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FOREWORD

The Weight/Sizing Design Synthesis Computer Program was developed by McDonnell
Douglas Astronautics Company - East under Contract NAS 9-12989 for the National
Aeronautics and Space Administration, Lyndon B. Johnson Space Center, Houston,
Texas. The contract involved a study to derive basic weight estimation relation-
ships for those elements of the Space Shuttle vehicle which contribute a signifi-
cant portion of the inert weight. These relationships measure the pacing parame-
ters of load, geometry, material, and environment. The weight estimation relation-

ships are then combined into the Weight/Sizing Design Synthesis Computer Program.

This report is submitted in three volumes;

I Program Formulation
II Program Description
I1I User Manual

This Volume contains a listing for each module and subroutine of the program.
Also included is a generalized flow chart describing the subroutine linkage of the

complete program, plus detailed flow charts of each subprogram.
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1. INTRODUCTION

The primary objective of this study was the development of a Weight/Sizing
Design Synthesis Methodology to be used in support of the mainline Space Shuttle
Program. This methodology has a minimum number of data inputs and quick turn
around capabilities consistent with the objectives of enabling the NASA to
rapidly: (a) make weight comparisons between the current Shuttle configuration
and proposed changes, (b) determine the effects of various subsystem trade on
total system weight, and (c) determine the effects of weight on performance and
performance on weight. The Executive Sizing and Performance (ESPER) program is
the culmination of this development effort.

The complete listing of the input and output variables, as well as a complete
program description, are found in Volume I, Program Formulation, and again, along
with usage instructions, in Volume III, The User Manual. The program listings in
this volume are as they actually appear in ESPER. They are comprised of statements
belonging to one of two general classes:

1. executable statements that perform computations, input/output operations,

and program flow control.

2. nonexecutable statements that provide information to the compiler about
storage assignments, data types, and program form, as well as providing
information to the program and subroutines during execution about input/
output formats and data initializationm.

These programs differ considerably from those in Volume I in that they are not
self-sustaining, but rather, they are totally dependent upon the iterative compu-

tational sequence in ESPER for their execution.
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2, ESPER PROGRAM

The ESPER program is a multioption sizing/synthesis program geared to the Solid
Rocket Motor (SRM) Booster in parallel with an external hydrogen/oxygen tank Orbiter
for either the easterly (28-1/2 deg inclination) polar (90-deg inclination), or
resupply (55-deg inclination) missions. Although these are the primary missions of
current interest, the program will handle any mission falling within the inclination
constraints of 28.5 deg to 90 deg as shown in Figure 2-7, Page 2-17 of Volume I.

The program has two primary options:

(a) fixed hardware, and

(b) iterative vehicle sizing.

The fixed hardware option determines the payload capability of a given configuration.
This allows the user to determine the effect on performance of configuration and/or
criteria changes, either real or proposed.

The iterative vehicle sizing option physically sizes the vehicles for a given
payload. It determines the size of the SRM and its propellant load, and the size of
the external tank and its corresponding propellant load. The iterative procedure is
based on the sizing criteria of a fixed staging velocity or it will size the vehicle
to a minimum gross lift off weight (GLOW). The minimum GLOW option is provided as
it is generally associated with a minimum cost operation.

In turn, either of the sizing requirements can be run with a fixed thrust option
in which both the booster and orbiter thrust are set at given values, and the
propellant requirements are determined, or the orbiter thrust can be fixed and the
first stage thrust-to-weight ratio input., The fixed thrust-to-weight options
determines the booster engine size plus the propellant requirements.

Each of the vehicles has several modes of analysis available. The orbiter,
external tank, and booster weight can be determiued by the option of detail analysis,
while maintaining a user input dry weight, or no analysis but simply utilizing an
input weight to represent the vehicle. In addition, the external tank and the
booster are represented by simplified equations in which the parameters of interest
are curve-fit to determine the vehicle weight.

In addition to printing out the performance parameters, the option is available
to print out the detail subsystems weights of each vehicle, providing a line item
comparion with the current Shuttle vehicle. The other option would be a simplified
printout, containing only the vehicle dry or burn out weight as listed in the
performance parameter.

Two performance subroutines are tied into the ESPER programs to allow the user

to determine growth characteristics or vehicle sensitivities.

2-1
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ESPER is fundamentally based on the control logic found in the Analytical
Parametric Systems Evaluation (APSE) program delivered to NASA at ATP plus 6 weeks.
APSE 1is primarily a multivehicle program in which many types of vehicles and
configurations can be compared, i.e., fully reusable configuration, external
hydrogen tank orbiter, pressure feed booster, series burn, as well as the current
baseline solid rocket motor (SRM) booster with an external hydrogen/oxygen tank
orbiter.

Inherent with the multivehicle concept are extremely simplified weight rela-
tions. The weight equations in APSE consisted primarily of mass fractions, with
the booster being a function of thrust and propellant load, the orbiter a function
of thrust, and the external tank a function of required propellant. These mass
fractions were derived from study point designs, and required continual updating
to meet the ever changing criteria. With ESPER being based on the current base-
line vehicle, and the multivehicle studies dropped, the major emphasis of this
study was directed to the expansion of the weight relationships.

Figure 2-1 presents a simplified flow chart of the ESPER program. The pro-
gram consists of three vehicle modules, two functional modules, and three perfor-
mance subroutines. The vehicle modules contain the analytical and empirical

equations and relationships required to completely define the orbiter and booster,

ORBITER
MODULE SIZING
h MODULE
EXTERNAL TANK ESPER
| MOOULE - CONTROL/ASSEMBLY
[ SMPLIFIED EQ. PROGRAN
BOOSTER \
MODULE TRAJECTORY
[ SIMPLIFIED EQ. MODULE
GROWTH &
SENSITIVITY - ANALYZED - FIXED HARDWARE
VENICLE & PAYLOAD CAPABILITY
oPTiow OPTION

MODULE LEVEL
PRINT OUT

SUBSYSTEM LEVEL
PRINTOUT

FIGURE 2-1 ESPER FLOW CHART
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and the external tank respectively. These equations will measure the pacing
parameters of load, material, and geometry. The functional modules describe the
vehicle sizing and the trajectory analysis. The output is an analyzed vehicle
which, when coupled with the performance subroutines, will allow the user to derive
growth accommodations, sensitivities, and payload capabilities. These modules

and subroutines operate under the logic and direction of the Control/Assembly
program. This program, in essence the heart of ESPER, integrates the wvehicle
modules and combines them in an iterative sequence for the orbiter, external tank,
and booster. This iterative sequence, however, is under the complete control of
the user and is altered according to the option specified by the user in the
'"PERF' (Performance) data block. The use of separate modules, which contain their
own input/output common blocks, provide a systematic means of controlling the
logic flow in the programs. The ESPER Control/Assembly logic is shown in the

flow diagram, Figure 2-2, which is followed by a listing of this program.

ESPER

DELTA-v
CALCULATIONS

(ACTUAL)
CALCULATIONS :
1. THRUSTS
—&] 2. BURN TIME NEWTONIAN
3. FLOW RATE ITERATION
4 ETC, TECHNIQUE
OM ORBITER
PROPELLANT
WEIGHT

GROWTH
CALCULATIONS
$

CONTINUE

w0 @ ) @

YES

MINIMUM GLOW N
SELECTION
TECHNIQUE

NO

NEWTONIAN
ITERAT{ON
TECHNIQUE
ON BOOSTER
PROP WEIGHT

NO STAGING
VELOCITY

CONVERGE
Te

FLIGHT
PERFORMANCE
RESERVE
CALCULATIONS

[

FIGURE 2-2 ESPER FLOW DIAGRAM
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GROWTH
CALCULATIONS

ESPER
OUTPUT DATA
INITIALIZATION

GROW = 4.0

GROW = 2.0

FIX
EXTERNAL
TANK

YES

BOOSTER
GROWTH
INCREMENTATION

NO

ORBITER
GROWTH
INCREMENTATION

'

CONTINUE

VALID
SOLUTION

UPDATE
GROWTH COUNTER
& CONTINUE

FIGURE 2-2 ESPER FLOW DIAGRAM (Continued)

To facilitate rapid turnaround and ease of updating for major configuration

changes, the modularized concept was utilized.

of data files and subsystem models.
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These data files are as follows:

1. @RB & GAER® - ORBITER MODULE DATA

2. EXT -~ EXTERNAL TANK MODULE DATA

3. SRM - SRM MODULE DATA
Collectively separating the data in this fashion serves two purposes, (1) it
greatly facilitates the locating and changing of input parameters, (2) if an
entire module is replaced it becomes an easy task to replace the existing data
block with the new omne.

Linkage of data between the vehicle modules and their subsystem models is
accomplished through named common blocks ending in the letter 'D' (for example,
'STRD,' where 'STR' designates the model into which the data is to be transferred,
and 'D' designates a Data common). Parameters calculated in each model are in
turn linked back to their respective module through argument lists. These calcu-
lated module parameters are linked to the rest of the main program through named
common blocks ending in the letter '0' (for example, 'SRM@,' where 'SRM' designates
the module in which they were generated, and '0' designates an Output common).

The entire Formulation Concept of ESPER, that is, utilizing modularization,
utilizing subsystem models, collectively separating data and common block linkage,
elevates ESPER from just another sizing program to a dynamically powerful tool that
can evolve in complexity with the mainline Shuttle program, thus adverting the
pitfall of obsolescence.

This Formulation Concept makes the evoluation process by the user an easy
task, for subsystem modifications can be made without affecting the rest of the
module, and module replacement can be accomplished without affecting the rest of
the program. The user needs only to program the new module or subsystem, correct

the common linkage and proper functioning is insured.
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CaoY L5U3 T8 Lp(«,NC)

ESPER

THIS 229534M INTESRATZS THE VEHICLE MBOULES aND
CAOMIINES THEM IN AN ITERATIVI COMPUTATIANAL SEQJENCE
FAR THE 9RIITFI,EXTERNAL TANG AND SRM.THE SPSCIFIC

WETI4T RELATIANSHIPS JEVELIPZD FOR EACH VEHIZLE 9ODULE
AND THE ASZENT TRAJECTORY CURVE FIT 9F VELSBCITY LOSSES
FEE) INTS THIS Z3NTRIL/ASSEMALY PROGRAY.

IMPLIZIT REAL (A=2)

STMINSIAN 8DVC(3),3DVI(3),PRA(3),PRO(I)

DIMINSIAN MG3L(2)/MGOVA(R)

INTZSER NI
PERQFSIMANCE ZAMMIN BLICK

’ﬂ“%S\/*Al\/ 99393n9Q7°5;R’T:BCAVT:BCAVT:BCAVTY

?nT’ VTN;FIXH?D

I, 18935, 15PAV, 152935, 15P93V,SCD»BTwW

byH) IVEIRR, INZHSTASV,DOVEBN,IVENST

S)REL S THATC, THNS T, THITC,» 1SPB, [SPR,ORIPYT )

s PRIDDY,PIIPID, TW(2) s IVANCIDVBIDVTITC, WISCI, Y INATSOLANKT
Zr R INIWT LT, 5L GO W TITAL»SsPIMATCHI TLSSRFRP

n!quLji5LL°L5)3L94L5IW“SISDI’HSDVTIUHSDVPiS"?
9, LONGPTALY, TOW3 ) SENS, GRIW)MINGLW

SRM 8JT2UT CIMMIN BL9CTK

COMMIN/SRYS /3294T, ANRYWT ) R334, | AM3 ) PWI]

1, BASSRMY WEASEy NJIINTIANOBZ 2 WTTERSWINSTHWIGN, 35342
PISRMISS, PAF S, PAASL S, PAAS,PANF,PWTN) PNAV,WNCTRS,5MIC
IIWRTTAVIPLPAR,PAPT ) PAIR ) PWIPIPWWR,) SRMRE
42UNTERTHEYRPINGS,393LUN SRYL, SMD
S)PGIVSS,PRIAFAT,,PPIIPR, PDIYNTPIABSLY

6sF]X399,5vYRP3N

ARJITER AYTPUT CZ3MMHN ]L 8L«

CAMMAN/IRA /1529 s ATAUXS WTACSIACSENG,ACSSYS)WTACTY
1,AC3MBD, WTIMS, IMSING PRBISYH, WTBMTK» MODULE
11SUFTHPPLI,ELEC, HYDR) AVIONBPECLSBsPPRIV)OUNTWT

2r IRIMISHTARPRN,SYRFK

1, PEISAIN, BRESD,IIESV,P_9ADU,PLBADD, ACSPRY, WIPR0P, SUDLE
PeFIXITA,FINWIR,IDIYWTSIRIFL

10wdT S5, 18STR ) WTARBEIWTARAC)LERIWTEI WATLIWAS,) vADR, WAN
2aWAIy GPRAY, PWINGC, TAI s TSG» TASTRITTBRAB, TLES NRUD» WRS
FanRIRVWRH, ARPH,PTATLK

i - 14290 SFIXED
2 - 2«092% C
3 - 3.200 C
4 - 4¢230 C
_5." 5000 C
45 = §¢270 C
7 = 700"_0 C
R - 2,200 C
7 - 3.900 C
10 = 12000 C
11 = 11299
17 - 12200
13 = 139270
14 = 18700
15 = 15220 C
18 = 16720 C
17 = 17920 C
12 = 1R%.030
13 - 13229
29 = 274020
21 = 21.200
27 - 22920
. ?1_‘ 23020
Pu = 24+900
5 - 25700
ch = 26020
7?7 - 277990
PR = 2R100 C
G 23.n20 C
21 - 30.200 C
2 0 314200
- 329220
71 - 33099
34 - 66 NIN
X - 15020
A~ REXRelolo]
37 - 37+990
33 - 38.900 C
?} - 23.000 C
43 = 42000 C
41 = 41000
4?2 = 42000
43 = 43.070
4y - 4henD)
45 = 435200
4h” - 464000
47 - 47020
48 = 42,900
47 = 43.790
TR s 394000
51 = 31000
52 = 32330
53 = 334030
54 = 3%+000
55 - 554929
56 = 56+300
57 = 374030
59 - 584220
57 = 53.000

106G37:51,62163,56037+58,G9,319,311,312,515,516
2251705180519 57220523252426G25:5260G2706325633,G63%
3,533, 5334

1sTATTPS, TuOWT o WIWT ) WG EWT, TWT, TLEWT,BL3TPS
2sBASTwT s JATWTHPTPSCNS TTWT,3TPSWTIMESWT,,LDTWT
3.PRIATIPPPZ,2HYC, SCWT

1, TA2R7P, ENGPAL,ENG, TVE, CONTR, PROUTL ,PRISYS
2sFAYPRES, CHIL,PREVAL,FEEDS,DISCAMISC )
1oLNDICH)NGLaNGPHNGIINGZAR,MIL ) MB2,M3I32MBEARS ANy AX2
2rAX3IpAXTEAR, LMDIKL

2-6

MCDONNEILL DOUGILAS ASTRONAUTICS COMPANY =« EAST



REPORT MDC E0746

DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS VOLUME It
COMPUTER PROGRAM - FINAL REPORT 28 FEBRUARY 1973
&7 = 473790 C
Al = 51200 C EXTTANAL TANC 9JT2UT C9MM9N BLACK
62 = 42+030_C e e —.
s = 53.300 C”“HS“/f¥T9/3qDSQ=;TSTDS:FJDT(aFAX?TdeDBLF;rC:T’S
AU = 4449090 1,08NSCT, TOSIN,CYLSCTHACYIMy AFTRLF ) AINT,PROSY, AFTNK
63 = 55003 Ra‘E\SYS-FADBLA;DQSVNTpAFTCYL:SJHP;AFTBLA»PVPJpTdIVT
e - 464990 3,VASF AR, AVIBNT, JHIPNL, wRETRB, TUNNEL,MISCT»3AFF, SJ3DRY
67 = 457e77D 4sRU, IRYWT,RESTIT,JNNRAN,FEEDTR)PRGIRT ,FBIAS, INERT
ko - 5Re020. 5,NRISSW, TLAMI, FTRAP, EXTL EXT s BLKAD S EXTHO EXTHH, SIMPTK
Y - 53790 C
7N - 79200 C DELTAV 9UTOUT CIMMIN ILACK
71 = 71030 C
7> - 72799 CAMMYN /ZIVA/DVT, IVAN, DVR,IVAR, DVBRP, X2,X3
77 - 72.209 1,DVEBR, TATLSS,DVINR, DVALT R
74 Jeen20_C_ . . e
74 = 752092 C DERCAVUANCE (PERIF) IN2UT DATA 3L8CK
76 = 76709 C
77 - 77000 NAMTUIST PRAPR5G,P39P95,RCANT DCANTY,BCANTP
73 = 724200 1 NBSNGH, NOENGS, THASL, THOSL, THOVI
7 - 73000 2y TFI»FTwsaF IXHRIN, ]SPRS
AN e 83000 __ 34185°8V,15P9HS,15P03YeSLDIETA .
Ry = 21700 4sH) IVECARR, INZ,STASV,RIL,IVEBN, DVONST
H2 - 22.000 SRV~ THAIWT,ILLALOs INERT)MATCHs TLSSR
F3 = 33700 4yNAYANTSRESIDT MR, IMSISP,IMSDVT L AMSIVP, 3UR
Ky - R4000 7,RENS, SRV NI I GRIBANT,GRIWB,LOINGPLMINGLNW
RS = 23790 C
R& - 36¢000____  CALL EOFSET(99235)
87 = 27030 Felel
R2 - 38000 PIN=D.D
£ = R3.,990 1 INPUT (L)
9y = 374220 IF(FefNeDel) TOVeTHAYI]
9y - 317220 TH9VaTaY
as - 32.299 ___PIN{=PR9PA5 _
97 = 732390 PIN2ePRAPSS
9y = 34790 ACANTE16D . o .
Q5 - I3.790 36L3IWe]100700D.
945 = 3640027 ILANNT=I0N20D. _ .
a7 = 37720 JLIJTe1D0NIDe
27 - 394N (LANL"=100000.
99 = 73.7290 THASLTe2097000
107 = 1230300 PedeD
10t = 191700 Jei
102 . = 122.020 MGedel
103 =~ 123.790 MAOVB (1) =0
104 = 124220 MGOVa(2)80eQ
105 = 1233700 MAG_(1)s0e0
106 = 154.730 MGRL(F)s40303000
107 = 127220 19 PRA(P2)eNe)
10 = 12%.500 PRR{3)e0e)
3% = 173+909 PAR(2)mNe)
110 = 1172020 PRIY(3)mIed . . .
111 = 111220 BOVE(c)®Del
112 = 112.202 BOVZ(31=20.0
113 = 1130030 ANVI(2)eNed
114 = 114200 OVZ(3) =040
115 = 115.000 1F(2]Ve3TeDed) PRIPRGePING
116 = 114220 IF{PINsGTeDe¢d) PRIPHI=PING
117 = 117+900 IF(%3+E2¢1+0) STA3VaM3DVB(2)
118 = 11%.030 IF(3R%WeGTe0eNeAND e Js3Tel) G T8 2
119 = 113.000 IF(CIX4RDEQeeD) BRT8100.
129.= 123030 PRYDREPRAYPAG
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121 = 121200 2 IF (3R NeCekesANDs Jo5Tel) 39 TO 3
122 = 122.723) PRY39ePIAPIG
123 - 123,200_ 13 CIFL{3RINESr 4 eeANDa e 3Tal) DRYIPRPRAPAT
126 = 128,992 523 (1) aP20233
125 = 1254320 oL (1) =oRyPg
124 = 126.7)3) VALTD®30000.
127. = 127229 NBJeD
178 = 938,790 S=9.0
129 = 123,220 IEL304NTeGTa1.0) _ GO I3 20
1737 = 132.90) IFINIENTTe2Ge300) CTHIVE(THIVTHBV R
131 = 131.220 1#CI3(“CANTY /572958 ) /NBENSS .
1372 = 132.9)) IFENIENGOANESe0) CTHIVETHIVHCAS (ACANTY /574 2958)
132 = 137.9720 IF(ICANTP.3Tanen) CTHISLe(CTHBV#CIS(OCANTP/57¢2958) ) #
136 = 134.000 1(1523:5/13283v) .
135_= 135.720 TH49ymlTHaYy
136 = 13%.230 THA3L =CTHASL
137 = 137.70) IFANT=3CANT 414D
122 =  {3R.n0Q0 IF(33%WsLEe3eneANY e Je3Tel) 59 T8 12
137 = 133,000 THRSL CaTH3SL #C95(3CANT/572958)
147 = 147790 12 TUATZeTHIysNIENSH

e 141 2 141290 . EL8,3sTNv/1S208y e e
147 = 1424799 IELONI BT R/ {1ae47)
163 = 142,2)° JFLONYR(FLINR*MI) /(1e4YR)
1448 = 1464900 FSTARTa3e2550waF gwx
145 = 145.900 9STARTe247912%9F L 9wy
1446 = 1484000 9B _IsFSTART+ACTART
147 = 147,200 .20 IF(FIX4RDa3Teled). CALL ASPER
148 = 14®,7p) IFIT]1X437,5Tened) GA T9 100
147 = 149.000 PRADA ] u3RTHFL AWISNIENSY
159 = 133,200 PIA23T#dR40z+PRYO Y]
151 = 1351.1729 13°3a(PI92341S03V+9R9291%SPIRV ) /PRBPRT
152 = 132,720 15°9a]35093y ‘

o153 = __133.900  IF (3394 e 5802000 AN UeiTel) G T8 21
154 = 136000 CALL ®R3Madg|
153 = 1354700 21  [F(T]>930.5Te0e3) G9 T9 & .
1954 = 156000 DDﬁDST-:Dn:ﬁ‘DQSDQi
157 = 1377900 029291228920}
182 = 13R.050 PRad3 adRaDA
183 = 1539223 39 19 5 -
16~ = 15939730 & CELEEL FEEDETY
141 =  141.090 CEEELENT- LAY
162 = 1424000 CERELEFLLLEL FLET ELY i
167 = 143770 5 IF(3enTeNedeAVNaNeENeTe) G TB &
164 = 164000 :AL‘_ :JWM'!)EL
165 = 143990 & CALL =xTaNg ..
166 = 1544300 93LI4eILHAT+PT9PATHINIRT
147 = 157.1700 LOVETS 0. 493 99
160 = 16%.,7139 TaTAL R Bye=0L)
167 = 143,200 W957e3L8 /520
177 = 179379 IF(ET,e5T20+0) 3% 19 7

120 = 1710030 IF (3% meLZe3e0sANIedeiTel) 59 TA 13
172 = 172,990 THATZe (TYISLIUIENGA) « (NIEN39e THASL )
173 = 173720 TH33_ TeTHISL evRIN53
176 = 174.730 APTe (P2AP2]SPR3) / ( THISLENIENGS)
175 = 1754220 3% 19 1
174 = 1764+700 7 THATZeAT a3l 9w
127 = 177+922 —THRSLT e (T4BTI-(NIINGITHASL) ) /CAS(ACANT/SZ+2958)
172 = 1784000 3ATe (239024 [5D85) /THISLT
179 = 179.2000 & IF({TEeNF2340) a3Te3RT/TF
187 = 1826020 13  T949aT4970/(9GLIW=-PRID91 )
181 = 131.700 TAw3T43TC/GLAW
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182 - 122.099 1€(TT,05T42e]) TOHNBeBTW

1R = 123.020 JVRe3I7 41748 [SPREALIG(GLON/(GLAW=PRIPBT))
1Ru = 174730 IVINTE324 174815 BeA 93 ((IGLIN-PROPIL)/
185 = 1354270 1(43.9,+2R3207))
184 = 1844230 IVIITIDVI+DVOND
187 = 137.700 FW({)aTaw3
183 = 12R47]) FWw(2)sTAwYy
187 =«  {R3.70) CALL. DELTav
197 = 132.220 _S=S+1.2 __ _—
191 = 131.7200 Ps3.9
192 =« 132.1)33 IF(FIX3PR,3TsNe0) GB TY 97
192 = 173.790 C
194 = 1724.023 C ESPT JTERATIAN TICHNIJUE
195 = 135,000 C
194 = 1344730 C ARATTID TTIRATION .
197 = 137.79303 C
192 - 19%.0023 ANVS (1) aDVANT
197 = 173.70% TVA_IZ®DVINR=IVINC
2097 =  277.999 IF({JIVONR=IVANT)e3Te5100s) PIN29GuPROBPI5+50030,
231 = 231723 1F((JVINRDIVING ) e3Te5200s) PRVB>3GsPROPAG+10090,
202 = 2924700 IF((JVANRDYDUC)e5T+5230.) 59 76 13
5A7 =  233.910 TF(ATAS(IVONR=IVINT ) oL Te1)39 T3 50
204 = 27640090 IF(VALTIsL 7«00} 5% T2 52
203 = 273.000 TF{VALITe[TeTVAL]ID) 53 T9 59
N4 = 2744030 32 904 2<1m{DVINII=ADVI(1))/(9DVCI1)=0DVC(2))
207 = 2374000 9NAZLPw (PRI(1)=PRI(2))/(9DVC(1)=8DVC(2))
Pna - 292,990 9RATCIB(PRA(2)=339(3))/(9DVC(2)=0DVCI(3))
573 = 573000 BRAa398PR9(])+(PI9(1)=2RP(2))#3RACK]
71 = 2172700 R4+ (((DVAIND9DVO(1)) #(OVANR=8DVL(2)))/7(BDVC(1)«BDVI()))
M1 o= 211.770 Ks (AW =nIATL])
212 = 212729 1F(235PA4 Te3eD) PRAPIGEPRAPIGHE00I0
213 = 213,030 [F{23°P. 20.0) 39 79 1D
P14 = 214000 __PR9(3)=23°(2)
213 - P13.739 PRN(P)EARI(])
P14 = 2144700 ROVI(3)=ROVC(P)
217 = 217700 8IVC(T a9V ()
213 = 212,900 pLa(])ePRadn
P17 = 217700 VALTDeTVALID
Ppq = 227,000 N=3,. L
P21 = 231700 1F(S1xR98,5T«"e0) GB T9 57
553 = 933,990 TF(RTLeENeDeDeANDDVI L Te(5TAGV=500)) 53 T9 §2
557 = 233,109 TF({RTLeFReleDaANDDVBIP LT+ (STAGV-50)) 58 TB 50
224 = 2244232 37 3R T9 20
P53 = 935.730 C THZ SILFCTAR 'STASYV' INABLES THE JSER TH CHO9SE THE
2764 = 2964733 C STA3ING vELAZITY H4E NISHES THE PRABLEM T® BE S% . VED
337 - 227930 € F3e T T T
2p3 = 228.930 59 [F(FIXA99.5T+0eD) (Y TI 100
228 « 223,939
239 = 237.902 C SRV JTEIATIEON
231 = 231.090 C
272 = 232.300 CIF(4INGBLWeZQene D) 38 T8 15
533 233.792 IF (435790140} 53 T9 15
236 = 2344209 IF(VALIDeLToTVALED) GI T3 15
235 = 213000 IF CARS(IVANR=NVINTS ) «GTele) 59 TH 15
234 = 234.700 MAR_(1)eGLOW
237 = 237.200 MGIVR(1)=nVE
233 = 23%.200 JIE(3EL+3Te2¢0) 452VA(1)=0V3RP
233 - 233.000 1IF (M350 (1)eGBTaMEEL(2)) M3m1e)
24D = 247000 TF{M53L(1)eGT«“35L(2)) GB T8 1D
281 = ?41.000 MGRL (2 )eMG5L(T)
P42 e 242000 MADVA(P2)eM3DVAR(])
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243 = 243,200 1S5 IF(TL«5TeDeI) 3% TO 55

P4l = P44e999 [F{a33()IVa=STAGV)«LTels) G% T8 100

P45 = DPu5.90D anNvZI(1)=nv3

26k = 246700 59 T9 54

P47 = 2474999 55 TF(ARS(DIVARP=CTAGV )« Tele) G% TB 100

P4R = 4R4IDD 8DVZ(1)msDy3R>

247 = 243.7999 56 RAZCI = (STAGV=RIVZ (1)) /(BDVLC(1)=BDVC(2))

P59 =  23%9.979 QAT (PRS(1)=DR3I(2))/(3DVCI1)=BDVC(2))

Pay = 251.97) ARACCIZ(PRI(2)=PRI(I))/(3DVC(2)=BDVCI3I))

PH2 = 232970 PQID3I=PRIA(1)+(PI[(1)=2RB(2))IwARALCK]

2E? - 233790 1+ 0((STASV=3DVC (1)) e (STAGY=3DVL(2)))/(RDYyC(1)=BDyC(3)))

2854 =  234.99)0 2» (AACK2=AATKI)

255 = 23534770 IF{PR9834( TeDe0) PRAPIGZ22RIPAG+500I0

°856 = 2344000 JF{ORTP3e| Feded) 39 T3 10

257 = 257.700 SRR (3)=2R(2) .

P58 =~ 23R4700 PRA(P)aPI5(])

259 = 233.999 ANVI()=BYCL2) _

2410 =  243+0300 [AIWWZ(?2)=RHVC (1)

261 = 261790 S3a(1)e34923 -

242 = 252.7%) 9NYT(T)wDaD

267 - 947,439 _eYVI(3)e0e

¢4 = Pn4.799 PRI (P)eNen

PA5 = 2454000 PRA(3I)sNeH _

PRE = 2644730D CERELLIEL ELIA

27 = 2674920 BRA(])EDRIPY

PR = 2484900 VALTI®519000.

PAN = 95_‘-')_._?')3 ‘_”\]:1'\. o

7R T 379900 39 T9 2e

271 = P271.7300 37 TFLARS(IVT=OVTATC)eLTele) 13 T3 120

272 = 2724900 ADVZ(1)sDVvTATC

277 = 2734999 ARACA1a(DvT=3NVC(1))/(QDVC(1)=BDVC(2))

274 = P74.320 22933PRR(])+(PRA(]1)=>IB(2))#BRACKY

P73 = 275.390 IF(333P34 EeDeN) 233P3312RIPG450000

276 = 2764930 IF(335P34(Z.0eN) 39 TI 10

277 = 277.730 2RQ(7)2285(])

P78 = 278,039 IRV (PIERAVC ()

279 = 273.200 ARA(])8DRyIA

PRA = PR%90290 IR 148 T8 20

24 = 231.790 C FLI34T PERFIMANCT RESIRVE CALCULATIONS

585 <7 282,090 100 AWSEDE=AL| 3L 3+4P_ 940U+ IPREIHINERT

283 = 2R3+700 AV FImANAYIFPRIEXP(DVFII/(32e174%1SPY))

284 «  DR4,17) FPQOs xwFPIeyAAFAR

283 =  235.1700 IF(39%eGBTe0eNeAND e Ja3Tel) 5% T8 400

PRe = 2344700 TALL uTRYT

PR7 = 237.90% TF(53%4¢RTe0eN) 533 TS 430

]2 <  23R.430 TTIF(SINSeE e Gen) 63 TY 110

289 « 283,790 IF{SENSeGTe0sNeANDsFIXHRDIMESL1e0) CALL ASPER

227 = 2930700 CALL F4SEN

291 = 231709 5% T3 110 .

