:

SDATA2: get desired value ol WPORZQ = total ex_
orbiter Imp_e propelhmta

SDATA3-1#OOSTER: estimate MR(S) = main/mpulee mass raUo (booster)

SDATA_)RBITER: set, MR(S) ,, total on-orbit veloelW bmlEs/dl_) or
• •_ mess rallo for total m_orblt mmr-

/,: '. NOTF.: ff thlo ol_io_ Is ml d_lmd.
'-' W PORE¢' ¢0.

., _;,.

,m
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