Pas = 232.790 €

297 = 233.77) C AUANTH 9OTION CALCULATIING
TN = 2346000 U0 T

225 =  233.0900 400 IF(Je3Tel) G T 447

2364 = 234.700 ARTITE(1NR,113M)

797 = 237.930 NRITEZ(1NR,1146M)

PR = 2IRLNDID TF{RI0NeENelen) WRITE(1N8,1002)

Pa3 = 533,199 TFISR09wWeEje2en) ARITE(108,10064)

TER S T TN AN) T T TSR e yeden) WITTETIOR, 1048)

0t - 1,900 JFU3RDPAeEJekeN) WIITE(108,1048)

072 = 3AD2000 [FI330WeF ebenN) NIITE(1D0R,1049)

D~ IDINDD IF(3304eETehs0) GI TY 641

MCDOONNELL DOUGILAS ASTRONAUTICS COMPANY =« EAST
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N4 = 4NDD ARITZ(198,1150)
305 = 7734990 abl IF(JeTRel) GI TI 445
196 = 2184090 k47 1F{339WeEebker) WRITE(108,1160) PCENT,33LBW,3DIYAT
307 =  3)7.000 1, PLAATSDRYATS 699D, DVEI2, TOAR
392 = AIRDID IF(50WeE eke0) 539 T9 445 -
197 = 193,999 NPITZ(198,1160) PZENT,PRIPATIBORYWT,,BLAWT,DRYNWT
31N = 319200 1,6G33),)VR29,TAWY
11 = 11000 1130 CRRUANT(N N0, ///7/77277)
P = 312000 114D FRIAAT(I0x, 'GRAATH STIDY!)
TV = {1853 1942 £eIvAT (29x, 13°85TCR GRIWTHT)
A4 = 16900 1044 FORMAT (PN, 1IRFITIR GAWTHI)
(5 = 213.790 1046 FAIMAT(24x, 'IRASTER + ARIITER GRBWTH')
A = 15000 1D04R FNRIMAT(2Ax, 'TIXED HO TANC 5R34TH')
LT = AUTNI0 1049 EORMAT(/,3%, 'Y, 3¥2 183D SLIW'2X2 'ORYNT V23X,
W' = JIH.HDD 119332, Te s 2Xs "TNK=WT 0 P2Xs 'VALID 22Xy 'STAGE 22X, 'T/W(2) )
TR 5 21305907 1150 FUoMAT(/53xs X1, 3Xs 1933 PRIP',2Xs 'DRY= AT 23X,

PN e 3294920 {1793eaTe !, 2Xs 'TNK=aWT 122X "WALID V) 2X, 'STAGE ', 2Xs 'T/W(2) ")
21 = 21900 116D FHRMAT (1 X,F4e302XsFB03s2XsF7¢0s2XaF7¢221%X0F7400
122 = 222.790 12X, 73012 4%sF5:0s1%sF543)
129 = 123090 1180 FRARAAT (/27777777 7)
324 = 26020 #A5_ IF(JeSNeN]) 3% T3 171
125 = 33549290 IF((J=1)¢GT«3) 38 TH 452
124 = 1364739 CRETEELYA;
227 =~ 327.7 0 an5e3VAYWT
2R =  22R.9100 IR 94T
‘22’«) - 232,790 L_A"q%SlLAMq
237 = 2133.000 FIX33sF1XA99

TR = 2310000 T ETAGeRTY
170 = 33134790 FIX123eF Ix3KR3
237 = 333100 FIXAY3SFIYARR
W = 400D EL5mEL
35 = 3A95.700 #52 PCENTeFL9AT(J=1) %01
334 = 34.030 IF (5% eEhebeN) 39 T8 449
T37 = 227000 FIxad"ales
2I° = A3RNDD FTAaDeD
132 = 333090 [E (339 eE 3a2eN) 33 TH 449
WA = I4DN0D 3nCINeR3I[=3D5 )
41 = 1900 ANRYATeIN54 (2CENT #1006 #3R3W3I)
W2 = 2W2.900 QHAJTRAIRYNT4ABCIN
343 = 343,700 TTIF(AR04eE 56100 G T9 451
Wh = AWLNDD 49 IF (3% eENe4eN) FIX9II3In1e
W5 = AW5.70) [F(339WeEe4e0) RZL 802
s = WhDDD ILYINTRIRGH(PIFNT#1D#5RAINAY
7 = 7939 1EXP(9UGIVI/ (3P 17440M4515892))
4] = WReNDD 911432-1 2
%7 = 49.900 1F(3399WeCNe4s0) GI T 453
239 = 2594090 451 IF(A3R({DVONR-DOVINC)«GTe1e0) 399De2+0
51 = 131790 [F(3990.E.+2+0) G9 T9 171
AR = 232.090 JF(ABS (YVANR=PVINZ)«GTele) GY THB 4aB
%3 = 3334700 3°%)s14D
354 = 346730 GO T 44RO
T3 = 335+000 #53  [F(£1x8QR.53TeNe0) GB TS 454
3564 = 7344039 I (A3S(DVR=STAGY)eGTels) GIBDe2.0
A57 = 3574230 1F(539DeE7e2e0) 38 T9 171
352 = 338000 IF(A3S(IVR=STAGY)eGTele) G TH 448 -
2%3 = 3324000 5997140
287 = 363.030 G9 TY b4
T61 = 351000 &34 JF(ABS(DVT=DVTRITC)eGTsle) G03Ds2e0
362 = 3524000 1F(593D.E7+2+0) G9 T8 171

T T 3%7 = ?43.000 IF{ARS(DVT=DVTITC)eGTs1e) 50 T A48
66 = WI00 57998140
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365 = 4356700 48R JsJsl
T T 264 = 946000 3% 19 192
_3RT = 357.700 171  ARITE(10%.1120)
6T = 24Re0D0 1190 FHRMAT(/,3X, tWHEN GB3Ds1¢0 VALID SBLUTIBNY
I/ = 26.1)) 1970 3IXs 'ESPER TERMINATIS GRIWTH aPTION! .
S A7y = ?79.990 24723, "AHEN 39808240 N3 VALID SOLUTIBN')
371 = 71000 WRITE(104,11R0) - .
379 = 372.000 F1X33%eF X35
272 = 373020 _FETWeFTIRG
A74 - 744030 9{ 94T7m2RG
375 = 2754090 19 /TeBDG ;
376 =  375+900 LAMI=| AMRS
377 = 277.000 FIXIR2=F[X9IR3
378 = 3TRNDD FIXA9RsFIXAB3
373 =~ 373.7020 REL=RELG
3R = 193.2300 G290s1eD
CAR1 = 331030 117 FedeD N
I8P = 3324000 PINelsD
22 = 2834000 39 791
28, = 2[4eN3) 3939 CALL CLASFE
9= - 21256799 ___5153‘____
184 = 334e27D END
2-12
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3. ORBITER MODULE

The Orbiter Module contains the analytical and empirical weight estimation
relationships necessary to completely define the vehicle. These relationships are
combined into separate models, each model fully describing a weight group from the
NASA functional coding. As an example, the Wing Group Model contains the analyti-
cal relationships describing the weight of the torque box plus empirical relation-
ships defining the remaining elements of the wing, such as leading edge, landing
gear provision, and elevon.

The Orbiter Module is set up to analyze a point design vehicle with minimum
data. The NASA weight report and design data, coupled with a three-view drawing of
the Orbiter, supplies all inputs necessary to analyze the configuration. Volume
II1I, the User Manual, lists all required input data, and delineates the interface
with the Group Weight Statement and the Design Data Summary. A point design analy-
sis will give a detail line-item comparison with a contractor's weight report.

This comparison will provide insight to variations of payload and performance char-
acteristics as well as indicate subsystems that require scrutiny, either updating
the model to a more realistic level or possible errors in the contractor data.

To run a point design analysis, it is first necessary to determine the perfor-
mance characteristics, if unknown, from the ESPER program by running a fixed hard-
ware case. In this case, the vehicle module weights, propellant, thrust, and
velocity laws are input, and the payload capability is measured for a given mission.
Next, an iterative case is run, using the data from the fixed hardware case. The
payload, propellants, laws, and vehicle module dry weights are input. The program
then analyzes the various subsystems and determines their weight. The growth/
uncertainty of each vehicle module is allowed to "float," i.e., vary either up or
down to maintain a constant dry weight, therefore physically sizing each system to
the point design loads.

The primary purpose of the Orbiter Module is to provide the capability of
analyzing an interated vehicle to determine performance trades and to lend direc-
tion to the overall design effort by answering such questions as:

1. What happens if you vary engine characteristics, such as Orbiter thrust,

or specific impulse?

2. Is the staging velocity optimized?

3. What is the minimum gross weight vehicle for the users constraints?

3-1
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4. What is the effect of changes to the primary construction material?

5. How do geometric changes, such as aspect ratio, payload bay length, or

width, effect the configuration?

The inputted parameters start the Orbiter Module iteration for which liftoff
weight, injected weight, etc., are calculated. These calculated weights, in turn,
modify the aerodynamic surfaces; the wing area changes to maintain a constant wing
loading and landing speed, and the tail changes to maintain control capability with
a constant tail volume coefficient. In turn, these modify the surface controls and
the thermal protection system. The auxiliary propulsion system is affected by
injected weight and the landing gear by the landing loads. The body is modified by
reaction from the above systems which, in turn, changes the interstage loads which
ripple changes back through the body. The entire module continues the iteration
until a completely balanced system exists.

Figure 3-1 is a flow diagram of the Orbiter Module, followed by the detail
listing of the Module.

3-2
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ORBMODEL

ORBITER
INPUT
DATA

FIXED

YES

REPORT MDC E0746
VOLUME }I
28 FEBRUARY 1973

WEIGHT
ORBITER

CALL
STRUCT

GROWTH UNCERTAINITY

AS

FIX-DRY LESS SUB DRY

YES

4

INPUT THE FOLLOWING

WEIGHTS

1. ORBITER LIFT OFF
WEIGHT

2. OAMS PROPELLANT
WEIGHT

3. PAYLOAD--UP

> 1. ENTRY WEIGHTS

FIGURE 3-1 FLOW DIAGRAM

3-3

v

CALCULATE

1. OAMS PROPELLANT
SYSTEM

2. ACS PROPELLANT
SYSTEM

!

CALCULATE

MISC. SYSTEM WEIGHTS
1. SURFACE CONT.

2. LANDING GEAR

3. ETC.

FIXED
ORBITER DRY
WEIGHT

GROWTH UNCERTAINITY
AS
% * ORBITER SUB-DRY

!

CALCULATE ORBITER
MISSION
HISTORY WEIGHTS

2. LANDING WEIGHTS

3. ETC.

CONTINUE

]
o
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REPORT MDC E0746
VOLUME 1l
28 FEBRUARY 1973

CALCULATE
SPLIT
RUDDER

AERO OAERO VTAIL VTAIL DAT A
INPUT INITIALIZATION
DATA

- N~
FIXED
VTAIL AREA
CALCULATE
VTAIL AREA
ASA f(VTVC)
\ CALL
4 TAQ BOX
1AC
v SPLIT
RUDDER
FIXED
WING AREA
CALCULATE VTAIL
1. VTAIL GEOMETRY
2. RUDDER
CALCULATE 3. LEAD-EDGE
WING AREA
AS (WS
A
RETURN
TRQ BOX CALCULATE
EITHER WING
OR VTAIL
| — GEOMETRY
CALCULATE WIND
1. WING GEOMETRY \
2. ELEVON CALCULATE
3. LEAD-EDGE EITHER WING
4 ETC. OR VTAIL
1. BENDING MATERIAL

2. SHEAR MATERIAL
y 4. RIS

RETURN 5. JOINTS

( ) 6. ETC.

FOR BGTH EXPOSED
AND CARRY THRU

PORTIONS

{ RETURN )

FIGURE 3-1 FLOW DIAGRAM (Continued)
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STRUCT

— STRUCT DATA
INITIALIZATION

CALCULATE
ORBITER
INTERNAL
LOADS

YES
TCAL = TMIN

NO

CALCULATE
FORWARD
SECTION WEIGHTS
1. FRAME

2. BULKHEADS

3. ETC

1

CALCULATE
CENTER SECTION
WEIGHTS

!

CALCULATE
AFT SECTION
WEIGHTS

'
)

FIGURE 3-1 FLOW DIAGRAM (Continued)
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THERMO
DATA
INITIALIZATION

CALCULATE ORBITER
BODY TPS WEIGHT

1. FWD SECTION

2. CENTER SECTION
3. ETC

:

CALCULATE ORBITER
AERO TPS WEIGHT

1. WING

2. VTAIL

3.ETC

'

CALCULATE ORBITER
SYSTEMS
MISCELLANEQUS

TPS WEIGHT

1. LAND-GEAR

2.ETC

1
Con )

FIGURE 3-1 FLOW DIAGRAM (Continued)
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ASCENT

ASCENT PROPULSION
— DATA
INITIALIZATION

CALCULATE ENGINE
AND ACCESSORY WEIGHT
1. ENGINES

2. GIMBALS

3. ETC

CALCULATE PROPELLANT]
UTILIZATION SYSTEM

1. FILL & DRAIN

2. PROPELLANT SYSTEM

3. ETC.

CALCULATE PRESSURANTS
SYSTEM

1. VALVES

2. FEED SYSTEM

3. ETC

CALCULATE
MISCELLANEOUS
WEIGHTS AND
TRAPPED FLUIDS

:

SUMMATION
OF ASCENT
PROPULSION
SYSTEM

1
=

FIGURE 3-1 FLOW DIAGRAM (Continued)
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LADSYS

LANDING
SYSTEM
DATA
INITIALIZATION

SCALE GEAR
GEOMETRY AS
FUNCTION OF
STRUT LENGTH

v

CALCULATE
NOSE GEAR WT
1. AXLES

2, STRUCTURE
3. ETC.

v

CALCULATE
MAIN GEAR WT
1, AXLES

2. STRUCTURE
3. ETC.

v

CALCULATE
AUXILIARY WT
1. CHUTES

2. SEPARATION
3. ETC.

RETURN

FIGURE 3-1 FLOW DIAGRAM (Continued)
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CIPY "QUI T9 LP(K,\NC)

1 = 14000 $FIXED _
2 - 2,020 C ) T -
- 3.773 C 8IBITER SUIRBUTINE
4 - 4220 C
3 34039 SUSRIITINZ AI|MIDTL
A 56930 C THE 9RRITEI PR935RAM ZINTAING THE ANALYTICAL AND
- 7 - 74930 _C_____SMPIRICAL WEISHT ZISTIMATION IELATIINSHIPS NEZESSARY
R e R«000 C TY ZOMPLETELY NDEFINE THE VEHICLEe THESE RELATIAONe
N - 3.700 C SHIDS ARE ZHMAINEY INTS SEOARATE MIDELS,EACK MaD:ZL
17 - 12¢090 C FULLY DESCRIIING A WEISGHT GRIUP FRIM THE NASA
11 - 11209 C EUNCTIANAL CODING.THE SRIMARY pyYRPISE 9F THE 6833ITER
12 = 12200 C M9IDJLT IS TA PRIVIDE THE CAPABILITY BF ANALYZING AN
13 = 13900 C ITEIATES VEHICLE T9 DITERIMINT PERFIRMANCE TRADZS AND T8
14 = 14900 C LEND DIRECTIIN T9 THE 9VERALL DESI3IN EFFBRT.
15 = 15900 IR 1217 REAL(A=Z)
14 = 14200 C
17 = 17000 C PERTRLMANCE TAMMAY RLICK
18 = 12.000 C
1" - 123.000 CAMMYN/MATN, PRYD3, PRI0R,PRT,BCANTIBCANT,BCANTY
T e T 2ATAAY T T T, NCANTR, NGENSR, NS NG THASL, THASL, THEV, TBVL FLBAR
21 - 21.000 PaTESFTWFIXHRIN
22 - 22900 3, 18235, 15253y, 152935, [3933V,SCDs8TW
21 - 23.109 4aHPIVEIRR, INTHSTAGVIOVEDN, IVINST
P4 - 24700 5yRELyTHATCH THISLT, THITC, [529, 1528, PRIPOT
PR - 23700 . 6opqﬁ°ﬂ1:993P39:fw(2):)V?VC:DVB:QVTSTC;N&SCD;QIVdT:SLANNT
AP 550900 7eINJIATIINT SO, B 0W,TITAL,SsPIMATCH, TLSSR,F2RP
27 - 27000 8, W43 ALLOL Y, QLIANLN» IMSI SO, IMSDVT» AMGDVR, IMR
2 = 28700 9, LINGP» T¢I, TAWI, SENS, ARIR I MINGLY
27 - 23.795 C
N - 30700 C ARJITE2 UTPIT CavMaN RBLICK
M - 31.700 € . e
ERES 32720 2AMMAN /ARAS /1,32, s ATAUXSWYACS»ACSENG, ACSSYS,ATACTK
7 - A.990 1)ACIMRY s WTIMS, MG NG, IRIPSY, ATAMTK, MODULE
U - ELXSsle]o] 108U )PP YR, ILEC,HYDAVIBNDIECLSBIPPRIV,DUNIWT
35 - 35790 2,9RAMIS, TARPIN, SUIFK - )
A6 - 15720 1,PESHN, IRES I, RIESVLPLIADU, PLBADD, ACSPRI, WIPINP, SUDLE
37 - 37402390 PIF XIS, FIYwIR,3IRYWT P ARIFL
IR - ELEERelelel 13 WWT)» S50 wRGTR) ATIRRE,, WTIRICHLENIWTESVATIL 2 WA, NADR S WAH
29 - 33.020 25 rA2, APV, PAINGK, TAIL, TSGH TRSTR, TTBRIY, TLE, #4RJD» WRS
40 - 43290 3y vRII P WRHH NRI,PTATILK
4] = 41200 107375510%206G3,56037,58,G9,5313,511,5312,3515,G14¢
o7 - 424700 2e017251R551906P207230378,5625953262G272732,533,634
43 - 43ND) 39 GAS 5336
i3 - 3 X3eleke] ToTOTT5, T SWT» AGWT S WGLEWT, TWT, TLEAT, BLETPS
43 - 435000 2rRASEAT, IATWTIPTRSICN) TTWT,3TOS AT, MESWT,LDTWT
[ 450000 3sPRANT,OPRZ,OHY T, SCWT
47 - 47200 1o TADIP,ENGPAC, NG, TVZ ) CONTR, PRPUTL ,PRESYS
437 - 4ReNDD 2sFA), 2268, 2HILsPRTVAL,FEEDRS, DISC,MISC
47 - 43900 1)LNYI<HNGLaNI2sNG3Is NGZIARI MG M329 332 MGEARN AX ] AXE
50 = 52000 PrAX,AXGEAR, LNDIKL
%1 = 31.700 C )
R2 = 520030 C EXYTTIVAL TANC /JT2UT COMMAN 3L 8CK
83 - 53.900 C
Ry = 344000 CAMMYN/EXTY/3ADGRA, TITPS,FADTKFAIRTIFWIBLF,FCCTAS
55 = 354000 15 CONSET, TPSINSCYLSCTACYIM) AFTB Fy W NT,PROSY, AFTNK
54 = 56000 2sFENSYSIFWIBLASPRSYNTFAFTCYLsSUMP,AFTBLASPNPJ, TAINT
57 - 57200 FpNISFAR,AVIBNT, JMAPNL s WRETRA) TUNNEL,MISCTHBAFF,SJBDRY
5R = 32,000 420GUsDIRYNTHRESIDT, JNDRANIFEEDTR,PRSURT,FBIAS, INERT
L I 39.099 §sGRISS Wy TLAMIOTRAPLEXTLSEXTI ) BLKHDEXTHBEXTHY SIMPTK
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A1 = 52700 C
61 = 514200 C STRICTUIE INDUT DATA CT9MMaN 8L 3CK
£2_= 524220 C i
47 = 43000 COMMIN/STRI/ZAST ) HTV,LTVaHESLIILTIINXSNZHFS
Al = 544000 1oHF oL Xanl p)SFWpVZsPLoCoSNISLNG
45 = 63,090 PoF AL TMIN, HOL, 495, TAUSSIEF,LFS,DELP,FABSRHB3
hG - £&eN70 FsTAJ3IRHAF ) K22 SH €73 XK3 KU, ACD ) FAFSSAN,FAPB, TAURY
AT = 57790 4 DFAC,ET»24BTP,IHIPR, <K
62 =~ 58030 C e s
63 = 53.0990 C THEIMD(TPS) INPJUT DATA CHMMEN 3 BCLC
770 - 72000 C
71 - 71000 COMMAN/THIRD/MNETPS,NCASFADTPS, FWDASCTTOS,CTA,CST>S
72 - 72000 2rCSA,TRTPS, LA, ATTPS,ATASASTPS ) ASA,ABTPS, ABA,3ASTPS
77 - 73000 3/RARA, TOSCANI WETPS ) WI2LE»WLETPS,TLTPS, TLPLE
Zh_~= 742200 4, TLZTPSsMCSTPS2MLS ol ol
75 = 75700 5)PRIA,PIATLS,PRIC, PPCHHYC»SCASCTPS,»Sw]l,SWCASI
76 .- 74200 C
77 = 77000 C AQCINT PRABYLGIIN INPJUT DATA COMMBN BLICK
7¢ - 72.2500 C . .
77 - 73200 COMUAN/ZASPD/PRGI,,SP L —HHEAD,) BHEADp HJLL)SULL,FTU,R4D
o 50 Mt 320000 1atMATL,HCLENS3CLEN,HELINLAELEN,CPLG]E
Ry = A1.229% C
RD = 22,790 C LANDING AND DACKING INRUT DATA Z8MMBN 3.8C«
RY = 23700 €
Ry = 246190 COMM /LN /LGP TS LOVSLr LGLCILGLSP LGOI A, BRCF
Ry = Q3030 C
Re = 36,030 C 9981TER (5R8) INPJT DATA BLACK
R7 = R7.000 C
Re = EY T NAMIUIST ABT#HTV,,LTV,HR LR LI, NXsN2HFS ‘
TRa = 43,1399 1948, 4 X <1, SFHpVE,PCs 32 SNDSLNG
A - 30730 pFALy THIN,RHIL , 4SS, TAUSHEF,LFS,DELP2FAR,RHDE3
9] - J1000 GrTA JR,RH4F K2, SWs€7sX3o K4 ACD,FAF,SAW,FAPB, TAUPY
93 - 12.700 BrNFAZSFT»S49TP,; 34920, K4 =
93 =~ ERE 2ol Jo) AaNCTOS)NCALFANTRS, FWDA,CTT®S»CTA,CSTPS,CSA,C3TPS
24 = A eNND 7sCRA)ATTPS,ATA,ASTPS, ASA, ABTPS,ABA,BASTPS,RASA,T25CON
95 - 157220 RabGTRS ) WhPLF»WLET2S, TLTPS, TLPLE,TLETPS
94 = 364700 RyMEITPSMCSA, WACON, TACIN, 18A» T3TPS, 1B, LDAILITRS, PROA
a7 - 377320 D, PRATPS,PRYC PP, AYCsSCASSCTPS,SWISSWCH WS
] - 324790 4P, G2, HHEAD ) I4TAD P HULL p O L Lo FTU, RN, MATL, HCLEN, BCLEN
07 - 334730 SHMELEN,FCLENSCPLGI
1097 = 1232072D $1aPENSF ) IENSHpPHITHFTIT .
101 = 1214230 1,PEIS94, I49P,FT JP, IMSING, PRIPSY,M3DULE,»PRESF,PRESY
172 = 1372¢79D 2, 403259, ACSDEM S ACSPRS ) ACSENGs ACSSYS,ACSMBD .
1793 = 133790 I, MRIMISL,FIXDAT,IINCL ) PERSEHN,IRESD, IRESV,PLIAYY,PLBADD
104 = 196000 4r»FIXIIR,FIXWIR,PPR,4YDIRK,ELECL,AV]IONG,ECLSE
- 105 = 1750200 5,PPIIV, Q15| 4, TA3PIF,SJRFL,OLLPLO, wIPREP
174 = 1976220 brLRETILGVELILG.ChLGLSILIDIASBRCF,AX2, AX3sLNDYDKK
127 = 137730 C
17< = 132720 IF{De20e¢?¢D2) /Y T3 2
127 = 113.000 [VRPT L)
112 = 1197200 2 = [IF(TIXWAR.3740+0s9RFIXBRBeGT+D:0) GB TH 400
i1 = 111.000 LD2=]
112 = 112.000 LMGe 3LC
113 = 113.090 CALL AERA(ANSIIWICTHWTHETAL,WANZ)WRsSAIL,SRUDSVI,PVIWESG
114 = 114990 10755, 8URF 19D M3
115 = 1135.000 2owviTreBRTRIwTARIE , WTIBLCHLEWINTESWATL, WAS»WADR, AAH, WAP
114 = 1144229 3, PHINGK, GPIBY _
117 = 117027 1, TAIL,TAST2, TTRIRI,TLI ) WRUD ) WRS, WRIR2 WRHs WRP,PTATLK)
118 = 118,000 CALL STRUCT(ATARBZ, VB WBCT)WTHETA,ANZ, WBISAIL,SRJDsPY
119 = 112.200 AsPRP1,R2,L
122.= 122222 106372510 GR2G3+G62579058059,531003112312,6152G18 . -
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121 = 121.700 2001795318,%51957225 3230324, 06P505260G272G32,633,63%
172 = 122.700 3553330 734A)
123 =  123.020D CALL THERVI (NS =S 52 802 TTTPS TN 2 AGATINIL ZAT2 TWT, TLEWY
124 = 124400390 1,PL3ATPS,RASENT, IBTWT s 2TPSCN, TTATSRTPSWT,MCSWTSLOTWT
125 = 1254720 2IPRANT»PPPI,2HYL s SCWT)
176 = 124.000 CALL ASCEMT(TARPIND,ENGPAL,ENG»TVC,CONTR,PRROUTL
127 = 127230 1)FRISYS,FAD,PRES, ZHIL,PREVAL,FEEDS,DISC,MISC)
122 = {2R.090 CALL LADSYS(LNDDC,NGL»NG2,NGI,NSEAR, MG ,M52,403
127 = 1294000 1,MGITARSAX1,AXP2AX3, AXIEARNI NIDKKY
13% = 132.700 C MISZTELLANTIUS SJUBSYSTIM WEIGHT CALCULATIONS
131 = 173149200 “ml.d
132 = 132.0220 IF(3JRFTerTede0) <®30)
1372 = 133.730 SUREZe1060s+3e454SAI+xw(360041¢67#SRUD)+SURFK
136 = 13440390 PPAIePPUQ

135 = 1956990 HYDISPPAL o w ((WRG+C#TST) /85250 ) ¢+HYDRK
170 = 1744790 TLECeILACrepRNRee i RUDoa (L 1eX)}/ 74T
{37 = 137.090 AVIINTsAV]IING
132 = 13R.0DD ECL39«ECL3Y
132 = 133.030 PFRIVePPRAY
147 = 1427900 TARDIN®TAADRY

— sl - 1s4i.DD2.C__ = -
142 = 142730 C 3¥S SYSTEM CALCJLATIANS
143 = 143.000 C -
144 = 1444000 ATPIIPeALAAL I (TXA(OMSIVT/(3217443M5]I5P) )=1,)
145 = 143200 WIPIIDAL AL A (ZXI(IUIDVP/ (3241 744IMSISP))=14)
144 = 145700 WFUSLaATRPIIP/(1e+3MR)

e 187 = AWT7e000 L WX EQUIeWEYEL I
142 = 1444730 VREUTL®(WFUZL/DENSF ) @1e15
147 = 143730 VOXe(-9X/DENSP) #1415
137 = 132000 FTANC®s /2o aRHITH2ARESCWVFUEL/FTUT#1728001 28
151 = 1312230 JTANC= 34 /20 wRHAT#IQESI/FTUTHVOXE]172Res].28
152 = 13527390 VPRISe (PRIGABVAX+PRESTHVFUEL ) /PIESIMRL 47
153 = 153000 PRESTCmIa/2.4RHIPwPREIOMMYORIG/FT Pl 72Rew] 428
154 = 134730 WTAUT«mFTLUK+RTANC+PRISTA
163 = 1535700 ATOME s W TAMTK+AMSENG+PIRPSY+MIDULE [ _
186 = 136090 C
157 = 1377200 C ACS SYSTEw CALCJULATIAINS e —
13 = 1532990 C
182 = 153730 ACSVILwACIIRI/ATSOINSL]D
167 = 1424320 ACSTNC334/2e#RPHITRACSIRSeACSVEL/FTUT#{728e%1,2%
141 = 151.030 VPTNCsACSYI wACSPIG/PRISAMe] 447 o
162 = 1620300 PTA\C830 /2. 8R4THPIEGIMRVPTNK/FTUP#]1728s81+28
183 = 153+700 ATAZT <o (ACSTNK+2TNC) #1125 - o
164 = 1454700 ATAZSanTACTK+ACSSYS+ACSENG+ACSMBD
143 = 1543202 ATAIXsATINS+ATACS
146 = 14543300 3RAV[==9R3Y]S
167 = 1472322 C
162 = 14841320 C 9RITER MISSIAN HISTHRY
1639 = 163.200 C . S
179 = 172720 SUBIIYBWWT4TAIL+GI74TITTPS+SIRFC+TAPREBP4WTAUX+9IBMIS
171 = 171.222 1+PP yR+4YDIELEC+AVIANIHEC| S9+PPRAVIINNDIC+TABIRS
172 = 1724000 SUNLEsSURADIRY=FNG
172. - 173.200 IF(FIXDATe3T90¢0) SJUNCHTSFIXDaT-SUBDRY . I
174 = 1744730 IF(SIXDAT53T+Ced) 5G9 TH SO
175 = 175320 FUNZHTESUDLE*"UNCL . . .
176 = 174200 50 INRYATeSUIIRY+BRINIWT
177 = 177.000 FINANT=IDRY/THPERSINGBICSO+OLIADY
174 = 178200 GLANATEINAT=PLIADU+P_9ADD+BIESY
177 = 179.000 9INJAT=a  ANWT+ACSIRA+AIPREP=IREGV=PLBADD+PLOADU+IRIFL o

1R = 13D3.200 IF(2eZ0Qe0eD) 9TIA2840ID
181 = 121200 9L.BATeIINJuTH+ATRAD R
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182 = 132.900 IINLImILBANT=WIPRRP
123 = 133.900 ILLAL e BAT=WIPRIPLP_BADY
1Ry = 1347200 533 T3 800
185 = 133.000 C

. 184 = 18442230 C FIXZD WEIGHT PBRIITER ZALCULATIONS.

187 = 187730 C
124 132200 400 9LLPL9=9{ | OL%
189 = 133%.799 AROI9Da,9PIRD
192 = 1322022 PL3ADJsPL3AD).
191 = 1317200 ILANT= L2 p+PLIAYI+NIPRAP
192 = 132030 3593 CONTIvVUE
192 = 1330930 ET JIAIN
194 = 1344700 £\D
195 = 133230 SUIITITINE AERY(WSGaN3CTH»WTHETA WNZ,WBISAILSISRIDIVSE
196 = 13%5.200 12PVynZS3sTSGrSUICTHLD3,LMG
197 = 137200 20T re STy WTARIE , wTIACKILEVIWTEIWATL o WAS, WANR ) AAH, WAP
192 = 13R«DDD 3 PATNG GPRIBY
123 = 133.220 1oTATL,TASTR, TTIV» TLZH)WRUD S NRSH)WRIR» WwRH» ¥RP,PTAILK)
2N = 233.990 RTAL LAMA, LHaMa Ko NZaLZ)KEAS,LAMEP, YPsKP,LEW
24 e 271799 1oWudD, MLy PI, [ D25 LMS
cem T = 2026000 DJIMINSIAN AR(P)S53(R)1eLAM3(2)2TACR(2)2TACT(2)
A1 e« 2934700 1oRCT (P s THETA(2) 2 NZ(2)2DELD(2) s LH(2)2PTAXC(R)
204 = 224.000 2oPTIXTU2ICHEID)sRAV(2)2FA(2)2CS(2)2TAUL2) P TEUP(2)
293 = 273.000 VoA lP)aC32(2)p TMIN(2)IULE(P)2WLE(2)sCLEL2)

. 204 = 2)34.220 4pZMYIDJ(2 )40 (P )0 dC2(2)2CM1(2)sBLPL(2)2BLP2(2)23CML(2)
207 = 2372320 TRMIIN/RWRT/ AR )S3sLAMR I TACRITACT»3CT,THETASNZ»DZLPHLH
203 = 23R.02D L1 PT3I¥CPTAXKE S CRy R4, F A LSaTAL, TEMP) UNiny 39 SEXD,2 S o RBM
207 = 2934329 3pEMAIUIASHOKR ) NBRTL oW s ACP S ML HBLP L2 ALP2,3CUY

210 = 21240290 22 LIaJLESCSRATYMINSWANS (222 TANS(22)sSLY,SL2s2LE
11 = 211.000 CAMMIN/RUIN/CEASHATLP,AICP UNATL )k ABS, WINGK, TLD3+SMGDR) TLMG
P12 = 212700 COMMBN/RWRYT/RDC»UDJL2URSHVIVESLVTSSPRUDS TAILK
213 = 213,290 COUMaNi/MaTNy PRSP ,PRIPH,RAT,ICANTOCANT,8CANTY
214 = 214300 129CANTP, NIENGRANIINGY, THASL s THISL THOVL TOVIFL D4R
215 = 213209 PaTFyFTu, FIXHRN
215 = 216220 3,15235,15°3v,15P935,15P83v,SCD,8TwW
P17 = 217999 GaHs IVIIIR, INTSSTATYIIOVEINSDVEINST
213 = 2{%.7)) 30RE_ s THAITC, THES T, THITC,» ISPRI [SPR, PRIAPAT R i
217 =« 213.590 ApPRIDALIHPIIPIZ ) EW(2)9dVONCHNDVBIDOVTITC, WISCDL3INAT,SLANWT
222 = 227320 T INJAT oL OWT 35 IN 2 LW TITAL2S2PIMATCH,» TLLSSR, F3RP
221 = 221200 Rp943LD»ALLPLY,9L94LB» IMS]SP, IMSOVTIBMEOVP, IM]
AP = 2324030 Iy LINGPHTAI9, TRAZ, SENS» GRIWSMINGLW
2723 = 2239530 C
PPh - 22447000 C JRAITER AERBSUIFACE (BAERY) INPUT DATA BLSCK ~
2P5 = P23.200 C
294 =  224.99) NAMILIST
2237 = 227030 1 AR,SG,LAMI, TACR,TACTBCT, THETANNZSDELP,LHsPTBXC
223 = 22%.990 PIPTAXE,CB, NI FALZSaTAULTEVP, UNWaCSRI TYIN
P23 = 223.000 UL KEAS,AICP, UJNAILSIZLESALILD
232 = 232033 4pRITHRUDULIURS»WLE
231 = 231.200 SsWAIIIVTIVCILVYT»SPRIUDS AINGK, TAILK
232 = 232220 6rEMIDVI AL w22 CM1BLP1R) PPRRCML, SMGDR
233 = 213000 C
234 = 2342300 TLOI=LO]
235 = 2334000 TLYS3LMG .
234 = 234000 IF(2:E2Ce2eD) (9 T3 20 .
237 = 237300 INPYT(D) '
238 = 238,000 20 _ CALL wING(ASI/WBCT2JaILANWY SAIL,LEWI NASsWADR, AAY, WAPS WATL
237 =~ 233.000 12472, T, w3STR,GPRYY)
24) = 2434990 ANZENZ(J) :
241 = 2414909 WR®3
P82 = 2434329 ATHSTARTHETA(Y) N i
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CALL VTAIL(JrBLANNTINSG» WBsSRUD,TLE,WRS,WROR, wRH

SURAINITINS wlMA (WS AT o s PANNT,SAIL ) LEWIWAS)AADRI WAHS HAP

PIPTINE(2),28(P)sRAV(2)2FA{P)aCSI2)aTAU(2) 2 TEUP(2)

Y2 TOCR(2)2THCT(2)
YoLH(Z2)»PTRXC(2)

sWLE(2) s CLE(2)

455M3IDJ(2), wC1E2) 9 ALP(2) 9 CML(2)8LP1(2)43LP2(2),32M1(2)
CAMMIN/RWRT/ AR, S5oLAY, TOCRI TACT,ICT, THETA,NZ,»JELPILH
14PT3IXCH2TAXE rqu4917AlCS:TAJ;TE“P[QﬂNDBJSEX’)QL!RSN

M1,8LP1s,ALP2,3CH41

CAMMIN/RWRA/CFAS)ATLP s AICP, UNATL» WwABS, WINGX, TLDJ)» SMGDR, TLMG

)

S*I;UAILP'FE"ICP-CF/E-'(?--(I--LA‘B(J))OCQCFO(IO-BSC)’(AlLP))

}

243 = 2434900 weGa35(J)

Puy = 244022 WACT=ACT ()

245 = 2u3.7990 WESREEEXP

244 = 2454200 wTPR3TeWANS (20)

2347 = 474000 ATN328WANS (21)

249 =  24R.7730 PV ING<csw V3K

9441_ - 2434790

2517 =  230.230 1,wR2,TAIL,VBsPs TRASTR, ARUD)
251 = 251220 yHe3 S

752 = 2324700 AT EIR

2571 « 23347990 TS5eSA(J)

234 = 2344700 SIJRC]8SPRYD

M55 = 2534790 TTAARTANS(P22)

PH4A = DP364000 PTAT <=TATLK

P87 = 337,790 RET Y

TNT e 9 ,R4700 )

147 = 237909

DK e 2474009 1o WAL sWTE,AnT)WIESTR,3PRIV)
261 = 241900 QEAL LAMR, LH»Ms <N )L o KEAS,LAMIP,MPyKO, | F A
PHD e 242,700 19 KMD3, <MC, P, 90 LM

243 =  243.990 ITUINSIAIN AR(P)s35(2)LAMI(2

T SRka = 24k4N00 1) RCT(2)s THETA(2),NZ(2),DELP(2

763 = 2634700

2h4 = 2464700 FoUAN(P)sCOR(2)2TUIN(P)HULE(2)
P47 = 267019

P2 =  P4R.000

287 = 2434700

- 577 = 737941999 3,5M90.1» ASABKR, WARELIWZ 12 ACRHC

271 = 271.730 2 WLTsJLESCSRyTYINS WANS(22), TANS(22)0501,SL2sZLE
272 = 272,790

777 = 277790 Jet

274 = 278900 IF (NS eGTe0eN) S3LJ)®ILANAT/WWBS
P73 = 2734200 __CALL TRIBAX(J)OLANKT)

274 = 2764000 LN TLOY

277 = 277.720 LM5aTLMS

273 = 27R.100 3SC«3ZT(L /R

279 = 279,070 CRm(2e#SG(J)) /(38 (1esLAMR(J))
PR = 289100 AT e3=eH4CT ()

2Ry = ?P1.700 STRI®PTAXE (J)#RIXD

RS = 9r3.000 CFer3s(1s-R8Cs(1s=LAM3I(J)))
DRY = PR 590 ’Q{‘C-CQ/(‘F

PRG = 2244700

PRS = 2935.01) CASTalAS(THETA(J)/572958)
S PR4 = 2244000 TRe(PeaQAIL)/(REW(1e+[AMB(J))
PR7 = 2874000 CTaZe_AMa()

IRT = TIRGIND TRe*eTYCO(I) T

289 = 2830500 TTeZTeTACT(J)

2a) = 2303.300 CMIa(CR4CT /P

291 231720 SRUdeSATL )
295 « 272,990 HUESR Vw1 bbeaxTASH 2o oCYR# 524001
P03 e« 237,790 ALTI®12¢#(TR+TT) /20

P34 = 2344900 HLLRe3E/CHST

205 =  935.790 WASs AL SSATL

294 = 2364000 AADR B (CMRe (RAY/4LTR)I#8:75) 820
237 = 237090 WAHR (4D #d [ ReR-{Msse2) 820

P22 = PIR.I00 ANAP e 258 (pAS+WADIRIAAH)

Q1 = 239.0930 WAL _mvAS+-ADR+AAH+WAR

Y = 3I32.030 SLE=CLE(J)wSEXP

01 = 371.790 WLETe2ePaG L E¢WLE())

02 = A32.000 LEWmALETaYLE (U}

203 = 233.000 FMGa3LANWT#350900./215115.
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I”G = I eDDD GPRIVE 43I DIeweInSMEIR®e 0778 (s DDLSFMGe| MG)Wue9

N3 = I5.200 STTaSEXPeSTRE=SAI L =SL T

I = 904.000 WTEa1eR78STER (o001 #BLANWTWNZ(J)/SG(J))ene?

M7 = 27,700 IF(3.2¢5TeSL1) NTE1eB78STES (s JOL1#JELP(U) ) 0,2

INR = %L1 AWTBNANS (2D ) +LEA+AAIL*WTE+ N INGK+GPRBY ~

09 - 373.709 HASTI=AANS (2D )+ _E4+WTE )

117 = 317000 RET JIN

31t - 316720 ZND

12 - 212.990 SUIRIUTINE VTAIL (JsBLANWT,WS3,WRsSUD,TLE» WRS, #RIR

T = 31190 19WRHr #RP, TAI L 4V3, 2, TASTR, wY)D)

A14n = 4200 RTA. LAMR, L MM NZ LT ) KEAS)LAMBP, MPYKP,LEW

5 = 135.000 1o KMID, WMC, P2, D0, LS

N4L = A6e7)) DIMINSTION  AR(2),53(2)YsLAMI(2),TICR(2)STICT(2)

317 = M7.70D 1,8CT(2)sTHETA(2) ) NZ(2)2DELP(2) s LHM(2)sPTRXC(2)

318 - RyR.299 CePTIXELP))CBIP)aRALR2) s FA(R)2LS(2)aTAU(R)TEVP(R)

M = 313.700 FoUdd(2)2CS(2Ya TMIN(2)2ULE(2)»WLE(2)2CLE(2)

29 = 34320 4oEMDU(2) S ACI(PIINC2(2)2CML(2)4BLPL(2)28LP2(2),3CM1(2)
3?1 = 314000 CAMMIN/RWRE/ AR, S35 LAMS, TBCRITOICTSICT,,THETA,NZSDELPSLH
PP = A22.90hH 1sPTAXC,PTAXESCR)R~D,FA,CSyTAJ) TEMPHUWW By SEXD, S 2 RBM
173 - 1734999 3,543) 1o ASKPK, WIREL ) WC1sWC25CML1,BLO12BLP2,BCHUL

Pk = kNI 24WLTaJLESCSRaTMIN, WANS(22) TANS (220,51 1,SL22CLE

2% = A23,7)9 CAMMAN/RWRVT/RNC ) UDJLIURSIVIVE,LVT,,SPRUDNTATLK

1PhH = APKLNDY) Je? o
£7 = I27.700 TEIYTVCeRTe0oN) B3(J)elWSGeWBeVTVC) ZILVT/124)

9] - 32,199 CALL TRIANX(J,ILANWT)

327 = IP3.NID CAST=la3(T4ETA(J)/572958)

19 = 133990 CRe(PewSG(J))/(38(1eeLAMB(J)))

= 130D CY¥eZ3wAMay) ~ 7

QD - A32.079 JF(SPRINe73TedeDsANDsPe(3TeNeD) GB T 5§

7?7 - 111,090 TF(323UD+5740.0) TTOCRTICR(J)*a5

3= .00 IF{323U2e5Te040) TTACTRTACT(J)4.S _

35 = 334030 3§ TReZ2«T73CR

A4 = A3440D0 TT«STeTTACT

137 =7 337.730 3583307 () -

133 = 27,030 CMReLCH(CI+LT I /2 . ) ) o o
337 = 337,090 SAUINeIDC+S3( )

WA = 474090 QUMESUN e 448 D L al2ewCMR2e5%e001 o o

Wy = JuieNn) 4LTIe12¢8(TR*TT) /24

42 = W?2.D9] HLL3IRE/CaST

W = WeDID WIS JI5eSRYD

44 = ALenDD WRDIn s hABCMRS (QYM/HLTI)#ue75

S = AWR.NN) WRHe el DuH| [ PoPHMusep

ECL I I'Y ¥ iele Lo} JF(SPIUNTedsN) 39 T3 10 _ _
W - AWTeNDD WRS=/)IGeP,

YR = WRGNDH) NPNJm IR,

- T4 = 35349307 T afHealHeD,. -

I[N = 3336900 1O WRPae?58 (A5 +WRIRLWRH)

31 =  331.91D #RJIeARSH+AIDR+NIH+ WRP

25 = 352,000 WLET® 2 2uCLE( I #S3 (U +ALEL)

137 = 233300 TLEmJLEtJ) »W ET

IS4 = I[EADD TAI_=sTANS({22)+wWRUDSTLESTATILK

755 = 3334490 TAGTReTANG (22)4TFL5

5% = 355790 T RV

157 = 3374329 £ND

A58 = 152000 SURIFITING TRIRIX(JrILANAT)

T3 = 339000 REAL LAMB,LHsMpXpNZH)LZsKEAS)LAMBP,MPaKP,LEW

367 = 3574000 _12KM3B,€MC, 4P, 30, LMG

J41 = 13514990 IT9=NSTaN 5(22)

342 = 42,900 JIMINSIIN  AR(2),53(2),LAMB(2),TACR(2),TICT(2) o

I3 = 53,290 1rRCT(2) 2 THETA(2)aNZ(2) s DELP(2)LH(2)2PTBRXC(2)

84 = K490 2ePTAXT(2)»CR(PIIRHI(2))FA(I2)2CS(2)2TAU(2)2TEUP(2)
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AR5 = 554000 FoUAI2)aC3(2)2a TMIN(2)»ULE(2)»WLEL2)sCLELR)

k4 = 368,990 49EMIDU(R) S ACL(P) s ACR(2)9CML(2)23LP1(2)sALP2(2),3C41¢(2)
/7 = 34574020 CAMMAN/RWRT/ AR)ST»LAMRITOBIRITACT,3CT, THETALNZ»IELPYLH
168 = 4R¢10D T 4PTAXC,PTEXESCB,R49,FA, CSaTAJs TEMP ) UWws B, SEX?, S, RBM
183 = 243.)) 3253 Jr A PKR, WBRILsAC1 2 AC2ICME»BLP1sBLP2,RCUL
70 = A794799 2rwlT e JLE 2 CSRITMINI WANS(22)» TANS(22)»SL1,SL2,ZLE
71 = 371790 C93T-:5=(T45TA(J)/57'2955)
172 A72+990 (ARSI #S5(J) ) eael
273 = 373.72) CRu(24 8861 J)} /(34 (1 e+ AM3(J)))
74 = 7440930 CTa~3s AMa( )
173 = 375.79) CFaZQu(1ea(1e=LAMI({J))®RCT(J)/T) -
I7A = A76+470D TRaTITR(J)s1P«#(R
A77 = 3770I) TTeT9CT(J)e12ealT
378 = 127R,7300 IF{LAMR{J)aEQeDs) TTOTACT(Y)
73 - 73700 MeTT/TR
TRR = IINLAAN TFaTRe (10 (M=1e)ea3 T IV 7)
My = 214990 MPeTT/TE
ARD = 292,000 RHSOZeTFa(eRé420MD)
w1 143999 TF(IISPTe . Tel1Pe) WGPZel?e
R4 = 4799 1F (M2¢5Tee¢97) 4Pme99
295 e 834000 LAM3IPeLAMA(J) /(e (Je=[ AMB(J))#aCT(J)/3)
IRA = 2364790 KPeJe s AMIP/ (1 e+ AMBO)#((Jev3euMP)u(]eeMPlepsn0u2aA0G(M4P))
RT7 = 237.900 KP3dD/(Jsa1P)su]
"R = 841930 KPaLP+ (1o AMAP ) /(1 o+ AMBP)#((2e=7 s uMPsilenMPan?)
187 = 333.7930 Lef{le=MD)etaaMDesInAI3IMB})/3e/(1eoMP)sak
0 = 33)6M9D SCTaRIT(J)»(CR4ZF) /R0
9] = AenD) 8T ¥PeIG(J)=8CT
122 = 332,000 STRZe?Y3IXC(J)¥STT
193 = 3713709 STRZeDTRXT( J)GEXD
794 = 3I4.799 Wam Jrs (J)a850J)
195 = 335,090 2Ea3=3CT ()
334 = 344700 TANTeSINITHETA(J)/57+2958) /COST
987 = 237.799) TAM_E=TANT+Z2em(1o=AMI(J))/(AR( (104 AMB(U})))
I0Q = 378,709 TANTERTAN(Fwboev(e=LAMR(J))/(AR(JI® (L1 e+ AMB(J)))
92 = 399,700 ANGLZ=57.295R8ATAN(TANLE) ]
4C3 = 4990e79D ETANNGR(eD44AR{J)w(o0D494e0DJJ454ANGLE) JOLAMA( )
401 = 471709 CTANNGOETAUNG=sDSs (LAVB(J)meb)ne? ) o
A% < 4934090 STAJUNGERETANNG4o 410 (10+e00033#ANGLE) = (6D4=ANGLE)Y/3000,
407 = 473790 Fee308=5. aETAWNG
TA% -~ »)4en3) SECaaR(J)wTANTE# (e D1hRE)
4N3 = 433.090 e (AR () =be)u(1e43e5aTANTE o203
404 = 47364700 IF(AI (U)o Telbe) HadeD
407 = 4372300 CRAIZLEF4RIE M
402 = 47%.009 STAT=ACT (Y /3
407 = 43934700 CFacu(leeFTAFs 82 ) uue5+(20e ol TANNG=Re4RR)8ETATHSD
417 =  419.22) 18(le=ZTAFuu2)uueS
411 = 411.002 SETTa5C0 (1 emhebb50ETAF+7 431 64ETAFS42) 0 (1e=ETAFRO2 00,5
412 = 412,709 dF e 4n{lealbeSuETAC #2421 euETAFwal)n(1oeFETAFRaR)n0eS
413 = 413.02) CPARFRFT4nIEF44F .
4146 = 4164200 SLPATIa(CAARCL+ZBARF)#ETAF/2e
415 = 4154090 ETACXO8 (ETAWNG=SLRAT]#CTAF®eS5=(1e=S L RATI)#ETAF)
{4 = 4164229 1/(1e=S_RAT])
817 = 417000 TTASYOwETAEXPeR/AS ]
T s1R = 418.100 CTAJNF@ (2.8 AMBP+1e)/(Fem(LAMBP+1))

417 = 413902 LCPeLTAEXP/ETAINT . - ,
420 = 4294200 SLTATS((ILANAT=eSHWW) #NZ(J)+LH(J))
421 = 421,309 SL1sSLTAT#(1s=SLRATI)
422 = 422,990 SL2s)ILP(J)sSEXP

%23 = 427,300 SLeSL1 -
824 = 4244000 If (SL2«GTeSL1) SL=SL2
475 = 42354900 IRYeILCOS(SL /e )#3IE/(2¢#CAST)I R (200 AMBP+1 )/ (LAMIP+ )
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k24 = 4264300 IF (JeEQe>) IMMaksOuwRIM
427 = 427.000 TC3sZ3(J)#IRSPL/2De
422 = _42R.090 PFmAM/(TFeFsPTIAXE(J)#e8)
423 = 423.000 TC2VIeTZA/{RAN () wi bhe ) e2F/FAL))Y
430 = 4394200 QRNNE2 e #PFaapaRIGIC/(TMBIU(J) S TCOVETF,8)
431 = 431.230 TRIAF=TCA/Z(RHP (U wldbe ) +RRNN/FA(J)
_ 432 = 432.030) TRSTFeh7450R3e124 /(3018162224 EMBDU(J)#PTBXE(JInCF#12¢#RISPL)
433 = 433.000 IF(TRSTF+AT.TRIRF) TRIBF=TRSTF
L2h = 434000 TRI3T=TCA/Z(RHI(J) nlkhe)
433 = 435000 NPT A (J)sTRIACWTFoCFoPTBXE(J)#12
435 = 4354300 WEI3TeQH () #TRIBT#TTuCT#+PTIXE(J) #1120
437 = 437.700 ASWICme I5Re (ARG (L we DDI#SINITHETA(J)}/S57e2958) »3E/
43% =  43%.7300 1(COSTaTF/102)))wwed?
437 =  433.000 53(1)=2¢2C3(J)#STBE
448 = 449.220 G{7)szenCa(J)sSTBZ
441 = 4414900 50312343 () #<P*3EuRRMN (Le+ AMBR)/(FA(J)neBaTra(2eu AMBP+Le) )0 lik,
442 =  H42.000 GlUImRHD(J) #RMuR wCOSTRICT(J) 184 e /{FA(J)weBaTF)
443 = 5434020 TCeTRe(f1e=(1o=M)w3LPL(J)#2e/BE)
Lhb = 4444700 MPDWTC/TF
445 = 445,109 KMPO8Pen(1e/(1eaMIP)+MPPRALBG(MOP) /(L0 aMPP) #e2)
o bus = _4nken)) KMCoALA5(iPP)/(MP3=1¢}
L47 = 4474909 BL1e(3L21(J)=ACT(J)/2+)/08ST
442 = 44%eN30 AREL18R49(J)#nwCl(J)eNZ{J)#3 L 18uDu]144eeCMPP/(FA(J)*sB2TF)
449 = 4434100 ARTL I muRE {4RHB(JI#WCI(J)eNZ(J)sBLl1# 404,2C5T#ATT(J)/
455 = %452+000 1(FA(J)weBsTF)
451 « 4314000 AR I mASEL14RMA () #WCL(J)eNZ{J)#BLI#124/TAU(D)
— 45D = 4332.0D0 __ _ TCETRe{1e=(1e=)u3_ P2(J)e2e/BE). I
453 = 453.1700 MPReTI/TF
454 = 43443200 {MPOBZes{10/(1e=MIP)¢1PPUALDBG(MOP)/ (1e=PP)4s?) _
485 = 4354900 8L2e(RLP2(J)=RCT(J)/2)/CBST )
456 = 435000 ART_PBRAD(J)owC2( ) eNZ(J)#3L 2922081840 0MPP/(FA(J)»s84TF)
457 =  437.230 WRIL PeARE| 2+QH( J) s Wl2(J)NZ{J)#BL2# 44 o#COSTERZT(J)/
o 4D% = 453%e000___ __ 1{FA(U)we8eTF) . . __.
489 = 4334790 ARTL2aWATL 24NN J) wWl2( S #NZIJ)BL2RI2e/TAU(Y)
467 =  #53.200 ACMab e 8RUN(J)SCML(J)®IZML(JI R 880 nCMC/(FA(J)ReROTF)
461 = 461090 ARRTL # (=W2EL 1 =sRE_244TH)
467 = 4424000 53(5)1m12.834R( 1) #BZ/COSTR(2e0lS(J)0(eBaTFe(leaeMP)/2e)0al
467 = 453099 14TYIN(UY#{sBRTER(19=M2)))
WAl = 45644700 5(5)mPeaCa(J)weBuTFaRIT(J) /120
467 = 4634000 B(7)e”e#Q49( J)#IBY12/TAU(I)
4hAA = 44554030 IF(JeEQeR) G(7)3G(7)%e5
447 = 447330 G(R)s (WRIIF+#QIAT) /(2. #RUSPCHCOST ) wBES120
LAR = 44R,0DD) 3(3)wsTRF/(IRSPL)eACT(J) el 2e
469 =  443.000 3(117)8(53(1)+5(3)+35(5)+5(7)+5(8))#0e}
479 « %79%.239 G111 s A2 +316)+5(4)+45(9) )00
71 = 471300 5(12)me¢14aST3E
472 = 4720033 5(13)me14s373C
477 = 473920 Gl14)me10e¢3(3)¢e208(3(7)+G(R))
47h = 4747020 G(135)=+10e3(4)+5(F) w02
475 = 473.000 FU16)2G{1)14G(N)+G(5)145(7)+53{(R)+G(10)+G(12)+G(14)
474 = 474300 1+WSAPCRIWIREL . -
477 = 477200 G(17)mG(P)+G(4)+4G(5)+53(9)+G(11)G(13143(15)
477 =  47%.200 G(1R)=e255(16)
477 = 473.030 5(17)8¢2543(17)
480 = 4334300 3(20)s5(16)+3(18)
4”1 =  481.000 53(21)8G{(17)+3(19)
482 = 4%2.300 5(22)=G(22)+3(21)
483 = 483300 2% 200 1Kei1,2?
424 =  4%4.300 [F(JezBel) WANS(IL)sG(]K)
485 = 435.000 IF(JeZQe2) TANS(]IC)nB(]IK)
484 = 434,000 200 CONTINJE
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WR7 =  4’7.N00 RET JIN
4R = 432.900 £
487 = 423.000 51339 JTINE STRJCT (aTIRBL,vArnBLY s ATHETAS WNZan2  SAILLSRUD
499 = 433990 1:PV191pQEpstG?7;31;3?;33‘3‘”371581695310:3115312t515lG16
491 - 431200 290172718, 519+0225323232%906252353264G279G32,G33,534
492 = 432.79) 3,G3352736)
437 = 433.200 [MELITIT REAL(A=Z)
494 =~  434.700 r£avMay/MA[N/ PR9P3I, PRI, RPTHBCANT»BCANTSACANTY
495 = 4334220 129CANTP,NIENSE s NIENGY A THISL THASL A THAV, TOVL FLBAR
4386 = 43641090 PaTF L FT s FIXHIN
497 = 437700 3,15935, 1823V, 15P935,13P98V,S8CD,3Tw
477~ 432.200 4sHIIVEORA, INC,STAGV,DVEON,IVINST
497 = 433.000 5, RELa THATCH THRSL T THITC2 1528, 15PB, PRIPIT
S0% = 823200 6.P°a°91.P:SPﬁP.rw(E):DvBMC;DvanDVTSTC,dBSCD.ﬂ]VdTaSLANHT
301 = 9)71.200 7:51VJ~T1BLSNT.SGLﬂnLGL:MSIAL‘Q.PgﬂAICA.TL§:Q.F’RP
302 = &232.230 8,94 ILLOLY, 9.3 4LO» IMSISP, IMSDOVT»OMSOVP, MR
523 = 523.200 9, L9NG”r 79,9, TAWE, SENS, GROW) MINGLW
S0y = BI4e000 CoMMIN/RTID/
5303 = 5254220 1 ASTs-HTVILTVaHS L3S LI P NXaNZHFS
5n& = S)D4s220 2eHF 4L X
307 = 8537s000 3 ¥1»3FW,VZyPC, Ny SND2LNG
507 = 8)3R.00D boFA_, TMIN,IHIL,»IN9S, TAUS
807 = 873.900 5y TF, LFSaDTLPIFA3, 493, TAUR
A1 = 512090 6aRAE D )34 <7
811 = 511703 T Ko ACD2FAF
312 = 812.000 Ry QAN FARPR, TAYPS
513 = 513202 9¢NFALET»R40TP,INIRPR
514 = S14.700 LYY
515 = 5150000 C yAvoNT CALCULATIONG DJE T8 INTERSTAGE REACTISNS
514 = 5164700 SMARLS (FGua L TayXeHB) ¢ (AL IWToNZ# (L]=LD)#FS)
317 = 5172232 1« (FSeTAVANIENSIwLIS(AI]I/ET742358)0HTY)
312 = B1%.910 24 (F3eTAVSUBENNA#SIN(AI]/5742I5R)S(LIFLTV))
517 = 513+930._ . _S5YA2« [FSTHVSNIENGALSESIAIL/5742958) 0TV )
S2° = 821,700 1-fT"’V'\J'VE\JSB'QI\l(lﬁl/S?'ZSS!)"LTV’FS)
521 = S521.200 2= (N 3,/ Torxer3aF5) ¢ (BLANTRNZ#L_J#FS) -
3722 = R22+930 RPe3MAR /L1
523 = 523.200 1 =5MARD /LI
524 = &244700 QLeTIVENATNGREFSs =BG (AY] /572958) =L UNTaNXeFS
823 = 523.22020 C __SHTAR CALCJLATIANS
324 = 524+0300 SP1T_ =21
527 = 527200 SLTI221=.BATeNZsFS
323 = ®2%.700 C MOMINT CALCULATIONS
227 = 3523.70) MRIT_s31%X
3949 = 537790 MLTIO2mR e (L ]=L®)+ILBANTeNXs-{B8FS
333 - 531220 14(31="LAIWNToNZ#F5) LD
232 = §32.970 C THRIJE CALTULATIANS
337 = 533.920 TR2TI1aOVe(e4aV3n{2e+4AF=(HLO-HL/ (2 %HL+WBCT#124)))
534 = S34.002 C Fad) STCTIIN WEIGHT CALCULATIAINS
. _R35 = 8533.00) G1%<1#SFW

534 = 534000 GPxeDReyCune7Bu(10+208PC)wwe35
537 = 537.000 AF vu5800
R3r = K§3R.700 R4 4= e IR

_53? = 533.000 Gw-?"((-75-3--DC-l#h-~SN)/(6-~NFN'2°61))-'-5~Sd'RHBH-1§§o L
547 = S42¢200 558¢58 (SW/be)wae5e2880

__541 = 5410030 G3s34+G6S - B -
542 =« S42.0300 GhusIEeYsacIRCND
5831 = 543,000 ENGeILANWT#1190004/2151158.
S44 = S684.200 550¢0390 (FNG#eDO1#LNG)#%e9

.- 543 = 545200 558534+65

S4s = 5456000 G7%<7

547 = S47.000 GRe51+G2+53+436 . -
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S48 = S4R,730) G9e3R+537
349 « S43.00D0 C CENTER SECTIIN WEIGHT CALCULATIBNS
352 = 832201 PLYs1R1TL/Z4L
551 = 831300 PLY=MLTR2 /L
582 = 532300 AYsD X/FAL
552 = R53.0700 AYsD Y/F A
_ 554 = S34.000 G1Je(A¥+AY)#]1.28s3HBL#(L]=X) .
3% = R&35.070 T'YT-(Y:?T?i/(wB'Tvlaonwg))~(1-/TAJS)
354 = §3%4920 1F.(T3YT«LETMIN) TBYIsTMIN
SR7 = &37¢990 TRYR(SLTR2/HL)® (1 «/TAJS)
. 352 = 53R.300 IF(TAYSLETRYT) T3Y=T3YT
557 =« %539.000 TRYXa {(SRITL/HL)® (1 /TAJS)
S3AT = 562.000 JF(Ta3XeLE«TMIN) T3IXsTHIN
541 = K41.700 TPAYGs (TRY+T3X) /2
Sh7 = 542.000 G11=T23AYGa(LIoX)#(2e0d  +WBLT®{2.)uRHOSHEs28
563 = 543.270 C CENTZIR GECTIIN FRAME CALTULATIAN
_364 = 554000 CFe{e/1600D
365 = 5535000 DF kel
k6 = =6:0D0 YOSZZu(6eNuCFaM_ TP (ASCTH12e¢)ma2e)/(LFSPEF#DFene)
5367 = &47.709 p5axTSECH (W3 Tei204Pe wHF ) #RHDF/LFS

e QE7 = _85%.200

SYC3Zla(3oaDELPw-_ sH L FS)/(OF#FAF#8e)

867 = 8434930 OXCITCa (16w dELOHNRCTHWBCTHLFS)/(4enDFeFAF)
57 = &72.300 WP s (SXCSECe2e#-L+8XCSECHWBCT#12e )#RHBF/LFS
571 = 8&71.70D IF 43P EaABM) 4RO=WBM
572 = 872200 G12sWaPs ([ J=X)}#1e28
373 = 577,730 C CINTIR SECTION FULKHEAD CALCJLATION
A74 = E7445330 G132~ 8 ((R]1/(PesFAB) )8 (4ew-dF+De»AdRCTH120)
375 = K75000 14 (R10ARCTw12e/(2+0TAU3)) ) 01428
574 = §76.200 5162494 (RP/(2e2FAB))w(henF+2e#dBCT)
8577 = 577.9790 14(R28«RCT/(PesTAY)) ) w128
37° = &78%.200 51585313+4G14
377 = R73,000 516=<2#300.
340 = 8294000 6 CENTIR SECTIIM NING_PROVISIAN CALCULATIAN
SRt = §1.000 417-.5&(“LANdTuo331ndVZ)|(ds/CBS(NYHETA/S?-EQSI))"01
SR2 = &32.000 51225310+G11+5312+4G15+516+5317+4TIRBC Lo
3¥7 = ®33.300 C CENTER SECTION D93R CALCULATIS®N
SRy = S84000 X BEELLYY Yo _
3R5 = §23.7)9 57781 0Rs(L]=¥)#K3
IRA = 888000 _ G321 a68]Je
3R7 - £37.000 52725204624
5234 =~ 53R.09D 523 <
333 =« 5R%3.000 374=31R+4G19453PP+523
503 = 533.030 C CRVIR CALCJLATIONS
391 = ®31n00 C CAvI SHELL CALCULATIIN
8§92 = §324090 G372 3a3AWeTIAVIsR4Geisb.v1.DR0103
o 531 = 533.790 C CAVI FRAME CALCULATION
37 = S3W.000 GPA32P0ed APE (PendF+2¢#WLTH120)/ (2L +WBCT212¢) 0102803
535 = 933.9320 C COVIR LONGERIN CALCULATIBN
53%4 = S36700D 397.113-oAY-?Hﬁ‘_l?o»1c?8l1o3
5717 - 837900 5°RaGP5+GPA+e307
597 = §98.2300 € THR ST STRUCTURT CALCJLATIANS
- 309 7=7 6334990 €T TUR ST PasT
677 = 437,730 LEs(LTVeeDeHTVERD)8e35
401 =  401+000 FT2«ET#400395
402 =  402.200 5P73a ((TOVSNBENGI)/FTP)sLE#RHITPaDFACH2
403 = 403.000 C THRJST GI4BAL PLANE BJULKHEAD '
504 = A7%e000 GIDImIHAORL((TOVENIENGI#SIN(AY]I/57+2958) /(2e#FAPT)
405 =  405+700 TiSNFACAFS ) a(henHF +20 #W3CT#124)+ (TOVENBENGB4SIN(AYI/57429658)
AC& = /144300 2unBCTHI2e/(2eTAYPB)) )2,
507 = 4074000 5318N3ENGI#200e
0% = /22200 5332a25329+G30+3731 _ .
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ﬁ(‘" - £73:990 233wk
1N = A1D4900 Glembpe 78 (PVee 0l )nw0eb

511 = 411900 535a375+46G26437°7+4632+534
£12 = &12.200 "he3354G33
513 = A13:000 53378334524 4534
514 = K144700 RET RN
A13 = A15.090 Rl
414 = 416,190 SUBIIJTINE THERMI (WSS WESGTSG) TATTPS, TWGWT » AGWT s AGLEWT# TWT s TLEWT
517 = /17,000 19p9LAT2S,BaSENT, I8TRT,2TPSCN, TTWT s RTPSWT ,MCSWTLDTWT
~12 = A1{R.DJ00 29 PRANTIOPRT, PHYC,5CUT)
i £17 = 4134000 IMPL_ICZIT 2EAL(2=2)
AP = A204000 CAMMIN/MATIN/PRIDB,PRYP9,3KT,ICANT» ICANT,OCANTY
4P1 = 42140979 12 "CANTP, NAENGN, NIENGS» THISL» THOSL, THBV, TRV, FLBAR
AP = 423,030 2rTEyETWIFIXHID
£271 = 4234230 3+ 15235, 18Py, 182935, 152893v,SCD,0Tw
KIG = RAWeHND G- IVEARQ, INZ,STAGV,OVEANLDVEINST
£33 =« 433.930 5, RELs THITC, THASLT, THITC, ISPy 1SPB, PREPAT
624 =  AD6409) 6,PRIPNL,PRIPIPLCW(2) s IVINCSOVBIDVTITC, WSCI23INATIILANKT
£27 = 4274029 7o INJAT LW T AL SN TITAL»S»PsMATCHI TLSSR,F2RP
422 = 4284700 RN LLEL I, ILINLES IMSISP, IMSDVT, BMEDVP, IMR
AP0 = A29e790 9L AN32, T8I, TAW3, 3INS, SRIWSMINILW
£37 = 4334700 CAMMIN/THERD/NCTRSH)NCA,FADTPS,FUDALCTTPS,CTA,CSTAS
831 = A3170D 1,CSA,CRTP3,C3AATTPS,ATA, ASTPS,ASA,ABTPS, ABA,BASTPS
37 = A32.000 2IRASA, TPSCINSWGTPS» WGALES WLET2S, TLTPS, TLPLE
437 = 43349790 A TLETPS, MCGTI6, MCSA, AACON, TAZON, 194, IBTPS,IBC, DA
A3 = AF8eD30 42LDTPS,)PRIA,IRITPS,PIIC,PPLs4YCISCAISCTPSISWI»SACIWSI
£33 = 4334090  SwCwASG S
L35 = 4A344000 C A/S TRIRECTIIN
477 = 4374719 ASCeILANWT/(SW]+SAC) . - -
43R =  AI2¢000 JNITa{WSC/HS] ) meel25
437 = 433.170) C 390y TIPS LE]GHT
Than = A4D490D NCATeNCTPQeNCASDUNT
a4 =  A14790 FUDATaFANTIS#FADARDUAT
R4S = R&43.A35 CTATaZTTPReCTASDUAT
ALT =  A4.790 CSeTalSTRPSe(SARIUNT e o
P A TY YLt CAATaZRTPSE(3IASDUNT
Au5 = A43.700 CTATACTA+CSAC3A - _
A44 = ALRLNHIND 2TATATeC T T +2WT+ AT
L47 =  £47.700 ATWTeaTTOSeATASDUYNT
CuT e ALR.N00 T AR YTEARTPGEASASDUNT
447 = 4434900 AHATEARTPISAZARIUNT -
TARN = /374000 ATITARATA+ASA+ASA
“481 « &31.79) ATITJTEAT  T+AQNT+ABWT -
655 = £324970 ALATPSENCr T+TKINT+CTOTWT+ATATAT
453 = 8334799 343T4TeRACTPSeIAACASDUANT
A%h = 6344090 IFTVTel3AeIBTPS+]30
ARG = £53477) T23ATaNC T+ WDWT+CTOTWTHATATATHBASENTTPSCON+]ATAT
AR4 =  A36e079 C WINT TIPS JEIGHT
AR7 = 4574709 A JARATSGHayATAN
652 =  £384797 WOLZASNIWARWIPLE
%373 =  433.330 AGTISAmAG AedRLEA
LR =  A§74000 WORNTBaSTPSARARTPSHOUNT
__hA1 = 4A514300 NOLENToWGLEARWLET2S#DJWT _
LD = A42490D TWSATEWIWTeW3LENT
48 =  A43.D00 C TALL TPS wWEISHT -
T T4k = AK440DD TWAsTSGeTACAN
465 =  A434730 TLEASTWAST| PLF
Chen = AG6eD0D TTOSARTWASTLZA
£h7 =  A57472) TwIsTTPSATL  TPSeDJWT
TRAR = £4Re0DD TLENTTLEASTLETPSHDUANT
467 =  A42.700 TTATeTWT4TLEAT
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£70 = A77.9)D MCSHTeMCSTISeMCSABDUNT
TR71 = A714920 LNTATSDALDTPS
A72 =  £72e000 OL3 4 TePRIASPINTPS+PRYD
473 « 4&73.0090 3CcTeSCA#5CTOS
474 = A74e900 TATTOS=ATOSWT+TWEIT+TTWT+MCSHT
575 =  A73.000 1¢LDT~T+°Q94T*°°COHYC¢SCNT
__A7& = £764239 BIBSINsTPSCON
- 677 = &77.000 PPOrePPC
673 = 4784300 DHYZedYC
577 = /73900 RET YN
4T = 4373700 -uv
651 =  4/21.000 5U39JTINT ASCENT(TAP ISP, ENGPAC,ENG, TVC,CONTR,PRAUTL
692 =  £32¢790 1,PD%,YS;FA),9973.:HIL:QQEVALOFFEDSIDISC;q]SC’
£97 = 433030 RTAL MISC,MISCFaJACSNIINGSE
ARG =  A%4.790 CAMMIN/MAIN, PRIPI,PRIPY, HIT»BCANT,BCANT,, OCANTY
ZRY = AR3+30D T, NCANTP, U4ENSY, VST VUGS, THISL, THASL, Vs +sFLBW
AR& = 4344700 2rTFFTae FIXHRAD
. 487 = AR7.020D 15235, 15P3V,»15°935,135P98V,SC0sRTW
LR3I =  KJR.DND 45HsIVE9RR, INCHSTASV,,OVEON, DVINSY
T a9 = 483,999 SyREL,TH3TCHTHRSLT, THRTC,» 1SP0Bs I SPB,PROPIT
477 « 4394990 6.999=ﬂ1;P°SP5=:FH(3)nDVBNC:DVB:DVT’TC:#SSCD:’I“dTnSLAVHT
491 =  4A31.700 TrRININTIALIWT i A5 WL WS TOTAL#SsPsMATCH TLSSRSFIRP
A9 = A72.700 Ry AHILD e ALLALISBLAALD) IMSISP, IMSDVT»BMSDVYP, IMR _
£23 = 4334390 9, LINGP» TR, TAWI, SENS, GRIWIMINGLW
R34 = A34eDDD CAMMYIN/ASPI/PRGY, SP s 4HEAD, B4EADI HULL» JULL#FTU,RAD
405 =  A334790 1aMATL» 4CLEN, SCLEN, HEL SN, BELEN, CPLGT
404 = 4364900 AFNINYET e
287 = A717+000 QAEN3863260
493 = 6384900 £S 9814225 .
499 = 433.090 BET45Twb 72900
709 = 7774020 apyTL=1.
701 = 791+700 3FAY=T7T7 e
702 = 7324700 APRZ3e1097
703 = 773,000 JCHTL®133.
704 = 774000 3RICII=RARS,
703 = 795000 ANtalve12,
704 = 7764000 8P859=100, _
707 = 7374700 AN1Ads17.
702 = 772990 3E5m3e o
To7 = 733100 T5USTEe25,
717 = 712.200 40933857,
711 = 711000 9n933=50,
712 = 712790 M[SZF=10. N
- 747 = 713.090 C CALZJLATE MAIN ENFINE wTe
714 = T14700 ECSTe3AENSG/B3TTHST#eESLP

T YR ST 7TR.000

TTTTTTENS JRICETSTOVEsE ISP

EN3eNIENGRISENGY

CALZULATE TVC wWTs

TVC Jued0N4220TAVS20R.
TVCeTVIJU#NIENGY

CALZJLATE IGNITION_AND CONTRYL ATe

716 = 714000
717 = 7177200 C
C71R = 71ReDD9
719 = 713.700
727 = 729000 C
727t = 721.303
7292 = 722900 C
7273 =  723.930
724 = 724.300 C
775 = 723300
724 = 7284000 C
777 = 7274730
72" = 7284990 C
723 = 729330
730 = 732.200 C

CANTR®3774¢67 ¢ sNSENGA+POGG#NIENGB 53034
CALTJLATE ORAPELLANT JTILIZATION SYS wWTe
PRP JTL=3PUTL
CALZJLATE FILL AND DIAIN AT»
FADSRFAD
_CALTJLATE PRESSURIZATIAN SYS wle
°W’§-*P9E§!((TQVGVBENJH)/(BETHSTOBENGNB))"-5
CALCULATE CHILLDIWN DJUMP SYS WT.
CHIL e (BCHIL/IENGNS) S (TOV/RETHST ) #»« S#NOENGD
CALZJLATE REZIRC SYS AT
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731 = 7317990 RECTISRRTCIRS( (TAVHNIINGY) /(BETHSTR#RENGNS) ) #»eS5s5P]
TT77? - 73247090 1F(SPTe53Tede) C4ILSOe
7% - 7'41-:)09 o C_‘L:JL‘VIE,EP_E,,YAL!.E_"”‘
736 = 73447230 STAIN=BDIAIN® (TOV/BETAST ) #we5
735 = 7153970 vAngnl.SﬂguleI\jnq.ﬂi
734 = 734,920 870y aN9ENAS e (VALVE+PB38#3P8GY)
737 = 737020 ~HPPVeNIENGIavALVE
73% = 738,300 C CALZJ.ATE EXT TANC DISCONNECT WTe
30 = 733700 STAY=ADT A ((TOVNIENTI)L/(SETHST#BENGND ) ) #e,5
743 = 747220 DTAIRE {12580 ADR2e)ome5
741 = 7414200 N14938S0 s «S5eNIADS20) 805
742 = 742.2300 IF(S214ENe0e) NIADBDIAD
747 = 743.100 H20Ve ) e SROuDIADER]« 78
744 = Tu4eN0D AP VesPTsoeu] e5R20D]ADTR0 1478
74% = 7450000 _____ IF(SPT«ERsJs) H20VEHRIV
Tuk =  T4ke000 C CALZULATE FEED JUZT WTe
747 = 474020 APHES ML L¢HAFADUSESHGe /1728,
THhI = T4R.0D0 GPREGe N JLL+AHFAD®SESH710 /177 s
747 = 743,700 THDAPRES,ITAN/FTY
769 = 7334990 THOMeN,
751 = 7514700 [F(MATLSE Y1) T4IM=e0I24D[AD+I08
755 = 732.000 TIF(MATLeENe2) THDME033#3]AD++D1D
753 = 733.700 IF(4ATLeESe3) THDMee0I34D]AD+e 230
754 = 734700 IF(MATL+ETe4) T-DMae0I2#D1AD+ D20
755 = 7334990 JTF{THOMeGTeTHN) THDnTHOM
7864 = 7364000 TANR9PREGIIADA/FTY
787 =  737.709 RLRELRE o o
7RR = 758100 TF(MATLsE3e1) T3IDMEe0I2#D]ADI++ 008
753 =  733.0)0 1F(MATLeENs2) TIDOMEs0I3#D1ANY4+010
T 767 = 742200 TF(MATL«ET3) THDM=e0D3#D1AD3+¢030
761 = 7414230 [F(MATLeE Je4) TAD"ueCI2#D]ADI+«024
762 = 742.000 IF(T994eBT+T9N) TIDaTIOM
767 = 743.220 THE4PRESWIIAIN/FIMN ..
764 = 7544900 T9Ea92RESIIAIN/FTY
765 = 765.930 TEMRDo R
7h6 = 7464000 IF(MATL o570l TEH--OOE.DIAI\IQ-QOS
_T&7 = 7474000 1F(4ATLeEQe2) TEMas003eDIAIN®I10 B
763 = 74R470D TF(YATLeET¢3) TEMee0D3IwDIAING.I30
7/ = 753000 IF(MATLeENes) TEMeo0028DIAING D2
779 = 773290 [F(THAZ«LTeTEM) THISTEM
771 =  771.900 IF(TIE LTS TEM) THETEY
T 772 = 7724200 HOUTTe~CLEN®#314168D]ADSTHD#IKY
773 = 772:70D &»45;_5\»‘4'!5“63.3.1&16‘)1A1NaTHEuQHH
T 778 = 7744230 JACEACLENS(3e1816/2¢)#(2e¢DIAD)#301416%.012
775 = 773+700 EeePRE4HELEN®NIENGI®# o1 416/20(24+DIAINI #3116
V7% = 778300 KeeD1P40 206+ (HCLENS({e+DTADI#3s1416810
777 =  777+000 E+HELENONATNGOw (104D1A)I#3e1416810)85¢/1728¢
TTT 779 - 77Re9DD 40UTTELDUCT+JAC
779 = 7734922 N~ Te9CLEN®3+1015eD]ADDSTHDSRNBN (1e45P])
TT 744 = 7RD.109D E+9T_INaNAENGI#3e14168DTAINRTIE#RHS
7R1 = 7814010 Ysen1? L . .
TR = 7233.300 718434
783 = 7833.000 IF(7O_61e50le) Yuell25
7Rs = 7384000 IF(20LGleENele) Zubell
._. 785 = 795000 HCIJPLePeeNBENGIn(YRDIAINS2Z#0193+DIAIN)
784 = 78364700 E+NBIN39e (YeDIAIN®Z#(22864¢RD)*DIAIN/2Y)
787 = 787.300 E+NIENGAe (YeDIAIN+Z#RHISDIAIN) '
78% = 73840030 Ee(YuDIAD+Zw (o144 )#DIAD/2e)
783 = 739.0090 Xu(YsD]AIN+Z#(e2864RHI)I*DTAIN/R )} 8NBENSTD
793 = 793.900 1F({49+5T4e28) HCIUPL=HCBUPL =X
. 791 =  731.000 SCIJPLeResNBENGI#(Y#DIAINGZ#e193e]]AIN}
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792 =  732.9)) EeNIINGI# (YuDIAINGZ#(o2864RHB)4DIAIN/E)
797 = 733700 E+NOTNGO# (YeD]AINSZ#RHINDIAIN)
794 = 73%.2330 84(1e¢521)u(Y8D]IADI4Z4(+14R43)eDIADD/2)
795 = 733200 Xa(YeDTAINSZw (s 286+RNII*DTAIN/2¢) #NDENGE

_ 794 =  73%.0020 IF{43¢5Y+028) 9CHUPLBCIUOL=X _
797 =  737.020 ¥®INT(ACLEN/300)

. .. 79% = 738.320 HRZ_OSaxeeJ417ReDIADS 42+ 1 4NBENGH
737 = 733,990 E#(eN417R8DIAINS#D2142+8sD1854#D1AINS®D4R)
R07 = A833.23D X INTIICLEN/3004)
R01 = R21+220 9RT1 ISaXw 14752 ]ADOC 2+ 054 NIENSGH

_R02 = 23234990 Eo(eb475«DTAINSR2e0542e e )34514D]AINew2¢B6)
803 = 233339 HS5U2Te e N aSUPTFu (HCBURL+422V4H2DV+HDUCT+HBELSS)
- 204 = RO4)D0 9SUPTe e D1 wSUPTF  (3COUPL+82OV+B2DV+3DUCT«BBELDS)

R05 = R25.000 4NRe<D99R
125 = R)%.320 ADR«2D98R
AN7 = 837.200 92F3=3CHUPL+IDUCT+ORELDIS+BSUPT+BDR
R0’ = a7R.000 H2FDa4CIUBL+HDUCT+HBELBS+HSUPT+HDR
RO = 873700 CALZJLATE MISC wWTs
10 = ”132.300 MISZee D1 eMISCFe (TYCHCINTR4ORPUTLSFAD
?11 = 2114990 E+PRTSHCHIL+RECIR+I2PV+H2OVEH2DVB20YV
212 = 812200 ______ K+72FJ¢H2FD) _ .
#13 = 317.999 C SUM DRY WTe
4 = 814220 ATOTsYISC/(«J1#MISCF)+MISC+ENG
815 = 213.700 MAIN ASCENT BuUTPUT
814 = 314.300 ENGOADRENGSTVC+CONTR4PRPUTL
R17 = R17.9)00 PRTVALRR2DVEH2PY
RiR = _R1%,790 FETISe9PFN+H2FN .
R19 = R13.20D D18Zm220Ve-20V
RpH = 8294990 PRACYSaF AYGPRESHCHIL+IREVAL+FEENS+DIISC+MISC
RP1 = R21.070 TAPIYPaEMADAZHPMGYS
22 = 832.909 WT AN
23 = R23.0330 IND
f24 = 824.0)0 L SU3DJTINE LANSYS(LNDDK1NG1,NG2, NG, VGEARL MGY 4520 4G]
RP5 « R23.09) 1oM3TARIAXL S AXPS AN TS AXSEAR, LNDDKK)
R2A = R26.0)) IMPLITIT REAL(A=2)
R27 = R27.000 CIMMIN/MAIN/ PRIP3I,PRIPY,BIATHBCANTBCANT,ACANTY
228 = A2R,794 12 OCANTP,NBENGR,NAENGY ) THISL ) THOSL, THBY, TOV,FLBWR
P73 = R23,730D 2o TE,FTw,FIXHRD
832 = R2327020 3, 15235, 1523V, 1SP83S,15PA3y,SC0,8TwW _
31 = R/31.,29) baHpIVIIRP, INC,STASV,DVEBN,DVEINST
R32 = R3I2:9D)H) SeRE_ s THITCH»THRSL T, THITLC, 1528, ]5P8,PROPT
R33 = 833.209 6sPRAPIL,PIIPIPHFW(2)sIVINCIOVBIDVTITC, WASCOLSINAT)SLANNT
R3u = R3I4000 s INJAT AL IWT,35LOW,GLINS TOTALISIPIMATCH, TLSSRYFPRP
R35 = R3354729 RyRud3L D LLALS L 8A4LI»IMS ISP, IMSOVT S BMSDVYP S BMR
RI& = 2364090 9, LIANG2 TN, TAWI) SENS» GRIW, MINGLW
R37 = 837230 COMMIN/LDS3D/ LGFTUSLGVSLALILC,LGBLS,LGOIA,BRCFE
R3IR = RIR.HHO M5Re3LANWT#235000¢/2139000
237 « 233.79) NGRS ANWT®#79000./7215200

~ R4 =  R4DeDID PHI=De
R41 = R41270 THETA®45,
R42 = 2424290 _THETASTHETA®3418159/19)¢
R4 = R43.0)D PHI =P~ %#3414159/18D¢
R4y = R4beDDD NUMNTs 2
R45 = B43¢000 NUMAmbe
Ash = 444030 L1e 5LC
Ry7 = 2470090 LPwe 2% 5LL
R4 = RuR.D3D __L3%e52GLS
R4? = R49.209) LuseS#[ GLL
853 = R32.000 L5®25.5 e
R51 = R31.000 LE®Ie

- 352 = 832.2320 LBeL4#TAN(PH]) . FE
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) 853 - R833.000 L7« 64L3/TAN(THETA)=LS
RS4 = R3447000 Y.
R85 = 835,300 8R<KAT.» (SLANWT/1PBeB)w((1+687Rx GVSL)Iwe2e)/8RCF =~ ===~ =
254 = 8384990 ePav3Q
867 = 837.200 TWTT 8 SPee0IERT7 /20
358 « R3R,3)) TuHeSP /(2560666667 420)
253 = 853.200 AxLIS » Tu-duensy228
W1 = 8434200 VRaeS»ILANATH o4
261 = 241.200 DR+ 4L ANATS L0 h —_—— -
RE2 = f424020 VI = 4wyl
K3 = R63«700 V2 = ¢6 & VR
Ré4 = R644200 VC = (1e/707)0(VIn(LS+ Q) ev]n(_ 5=LR))
R6S = R65.700 SC & VC/TAN(THETA)
RAA = 8664000 VA 8 {(1e/{ 1) (L3LS*DR=((VReVZ)a(L1/2+)))
_ /K7 = 947.010 _ . VA s VReVCeVA L . _
REQ = RQKKLDD) MAAseSele(VAeVR)m|4e)R
867 = 243.000 AC o 1o260((MAA/(oBSeLGFTU))®a(2¢0/300))
270 = 8/723+000 RC = SART(AC/+«5963026J4165)
271 = 871220 WC o ACe(L35LC=L2)»e2B3
872 = A72.2300 BRAZE » +1eWl
RZ3 = 873200 ___ _...89 = 2eaRC=FewSIN(41)_ _ __ R o
R74 = R744000 BETA = ATAN((L2+L4)/LY)
875 = A735+929 LA 3 (e5e 1=C)/(ZIS(IITA)I=CIS(PHIY)
R74 = R74.1700 MSIDS = (VIWIAG(PHI)+SCHSIN(ONI))I«CBS(BETA)#LA
R77 = R77.700 MERINT a3 (VBSSIN(PH])=SCaCHS(PH]) ) LA
278 = 278,107 J1 & (72%=({54euMSIDE)/(LGFTJR(2e#RC=9e#SIN(OH]I))))#u(le/3¢)
773 = R73e000 ___ D4 w GesMFIANT/ (Lo w GFTUSRLHL) L
489 = A3%.30) AF m {D=(D1=D4))#3+(D1=-D%)
RR{ = 8214720 WFA 8 1e050AF S A®e2%38e¢5 .
RRP = AQ2,7900 MSINZP = ((V3#CIS(PHI)+SCeSIN(PHI) ) #CBS(BETA)=DR®SIN(BETA))»_ A
RR3 = AR3.ID0 V1P 8 (779¢=(B4esMSIDEP)/(LGFTUR(20sRC=FeaSIN(PHI))))@0u(10s/30)
RR4 = RR4.090 AA 8 (DNe(DIP=P4))sR+(D1P=Ds)
__RAR3 = A]5.000 __ WAA s 1eN5eAAS| A9eP838e5 ) ~
RR& = RR4.000 MP = DR (L 3L5-L5LC)
RR7 = R37.7%00 AP 8 10266 (M2/LGFTU)un(2e/3s) _ e
RAQ = RRAL0ID WP w 1e58APR GLC®»e283
RR7 = 839,000 TWSSZ » WAA+AFA+WC+BIACE ~ o
8907 = R3AINJ00 ATF ® oD6uTWSSCueye]
B9y = A31e7D0 AT m TWSSC + WP+BIKWTTWITHAXLES+ATF+THH e
892 = R32.000 MCONTM = (P25#(WTwe.93)
893 = RII.NDD WT & AT ¢ MCINTM
Ry =« RA3I4.000 THETAZ = THETA®18)¢/3¢14159
Re5 « 233.200 PHI2 = PHI#180e¢/3+141359
R94 « RI4,0DD SPN = NFR/NUMNT
R97 = 8237200 WNT = GPNseQJ6R75 _ S
RAR « R3[.)D0 TWNT 3 ANTeNJMNT
233 = 297342290 WHN 8 SPN/266.66667
909 = 972020 AXLN = WAHMwa k4226
01 = 921.200 STN = TASSZwedD
902 = 922000 ATEN 8 «0&#TASSZeslel
80 = D00 WINS m TWNTHAHNSAXLN¢STNGATFN _
304 = 9024300 NCANTN = (ATNG##¢35) #4850
905 = 925.200 WING & WTNGHNCANTN L
ane = 934.000 WC s n(C#1425
) 907 = 9237.000 WFA » WFAsie2S
308 = 9)3R,HID WAA 3 WAA & 1425
909 = 939.099 BRACE = BRACE & 1.25
910 = 912.200 TWSSC & TWSSC # 1.25
911 = 911200 AXLES®AXLES#] .25
912 = 912.200 WP e WP ® 1.25
913 = 913.000 MCANTM s MCBANTM#1425 ) _
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_ 914 = 9144900 ATF = ATFele25
915 = 913000 3RKAT = BICWT # 125
216 = 914.200 THTT = TWTT#1e28
317 = 917.000 T = TWHs1 .25
- - 91% « 318,009 WT & TWSSC+WP+BIKAT ¢ TWTTHAXLES+ATF+TWHIMCONTY
317 = 9319%9.200 THUNT » TWNT#eRO
- 322 = 923,300 WHN = AHN#e 8D
321 = 921.000 AXLN = AXLN#sRQ
. 322 = 922,000 STN » STN#e8D
923 = 923.000 ATFN = ATFNasRD
- 2% = 9264000 NCANTN = NCBNTN#e8D . I
925 = 925.95)) WING = TW\JT+dHN#AXLN‘aTN#ATF\I“JyONTN
~ ap& = 924,300 NGl aTANT +4H4N
27 = 927.000 NG2=sSTN+AXLN+ATFYN
928 = _92%.900 NGI=NCINTYN -
323 = 923.3090 NGZAISNGL+NG2+NGI
B 930 = 9333090 MGl {TWH+TWTT+BICAT)#20
931 = 931.200 MGRa (TWSSC+AXLES+ATF+AP )02,
93?2 = 932.700 MGIm (MCANTM) %2
937 = 933.0300 MGEARSMG+MG24+MGI
—. 226 = I334.7)90 AXiwioSu(1eB20(eD0740(+07528/(Pe#3Pe2) (168780 3VSLINOR)0we57
375 = 9354290 60tL,)IAvLuDIA¢3-0LGDIA)+10-))
734 « 9354200 AX2sAX? _
937 = 937.300 AX3ImAX3I
938 - 938.300 AXGEAROAXI+AX2+AX3
939 = 939.000 LNDIX=NG EAR#*GEAR&AXG-AR#LVD)(K
350 = 9434000 —RETJAN _—
941 = 941000 END

3-24

MCDONNELL DOUGILAS ASTRONAUTICS COMPANY = EAST
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4., EXTERNAL TANK MODULE

This module contains the analytical and empirical weight estimation relation-
ships necessary to completely define the external tank. The basic sizing logic
consists of three basic general arrangement options and three separate iteration
techniques, i.e., solve for specific tank dimensions as a function of volume
requirements with either input of fixed length, fixed diameter, or fixed L/D.
Design features, such as separate and common bulkhead and an alternate forward
section design are also included. A LOX aft option, which simply uses the general-
ized baseline LOX forward method, setting mixture ratio to its inverse and switching
the hydrogen and oxygen densities, is also available.

The external tank module includes a design loads model which considers ullage
and head pressure, interstage reactions, and axial load factors.

A multistation analysis method is included, whereby a number of body station
cuts are examined to determine the effective unit load and corresponding material
thickness required for pure unstiffened Monocoque structure. Alternate material
allowables may be input to handle variations in design temperature and other candi-
date construction techniques. The resultant material thicknesses are integrated
over the total body area using the dimensional data from the sizing routine, to
determine the total sidewall weight. The bulkheads are sized to their representa-
tive loads, i.e., internal or external pressure, and meridional and hoop forces.
Splice rings and attachment structure are treated as discrete items, with major
attention given to the redistributions of point loads and manufacturing processes
such as welding.

The external tank thermal protection system is based on detailed MDAC point
design data with input unit weights for alternate design concepts.

Other external tank subsystems are expressed as either input constants for
such systems as avionics, or simplified sizing equations, where, for example,
plumbing weight is a function of engine flow rate and overall tank length/diameter.

Figure 4-1 is a flow diagram of the External Tank Module, followed by a detail

listing of the program.

4-1
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EXTANK
INPUT
DATA

DATA
INITIALIZATION

FIXED

YES

ORBITER

SIMPLIFIED YES

EQUATION
ORBITER

INVERT
MR AND SWITCH
DENSITIES

CALCULATE INITIAL
TANK DEPENDENT
| VOLUMES

4 1. CONICAL SECTION
2. BULKHEADS
3 ETC

A

CALCULATE REQUIRED
TANK VOLUME BASED
ON PROPELLANT
INVENTORY

1. SHUT DOWN

2. CHiLL

3 ETC
CALCULATE TANK
CYLINDER HEIGHTS.
BASED ON REQUIRED
YOLUMES

]

ITERATE FOR
OVERALL SIZE
BASED ON
1.FIXEDL O
2. FIXED L

3. FIXEDD

UPBATE INITIAL NO
GEOMETRY
GUESS

YES

ITERATE FOR
HEAD HEIGHT IN
CONICAL SECTION
1. 15T, STAGE

2. 2ND STAGE

y

CALCULATE
HEAD PRESSURES
1. 18T STAGE
2. 2ND STAGE

!

MULTI-STATION

ANALYSIS FOR CYLINDER

WALL THICKNESS

1. BASIC HOOP STRESS

2. MARGIN OF SAFETY
CHECK FOR COLUMN
BUCKLING

!

CALCULATE
STRUCTURAL WEIGHTS
1. SIDE WALLS

2. RINGS

3. BULKKEADS

4. ETC

CALCULATE MISCELL

ANEOUS TANK WEIGHTS

1. TPS

2. FEED SYSTEMS

3. RETRO ROCKET
SYSTEW

]

CALCULATE
EXT TANK WEIGHT

| ANDRESIOUALS

BASED ON T
PARAME TRIC

EQUATION

GROWTH UNCERTAINITY
1
FIX-DRYLESS SUBDRY

FIXED
EXTANK
DRY WEIGHT

GROWTH UNCERTAINTY

il lg—
% * TANK SUBORY

I

INPUT THE FOLLOWING
1. DRY TANK WEIGHT

]

CALCULATE TANK
MISSION HISTORY

2, RESIDUAL WEIGHT
3. TOTAL PROP WEIGHT

I

FIGURE 4-1 FLOW DIAGRAM

4-2

| 1. DRY TANK WEIGHT  re&—
2. TOTAL TANK WEIGHT
3.ETC

RETURN
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TROY T5U3 Ty _B(KWNCY -

1 - 10300 SFIXZ)D
2 - 2020 C
o 3 = 3320 C ~ SIXTSRNAL TANC SY3IRIJTING I
,» - 49230 C
. 3 = 54320 SUIINJTINTS EXTANK - L o .
s = 94200 C THIS PI9GAM CIMPYTSS IXTEIVAL (LIN/LH2) TANC JIMZNSIINS
7 = 7229 € AND AZISHT KNAAING MIXTJIE AT, 3E6A3L " PIW@IE . ANT
g - 8.300 C LAY AND ZITHZQ RTAUIITD TANC L/D,LENGTH 93 H1AMITZER,
o 3 - 3002 IMPUICIT REA_(A=2) e
13 = 12232 INTZE2R ]
- 11 = 11300 DTUINSIIN <4FX(9)» i
12 = 12200 EHIT(3)sWLIF (D) s A DA(I)
13 = 13330 SAF ()2 W( )" HOT(9)s43IX(9)s TTT(9)2TB(I}4MF(9)2“3(9)
14 = 16220 C ’ .
15 = 15200 C BERCIIMANCE THVMIN 3_37K e,
16 = 16030 C
— 217 = 174330 COMMIN/MAINy PRID3,PIIP9,33T,3CANT,BCANT,BCANTY _
18 = 18200 129CANTPHNIENTB ) NIINGI, THASL » THISLs THIV, TAVEF_PBaR
13 = 19200 2oTF,FTAsFIXNRD
23 = 22200 3,15935,1523Vs15°935,15233Vv,520,3Tw
21 = 21300 4sHsDVOIAIRLINT,STASYSIVIINGIVINST o e
22 = 22.9300 5sRZ_,TH3TC, T4RSI T, THITZ, 1523, 15P3,2RIPYT
23 = 23300 §3PRIZI1,PIIPI2,TAI2)2IVINCIOVIHIVTITC,WISCO,9INAT,LANAT
28 = 24.200 7o INIAT s L AAT G I Ns G N TOTAL»SHPIMATZH,TLSSR,7IR>
25 = 237200 S04 0o ILLAL 9,0 _94L9»IVSISI, 35OV 9M5OVP,IM]
25 = 26¢300 FaLINGP T, TANIHSENS,GRIns MINGLW
27 = 27030 C ) ) - o N B _ o
28 - 28,200 C SRM YJT2UT CIYMIN BLIK
23 - 230200 C o ) S ) .
30 - 3J.200 CAMMIN/SIVMI/3IBIANT, 80T RS YnsLAYI, Py
31 - 31290 1s8A3SIMI WCAST o AJYINT ) ANIZZs wTTLRININSTIAIGNSISIMT
32 - 32022 2 SRMISSIPACSIPHAS _S)OaAS,PANF )P ATNIPAAV, WNCT2S5,5311C
33 - 33000 3sWRIZIVHIPAIARPANPTIPAIRI2AAPIPANRISRYIRT _
34 = 34220 4o UNZETHEXIINS,IISLUNS S, 53D
35 =  33.000  5,P33955,P3394T,2°33P3,°0Y4T»23950J o
36 - 354202 5,F1IX32%,51+P3°
37 = 37200 C
38 - 38.200 C SRIITZR AJTRPIT Z9vMIN 3L9C«
39 - 334220 C ) o o
40 - 42200 COUMIN/IRIV /152, LsATAX, wTACS,ATSENG,ACSSYS,ATAZTK
81 = #1000  1sACSMIDSWTIMS,IMSING, 39933SY, 4TIMT<H MIDJLE o
22 - 424220 15SUCZ»IPAR,ZLES, 4YDRpAVIONT S ZCLSS5sPPRIVITUNZAT
43 = 439320 2,3R3IMIS, TASPO, 3J3FK
4% - %4000 1,PZ3V,93253,%325V, 7 %A1, 7.5400,AC5PR3,49F399,5J0LE
A5 = 454090 20F X933, F[Xa3R530YWT) IRIFL . o
a5 = %5330 19AATIA35,43STR, wTIBZ, ATIRICILZwsaTErnAlLIAAS, AADR, WA
87 = 474300 24WAD,53PRBVLIPAINGG TAIL, TS5, TASTRTTHRGI, TLESNRIDIARS
4q = 48.920 3, WRI WA, ARI,PTAILK
49 - 434029 106370510520 5335,536053723%305325122531103512+,315,51%
59 = 33022 206170318551 9035322232393242G259135260G27035332,G33,334
51 = 350999 3,633,335 o o
52 = 320392 1!751'7950TNSNT;'I:;“TINS-ENT)TNY)TLE!«TJSLSTPS
53 = 33¢000 2sRASCAT,I3TwT,PT0SCN,TTAT,3TASATIMISAT,LOTAT o
54 = 3440320 3)PRINTS202Z,24Y2,3TnWT
55 = 355030 15 TAD390,ENIPACY NG, TVI,CINTRY2IDYTL ,2095YS
546 = 34220 29FA))PRES,ZHILIPRIVA_WFEZDS,D1SCsMISC
57 = 57390 1aLNIICHNGLaNI2aNSIINGIAR, M3 MT2, 1338 M3CAR AL s AX2
LY 38300 25 AXIPAXTTAI, LNDILL
B 53 = 53230 C _ e
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60 = £30300 C
61 = 51300 C
&2 = 424700 _
6 - 83970
6% = 44900
[ 530300
| 8A = 564900
67 = 570300
R =  6Re973 €
69 = 53300 C
M o- 77000 C
71 - 71000
72 - 720200
77 - 737100
J4_= 742020
75 - 73000
75 = 764000
77 = 77200
.. 78 = 7R.200 C
79 - 73120
81 = 23.233D
Ry = 81200
. Rp - 32.090
83 = B3«N00
R4 = 844200
&S = 235¢700
R4 = R‘QQOOO
R7? = 27.700 C
L R%8e¢790
RO = R3I«D00
97 = 72.290
91 = 31300
92 = 2070
97 = 33.090
9% = 34.200
95 = 35.000
94 = ELX Releo]
97 = 37900
9% = 3R.000 €
99 - 39.000
107 = 192,900
101 = 121000
102 = 132.000 C
102 = 123.2530 C
104 = 106200 C__
105 = 1235.090
104 = 13%23D
107 = 12742290
198 = 1238700
109 = 1334032
112 = 113300
T ="1iTs000 5
112 = 112300
113 = 113700
116 = 1144200
115 = 113,000
116 = 11
117 = 117.000 C
118 = 118320
119 = 113.000
2129 = 1236200

 X993eF90RCS

13 HHe4<]

TTIF(YFeGTene0) DaOFE

IXTCAINAL TANC 3JUTAUT COMVBN 3L8CK

CIMMIN/EXTI/3RDIGRI, TITRS, FDTKFATAT»FWOBLF,ECTT2S
19C9NSCT, TRSINSCYLSCTsSCYDM, AFTBLF S WINTSPRBSY, AFT K
2+FEISYSHFWIBLAIPRSVNTI AFTCYLISUMP, AFTBLASPNP s TWINT
3,N95FAR, AVIONT, JMIPNL» WRETRB TUNNEL,MISCT,BAFF,SJBORY
49U DPYWT,RESTOT JNDRANSFEEDTRI PRSJIRT,FBIAS, INERT
5+ GRISSN, TLAMI,BTRAPLEXTLIEXTI ) BLKHDJEXTHES EXTHY, SIMPTK

EXTIQNAL TANC (EXT) INPUT DATA BLBCK

NAVZ_IST

R NT,LlslDyNRIND,, THETASHHI )R], UPERY, LA FBPRES,IPRES
KsFUIRISH)IUPRISHILF,DF»CONSBLCHD,BXa Ko UPERF»
AARTAS,FSHNXLaNXS»FTU2 Zp R4, THIN,
ANCT25,UCTPS,LCTPS, CYTASs INTPS, DMTPS,F IXDWT2GUP,
EFTOVIRETISPIAVIANT,MISCT,AFT,HR]I ) ]XL ) RX2,RXL
5251927, INERT,DRYWT,RESIDT,PIOMIN

IF{PeS0e2.3) G TH

— _INegTOYY '

LsLl

IF(FIX938,5T«0e0) GB TY 400

[F(SIYPTK.3Te0e0) G® T3 500
IF(2R9PITLE«PRIMINANDDFEDeDs0) GB TB 602
IF(AFT«NELDs) G9 79 11

59 19 12

©BET L9x AFT(INVERT MR § SWITCH DENSITIES)
11 MRat.svQ]

XFyeR=93 JPRES
XFA2s30RESG
X3 J2InF JPRES

XPZI9s J2EQF
XPEIF®YIERY
FNENST71e
ANCsL e b
G 19 13
SASTLINE |L9X FARWARD

12 FDZNmbek

8NENE7 1.
MR8}
INITIALIZE DIMENSIONS DFeFIXED DIAMETER,
LFa®IXEN LENSTHLOFIXED L/D3L1,DIsHH] ARE
INITIAL GJESSES

FUZ_sPR9PAT/ {1+ 4M])
IX]ISFUSL MR

IF(LFeEQne0) 63 T S

TYI_aF JSL/FDEN+IXID/IDEN
In{(TVIL#{728:)/(«78548LF))8n,5

LaLl
IF(_FeGTene0) L=LF

10 IF(LDeGTe0e) DuL/LD

NaNapesl

1156200 €,  CALZJLATE DEPENDENT _DIMENSIONSITHETA IS FWD

CANZ ANGLE INPUTTZID IN DEGREES

15 IF(3L<HD+s5Te2e¢) 38 TY 16

ND®2¢s#NReCIS{THETA/S7+295R)

16 4Co(s587=058ND)/TAN(THETA/5702958)
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1?1 = 121.200
122 = 122.097)
123 = 123.070
126 = 1244900
125 = 1234900
1265 = 1264700
127 = 127.979
1P = 1”000

1277 =__123.700 C__

ReD/Asa8e5
4R 4] %R
IF(3L<4De3Te2s) GI TR 17

REPORT MDC E0746
VOLUME i
28 FEBRUARY 1973

4C9s4Ces1364/SIN{THETA/57.2958)
INeNP e YCISTAN(THETA/S702958)
4 e3)/3e8ueb

HYRee SR

dNENIe e S a (4o \RyudaNDuu2)wse5
CALZJLATE DEIENDENT vILUMES

137 = 1399020 VALEme26120H 8 (Das24d28)3+0Dnu2)
131 = 131.79) VYL 8104728 4ARes2 e (3.48R-49R)
132 = 132200 3% T9 {8
133 = 133722 17 VvoLCwe2htReHIH(Dun2+DuNDeNDwu?)
136 = 134900 {B VALAw]eNk728-Pes2a(JssR=HR)
137 = 1734720 L VALT e 7RS4#DR D HYR=VILA
1347771344900 TFE3_<4YeRTele0) vBLLaVBLA
137 = 137.000 VAL DeVIL A
128 = 138.000 C TALZJLATE PRIPELLANT INVENTSRY
137 = 133000 AFLIAXREL3WR/ (e +4R)
149 = 1474290 JFLINYSELHAREMR/ (1 ¢ +MR)
141 = 1814000 C _ _ _ FUZ_ INVENTBRY
142 = 142700 ESTARIT T 255wRF INX
143 = 143.200 JF(3XeNEe1e0) FSTARTme84#0F | InX
144 = 144eN00 FSHJTme 1945 #9FLIWX
145 = 1435200 FTTIFeeNDIRGeDIF_ WX
144 = 14464000 FCHIL_L=sD135549F L IWX
147 = 147270 CIF(3XeNMEe1e0) FOHILLmed435:RF  AWX
142 = 1427030 FONGee 16341 #3FLIWX
147 = 4?3 729 FRIASS«NN2SFUEL
187 = 137,900 IF(4314G45T4De) FILASE~BIAS
181 = 151+790 ENIAINE1NN,
192 = 132.9290 Faz_a~eFELDF+FCAILL4FING
152 = 153.73) JI1S3VE e 007032 (4H==3) *9F | BAY
T {84 = {3k.0D0 I1F(_<¥42e5Te1e0) DISPVFeDo

193 = 133700 IF(aFT«ZRDJ) 539 TO 35
154 = 136420020 JPEIFuXPERF
187 =« 137.710 FJPITSeXFY2R
154 = 13R.99) FAPITSeXF9PR
157 «  133.729 FPPI3S=eNY1326#FYSL #F JORES /)18 L
177 = 163000  FRESE«IN457FUE_a(UPEIF+_ A=2+) #FBPRES/30e
141 = 161070 37 TY 34
1A2 = 162,700 135 FPRISSweNNI6ICeF Y #F JPRES/ 4D
167 = 153.7170 FRISmeJPERA7#FUE_ 8 (UPEIF+L AR ) #FOPRES/ 400
1h4 = 1544270 C NIMINAL FUEL LAAD
1483 = 16567900 3% NOMTYLeFULL+FCTART4+FSHAUTSFEEDF+FCHILL+FENG+FI]AS+FORAIN
1464 = 14647200 L4FD3I3S
147 = 157.000 C FUZL LIADING ALLIWNANCET
162 = 1484000 FALL9~aNAMEYL_ #(LAle)

143 = 143:9%9 MAYE JUaNAvEUL+FALLBW
1779 = 172703 C MAXTMAM FUEL TN TANK
171 = 171700 “avc|TsvMAxFy -F3EL OW
172 = 1727230 C S VBLUVE

177 = 17340202 FUV3_ eMAXFIT/FDCN
174 = 17440200 C ADD FUEL ULLAGE VvILUME

175 = 173300 TEVE_sFJVnL » JPERF
174 = 176000 C ADD VAL DISPLACED BY L9X LINE IF COMMBN BLKHY DES
177 = 1774090 _TFVITaTFVFL+2ISPVF
178 = 17%.200 C 9XY3FEN INVENTARY

177 = 173.200 9G5TARTE2+7312#9F L INY
183 = 1824230 JF{3XeNEe1e0D) BSTART=eIR2#9F BWY

171 = 1R1990 984 T eNSES#IFLINY

4-5

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS
COMPUTER PROGRAM - FINAL REPORT

REPORT MDC E0746
VOLUME Il
28 FEBRUARY 1973

S 1R2 = 122.030 FECIY2+345483F L 3nY

1R3 = 183.)20) ACHI_L®e D524 4e3F | INY

— 184 = 184.D30 IF(3XeNEo100) 3CHILLE2102508FL BWY
1R = 195.990 FENGes 4NISVEIFLINY
184 = 19840290 INRAINED.
127 = 187970 IF(AL<4De3Tele) 9ORAINS300.

_ 188 = 18R.D)D BLINE®eDDus# (HH=HR) #3F ANY

123 « 123.700 IF(3_€C4ANe3Tel1e0) JLINZm s D04h#(HH4eSoD+ CON) #9F [ 3AY
130 132200 SBILAn=3 INEFFECD+8CAILL+9ENG
171 = 131270 IF(ATT«FECa0+0) 3% T8 37
122 = 132220 JPZ3eXPERY
173 = 137709 3UPICSeXFY>R
194 = 134.D000 aPRT3EX3PR
1935 = 195220 GPRISSee0NIE3IS#IXN]IINIIPRES/4De
124 = 136000 IRESes 2467 IXIDu{UPFID+ L A=Pe ) #APRES/ 4D
197 = 137700 57 T9 38
173 = 132230 37 IPRISSeDN13264IX DI JPRES/18
129 = 1974790 FIEIReDNUSTHIXNIDH (UPEINSLAD4 ) #BPRES/3ID
270 = 29%.000 C NAMINAL 9XYGEN L9AD
231 = 231790 38 NOMIXL e IX I D ICTART4BSHUTHFEEDA+BCHILLAIENGHOPRESS+BDRAIN
202 = 232.920 C ZIUYFEN LBADING ALLOWANCE
2031 = 233,000 FALLINENAMIXL o (_A=]s)
204 = 234.000 MAXIXL aNIMIXL+ALLOW
2n5 = 2395.8970 L MAXTMUM AXYGEMN N TANK
204 =  253%.200 MAYQ]TeMAXIXL=93E W
P07 = 2774000 C IXYFEN VO JME

— 208 = 228000 _ _____ SXVILEMAX2IT/RDEN . .
2A3 = 233.700 C ADD 9YYSEN ULLAZE VBLJME

. 210 = 2102220 TAayTL=aXVY_ s JPERY

211 = 211990 C FUSL TANK HpIGHT AS FUNCTIAN 9F TBTAL FUEL TAN« V8L

. 212 = 212.900 C REQJIIED LESS PREVIBISLY CALC DEPENDENT VBLUMES
213 = 213.2900 HHE(TFV]Te172Re«VILA=VILL)/(e78B544D822) ¢HR

214 = 214320
215 = 2134200
27164 = 214900 C

CIF (ALY oHR) M8y

JF(3 <D e53Te2e) VILGEDe
IXY TAN« CYL HEI3HT AS FUNCTION 8F THT BAXY TANC V8L

ENRUGH CYL HEIGHT (H9) 15 SET EQUAL T8 ZERSe

217 = 217.000 C ITHJIRED LESS PIEV CALLC DEP VvOLSIIF COVE IS BI3
—— 1% = 217%.700 C

217 = 213003 498 (TIVFL#172Re=vaLD=VILF~=VBLG)/(+785S4sDna2)
— 7722_=__ 2322010 _JF(43eLTeDe) HI8]s

4721 = 221100 TF(AL<HDeGTe20) HNBQ»

22 = 222000 C CALTULATE IVIRALL TANC LEN3TH

723 = 2234790 L1mdN+AC 44+ 4R+ 49

224 = 224,700
2p3 = 235.000 C
274 =  9264N9)
227 = 2274300
PPR = 328,000
P21 = 223,n9)
237 = 2374200

IF(R_<HDe3TeleD) LisLi+HR+LCON
ITEIATE T9 REQUIRZID DIVENSIANAL CANSTRAINTS
IF(ARS(L1=L)sLTele) GI T2 20

IF(IFeiTeNe) Le]
IF(DF«(GTede) 539 T9 15
IF(LFeGTeNe) Nedn(L1/LF)
IF(LDeGTeDe) Lm(LisL)/2e

231 = 231,700 3% 19 10
— 232 = 232200 __20Q0.LeLt . —

233 = 233.200 C
23 = 234200
235 = P235.200
734 = 236,000
737 = 237.009
____R’.____Z?‘-"OO L.
24N P‘q:.:)go
247 = 247.000
P41 « 241000
242 =~ 242.200 C

SCALT RESULTING vOLS F2R THECK_AGAINST REQD VALS

CALZJLATE PRY9P IVVENT3QY QJGYSTALS
JNOIANSIDRAIN4FIRAIN
FECHTReFEEDF#e33334FEZDB.2418

PRS JITaFPRESS+FICSHIPIEST+BRES
RESTISTRUNDRANGFEEDTR+ORS JRT+FBIAS

ITRAPCFEEDI+IFNG+ICHILL+FECDF+FENG+FCHILL-FEEDTR
FYV_Fe (VI LD+VBLF+vOLG+HDwe7B540Dex2)/1708

FUV Fo (VI _A+VALCH+({HH=IR)we7R548D®42)/17280
CALZJLATE LIFT=3FF OXYGEN HYEAD HEISHT IS HEAD AQJBVE
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P47 = 283.700 C 9% 3TLAW CONE/CYL CBNTAUR 3REAK
P44 =  2xkennD AL a (XY 8177ReevILA) /(e 7R54sDes?)
23 = 245020 __ . IF(431¢5T448). 53 12 21
Pu6 =  Puben)D e T9 24
247 = 2474200 C IF YES ITERATE FAOR HEAD HEIGHT IN CBNICAL SEZTION
Py = P4Ren)D 21 4Ny =91 H9
247 = 2434270 aYVaLlwaXVIL*1T2Re=VAL_A=HA» e 785440882
554 = 237,030 22  J1ade=PeaHud41sTAN(THETA/57.2958)
D1 = 231022 .. Volee2618 0410 (Dna24deDiedina?)
2R7 = P32.220 1F (ARS(9¥yaL1=V91{)eLT+100«) 38 T8 23
P83 = 233.1700 <40 (3XVIL1eHBH1) /VIL
PRy = 2344000 59 19 P2
Ph3 = 73534520 23 H e 4Y 414
DhA = 2344000 59 T3 25
___Dnl = 227020 24 49ad] e R
Suu e 25Re000 C CALZJLATE LIFT=9FF FJIL HEAD HEIGHT
737 = 37 F(44¢E7ex) G T3 51
;:: - 223.332 28 Lr&j(ngA.172ﬂ.-ruvoL)/(172noODlSPVF/(HH-HR)--?BSHD"Z)
Fel = P51.700 31 Ty 52
262 = 242700  5i HFHe (VILA=172Re#FJVAL) /(~s7854nwDue?)
263 = 26340220 C_ __ _9XY JLT ULLASE PRESSURE _
Ph4 = DabenNID 352 PlUL_9=FSeNPRES
P63 = 7434700 C FUZL JLT JLLARE PRESSURE
264 = 2664100 PUL_FeFS#FIPRES
267 = 267.700 C 9xY AFT NaMfE LLT LIFT=9FF 4EAD PRESSURE
242 =  P4R.1ADD UMY E (HA4+HIISIDINSNXL#FS/172R
PR = 2574900 L. FUEL AFT D8ME JLT_LIFT=0FF HZIAD PRESSURE
7Y = 277070 FLUIMLm (HF +HR)#FDINSNXL #FG/1720%
271 = 271.700 C 240 STASE FUIL LBAD
270 = 27247020 FUSL2ePRAPYD/ (1 e+¥R)
- 273 = 272.000 C 240 STAZE °OXYGEN LBAD
274 - 276000 5XI')?-F‘JEL?&‘4.D
275 = 273700  _ XFU_2eFUCL 2+MAXF1T=FJZl =FSTART=FCHILL
274 = 2764700 XAXIPEIX[D2+MAXD ] T=AX[D=3START=8CHILL
277 = 277.722 C 2ND STAGE FUSL VILUME
273 = 2794700 VYFoexFULP/FIEN
277 = 273.900 C 240 STAGE 9XYGEN VILUME
pRA = 2RD.DD VX92ax9%XN2/RIEN
281 = 291700 L. __2M2 STAGE FUEL 45AD HIIGHT . .
PR = 2324000 [F{4-4+E3¢4R) G9 T9 53
282 = 233,900 -H?‘-J?-(V‘?LA-l??B-'VXF?)/(172‘!-'DISPVF/(HH-HR,-'785‘0'00.2)
294 = P344900 3% 79 54
295 = PRFeAN0 33 AFH2E(VALA=17PResyXF2)/(=e7R34aDes2)
SRA = PR64700 Sk TE(4F=2eLEeQe0) HEWRED0
PrR7 = 237.770 C __CAL:JLATE_2N3“5I435-§EY§EBHHEAQMHElQHTJIS ~HEAD
SHR < 53%.N00 € ARAVE 9% AEL9W CHVE/CYL CBNTIUR BREAK
PRy = 232,000 492a(VXA2s172%e=VILA)/{e7R54%Dw0?2)
279 = 237,000 1F(437¢53T+HB) G3 T8 25
Pay = 221020 39 19 29 ,
" pa> e 232.900 C IF vS5 ITEZIATE FBR HEAD HEIGHT IN I6NICAL SECTION
Pn3 = 233.00D0 _26 . ASHYed3Ee4d —
29¢ = DIe”ID gyVaLomyX12e]1728e=VOLAsHB® 7854 8Das2
203 2334730 27 Y28)=2e s -{XeTAN(THETA/57.2958)
234 = 2344770 VA2ee?5 1 RudHXs (Das2+dxD24D2002)
237 = 2374230 IF(A35(8XyIL2-V32)¢LTe100e}) BB TH 28
232 = 23%9.3290 49X s (AXVIL2#HTHX) /VI2
299 = 2334020 39 T3 27 . .
171 = 372.00) 28 49H2 s X+-B
301 = 321200 G9 19 50
302 = 3324000 29  =HIH2wHIP
303 = 373.000 C 3xy AFT DSME ULT 2\D STAGE HZAD PRESSURE
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334 =  3ID4.DDD 50 9HOM2= (HAH24+HR ) #BDEN#NXS#FS/1T72Re
305 = 3I73.700 C FUE_ AFT DIME ULT 2ND STAGE 45AD PRESSURE
308 = 205000 FHOMRE(HFH2+AR)#FIENSNXS#ES/17P8s
07 = 37000 C JLT 3xY AFT D28ME JLLASE+HEAD PRES E|THER LIFT-
0 - AANR.I)D C 9FF 33 2ND STAGE WHICH EVER IS GREATER
307 = 3IN3NDD 29)394sPJLL 9+ 3HDUY
ERSo N § Be F¥alo b ] IF(9-4DM245T«9HDML) PHDIIMePYLLO+9HDM2
311 = 311.000 C JLT FUEL AFT DAME ULLAGE4HEAD PRES EITHER LIFTe.
312 = 2312.200.C IFF 32 2ND_STAGE _AHICAH EVFR IS GREATER
12 - AN 370D DF’)Q‘Q-PJLLFQJHD\H.
s = 314,700 IF(E4Dv2e5T«FHDML) PFIIMePULLF+FHDM2
M5 = 33.000 C [NITIALLY SET WT!'S § T'S T3 ZER® BEFYRE BEGINWNING
315 = 31%.2900 C MULTI=STATIBN ANALYSIS
M7 = 317.700 AF X2l
319 = 3182.000 NIX=De
A = 2MIFIND ALDTX =D
323 = 322.000 ALD9IX®]e
V) = 21,790 TAFs]e
12D = 29,799 TA9aD.
107 = 733,790 € MULTI=STATIBN ANALYSIS (FUEL TANK REFERS T9 aFT TANK
A28 a  A24e000 € AMD 9YY TANK REFERS T) FWAD TANG; THE REVERSE IS LITERALLY
123 = 323900 C TRYZ Z99 THE LAX AFT IPTIBN BECAUSE BF LINE 1Be5
P4 = 324.700 C AT AT3INNING 8F PRIGRAM; THE FWD AND AFT TANCS ARE
327 = 327.000 C THERZTARS ANALTZED IDINTJCALLY IN THE EVENT THAT THE FWD
?2° =  32RDDHD C TN IS LARGZE AND THE AFT TNK 1S SMALL AND VICE VERSA)
3P - A23eNDD 397 24 [=1,3
33) = _3A33e700_ AP eq4=4? R
31 = 33t1en00 C SET STATION LBCATIINS FOR FUIL TANK CYL WALL ANALYSIS
I - 332,709 HF¥ (1 )ms1p5a(]=1)eNF
3313 - 333,700 C CALZULATE FUEL TNC CYL WALL HEAD PRES 9 HWFX(T)
B U - .00 C ARASYE CY( 3IASE Y CBYIARING WITH LIFT=9FF AND
335 = 233.000 C 2ND STASRE HEAD HEIGHTS AS CALCULATED PREVIBUSLY
3= 6000 FHCPo (AFHRaHFX (1)) *FDIN*NXS#FS/ 1728 -
337 =  37.030 EHC s (4F HadFX () ) #FDENSNXL®FS/1 728
Y9 - 3IR.MNDD IF{T4C1«LTeFHC2) 38 T3 59
I3 - 21312790 CHCYeF~CY
RESUNRGENE L 30 X Jalo Jo] 3% T2 AD
Ay = 31200 39 FuUlX=F<C?2
342 = 342990 B0 JF(FACX L EeQ0) FHCXuDW -
I3 = 3II00 C ANN FUZL JLLAGE PIESS TO RESJLTING HEAD PRESSURE
Ak = WHeIDD FHCT (1) sF9IxX+PULLF
WS = WS5.000 € SET STATIUN LACATIONG FB 8XY TANK CYL WALL ANALYSIS
s = WK.NND 4R¥ () me]1p5#(I=])eHT
47 = 7270 C CALZJLATE 9xY TN CYL WALL HEZAD PRES 3 H4BX(])
__Je8 = 3WR.7ND) C APAVE CYL AASE BY COMAARING #4174 LIFT=9FF AN =
WA = WILNIY C 2NN STAGE HEAD HEIGHTS AS CALCULATED PREVIOUSLY
BN = 3374070 AHCPR(HAH2=HIN(]) ) #BDINRNXSEFS/ 1728,
K] = 331230 IHCIm(H494=4AX(]) ) »IDENMNXL#FS/172R
I[2 = I524930 IF (9421 Ten-C2) 59 T2 63
A/ - EER Fislele] AHCYmINT
WY = 33441990 37 TY K4 S
TTTA5% = 2336700 63 AuCYs0A4C? T T T T
TRE = 23544M)0 L4 JF (YHAIXeLEe00) 942 XnDo
387 = 2374003 C ADD axy YLLAZF PRZSS T9 RESULTING HEAD PRESSJRE
QR = 2384390 FHCT(T ) =R X+PULLY
%7 = 3334990 C CALZJLATE FUEL TANK SINDING MBMENTS
I60 = 3524100 MF(])e0e - o .
Fal = 361300 € T CALTJLATE 9IXYREN TANK BENDIN3 MBNENTS
kP = 352.000 Ma(1)=De
HI = 63000 C CALZJLATE FUEL TN¢ THICKNESS REQUIRED DUE TB ULT PRES
64 = 446000 TET(I)aFHCT(1)8dee5/FTY
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363 = 353.729 C CALZJLATE 9xY TNK THIZKNESS EQUIRED NDUE T9 LT 2RES

A = 664700 TA(1)e9HCT(I)#D®e3/FT)

367 = 247,900 € CHMEZC FUSL TNK THICKNISS & SIT e 8% GREATER THAN THIN
TTTAKR = 36R.000 0 IF(TETLI)GLTeTMINY  TET(])aTHIN

49 = 353090 C £HZ=~¢ AXY TNC TH]ICKNESS & SET s B8R GREATER TWAN TMIN

37N = 77000 IF(TA(])eLT«THMIN) T9(1)eTUIN

271 = 271.730 C CALZJLATE JLT LIFT= BFF K 2ND STAGE AXTAL L8AD JSE

V72 = A724000 C A4l74 EVED |3 GREATER

373 = 73.0930 ALY eMAXT]ToFSeNXL

IT4 = 3747007 ALPeX3X)PsF5eNXS

273 = 273.700 AlsAl]

174 = 37470D TE(AL7eATeALL) AL®AL?

277 = 277.0790 C cHTe¢ MARSIN AF SAFETY FOR COLUMN 3UCKLING FOR 3eMe'S

17 = 37%.1770 C ANT AYTAL LBAD WITH INTERNAL PRESSJRE STABILIZATION

77 = 373000 FiATe«SeN/TFT(])
T TITTE T M2, 99 T T B9 (LeHCoHR=HN=GF X111/ (959D}

e = R1.000 AIXTeC297

IRD =~ AINION0 LXR=EL IR

APy = WT.0D0 TYaTET(1)

K4 = R44IND TPRISsFUPRES

IRT = I35.700 MYs1E(])

IRA = RA4sNN0 59 T8 70

IR7 =  AR7.7DD 69 IXTIIAT

ARL - MReDND LXxRe8 AR

IR - 1334970 T¥=eTS(])

3017 = I0DID TPITSe JPRES

0] = 1 .ND vyava (1)

R0 = 22,40 TTAL e

173 = 3134702 C CURVE FIT 9F RARUHN'S 3RAPHS

Ay = AIGeNDD 70 1FILXReATe1ed) G5 7B 73

3735 = 3IRNDD As7e361P74425R624 XR

374 = 1744009 [FE_XRe5Tee26) 39 T9 71

07 - 2174709 Ca7¢e2680347¢93752LXR
TN T A ALAND T 58 14 26 T

MY = 233709 71 JF(_XRe¢3Tee5) G TH 72

4NN = 413910 Fade34349

4Nl = 4717920 539 19 7°

4NAD = 472e97) 72 Fx3.63181=e531768( XR

[Sekc IEL IR "Se i Flalo Jo} 59 T2 79

Th% = 4974330 73 1F(_XR3T44eJ) G9 TO 74

403 =  413.790 AsRe3D5PKeeb71566LXR

4Nk =  40&eNND IF(_XIeLTe22) GO TR 72

h07 = 437970 75 FeR RA5524217134eXR

4r? = 41R410D 5% 7% 79

407 = 4124990 74 IF(_X%e%Tebe)d) 59 TP 76

413 = 417.030 Ax3.615R5

411 = 411.7990 3% T 75

412 = 412790 76 IF(LXRe53T16e0) G9 TY 77

417 = 413909 Axshob773%=s 14 U4RDRe| XR

h14 = 414370 IF(LXIsLTeReD) G9 TH 75

415 = 413990 7% Fe9.P31560¢133R759LXR B

L1k = 81%e700 G4 T 77

417 = 417700 77 A=35,14063«0061365#LXR

418 = #41R.1DD 33 79 7R

17 = 419000 79 a X2/ (=ep24F470 XR=eID74R7)

427 = 427000 52X/ (= ekP6I7R8 XR=e20A014)

421 = 421.200 C CRITICAL STRESS CALCULATION

19 1- B -1 o X ] A FTQTals3xTesd

427 = 423,000 FCReFLRE#E

W2 = 4244900 FHNQTaF eAXTHs]

425 = 4234000 FUReF3ARE o
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ARG = 4764700 C CRRTTT FIAR INTSRNAL PRESSURE STARILIZATION
4P7 = 4D7eNN) OXE2TOSeIXNTHe2 /S
_4eR = 42R.703D_ IFLAXSPXE/ (Aol 14D54PXZ+406035563) -

429 = 421.1799 JLFCAeNELAXSESTX /50D

437 = 4737779 FPT=2TOCSaeS8N/(2e4#TX)

431 = 431900 PAm(FCR4DLFCIFPT) 424 IR45]aD8TX

432 = 437,999 DELIM=eI37K601 #PXEwwe210492

433 = 433e¢90) ILEIMaNE | RMeEwTX/(e58))

438 = 4344270 L MAS(FALD FRY4FPT ) #e7456128TX8D#sD

435 = 433.090 C CALZJLATE MARGIN BF SAFETY AND INCREASE T IF INADEQUATE

434 =  434,01) QCA=AL /PA$MX/MA

437 = 4372090 [F{T5eLTe1ed) G TH %19

40 - FR L alele) TYaTX+eD04

3 - 4233000 Q¥ Tee %D /TX

WGBS = 4476000 3% Ty ’RD) .

447 - 8412300 AT IF(F_S.E« XR) GB T3 Ae

442 = 442.000 IF{AC3eESeLXR) GY TI R3

G422 = 443.79) R2 TFT(1)mTX

Wbt = 444000 C SUM FJUZL TANK T'S FOR AVERAGT CALCULATISN

447 = k&3.009 TAF=TAF+TFT(])

bk = 848000 AR2Te.520/TH(]) — _

Wh7 = 44 7eDD0 T LR (434X 1))/ (e50D) .

4hc ~  LuReNDD 3% 79 A9

44« w43 NIN R3 TN(1)=eTx

457 = 437000 C SUM 3XY TANK T'S F9R AVERAGE CALCULATISN

651 = 431200 TAR2TA9+T(])

452 = 832.020 . C TALT FURL INC CYL WALL WT AD) Q05 T9 T FOBR 9MATL TALERANCE
- 457 = 433.700 WEL1)s(TFT(]1)+005)%3e 141794394 125%HF#RNY

454 = 4344700 AEX=AdF X4WF(])

455 = 4350700 C TALZ FUEL TNC CIRCUMEIRENTIAL WELD @ 3¢5 WIOE

456 = 4384000 ALDTLT) = {TET(T)+4e005)#30141590Du3eSuRKY

437 = 437710 ALDEX L DF X+ ALDF (1)

439 = A5RenN0 € CTALT SXY TNK_CYL AALL_WT AJD «005 T8 T FOR MATL TOHLERANCE

457 =7 4394070 AACT YR (TS(T ) +eD05) #3e1415540%e 1 25#40%RHY

baD = 8424700 WA AN +WH(]) .

461 = 451090 C CALT 2XY TNK CIRCJUMFERENTIAL wELDS @ 3¢5 WINE

442 = 8624700 ALDI(I)a(TH(1)14¢205)#3¢141558Dw3eSeRHE

462 = 463407) ALDIXmALDAX+ALDI(])

GhH = 4440000 R MY INYE
- Y%= w3 NN T DELITE 415 CTIRC WELDS IF TNK IS SHIRT TeEe LAX ATT/FWD

URG = 466400) IF{43¢RTex4) /Y T3 8%

4h7 =  447.77) WLOIT=W{ N1 )+WLDI(I)

LAR =  Y44R,NND ALDTTmw DFX

4R = 4634000 5% T3 R4

477 = 47%eDDN 85 wWLIaT =y Day

4717= Ta71eM30 T WLOTTEALOF(1)+WLDF (3]

472 = 472000 C QINS “MINIMUM GAJGE

473 = 47%.N9D 86 AMIJysj4henTMIN

474 = A474e700 C AVEIALE FUEL TANK T

475 = 4734799 AVET=TAF /9.

474 = 4764700 C  AVIAGE 9IXYGEN TANK T S -

W77 = 4774030 AVITeTA9 /3,

477 = 47%.7930 C CALZ N%e AF [ ANGITUDINAL WELDS 3ASED BN 156 WIDE SHEETS

477 = 473,700 Cl1u3e141598)

4% = 48JeNDN 2% R7 11,102

481 = 4310090 Sxmi56es]

4RD =  BRIeJDD _  JF(3XeGTSCIR) 63 TY B8 e _
B 477 « 417799 K7 ZANTINUF

hRY4 =  4H4e"9D 88 35 %eSY/1RAe

4R5 = 433,700 C CALZJLATE INTEReTANK SECTISN wWEIGHT

4RA = 4K&§e0)D TINTaT3(1)
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4r7
"% 311
4R7

49
49a?
433
476

493 = 423.2300 .0

WA -

4270090
390000
4234090

419709 C
431223
[P EXalole}
433.020 C
4744709

TF(TI(1)eLTeTFT(3)) TINT=TFTI(I)

REPORT MDC E0746
VOLUME I
28 FEBRUARY 1973

d!VT-(?-14159’003-50355)'(TIVTOoOOS)’(E-OH?*LCSV)'QHQ

IFLRL4HNeF el eN) NINTEDe

FALTJLATE FUEL TN LINSITUDINAL WELD WEIGHT
LWLIFe4F #SEGR#3+5#(AVFT4+4005) #RH9

TF(3L<4DeEQele0) LNLDCIHHOSEG’B-S“(AVFTO-OOS)'?HS

CALZJLATE 9XY TNC LINSITJIDINAL WELD WEIGHT
LWLD9s-FuSEGRIe 5 AVIT+005) »RHY
AFT FUIL. BLKHD THICKNZSS .

494 = 4354900 TAF3sPFNRMeR/(PewFTY)

497 = 417799 JF(TAFRSTeTHIN) TAF3=TH]N

471 e 43IRNND C AFT TUSL 9LKHAD RIN3 AITA S12ID FBR ELASTIC STASILITY

471 = 49%e010 NAFI8 (PFDNUSR/24)85IN(30e/57¢295%8)

297 = §73%.39) AAEIs (NAFIs(eFeD))ne3/(Teuf))ese5

S e 831 eNIY JF(AAFIeLTeAMTN) AAFQeAMIN -
T 472 = 832,070 C AFT 9%Y RLCHD THIZKNESS

3793 = 573.000 TA938P90AMER/ (Pe#F TY)

304 = H®I4e00D IF(TANRGLTeTMIN)  TAB3I=THIN

305 = 59734700 C AFT 8XY RUCHD RIN3 ARZA SIZED F9R ELASTIC STABILITY

8N4 = §6§4030 NAYu{PADIMER /P ) wSIN(3De/57+2958)

807 = R17.1709 AAQQ-(VABRQL.RD))-23!13{.EL){215

N7 = 8184000 1F(AADRGLTSAMIN) AAGR=AMIN

5797 = 813799 C Fwh FJEL BLKAD THICKNEISS

517 = 512300 TFFIadULLFaR/(2e#5TU)

511 = S11.020 JF(TSTRGLTeTHIN) TFE3aTUINV

817 = §12.000 € Fvy CUEL BLKAD ITNG ARTA SI7ZD FIR ELASTIC STARILITY

513 = 513790 NFFRu(PJLLF#R/P0)wSIN(3Te/5722958) —
TR - 5184000 AFFRe(NFFRs(eRe))es3/(esE))Reeh

515 = S1{5.099 IF(AFFRLToAMIN) AFFREAMIN

14 = 5164003 C AS 1547 AF AFT 9XY AL<HD RING AND WELD

17 = 517.700 WAR3s (TARJ# e DN5)n2e83¢14159+384R#RH0

517 = &{R4"D) WAS2823414159eNeI4wAATR

517 = 513720 WA e47#3e5% (TAI3++0)3)#3+14159%(+33IR#SEG+D) -
- 527 = ®27.990 C WET1R4T 9F AFT FJE_ BLXHD RING AND WELD

521 = €21.,70) WAF 18 (TAFA+ N5 ) #2e 231415923 4ReR4H

4P2 = 522,700 NAFRe3+4141598N84ISAAFR

327 = 823100 NAFdl?4ﬂ0?oSH(TAFa+-035)-3-1“159'(-333'QOSEG¢D)

524 = K24e70D0 C JETRHT AF FWd FJEL AL<H) RING AND WELD

5p% = R254770 WFERAR(TEFR4¢IN5) 820030141504 6HR R4

574 = 6964700 AFF383+141594D#{IRAFFR

597 = 52374709 WFE dni4982e58 (TFFI4e035) 8301413598 (¢333sRaSEGD)

PR = RPM.NDD IF(3L<HDeEJe1.0) 3% T3 3D

523 = §23.9)0 37 T9 31

339 = 832.000 C CovvMay 3ILKHD T=34 AASED YN REVERSE FUEL ULLAGE

5311 = §31.293 C PRIS3JIE AND I159=3RID “MATL. .

TA5 = &312.°070 -gsﬂ—fffil(oﬁbE;ih#(03330235’783QES))’Q

333 =~ &372.779 C WI 134T 9F CBMMAN FUEL BLCHD AND WELD

R34 = [SAWeND) WCF3nTCFRe2e#3016159434HRe]HY

523 = 23354000 ACF AuRYF43s5uTCEBRIe 141596 (¢I33sReSEGHD)

3726 = ®36.000 C CHEZC NITH AFT 9XY BL<HD TENSIAN L9AD REQMTS

237 = §37.700 JF(JZFRL ToewARD) WNCFAmWASR

=33 = &31,720 T IF(ACFAeLTewABA) ACFAawA9p

217 - 53340709 WwFF3s,.CFR

540 = S4J3¢000 WFF e CFW

5641 = S41.200 LT JoT

542 = 542.000 FELES o

342 = 543.000 AFFI=aAAR

546 = S44+200 MEETEN

865 = 54350000 C FuD CINE AND FAIRING ANALYSIS
S44 = R4&.000 91 IF(3L<4D«GT+2+0) 39 T3 92
Y47 = &47.000 C UPR CANE wALL THICKNESS
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS REPORT MDC E0746

VOLUME It
COMPUTER PROGRAM - FINAL REPORT 28 FEBRUARY 1973
4R =  S4ReNJD TUCNERPULLA#BR/FTU
34" = B43.000 JF(TJCNeLTeTHIN)  TUCN=TMIN
581 = R32.000 G F¥D 3rY_BLCHD THICKNESS s -
TTTEnY = €51.900 TFAlePJLLASOR/(2eFTU)
559 =  €33,990 F(TFNR.LT.THIN) TFB83esTHUIN
;=1 - q;q.;gf) C ;\'7 axy %qu RIN3 ARZA SIZED F3R ELASTIC STABILITY
356 = 534.100 NEA28A8G ((PULLA/2e) #(IR*SIN(IDe /5702958 ) =¢50DeTAN(THETA/
5535 = 5330000 KS72958)))
SRA = 56,900 AFO9Re(NFORs(e589D)¥s3/(3enf)) 8,5 i B
“E7 = 5374000 [F(AFOReLTeAMIN) AFBREAMIN
352 = 53%.799 C WE 134T 8F FWD 9XY BLK4D RING AND WELD
56N = 837,700 WFAs3,141598RDER 49 #ATSR
SAY = BA7.799 WFOAs(TFB34.005)#2+03¢14159s2R440RRHE
561 = ®51.000 WEN T4 #3e58 (TFI34e075)830181594(+33309ReSES+ID)
362 = 543,092 C 41547 _9F FW) FAIRING USING MINIMUM GAUSF PLUS ASLOS._..... .
563 = 563790 wrA]q-:qa.(T’ﬂ\H-DOS)'3-13159'(E-GNR'H\IJ-(-S'SD#-S“\JD)O
5h4 = 5544000 B((HZ-HCI)sw24(e503Dae30ND ) sa2)8se5)
843 = 5454709 WFAYsR-A#3e58 (THIN++005)#(3+141598ND+SEGS (HC=HCY)/
ShE = . 5C9S(THETA/57+2958))
;5; - :23.233 o JE13<4T AF FuD CINZ BXY TANC WALL AND WELDS
___ BkT = S4ReN22__ . _ACINeRHI#3. 14159#+Se((TUCN++DD5) *DD+(T8(9)+e005) D) #HCE/
567 = §563.770 LCAG(THETA/5742958)
37N = 5734799 arayse48e3e5e(((TUCN+TO(9))#+540005)4SEG#HCY/CISITHETA/
) 371 = &71+700 §57¢2358)+3¢141598(TUCN+005)#9D)
377 - &72,790 37 19 93
873 = 573900 C ALTSIVATE Fwd SZCTIAN wlITHOUT FAIRING
574 = S78.920 C Frd 9XY BLCHD T4IZKNESS -
%735 = 573.0500 92 TFARePUYLLE®«32ND/(2+#°TU)
5764 = R76&+1)0 JF(TFORLToTMIN) TF3I3sTHIN
T577 = R77.090 C UPR Z9VE wALL THICKNESS
§7% = S7%.200 TUCN=PULLG#«S#MD/FTY
571 = 8794000 JECTJSNGLTeTHINY  TUCN=THIN
5397 = 827,200 C Fad 9XY Bl <HD 9[NG ARZA_SIZED FBR_ELASTIC STABILITY
THRT = 831790 NFNIsARG((PULLI/2e) #(+5eNDESIN(I0¢/57¢2958) =e5uNI#TANY
5P2 = S82.930 ETHITA/57+2958)))
3F27 o §RA3.09)D AF93a(NFAQe(eEaND)su3/(3eaE))uneb
=84 = 534090 IF(ACSRLTAMIN) AFQReAMIN
AR5 =  GR3.003) C WS134T 9F FWD 9XY BLKAD RING AND wELD
SKA = S844500_ __ WF9e3e141599NDR{DEAFIR e -
387 « ®87.99) JFATES a8 (TFIR+e)D5) 020 83e1 41536 (e5aND) 002
589 = §3R47)) AFIyeT49#3e50 (TF344005)#3014159eND
387 = &83.1700 WFAT3mDs
591 = 5329000 AFAJEDe
371 = 571.700 C NE15-T AF Fw) CINE 9XY TANK NALL AND wELDS
500 = Rv-aoo,_ﬁ_ﬂwcw-maa-a-1“159-.,51(_(__Tuc~1_¢3;os)wpu_raLs)_o_-gpsj_-_mww R
587 = §33.990 5CAG(THETA/57+P0O58R)
394 = S344900 ACONAERHARTeSe( ((TUCN*TO(9))#e54¢075)sSEGRHC/CHSITHETA/
395 « 5334700 45762950} 430141598(TUZN+e D05 ) #ND)
504 = 344709 C £vD ZONE/CYL RING AREA SIZE0 FAR ELASTIC STA3ILITY
597 = §37.000 93 NCCInIHCT(9)# (0587 ) #TAN(THETA/57+2958)/2¢
597 = ©33.1739 ACCIW(NCCR¥(e583) w83/ (32#E) ) 88e5 _ _
577 = 633,000 IF(AZCRLTeAMIN) ACCREAMIN
471 = AD747900 C WE1547 9F FwD CINE/CYL RING AND WELDS
£01 = 421700 WCCRu34141598De{I#ACIR
492 = 532,900 ACCA83¢141590NwHI#(TI(9)++035) 365
£97 = A73799 C WE 134T BF MISC ST COMPANDNTS;UMBILICAL PANELS)
A = A)henD) C TUNHEL JAND BAFFLES . L
45, = ATHeINN JRHENN LI
404 = A2%5020 TUMNZL PO e e /1600
407 = 4A27+000 RAFCede (HASHEN) /3430
... %D% = 63%+200 IF(3L<-DeGTe2e) BAFFDe(HD4HC) /3430
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A07 = A1340790 IF(49¢GTexdH) NASFaDaHF /3430

“1n = &12.0002 C STRJCTURAL WEIGHT SUBTSTALS
___~_ilL_:__511-?DO__»_A_.FND?LF!NF39+NF25QAESN _ .

610 =  A12.700 CANICTRWCIN+ACINWEWCTIHWECH

417 = A1?.700 CYLIZTaWOX+WLD9T+WLDID

L&14 = Aft4enDD AFTALFBsWARRGAARR+AADA

A15 = A{3¢227 FuNT<aFANRLF+CANSCT+CYLSCT+AFTBLF

414 = 4144790 CUIAV ABAFFR4NFFI+AFFA

817 = A17+200 AFTIYLwAFX*WLDF T+LHLOE —

a1 =  K1RDDD AFTILASNAF R+ AAFR+NAFA

417 = A13.700 AETNCRFWNRLA+AFTCYL+AFTRLA

490 =  A294700 NAGTAQaWFAIR+WFAW

&21 = 4217000 C SET D80eDegREDTFINE L/D

£90 = R22,700 NeNeDens

(AR I £33.797 LY9De /D . A R,
T TRy e T2 T CALTJLATE IMOUCED ZNVIAN p20T 41T 10X NON B80T

£ = 423.7200 C INTZ TANK TPS

Loh = A2Ke70D TRGIN® (P s eHR+LCIN) 80 141594D8NTPS/ 1440

427 = 4274700 C \NNST FATRING TPS

&PR = A2RL.NIDD T°==A-3o1u159-05~(dCT’S'VD*LC7°S'BD)'(HC-HCB)/
&P = 423.000. . A(COSUITHETA/S7+2958)wlbbe) . L.

5319 = A77e000 C NR3Z (AP TPS '

A1 = AK31+9200 TPENZENCTPS*#3014135902 eNIauN/ 140

432 =  A32e0200 IF(4Y«GTeH) GB TH 97

437 = 433000 C LeX FsD TPS

434 = A34.000 C AFT DJ9ME TP§

535 = £33.700_ TRGIMsDMTPSe2.%30141538R*HI/1 44,

Aah = 638,700 C AFT CYLINDER TPS

A7 = 4374700 TPS7YEe1415F4DuHFaCYTPS/ 14y

43 = A3N9D TOS2N=De

6737 =  A33,.790 TPS% Jude

AunN = AWDeNDD 1F{3_<HY+EQJele) GI TH 94

Ayl = A41.0DD 53R YSN 9IS .

“an = Tk42.770 € T AFT ZYLINDER TPS FBR C9MMEN B8LYHD CASE

L47 = ABANID 84 TP37Y83.1415940aH-{eCYTPS/ 144

fub = AB4eNDD TPSIN®De

A4S = AB3e70D 98 1F{.<4DeGTepe) B TH 96

Anf = A4647730 37 T3 101

Au7 = ATeN0N € LAY AFT TPS

LuR = 4A4ReND) C FY CONE TPS

A4 = A4IDND 26 TPGC4A=D,

A57 = A3070D TP3NCeDe

481 = %31.700 59 79 191

452 =  A524900 97 TP37Nw3+141598+5u(LCTAS¥AD+CYTPSHD) eHCY/

A5 =  A3370D __5((3?([jg[gg&l;ﬁ?SS)tihk-)

a8 = A34000 C Fiwd) CYLINDER TPS

4337 =  A353070 TPST Ju3e141595CYTAS#DHI/ 14ke

654 = A3%5¢700 TPSIMEDe

687 = A37.00) TPSZYs0e

T aR7 = £394000 [F(3_<4DeEJele) 33 TH 3R
457 = 433200 5 T3 33
44N = K&04DD0 QR TP3INsDe
_AR]1 = A6143D0 99 [F(3L<ADeGTe20) GI T2 100 _

LKD = A£524790 39 T2 101

667 = 443.970 C ALTZRVATE Fw) SECTION #ITHIUT FAIRING

4RL = 4644000 100 TP3FAR].

4R =  A6S.000 TPSNZsJ.

L66 =  £56.000 C FWY CINE TPS

567 = A57+2020 TP52Ne3a14159%458(JCTAS#ND+LITPSeD) sHC/ -

563 = AKReIDD K(CAS(THETA/E7¢2358) 0 kb))

KN = AK3F.000 C TPS AEIGHT SJRTITALS ~ITH 10X NAN=9PTIMUM

4-13

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS
COMPUTER PROGRAM — FINAL REPORT

REPORT MDC E0746
VOLUNE Il
28 FEBRUARY 1973

477 =  &7742330 191 FAIITeTPSFA+TPSNG

471 = A71¢709 FCCTPSaTRRIN+TPSE

K12 = 4722000 ACYOVeTRSOM+TRSLY .

477 = 46734330 TATO3aTPSINGFAIRT+FCCTPS+ACYIM

674 = 4744000 C INTZRSTAGE ANALYSIS

A7% = £73.330 C LRes39ACE ILTAFEN 3IIBSTER ATTACH PBINTS

a74 =  A764900 LRe44+LCONeHR

477 = 477+909 IF(INLe5TeDeI) IL2lX]

K73 =  A7R.QDD IF(3X2e¢5Te0eD) _R22RX2

477 =  £73.700) IF (YL eGT0e2) RLeIXL
S &RN = /433,000 IF(3L<H4DeEQele) LImo

481 = 431.000 C A993TER INDJCED MIMENT AND REACTIONS

47 = 4324700 JF{43e5Ten4) LBay9eH

AR = ARIJLDJD Mas (TH4ASLT/NIENGS) #CIS(RCANT/5742358) %78,

484 = 4384009 K= (TH3SLT/NIENRB)#SIN(3CANT/572958) 827

45 =  ARFeDDD Rax(Ma/LB)#FS

AR4A =  AR&,0)D R ((THASLT/NAENGI) #SIN(3ICANT /572958 )=RE)#Fg

487 = A27.70D RR@((THASLT/NOENGI)#CIS(ICANT/572958)=RGLIW/NITNGB) #FS

4ua =  4232.73) C SENTIALTZED AT 29 FBI NG CAPS,WEIS AND REAv

487 = 4334090 C TAD3, ~T3G(e94uFTYU KNITC JOAN FAZTOR FBR COMP STA3

437 =  £794997 C Y 256FTY FA S4TA ALLINAZLE)

€31 = A31.099° AlTa(24981e10/(2euFTJ))n(30181594(D/e94+80e/,3125)
_&A3 = /324030 KeNw w2/ (40eneIb)+D/e3125)

497 = 433.770 C WET34T  8F B9RSTZI ATTACH RUNGS=CHECK AGAINST 8L CHD
534 = 4.99) L FIN3S  AND ADD INTERSTAGE 3EEF UYP REQMTS

KIS = A33+9000 WA JITeNSENGIwRE#1 0]

£9% - _437£+000 AS=d1TeNBINGIwRERebLs

497 = 437.900 C A D3 SZPARATI 933[TER ATTACH RINGS BASED 8N 9RBITER
_ 493 = k37,390 C RTAZTIIN  LBADS FIIIM IRBITER MIDULE

€97 = £73.99) AT {]TeR2ee714

72N = 732200 A1sd]T¥R1624355

771 = 791000 C AND  SPECTAL INZRSMENTS 732 SAAY RIACES DBUBLERS

702 = 732.0203 C D RA3 LTINS AMD FITTINGS ADD 10% STRNIN 0PT

7587 = 7337200 MSL-Q'\-

7na = 798000 AS3a (1 #1Pew(oSuN2eS5774)we2/(Z2#3014159%42)) %05

795 = 7357232 AS3eA334eS8Dr 5774 #R4I#2e4]1 03421005

704 = 7744700 WEF 292840 (R6#3e/(e3125#7T ) )uw1e5420R1Be1+10

707 = 737999 AFD)3m150e0e5#3014]159%D03H34e)714110

70 = 79R.20D ADRAGE ¢S990 #43%1 1) (NOENIBeRBIRL )/ (e F4*FTU)

FAST = 793.990 AAD 38100, #e3553014159«D %K« D55#110

717 = 7123000 NOLL®<2%39+42. #3981 ¢ J45110/FTY

711 = 711200 ASL3835.

7192 = 712700 ASLT855.

71?2 = 713200 ARL _# S8 .547Reuye#R-Iule3unl10/FTU

714 = 714000 C TATaL INTZRSTAGZ NEI534T

715 = 713230 THINTa WA +WS+ NP+ 1+ ASL+rS3+ASE+WFDUISWDRAG+WANUS

716 = 7144090 RewI L+WSLS+WSLF+W3ILL

717 = 717.000 C TaTAL STRUZTJRE WEIGHT

715 = 71R.790 8905328 FWHTK+WINT+AFTNC+NOSFARSTWINT+UMAPNL+TUNNEL +BAFF

717 = 713.759 C PRIIT| LANT SYSTEMS=BASED BN DETAIL POINT DESIGN AITH

727 = 797.030 C  SCA_LING _|LAWS F3R 9R3ITER ENSINE FLOW RATESMIXTJRE

721 = 721.900 C JATII AND TANK DIMENSIING

722 = 722000 IF(R_<HDe3Te1+0) 39 T3 103

7271 = 723,700 C CHMMIN ILHD INTERNAL LOX LINE

724 = 72447%)) IXVINT*S64

725 =  723.900 HVINT =427,

774 = 7264000 _ PNE je25¢5430e58 /1494

727 = 727000 IF(43«GTsx4) 59 T9 102

72¢ = 728,200 C Lax FOQWARD

729 =  723.0)) AXP3ITS58122¢410900 /1634

739 = 7304030 IXFIEOn(19e¢54201222#4F ) #3F BuYnueS
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731« 731900 4PRISe61eeB3euT/RIR
733 = 7324020 HAFES08 (315946031 756#D)#9F L BuwXese5
733 = 73000 AXme58(T7ea4e330FLINYERS) i
73h = 7344799 3% T3 195
735 = 7353000 C LPRx AFT
734 = 7754930 102 9%PITSe{ 22441090 u4F /1594
737 = 737.920 IXFZID®(19e54e012220¢54D)s3F  BAXS®5
732 = 73R.099 HPRISs4] esB30s /8T8
737 = 733000 HFIZI8 (310594003176 4F ) 83F| OAYSweS ———
740 = 7434700 AxmeSu{Tese7689F YR He5)
741 = 7414799 3N TY 195
742 « 7424090 C SEPAIATE AL KHDPS EXTERNAL LAY [INES
767 = 743.70) 173 ONE JeP5e5+418e58 /14700
744 = T44e00) WJC<TeDe
T4 = 7“:\'0‘}07 ~ XeNe ~ o
T 7BA = 74&.000  9¥vINTe52z.
747 = 7474000 HAC13m6Res1000eD/31 4.
747 = 7424090 dVENTeADPD,
T4 = T43.79) IF1435TeH44) B3 T2 104
757 = 737200 C LY TPRWAR)D
751 = 7514270 IXPITS®123e4122e 0 /1470,
757 = 7334990 9XFIEDs(1Re14:014458(A4+LCIN) 1 #SF [ TWTYse.5
757 = 733.779 4PRISE6Te4115.444/703>
- 754 = 7344700 AFZTD8(F4e21+4013336))83F FwXuse5
785 = 73534720 57 T9 106
766 = 7367030 C LMY AFT
757 =  737.700 104 9XPITIa12Re+172e04/1470D0 o
T30 = P5R.ANA TUTAYEFTINe (1R I+ 01465 RSN ) #IF BN RS
787 = 733,999 4PRTS88 41158 /70
7hY = 7594900 AFEIIe (40214001333 (AH4LCIN) ) #BFLI%WYene5
761 = 74147020 79 T3 104k
742 = 763,799 C CNMMAN B 4D TNTERVAL L9X LINE JACCET UNDER EXTEIVAL PRES
763 » 7534700 105 TTO2u(FHCT(O) %1 0swXen1e5/(E8eBR157))0s0k o
766 = Thyen3n TF(TTOPLTeTMIN)  TT92TMIN
76% = 7453.710 THYTR(FACT(1)#10ewRXn 015/ (E8aREIS7 ) )unol
766 = 7464000 TF(TISTeLT«TMIN) TRIT=TMIN
767 = 7474700 WJAZKe (oS {TTPP4TIBT)+eDD5) 5301415942 2RX #1258
ThHR = 7447900 5OQHQU(HF-1300)
767 = 763,730 TUPI(FHCT(I)#10em (RX+3s)uw]e5/(Ese88157))004b
777 = 7734900 IF(TUPRVLTTHIN)  TUPR=TMIN
771 = 771.09) TLAR(FHCT(1)%10e s (RX+3e)nu]e5/(EneB8BI57))0n b
772 = 772000 TF(T_#ReLTeTHMIN) TLAR®TUIV
773 =  773.000 AENDI® (TUPReTLWR+4eD1)9850¢830141598 (X430 )02
774 = 774000 K9l e23w34R
775 = 773790 AJCKTel e 108 (AJACK+WEND) o
774 = 7764030 AC1s3e
777 = 7774700 C MI57 PRAP SYS CIMIINENTSSIMP,PySYS
773 = 772200 106 SU“IPE220.
777 = 773.79) PlISYS=1RE,
787 = 727.000 C PUADI LANT SYSTIMS SJITITALS
TRY = 791.7300 FEDIYS@qXFEEI+HFEID+NJCKT+HCIR .
7Rp = 732.7930 PRSVNTaHPRES+HVENT+9XPRESH+IXVENT
. 7RI = 723.700 ONP J8PNEJ+PySYS
FR4 =  TR4.700 PRASYSFEDSYS+PRSVNT+RNP 4S5 JYP
7RE =  783.000 C EQSTIMATED TANK [NERT AT £BR ETRY SYS CALCULATIAN
7RA = 7844000 XNDRY=(Q9D5IP+TITPS+PRISYSAVIINT4MISCTI®(1++GIP)
7R7 = 7874930 XIMZRTeXDRY+RESINT
782 = 78847900 C RETII RICET SIZING
. 7Ra = 783.700 DELX=EXP(IETOV/(32¢17#RETISP) ) =1
7997 = 772.2N0 NRPIIPeXINERTDELX/(1e={1e+5JP)me365#DEL X)
771 = 7314020 ARETI9 =] e 3458 WRPRIP
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792 = 732.000 C TaM< SY3TITAL DIY WEISHT
7793 - 733.20) SU3I¥YeIRIGRI4TITIS4+0IISY+AVIINT+MISCT+WRETRY
798 = 734.700_C 3RUTH/UNCERTAINTY AS PERCENT 9% DELTA YO A FIXED _
795 = 735.900 C IRY AIIGHT
794 = 7364990 5Us3IJRDIRYe3U?
797 = 737090 IF{FIXDWTe3Te0e) 3UsFIXDNT=SJBDRY
e 792 = 7IR.300 C TANC TITAL DRY wEIGHT
797 = 773200 IRYNT=SURDRY+GU
RDY = 212.900 C TANC TOTAL [NERT AEIGH4T
2831 = 231.220 INSITaORYNT+RESIOT
} ena = 232,300 C SXTIINAL TANK GR9SS WIIGHT
[P = 2733000 532955 ~aINERT+PRIPIT
RN4 = 2344000 C IXTIZRNAL TANX MASS FRACTION
[N3 = R35.700 TLA43=sPRAPYT/GRIBSSH
R4 = R15+4700 XTI =L
807 =« R37290 TXTH=)
RN2 = R3%.230 EXT4%s+49
227 = R33.0793 TXTH44mAA
1% = R{JeNJD G2 T3 700
211 = R"11.200 C
812 = 212.720.C FIXTO_ ACIGHT EXTERNAL_TJANS CALCULATIANS [
212 = R13.200 C
46 = BILeNOD 4D DIVATEDRYT o - :
15 = 213000 RESTOT=RESIDT
14 = A14¢390 INEITeDRYWT+RES] DT
%17 = 817.900 FRISSHmINERT+PRYPIT
RiR = R{2.390 TLAU3=PRAPAT/GRISSA e
21" = d13.700 39 T3 700
827 = R2%.700 C
RP1 = 821.000 C EXTIINAL TANK SIMPLIFIED EQJATIBN CALCULATISONS
P2 = 232,990 C
823 = 823.000 530 RATII0PRAPH2/PIIANT
RP4 = 22449730 __IF(3ATPRA, Tee50) RATPOH=.5) e
RP5 = 495,790 CF3s213e777+410¢693#RATPRY
P4 = 8264700 TFAa=31957+6=%4beJIDIATORY
Rp7 = A27.9390 CFCaed47R354+¢0214184wRATPRS
972 = 83R.NDD CFNa=e090194847=4230001502#RATPRA
Qp7 =~ a33,200 CFFeCFC+CFIeDF
R3N = 2INeDNN_ CFIafFALCFRARIF o -
R3t = 231.970 JRYTesCFESCFT#PRI9508T
R3? = RIDNY) IF(PR9P9T.LTe1002920+) DRYATDRYWT#(1411520=40000001452#PRIPIT)
23 =~ 233700 IF(PR9PAT453T1000900%) DRYNTeDRYWT#{¢9)8317+4.0002000567#2RP3T)
24 = A34,70D IRYATRDRYAT/L4D75
’35 =« 233.900 Gle3J2uDRYAT
234 = 8344730 IRVATEIRYAT43U .
TTTR3I7 2T R374090 RESIDTERR06e+e019724PROPAT
R3IR = 83IRNIO INEITsDRYAT+RESIDT
237 = A33.790 3235 mINERT+PRIP]T
A" = 9474000 TLAMB=PRAPAT/HRRISSH
41 = R41e700 39 T% 700
4D = Ru2.700 C i o
R43 = B43.990 € 77 FIxED LAM3DA EXTER]NA_ TANC CALCULATIBNS
Wau =  R44e900 C
45 = R45.79D0 AJ) DRYANTsPIBPITH((1eI=0954)/954) .
R4k = 2464900 RESIDITe2206¢+¢0019724PRO2BT
Ry7 = Ry74900 INEITaDRYWT4RESIDT
Req = R4RN30 __3RASSAEINERT+PRIPAT .
R43 = Re3.000 TLAMBaPRIPIT/GRISSW
R50 = 233300 700 CANTINUE
851 = 251.000 RETJRN
52 = 952.200 END
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5. SOLID ROCKET MOTOR BOOSTER MODULE

This module contains the analytical and empirical weight estimation relation-
ships necessary to completely define the solid rocket motor (SRM) booster system.
The NASA weight report and design data, coupled with a three-view drawing of the
SRM, supplies all inputs necessary to analyze the configuration. Here again, it is
important to note that the velocity correlation coefficients described in Option 1
must be calculated or known before this option can be executed. The primary pur-
pose of this option is to provide the capability of optimizing the SRM by inputting
a diameter and iterating on propellant load and engine characteristics. The itera-
tion calculates SRM burnout weight and dry weight, which, in turn, modifies retro
and parachute system weights, which, in turn, is rippled through the other weights.
This entire module continues the iteration until a completely balanced system
exists. This option also has the capability of inputting constants, which allows
the user to input weight changes without modifying the program. The SRM option
contains four distinct modes of operation which are as follows:

1. iterative analysis

2. iterative analysis (fixed dry weight)

3. simplified equation

4, fixed booster.

Figure 5-1 is the flow diagram of the SRM Module, followed by a detail listing of

the program.

5-1
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SRM MODEL

SRM
INPUT
DATA

FIXED
BOOSTER

SIMPLIFIED
EQUATION
SRM

DATA
INITIALIZATION

SRM GEOMETRY
CALCULATIONS
1. LENGTH

2. VOLUME

3. ETC.

|

BASIC SRM

WEIGHT EQUATIONS
1. CASE WEIGHT

2. NOZZLE WEIGHT
3. ETC

INPUT THE FOLLOWING
1. SRM BURNCGUT WEIGHT
2, SRM DRY WEIGHT

3, SRM PROP WEIGHT

CALCULATE SRM
WEIGHT BASED
ON PARAMETRIC
EQUATIONS

¥

SRM RECOVERY
WEIGHT EQUATIONS

1. PARACHUTE WEIGHT
2.PARACHUTE INSTL

3. RETRO ROCKET

4. ETC

SRM INTERSTAGE
WEIGHT EQUATIONS
1. FORWARD SKIRT
2. TUNNEL WEIGHT
3. AVIONICS WEIGHT

4. ETC

SRM RECOVERY
WEIGHT
ITERATION

GROWTH
UNCERTAINTY
AS FIX DRY LESS
SRM SUB DRY

GROWTH
UNCERTAINTY AS
% * SRM SUB DRY

¢

FIGURE 5-1 FLOW DIAGRAM

5-2

CALCULATE SRM
MISSION HISTORY
WEIGHTS

1. BURNOUT WEIGHT
2. DRY WEIGHT

3. ETC,

v
C RETURN )

FIGURE 5-1
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CHPY RSUA T3 L2, NC)

1 - 1200 %F1XED . o B
P - 27000 C
3 - AN C SRY SU3RBUTING
b - be70 C
5 = 32020 SUBIIJTINE SIMMINTL
s - £.n00 C THE PRIMARY 3{)R39GC 8F TH]S PRAGRAM ]S TR PRayv1DT THE
2 = 7200 C_____ CAPASILITY 8F B8°TIMIZING IHE SRM_BY INPJUTTING 4
R = f.079 C JTAMETER ANMD ITEZRATING 9N PRIPCLLAVT L9AD AND ENIINE
q = 2,030 C CHARATTERISTICSTHE ITEZRATION CALCULATES SRM BJUINUT
11" - 12090 C WETSHT AND DY WEIGHT,WHICH, IN TUINSMBDIFIES RZTRY
11 = 112200 C AND PARACHITE SYSTEM ASI3HTSewHICHIIN TURN, 1S RISPLIED
) A 17700 C THRTJGH THE 9THZIR WEI3HTS,THIS BPTIBN A SO HAS THE
— 13 = 13.000 C_..  CACABILITY OF INPUTTING_CANSTANIS,AHICH ALLOAS THE
16 = f4enn)y C JST 1% INMAYT wWIISHT THANGES wl1THOJUT MINIFYING THE
15 = 154290 C PRY5IAM.
16 = 164990 IMBLIZIT 2EAL(A-2)
17 - 17,299 JIMINSIAN £1D0(4)
12 = 12.770 C
L2 = 13000 C___ RERFIIMANCE COMMIN BLICK ___ .
20 - 32733 C
21 - 21.2920 CAMUAN/MAIN s PR3IPI,PRIPG, BT ACANT,BCANT, ACANTY
22 - 2247900 1o ZANTPINAINGR P NITING®» THRSL s THRSL ) THAV, TBV, FLOBWR
22 - R Nelo b ] PrTE,ETwsFIYHAIN
P4 - EL X Ralele] 3,2 15°86,18P2Vv, 152935, 15P%3v,SCDsBTW
gi = 23220, _ 4aHaDVIRRR,INT,STAGV,DVEBN, DVINST
2h = EL X Ralole] S5eQC s THATC» TARS _TH»THITCH 1SPB» [SPB,PRIPYT
27 - 27233 £)PRIPYL ,PRIAPI2,EW{2) 9 IVINC,DVB,DOVTRATC, NOSCOI A INATIBLANNWT
F ] 21,330 733 INJrToALIWT,9GL W, GLOW, TITAL,S»P,MATLH, TLSSR,FIRP
e - 23.9210 Ry 949D, 9LLOL9,9.9/LI» IMSISP, IMSDOVTIOMSDVP, IMR
3N - 37720 FsLAINGPITAwY, TAWRH)SEINS» GRAWI MINGLW
31 - 3te022 C . . . . I I
3 - 32000 C SAM 9JT2UT CIMMIN 8L 3CK
37 - 13,970 C
W - 47930 CaYM9Y /5019 /339 4T, 8DRYWTSRSLINILAMB,PUY]

B 334222 10RASSIM WEASE W JIINTIANDIZZs WTTERS WINSTIWIGNSSRMZ . _ . _
34 - EE el ke) 2sSRMISS)PLFS)PRASLSsPAAS)PANF,PWTNIPWAV,WNCTS,534IC
37 - 370200 3aWREZOVIPAPARIPAP I, PAIRLRWRP )P AR SRMRL
32 - IR«NCD GaUNZISTHEY P INS,39SLUN» SRML» SIMD
33 - 33.220 51053335, P80A4T,PPIIPB,PDRYATIPBOSLY B
4N - 42002 A)FIXRN9,SIUP3"

41 - 41705 C
4> - 42.200 C SPM (5RM) INPUT DATA 3L9CK
42 = 43.220_C - e
4y = 444700 NAMZLUIST RAB2,VJA,MIAX s MAAX, MEIP,,FS,FTU AT, RH4OM
4% - 43170 1o INTHINP N JywNNZHNER, AP, CF,PC)NDHALTCH» TDESH» VR
bn = 44000 PaVSISAANE,,LFIRUNCL»FIXDWT,RRISP,WET sBSRUC,»SRMIZ, SRMRC
47 - 474729 3,FI¥A0, R34 T,BIRYWT, SIMPED _
43 - 4%en70 C
4D = 42000 IF(Pez(Je2+2) G2 TR 2
|81 = 32000 INPYT L)
51 - 31200 2 IF(CIXRNR,3TeDs)) GA TH 60
B2 - 324790 IF(3I¥PRR,.5T«00) GB T8 70
83 = 533200 WREZSVE1D93De
Ry = 3440907 3PMTSS5819900
53 = 532030 C L e
34 = 5647090 C QASIZ S9M AEIGHT
57 = 37230 C -
|2 = 3%2.9720 C SERMETIAY EQUATIING
57 - 33229 PWATePRIPA/ (1005 NBENGB) - R
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THRSL_SsTHAS T/NIENGR
VPCa (241 /39T )= (292574 #DTASDA®DIAS(MIAX/MAAX) )
TCY s (MEAPRDIAFS/ (20 20FTUII$INT

ACSe(3e14159/4s0)w(DIA=TIYL)#(DIATCYL)
LTHsVPC/ (ATS=AR)

VCASE® (3614159/60) 8D A%DTARDTIAS(MIAX/MAAX)
14(3414159/4e0)1#01AsDIAR(VFC/(ACS=1+3%AT))
PLE22A9] /(HIP#VIASE)

CASI wEIGHT

CAST1eQHAMN (IWA]/(RHIIsNP) ) s ee95
“ASTDavMESPsse7eFSens7/FTJaned

CASTAa (LTH/DIA YR ( (e1538M]AX/MAAX)=ellb)
CASZ4s (AIAX/MAAX)wRe313
NCAST®11e1hu{CASS1#CAST2#(CASE3/CASES))nnle013
CASZ J3INT wWIIGHT

___ AN = 562290
A1 = 51030
£2 = 423233
63 - 34200
.. Bk = 5847900
65 = 55¢300
,,,,,, 65" 54300
67 = 57200
LR _= 58,000 C
67 =  £3.000
73 - 734220
71 - 71700
72 = 72300
73 - 73.270
24 = 20423022
75 = 754009
76 = 75203 C
77 - 77700 C
79 = 784220
79 - 73033
= 804220,
21 = 311709
g2 - 22.320
73 - 23.700 C
4 = %8220 1D
R = LET e Toke]

o B& = 850000 0 THRUST TERMINATION WEIGHT. . __

WJPINTa7e7eD]A®D AR (MIOPRFSeNJ/FTU)
NNZ2Z2LE wWEISHT

FIxXZ) NAZZLE
NGZ271%R33TneebhaTBS Sue] e 24NEIne,7
NZ2708CF ol 24P uae B8 ({TAN(NDHA/ET7 429578 ) ) 000y
IF{ANIZ«GTeCe0) 53 T8 40

ANB 7780035054 (NY7Z1/NYZZP) #0916

3% 13 20

SIMRALLED N8Z7L=

CGN=32el11/NCR#®e115

AMR 772003505845 (NSZ71/NTZ22) #e916

57 = R7e000 23  ATTIRmeN3I5188(T-BSLS/(CFePC))nwleyd
_ R = 838,030 C INSILATION wITGAT
2% = 23.090 C CAST
97, 21990 INGZYa(PWal/(F430%NP) ) »8e80
a1 = J1en40 ING P eRATuw 38 wes 1174 (TC/13036)0(TC/10000)
Q2 e 324790 INSZ3s(LTH/DIA)ss . 1TIESeweR .
a3 = 3347490 ANTINSZ8a0006025 (INSCI1#INSC2/INSCI) ) weeBE
oy = 344330 C JAINT
9% = 15.13) P ((AP/AT) % (4e0nTHRSLS/(3e141598CFaPC) ))nnes
4 = 34.7020 All2e 200548 (D1A/DD) #7]1A3BT
a7 = 37.230) W1T8e20017R8(N[A=IP)#((248I1A4DD)#3BT+B0esD]A)
98 _=__ 3%+20D o IF{AS1e53T+0¢D). 3318 33
[-1e IE 37.0230 dINS 82 DawylaNy
192 = 137+200 39 T9 35 -
171 = 191900 33 AINSUs(AUTeATT)aNy
192 = 132700 35  AINST=+INSZ+AINSY
102 = 1924230 C 16GNITZR we[GT
1234 = 128030 __ AlGNws33ASReIAwe] e 4]
18 =  135.770 E¥OINSe=enI5eDP 4T
106 = 1764230 QASIIMaWCASE+WIIINTWNOZZ+ATTERSWINST+WIGN+BSRYE
107 = 137720 PR3, Ja3IATIRI+SIMISS+ARECAY
102 = 1972.720 JNCTITEPRASE J#RJNTI
109 7= 199.709 IF(EIXNAT.3Te0e0) UNCERTEFIXInT-PBASLY
117 = 117700 ___ 8RAJTeHAGIIMESRIM]SS+ARECIVLUNCERTHEXPINS
111 = 1114799 LINT#93ANT+IRIPRIXO NG
112 = 1124220 37  TRAJLT=3RI4T
1137 = 113.700 C
118 = 114920 C ECAVERY SYSTEM WIIGHT
115 = 113790 C
116 = 116770 € PARAZHUTE WEIGHT_
117 = 117739 APARE175¢0+498400 (BBIANT/(VRI#VR]))
118 = 11%.179390 PWPARe YD AR
119 = 119200 € PAQACHUTE [NST WEIGHT
129 = 12223990 WP1osb316awPAR
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171 121799 o0.P1e,P]
122 = 122.700 C QETIB QICCET WEIGHT
123 = 123.979 __A,;L)D-.f\q‘lQUBBSWT:_(VRI'VSD)/QQISD
174 = 1244700 PR, I
125 = 1236990 C PRAdE L LANT WEIGHT
174 = 1264990 NP g es&7S584AR
127 = 127922 PLRDe 2P
172 = 122,970 C AATZIR QECAVERY +4DWN WEIGHT
127 = 123,999 AWInIED e o
T37 = 1302207 C I TR E )
131 171930 C
132 132990 C §RYM A9)Y 4DAPTER vEIZAY
137 = 133.200 C
1 = 1247090 C FHRJARD) S« IRT
135 = 173.972) AFSe1e458]]A
TR = 1340900 OWFIaaFG
137 = 137990 C AT S<IT/LAJNMES STRJUSTURE WIGHT
197 = 112,999 ASLRI® (G Twe(PeN8BLAATY ) 44D
137 = 133,990 AGLIPesh5eTHIGL#CIS(AAAE/570292578) 8 (LF+(D]A/2e))
147 = 1474900 AAG_SmeD0ub4u (AS[S1+(ASLS2/DIN))
141 = 141000 PwAIL_S=wWA3ILS o
142 = 142,070 C ATTAZH SEP/STRUCTURE WEIGHT
142 = 143.700 AASa952:7sTHIGLS/IBOAT ~
T4y = 144099 O4ASm AT
145 = 1434070 C NagT FATRING
146 = 1464790 ANE e 1&NT 2D ABNIA
147 = 147900 PWNCmw \IF o
TTTIRE =T 1u%en00 € TUMNS L WEJSHT
147 = 143720 ATNse 1148 TH
197 = 139720 PhTNeaT\
181 = 1317900 C AVI9INICS ~E134T
182 = 132.99) NAValF2ah
1531 = 133700 DAV AAY
T2 = 15644390 C TPS ATI1GdT T N
168 =  135.000 ANCTOSee719D1ARNTA _
154 = 1364000 SRMISSBWFS+WASLS+AAS+ANF ¢k TN+ WAV4WNCTPS4SRYIC
157 = 137700 WPEZAV e APAR+ AP T 4WRI4+WIP+AWR+SRURC o
183 = 138,100 PRAGL JnIASSRPU+SIMISS+ARECHY
187 =  133.79) JUCIITed8A3L JeRYNT]
T T&3 = 1547.7009 7 IF(CI¥DATa5T0s0) UNCZRTeFIXDnT=PRASLY
161 = 151910 BHBJTeRAGSIM+ SR IS+AITCHVIUNCERTHEXPINS )
162 = 162,900 ALANTe43R ;T4ORAD8.EXP NS
163 = 1634729 ANLINCRLY.T
164 = 1644790 IF (A3 (TRI9wT=3394T)eEel0e) GO TO S0
165 = 153203 __  GNh_T9 D
16 = 1444320 30 DR ATeARAGTY
167 = 15742039 OPPRYDIePRYOR/NAING
1642 = 1484100 ONRYATEPRUNNT~EXPINS
167 = 152,190 2RRISSEPRUYET+DIRIDP _
179 = 172790 IR YT HRAALTeNAENGS
174 = 171.22°0 496 JNe3RR T (UNCERTHNRENGY)
175 = 1727720 T anny TeARaNT=(EXPINSH#NIENGR)
177 = 173039 anL34/en29,T+2R9PY .
174 = 1764020 OPT=OW] e \NBENGS
1735 = 175.700 LAM3I=2RAPA/BSLA
176 = 174%.000 QPM_ e TH
177 = 177000 §9MIeI A
778 = 17%.200 59 19 80
179 = 179.000 C ~
1R = 182.000 C FI1XT) B%ASTER CALCULATIOBNS
181 = 131200 C
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182 = {82.290 &0  AHS4Te’33.T

183 = 183000 ANDYNTeADRYWT

184 = 134.733 AGLINEPRYPI4AR T

1#5 = 1’85.090 PLBTEPRIPA/L 400G

1R4 = 124,990 LAMIEPRAPI/AG Py

187 = 127.29D 5% T9 RA

190 = q8m.939 €

1R7 = 123,930 C SIMI_IFTED 339STER EQJATIANG

127 = 137.790 € L

191 = 1317200 70 P491a>R3P8/(1.005%NIENGS)

192 =« 1324090 TH33 SaTUASL T/NIENGR

133 = 133.79) EXDINSE=eNI58DWY ] )

19 = 176799 LIS T8a29433. 34 (D A #0 0773338

195 =  135.92) ARALT=CAEFSE4(T433LSme D1887863)

194 = 178.990 3AR9 TERAZLT/1.035

187 < 137990 JNCERTeARANT®IUNE]

192 = 138,930 aRayTeRAALT+INCIRT

197 = 133.939 899 4TsR2B,TENIENGS

207 = 272.939 8NAYNTeARALT=(EXPINS#NIENGR)

201 = 231930 35 94=R39,T+02m00

203 - 2924999 OWNTePWA ] 8 NBENGS

TP AT = 114099 T LAM3I=DdRIPR/AGL AN

7% o 294.799 39 CINTINUE

273 « 295,999 RET JIAIN

204 = 23%¢200 END
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6. TRAJECTORY MODULE

The trajectory module contains the curve fits of an optimized trajectory,
established by MDAC during the Phase B Shuttle program. These curve fit equations
determine the total required velocity by defining the velocity losses. This is
accomplished in several distinct steps:

a. The ideal required velocity is determined as a function of first stage
velocity, first and second stage thrust to weight ratios and the ascent
drag parameter.

b. The velocity losses attributable to the launch site altitude and the
required mission inclination.

c. A delta velocity correction factor which allows the curve fit equations
to translate through the defined losses of an analyzed point design.

The equations are empirical relationships derived from parametric ascent
trajectory shaping studies, and are intended to be used for ideal staging veloci-
ties in the range of 8,000 to 12,000 ft/sec.

Ascent losses have been shown to be a strong function of thrust/weight at 1ift-
off (T/W1), and thrust/weight immediately after staging, (T/Wp). Other significant
correlation factors In the velocity loss equation are staging velocity (VS), first
stage drag parameter (W/SCD), and launch site altitude (H). All of the above param-
eters are self-explanatory with the exception of SCD. The SCD value used is between
Mach numbers 1.2 and 1.5.

The velocity losses were curve fit for ease of interpolation when used for
sizing studies. The coefficients of the multivariate, polynominal fit were eval-
uated by a least-squares technique. Each coefficient of the initial polynominal
was tested for significance, and the least significant term was eliminated. This
procedure was repeated until a minimum term polynominal was determined which had
accuracy essentially equal to the original. The accuracy of the curve fit was
then improved by conditioning the independent variables with natural logarithmic
functions. However, if new data is curve fit, other functions may be more appro-
priate.

The curve fits are predicated on limiting values of the thrust to weight
ratios and the accent drag coefficient. These limits are:

a. First stage thrust to weight is less than 1.60 or greater than 1.18.

b. Second stage thrust to weight is less than 2.0 or greater than 0.70.

c. First stage drag parameter is less than 12,000 or greater than 1,000.
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If these limits are exceeded, the program selects the applicable limiting par-
ameter and outputs a warning that the results are outside the bounds of the curve
fit equation and the validity is questionable.

Figure 6-1 is a flow diagram of the Trajectory Module, followed by a detail
listing of the program.

DELTAV

DATA
INITIALIZATION

!

SET DATA
BOUNDARY CONDITIONS

!

CALCULATE
DV LOSSES DUE
T0

1. ALTITUDE

2. INCLINATION

!

CALCULATE

1. REFERENCE
ASCENT LOSSES

2. ASCENT VELOCITY
LOSSES TO STAGE

y

SUMMATION
OF VELOCITY
LOSSES

|
)

FIGURE 6-1 FLOW DIAGRAM
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B 2«0010 C
3= 3.1770 C DELTAV SUIRBUTINE
4 = 4,900 C
o= 3.900 SURIFITING DELTAV
£ - £.n00 C THIS PRAGRIAM [INTAINS THE ZURIVE FITS RF AN 02TIM412eD
7= 7.770 C TQAJECTQQYpESTABLISHEQ_BX_jDAC_DUEIN@_TﬁE,?ﬂASi_}WSﬂUITLE
_“ 5 - R.n90 € PRASIKAMLTHEST CJRVE FIT EGJATIANS DETERMINE THI TITAL
Bl 2.000 C IEVJINED VELACITY 3Y DSFINING THE VELDCITY L9SSESe
17 - 19090 C THIS IS ACZHMPLISHEN IN SEVERAL DISTINCT STE?S!
i1 = 11730 C {oTHE 1DE4L REQJIRED VELICITY 1S DETERMINED AS A
12 - 12799 C FUNCTIAN 9F FIRGT STAGE VELBCITYsFIRST AMD SICOND
171 = 1?00 C STASE THRUST T3S NIIGHT RAT]SS_AND THE ASZENT JRAG
14 = 16en00 C DARAMITERS.
15 = 13.700 C D.T4E VELOZTITY _ASSZIS ATTRIBUTARLE T9 THE [AUNIH SITE
16 = 16790 C ALTITUYE AND THE REQJIRED MISSIBN INCLINATIIN.
17 = 17,770 C 2¢A DELTA VELICITY CZORRECTION FACTOR WHICH ALLIWNS THE
1% = {R«ND C ZJURVFE FIT EQUATIONG T8 TRANSLATE THRBUGH THE DJEFINED
17 = 12000 C_ LDSSES 0 AN ANALYZED PA]INT DESIGNy
PN - 27730 C THE Z3JATIONS ARE ZMPIRICAL RELATIANSHIPS DERIVED FRAM
21 - 21790 C PARAMTTRIC ASCENT TRAJECTBAY SHAPING STUDIES,AND ARE
0 - 22030 C INTZNOEDY T9 3F JSTD FI2 IDEAL STAGING VELBCITIES IN THE
/1 - 23.n30 C RANAT 9F R, N3Ne T9 12,200« FT/SECS
2u - 244190 1P 1217 OEAL(A=7)
fr = 73790 C ) i
Pe = 264730 C PEREAIMANTE CAMMAN ALSCK
P77 - 27.7223 C
o8 - PReNOD ~aMYaN/MATNy PRIPI,PIICT,RET,BCANT,BCANT,,RCANTY
27 = 23.730 1N CANTP, NAENSRHNIENSY, THASL s THISL, THIV, TAVLF_BWR
- 334030 2y TFWF Ty F XN
R R K Ralele! 3, 18285, [ 803y, 1SPT35, [5P93V,5C0,3TwW___
35T= 3241007 4pHpIVINRR,INC,STAGV.DVEEN,IVENST
1 - 13700 5pRE aTHAATCHTANS, T, THITCH 15P9, 15P8,PRIPIY
- N0 by PRIDI1, PRIPYP, FW(2)s JVINCHDVR)DVTITC, 43SCO,IVAT»SLANAT
6 = 15+730 7o INJAT L wT 5L WIS _IW»TATAL»S»PIMATCH, TLSSR,F2RP
A - 364720 ) YA D s TLLOL Y, LI LD IMSISPO,IMSDIVT 2 BMSOVP L IMY
37 = 37.700 9sLINTP s TN, TANI, SENS» GRIWIMINGLW
) m - 18.1739 C
In - 7.7209 C DELTAV FUTOUT CIUYIN 3L9CK
4N - 47700 C
] - 417922 CAMMIN/IVA/DVT»IVINSDVR,DVAR, DVERP, X2, X3
42 - 42700 1o NDVEDI, TATLSES,IVINR, DVALT
43 = 414770 € o ] o
4y = 444290 C THE 2J3VE FITC ARS PRIDICATED BN LIMITING VA_UES 3F THE
45 = 43547232 C THRJST TA JEIAHT QATIIS AND ASCENT DRAG COEFFICZISNT.
bh = 462020 C THEST LIMITS ARZ AS FILLBWS:
47 - 47703 C 1«5[3ST STAGI THRJST TH WEIGHT IS LESS THAN 1e¢60 OR
4R = 4%.703 C SREATER THAN 1618
42 = 430790 C _2eSECAND STASZE THRJST T9 WEIGHT 1S LESS T4AN 2.0 AR
57 = 373300 C GREATER THAN DJe720
51 - 31«n00 C 3.5 13ST STAGE DRASF PARAMETER IS LESS THAN 12,300« OR
8P - 32020 C SREATER THAN 1,000
531 = 33002 IF(SWl1)e[EeleiB) FW(1)®1e1R N
54 = 34+700 IF(CAl1)enEelerD) Fwll)ele60
55 = 35.2170 IF(EA(2) e TesTD) Fu(R)us70
56 = 35000 IF(CA(2)e32e2¢0) TW(2)m200
47 = 37230 [F{WISCILE1NN0e) WISCO®100D,
52 - 384300 IF(A3SCDe3E12003¢) A495CI212200.
57 - 33700 C ALTITUNE vELICTITY LBSS CALCULATIONS
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6 - 5£3+100 VAL T (43274647237 228-4=306191E=h0HIH+2:2222E=]Das
61 = 51090 Sdedie(=te))
B2 = 52000 _ __ ___1F{HeZf1eDe) DVALTN0e]
A3 = 53:790 VLIS «IVEIRT
64 - 544200 C MISIION JNZLINATION VILBCITY LOSS CALCULATIONS
A3 = 534000 IFCINCe3Te3000) £33 T9 5
66 = 66+000 X1®24279e545e1600INC+I01466RSINCHINC
47 - £7¢720 3% T3 6
%2 = £%.000_ 5 X182190302457990INC=0e1848AR#INCaINL
L7 - 43200 6 ¥Pa=h3e5942003961 ¢ INC4+Is00977#INC*INC
75 = 72220 IFLINCeSNeI0eN) X2800D
71 - 71370 ¥IAsAL9T(DVB)
72 - 72200 XA3aA 25(FA (1))
77 - 734000 XICAL3T5(FA(2))
74 _= JAZINS 1) XADeA LIS 4ISTDY _
75 = 730703 C REFTITNCE ASCENT vILIZITY LOSSES UP T8 STAGING
74 = 76.199 X820 2Ahe )b 2uNeBaXIT=D6I 0 D8XIC=470 4w X3A0XIA
77 - 77+79) K+45335Re 76X 20X C+2A 050X IARXIAIXTA1622RD s 0¥ X334 X334X38
70 - 7R.129 SefInle?uXi7eX3CoXIC=7I5¢94X3A00xX3A0XIB+18842)
77 - 73100 Kex 310308 IA+14088e4722930e71560X3D+148:634%0X2)9X3D
_BRY = 27000 DyRax{+X2+x3+DVA_T+DVIARA
R{ = 21990 TaT_SSeX3+IVIGRR
32_- 32000 IVT=IVRe(143VLIN) -
R = 33700 IVANSDVT=DHVE
By = 34290 JVF2=DYT=IVR
RS = 35.7920 C ASCINT VELACITY LASSES UP T9 STAGING

. BA_=__ _8%.700...7

X48IVONST=1152757¢39X3A+51B52B07#X3B4131715.3

RY = 47700 KeX3AeXJAeAL109.20X 230X 33=9169D¢64X3A8X38=63123
B9 - 3,090 AeYIAaXIVe i eI 760X IANXIANXIAIT7T25+358X3ANX3IARX3ID
|3 = R30N9J §¢16-9‘GX?A~X3A¢X?)*317300560X3B-X35¢13A¢26-230x3)
an - 324200 LaX3)XIA+4T7 e i=5880270X3C+52199¢X3C#X3C
7 - 31200 5e5729¢4+14R60120X3D=9508740X3DeX3D
92 = 224220 DVB=X4/120Qe
33 = 33020 VBN DYAN
Ay = 24209 JVRIPeDYB=-X4 o . I .
95 = 354000 RETUIN
J96_ = 35+000 END

6-4

MCDONNEILL DOUGILAS ASTRONAUTICS COMPANY = EAST



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS R e

COMPUTER PROGRAM - FINAL REPORT 28 FEBRUARY 1973

7. FIXED HARDWARE MODULE

This optional performance module determines the payload capability for a
given configuration and physical characteristics through the use of the rocket
equation (AV = gISP 1ln (MASS FRACTION)). In this option, the configuration
weights and propellant loadings, as well as the ascent engine characteristics,
are input into ESPER. To complete the analysis, the configuration velocity losses

av AV + AV + AV ) are determined from an empirical relationship

CONFIG = “'ORB SRM LOSSES
derived from parametric-ascent trajectory shaping studies. These velocity losses
were curve fit for ease of interpolation when running ESPER. When the configura-
tion velocity correlation constaints needed for the interpolation routine (DVCORR
and DVCNST) are known, the velocity losses are calculated by ESPER. This option
gives the user an invaluable tool by which the user can measure the impact on
payload due to changes to a FIXED HARDWARE DESIGN. (For example, what is the
change to the deliverable payload due to a l-sec increase in orbiter ascent ISP.)
Generally, however, these velocity correlation constants (DVCORR and DVCNST) are
not known, but the staging velocity and the total losses are usually readily
available. A matching routine, based on a simplified newtonian iteration techni-
que, is provided in the FIXED HARDWARE OPTION that will internally modify the
existing velocity loss curve fits. This routine solves for the correct DVCORR and
DVCNST that will satisfy the total losses and staging velocity constraints. Since
DVCORR and DVCNST are required input parameters, this solution serves a dual pur-
pose for the user, it not only allows ESPER to compute the velocity losses, but
it also opens the door to the other options offerred by ESPER.

Figure 7-1 is a flow diagram of the Fixed Hardware option followed by a detail
listing of the program.
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DATA
INITIALIZATION

|

CALCULATE
PERFORMANCE
DATA

1. THRUST

2. ISP

3. ETC.

'

NO

CALCULATE

TOTAL WEIGHTS

AND RELATED DATA

1. SRM & ORBITER GLOW
2, SRM & ORBITER T/W'S
3. ETC.

CALL
DELTAV

NEWTONIAN
ITERATION
TECHNIQUE
ON PAYLOAD

YES
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NO

Dv
MATCH

YES

NEWTONIAL
ITERATION
TECHNIQUE
ON TOTLSS

NO

YES

CALCULATE
DVCNST FOR
REQ RELATIVE

STAGE VELOCITY

|

P

CONTINUE

FIGURE 7-1 FLOW DIAGRAM
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CaPy FHbUd TH LR (< ND)
1 = 1.200 SEIXED . _ e o2

- 2.700 C
.9090 C
4.090 €
2000

4¢7909 C

— ) JRINIPNNE LV

—

12

12 = 1?0220 C

14

Ren00 C
3.000 C
17.200 C
114230 C
- 1?7920 C

- 1472390 C

7923 C 3

REPORT MOC E0746
VOLUME I}
28 FEBRUARY 1973

FIXED 4ARDWART SUBRIUTINE

SHAIYJTINE ASPER

THTS PR9GDAM DETEIMINIS THE ©aYL84D CAPABILITY FIR A
SIVEN CONFIGJURATION AND PHYSICAL CHARACTERISTILS
THRAJSH THE JSE 95 TWZI ROCKET EQUATISNSIN THIS 33T[ON
THE CONFISJRATIIN WEIGHTS AND PROPELLANT L9ADINGS,AS
WELL AS THE ASCINT ENGINE CHARACTERISTICSs,ARE [N3UT
INT9 CGPER.TY COMOLETI THE AVALYSIS,THE CBNFIGJURATION
VELIZITY L9SSFS AT DITERMINID FROM AN EMPIRICAL
ACLATIONSHIP DEIIVED FROY SARAMETRIC-ASCENT TRAJECTORY
STUDIES.

15 = 15790 STMINSIAN  RAT(2)sPAY(2),DVM(2),RATM(2)
14 = 16909 1¥P_1CIT REAL(A=Z)
17 = 17.770 C
14 = 1Re700 C PTRE]AMANCE CPAMMIN BLICK
12 = 1%.020.C o R U
27 - 27000 £AMMAN /MA N /PQ90R8, PRYDA, 3RT, ICANT, 3CANT, BCANTY
7l = 21770 15 CANTD, NAENGR, NIINGS, THISL, THASL ) THBY, TAV, FLBAR
F2 - 224700 ?;T"nFTth]KHQD
21 - 23.700 3, 15985, 1503V, 1SP935,13°93V,5C0,3TwW
Py - 244100 WMy IV, INSHSTAGY,OVEIN,IVENST
25 - 27¢0N 5,00, THATC, TS T, THITC, [527,1598,2R9P9T .
P "3A-*5g’“‘_” s.P°%="1.°nsp3a,rL¢a);356&C.nv5,3v737c.ussc:.alvur.aLANwr
77 - 274990 7:“!VJ1T;QLﬁwT:WGLWW;SLSW;TﬁTlLlSlpoﬁATC%:TLSSQIraRP
P - EL Plateke} %, HALD s ALLPLY» ALY AL A 9M5ISP, IMEDVT AMSDVP L AM]
21 - 234999 N LANGP» 779, TAW3, SINS» GRIws MINGLW
ER 1«70 C
R = 31e220 C_ 3RV AJTOUT CIMMIN BLITC .
> - 32.790 C
3 - 136720 FRMMaN Q0 ARG 4T, RDRYWT,ARILINsLAM3, PuY]
W - 380D 1, HAS589, NFASE,WJFINT ) ANBZZ)WTTERSWINST,)WIGN»3ISIMC
33 - 33779 2, 59M] 58, PAFS, PAASLS,ONAS) PANF, PUTN)PWAV, WNCTSS,53M]IC
2k - 1464790 FrwRTZIVPPAR,PAP s PAIRIPWRIPH P AWR, SRMRC
37 = 374900 . 4sUNZIATLEXPINGSIISLUNESRUL,SIMD
1 - 324129 5,P32953, P43AANT,PPI9P3, PDRYAT,PBISLJ
9 - 2341790 £sFIXII,SIUPIA
40 - 4207290 C
41 = 41e9n0 C 9PaITTR 9)TPJT COMMAN RLICK
42 = 62039 C
43 - 43100 ~AUMIN/9R349 /31,32, s ATAIXI NTACSIACSENG, ACSSYS ATACTK
T T el = wsennn 1, 875490, 4TAUS, 9SG I NGy PRIISY, ATIMTKI MIDULE
45 = 43790 1,SUIFL ORI, SLEC, 4YD/AV]IBNISECLSH s PPRIV, GUNCWT
4t - 444790 2,123415, TA3PN, SURFK
47 = 47939 1,DE?S“v.QDES).QQESV;°L3A)U;°L5ADD-ACSPQB.wSP?B°aSUDLE
43 - 484120 2 FIXYIR,EIXA/IT,9DYWT S IRIFL
49 = 43700 ‘ll-“"T;f»?'?n‘):‘STDOMT?QBE:?'TQRBCDLE&OJTE:HAAIL:WVIASIMA)‘:UWAH
- 53 = 374900 2, wAD, 3PRAV,PAINGC, TATL TSGs TASTR, TTORN3, TLE» ARJD# WRS
51 = 31999 FpwIIR ARHH ARIHPTATILK
52 = 324720 1:5?7'31562163:36;?7:3%159:313:G111312;3151516
53 = 33¢919 2,G17+53132731926222 3235324, G25053262G27+G32,G33,G34
S4 = 5647990 3,535,335
55 - 554999 1sTOTTP3, TwiwT s WGWT o WILEWT, TWT, TLEWT,BLBTPS
56 = 544090 T, PAGEAT ) I3TWT)PTPSCNS TTWT,3TPSWTH)MCSHT,LOTWT
57 = 577209 IpPRYIANT S PPIZ,PHY T, 3TWT
LR Bl Klatele! 1:Tl°?“°:EVEPAC5EVEoTVCaCSNTRaPR°UTL:PRSSYS
53 = 33302 2:“3»DQES:CHIL:°REVAL;FEEDSp)lSCpHXSC
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AN = 52030 1o LNDD<HNGL{ N3P NGIINGTAR) MTL o M32o MB320 MBEARI AN » AXD
61 = 414229 2rAYA, AXFEAR, LNVIDKL
K2 = 52000 L .
£ = 47,900 C SYTIIVAL TANC BJTAUT THMMAN 3L ACK
Ay - 54.00) €
43 = 435792 COAMMAN/EXTI /39DGRI, TITPS,FWDTK, FAIRT,FWDBLF,FCCT3S
hb = 56702 12 CINSTTTRSINS CYLSCT2ACYIM AFTSLF,) NINT,PROSY, AFTNK
67 = 47900 2oFENSYSFwIBLAPRSYNTAFTCYL)SUMPLAFTRLA)PNPJ, THINT
AR+ SReDD_  3)NYGTAR, AVIANT, JMIPNL,, nRETR9, TUNNELLMIS BAF 3
A0 - 53.709 4900 dRY T, RESTIDT S INDRIANSFEEDTR, PRSURT,,FBTAS, INERT
70 = 77700 SsGRASSW TLAMI,,ITRAP EXTL,EXTI ) BLAXHIHEXTHE ) EXTHH, SIMPTK
71 - 71090 C
72 - 72902 C JELTAV UTSUT CIMMIN 3ILBCK
73 - 73090 €
74 - 7447990 TOMMAN/IVI/ZDOVT I DVINGDVRSIVAR DVBRP X2, X3
75 = 73200 12DVEII, TATLSS)DVANR,DVALT
74 = 754200 C 3
77 - 772920 T2YeD
7R - 7%+7290 NETeRS)
77 - 73:070 N#2e 0
e B = 3D2e000___ . ATPRIBESINS.
1y - 21920 1 2L 903021007
s - 32,930 RAT(2) =047
R = R3.709 QAY(?)uNe)
Ry = 24417990 DAY (1)sP 340
a5 e 23¢4999 TR TeTHUSLwCIS(3CANT/5742958)
R4 = %6090 THOITC=T49yeNIENGY
R7 - 37+990 THATZE (THASL Z#NIENGR)I+ (NSENGYI#THOSL)
Rq = 29,799 THAR_ TeTHAS *NAZN3H B
RO - 234190 ANTe (P94 [SPHS) /THESLT
a5 - e il ko) [F(TCeNFaDeD) BTeBRT/TF
1 - 114999 S1ang]eAqTEF_ AWINYIENGY
a7 = 32492D DDnDQY-DQqDBoPQSDal
EEERE 33990 T 1503 ( 2290341993V +PRIOIIH[SPIBV ) /PRBPRT
94 - 34790 15°9=][35P93y o e
a3 = 354992 BRID3TeARAI;+PRIPIY
as = 34:770 PRAD9]e2Q3PQ1 o N
97 - 274999 CELELEY ELLETY
3 = 9%e790 193 IL9NTeILLPLE+WIPRIPHPLAADY
e 334999 ITEMPEXP(IMSNVA/(32¢174884SISP) )
107 = 127202 AR0332e3L 94T#{ e={1+/3TEMP)) e
191 = 121.290 TLIVTSILLPLO+9I2RIP+PL HADU
1n2 = 132.209 IMEIT=EDRYATHRITSIOT - —
177 = 123.9923 9GLIANSIL AT +2P9D9T+ INERT
128 = 124222 A0LIN=P3P24+3094T
105 = 1035.022 SLAAAGL R 4039w
10~ = 124220 WOSTOaGL8N/820 . e
137 = 127709 TATA eGLAwe b 480D
107 = 10%.000 LAMRePINLI/HFL 3N _ SN e
107 = 133.730 TLAM3=PRAPAT/(INEIT+PRIPYT)
112 = 1139239 Pr3]1e23303/1005
111 = 1112320 T +38T43TC/GLANW
112 = 112720 T4 T43TC/({IGLIN=PREPI])
117 = 113.922) Ew{l)sT3WR
114 =  118.093) FW({2)sTaWs . :
115 =  115+200 JVHE324174%]SPB#ALAG(3LON/(GLIW-PRIPBT) ) .
115 =  11%+009 DVANCE3IP 1742 ]1SP A 9G( (AGLAN-PRAPAL)/Z
117 = 117920 1(3GL9+=2R39AT))
S 117 = 11R.20D IVTITCeDVI+DVANC _ [
119 = 113.000 CALL DELTAV
123 = 1292000 RATI95=DVT/DVTIATC . e
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121 = 121990 IAT(1)eIATIOY
122 = 1224230 IF(AAS(IVT=DVTITCre Toel) 38 T8 10D
123 = 123.0222 PLAADUSPAY(1)4(PAY(1)=PAY(2)]#
126 =  1D4.799 1(1e=ATL1))/(PAT(1)=RAT(2))
123 = 125.200 PAY(2)sPAY(1) )
1P4 = 178730 IAT(P)=AT(])
127 = 127.220 PAY(1)ePLNADJ
128 = (28,99) 59 19 1N
122 = 1292231420 IF(NeEQe1,2) .53 T2 203
137« 137.270 C
131 = 131.2790 C DELTAV CAIIELATION CYZFFICIENT MATCHING RBUTINE
132 = 132.203 C
132 = 133.909 IF(MATCHGEDeDe0) 38 T9 200
13 = 134930 IF(Te53TeN43) 6% TY 13D
133 = 135222 FATM(21D.D
136 = 135700 IVM(2) 0D
137 = 137.302 VM1 )eDyCepPR
1328 =  13R.900 QATINVeTLSSR/THTLSS
137 = 133.700 IF(TTLGS+3TeTLSSR) RATIOMeTITLSS/TLSSR
147 = 147700 IF(TITLGESe3TeTLSSR) MuieD
141 = 141220 ___ . 5% Ty 142 .
142 = 1427900 139 QATIIMaTLSSR/THTLSS
143 = 1432720 IF{4eiNel14D) RATIOIM«TITLSS/TLSSR
{86 = 144eD090 {40 QATY({])=RQATIOM
145 = 143720 JF (ARG (TAT_SS=T_S5SR)eLTeel) 3% TH 150
14k = 148710 IVEIIREIVM( 1)+ (IVI(T)eDVI(2))
12 s 1470000 1#(1e=RATM(1))/(RATMI1)eRATM(2])])
148 = J4RDIDD dVM(P) eV Y)
187 = 143.020 RATVM(2)=RATM(Y)
1689 = 132.310 DVM{1)=IVIRRY
181 = 1519302 TeTeteD
182 = 13223239 59 TY 9
153 = _133¢2330_..182 DOV33IIe5TAGY
156 = 1344700 NIFEQVeNVARRNVARD
155 = 13354790 IF(IIFFRV.LEeNesD) GG T® 170
134 = 13%+900 JVCNSTeIVENST=0]FFRY
157 = 157220 37 1% 170 -
198 = {38732 173 DVCNSTeDOVCNSTD]FFRY
159 = 1394920199 Nei1.0
167 = 167200 39 719 1
161 = 181700 220 CONTINMJE
1672 = 152700 QETJAIN
163 = 143900 END

7-5

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST






DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS REPORT MO ELT 48

COMPUTER PROGRAM - FINAL REPORT 28 FEBRUARY 1973

8. SENSITIVITIES MODULE

The Fixed Hardware Sensitivities Module was developed for the specific pur-
pose of automating the task of assessing vehicle sensitivities. Theoretically,
any sensitivity evaluation can be made by simply making two back-to-back rums
through ESPER with the individual sensitivity element adjusted by the desired
increment for the second case, and simply subtracting the resulting payloads and/or
gross liftoff weights, and dividing by this increment.

Since this option is a part of ESPER, it utilizes the same ascent performance
logic and ascent velocity equations. Thus, any output case from ESPER can take
advantage of this option. The basic equations within this part of ESPER, however,
are modified to contain discrete sensitivity increments (i.e., delta booster inert
weight, delta Orbiter inert weight, delta booster ISP, etc.).

The first input case is treated as a fixed hardware configuration and
initializes and varies the basic configuration performance capability. The various
sensitivity increments are applied one by one, and each sensitivity is calculated
separately against the initial case. To save the user the time and money involved
in inputting, these sensitivity increments have been fixed in the program. Since
this option can be run with any ESPER option, the user need only set SENS equal
to 1.0.

Figure 8-1 is a flow diagram of the Sensitivities Module followed by a detail

listing of the program.
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FHSEN DATA
INITIALIZATION

v

INCREMENT
FIRST

SENSITIVITY
PARAMETER

\ 4

CALCULATE WEIGHTS
AND RELATED DATA

1. SRM & ORBITER GLOW
2. SRM & ORBITER DV'S
3. SRM & ORBITER T'W'S

Y

7

CALL
DELTAV
4

A4
NEWTONIAN
ITERATION
TECHNIQUE
ON PAYLOAD

NO

YES

CALCULATE
SENSITIVITIES

( DELTA PAYLOAD )
DELTA INCREMENT

\ 4

INCREMENT
NEXT

SENSITIVITY
PARAMETER

DATA EXHAUSTED

C RETURN ’

FIGURE 8-1 FLOW DIAGRAM
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“N—
CHPY S5U4 T L P(w,N0)
e = 147270 SEIXED _ A
2 - 2.020 C
3 - 3720 C SENSITIVITY SJBRAUTINE
“ - %790 €
5 . 54010 SURAIIITIE FAREN
hH - 4700 C THT3 23172AM WAS NIVELAPED FIR THE SPZCIFIC 2UD93E AF
7 = 7e200_C__ . AUTAMATING THE TASX 9F ASSESSING VEHICLE SENSITIVITIFS.
K - 709 C THI9IETICALLY,ANY SENSITIVITY EVALUATIAN CAN BE “ADE
3 - 3.200 C Ay SIMPLY MACING TWD 3ACK=T9=3ACK RUNS THRIU3H ESPER WITH
10 = 197070 C THEZ INDIVIDUAL SENSITIVITY CLEMENT AJJJSTED 3Y THS DESIRED
11 = 11999 C ['FITYENT €13 THE SESIND CASI,AND SIMPLY SJBTRAZTING THE
170 - 12900 € A5 T100 OAYLMADS ANI/ZUR LIFTAFF AEIGHTS,AND IVIDING BY
odr e 11eon C THTS TUZRZMENTOTAZSE SINSITIVITY _INCREMENTS 4AVZ 3JEEN
1 = 14970 C FIxXT) [ THE PRIGRIAM.
15 = 154200 1“PLICIT REAL (A=Z)
14 = 1449720 SIMINSIAN QAT(2),2AY(2)
17 = 17200 C
18 - {R."33 C BEREGIMANCE ZAMMIN RALICK
1% = 13.200 C_ . . I -
27 - 2742990 CAMMIN/MATMY PR9P3,PRIPH, RAT, BCANTSBCANT, BCANTY
Py - 2190 1:'.‘CAVTDIVﬁENSE\:VS;VGS:THBSL:T—#QSLpTH:’V'TBVJFLBNQ
v - 22.00 2eTFsETApFIXHID
P = 23.700 3, 13235, 1523V, 152935, 1 5P93V,SCD,BTW
24 = 264770 4oHPIVIARR, INZ,STASY, IVEAN, DVINST
P8 = 234090 SsREL,THATC, THASLT TH31L, 152921593, 2RIPIT.
Ph = 26¢700 6 PRAP],PRAPIP, FA(2) s dVINC, DV, DVTITC, WASCD, 3 INATI ILANNT
27 = 27220 7:ﬁIVJAT:ﬂL?wT:33L3N:3-9NnT?TanS:PoHATCH:TLSSRn"RP
RS 284720 Ry ALY, 9LL0L9,9.94LY» YMSIQP, IMSDVTBMSDVP, IMR
Y - 23.922 2,L9N32, 70,9, TPW3, SINS, SRIWIMINGLNW
v - 37.7172 C
3l = 31e090 G SPM UTPUT CIMIIN BLAZL
32 - 32,2090 C
- 13790 C““%SV/QQ%S/BF“dT;BD?Y&TnBGLSN'XLAWBJPNBI - R
A - ELXalslo} 1:“‘223“:WC‘SE:#JSIVT:ﬂVﬂZZ:wTTER;wINST‘leﬂoBS?*:
K 134199 2,8P4]85,0.6G,PHASLSsPAAS) PUNF , PATNIPWAV, WNCT2S5,53IC | |
24 = 344790 Yy WITZUV P OAR,PAPT ) PAIRSPWIP» P AWRH)SRMRC
37 - 37090 4pUNTERTSEXOINSS,395LUNLSRYL, SRYD
R IR.DDD 5,P323955,P3304T,2P29P8,PDRYNT»PRASLY
EEI 13.79) 45,F1x879,51u4pP3n
49 = 474090 C
4] - #1900 C 8RATTIR AYTPIT Z94YAN 3LICK
42 - 4”700 C
43 = 43.770 | £aMMAN/99a9 /31,32, A, s ATAIX) WTACSIACSENT,ACSSYS, ATACTK
e - 564590 12 AC3M5D, WTYMS,9952NGy ORIBSY, ATIMTKY MIDJLE
43 = 434090 158U, OB 2, T EC,YDRIAVIANI» ZCLSTIPORIV, BINTIWT
uh - 4640790 2592343, TARBPIP, SUIFK
ey - 47090 1-pE’S“Vnﬁ?ESD:“?ESV:°;9ADUp°L8ADDrlCSP?31~3P?B°'SJDLE I
43 = 484999 258 1YY, FIXwIR,IDIY AT IRIFL
43 - 931313.___~m1!WdT’ﬁgqlvqsrql4T3?“EL?1§BSCLLEHL&IE£”AILLNASIAAJRIWAH
€9 - 337390 2:Nl3;1°RWV:PM1V3<:TAIL:TSG:TSSTQ.TTBQGB:TLE'MPJ)deS
31 - 31220 Iy WY NIHPARZH,OTAILK
37 = 52000 1:5?7:31:G?:G3136n?703%'59:31315110312:3151616
93 - 33.200 2;617;31%:3191322-123:32“:62593261627'632:633a63“
f4 - EL X eloke} 35633, 7536
_____55_:___553233______1lLﬂTT?SITAENIIHSNTIdsLEHIAIAlLILEﬁlLB[BTPS
a4 = 364030 2eRATEAT, 13 TWT,PTOICN, TTWT,3TOSATIMISWTSLDTAT
57 = 3742030 P PRINTIOPPPI,PHYZ» SCWT
58 = 382090 1:TA°?3°-EV?PKC:EV1:TV::CSNYRn°Q°UTLaPRSSYS
59 = 533+200 2,FAYPIES, SHILIPREVALIFEEDS,IISCHMISC .
N—
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67 = 574329 1oLNIIGNGLaNI2HINTIINGEARS M3 » MB2s M3Is MGEAR) AX 1) AX2

61 - 51200 2oAXIAXIEAR, LNDIKL

42 = 92+900 C - .

451 - 434290 C EXTTAINAL TANC 9JTOUT T9MMBN 3L 9CK

6y - 44200 C ] -
A3 = 4347929 cwwwsv/ExTS/aﬂosa=.tarbs.rworz.raxarordoaLF,rc:r’s

66 = 444399 10CANSCTTRPSINSCYLSCTIACYIM)AFTELF, HINTHPROESY, AFTNK

47 = 574120 2)FENSYSaFWILAIORSYNTIAFTCYL»SUMPIAFTBLASPNP S THINT

48 = 4020 IINRIFAQ,AVIONT, JMIAP ETR9s TUNNELLMISCTIRAFF,

47 = 53700 %2GUy YRYWT,RESTNTs JNDRANSFEEDTR, PRSURT,FBIAS, INEQT

70 = 72900 5, GRYSSws TLAMI,BTRAP  EXTLIEXTI S BLKHD2EXTHBEXTHA2 SIMPTK
71 - 71233 C .

72 - 72000 C JELTAV SUTPUT CIMMBN 3L98CK

77 - 73230 C

74 = 74+000 ~AMMYN /DY /DY IVINSIDYR DVAR, DVRARP, X2, X3

75 = 750900 1,NVER2E, TATLSS,DVINR, DVALT

76 - 764200 C ;

77 - 77900 SAay_=PLAAY)

7% - 7R«2290 SAYLXsPAY( oo
77 - 73.N00 JIVCAIX®IVLCIRR

an - 27920 IVTXeIVT

Ry = 31+190 VMUY= IMGHYD

RD - 3242999 LAMIXsTLAMB - -

Ry = 23,290 SLIIXs LW

Ry = q4+709 CART_2e3( | BLI+WIPIIP

33 = R3.090 JELS92810000e

a4 - 14¢030 DFELINTeNe

RY = 87720 DELTSED.

AQ - 2.030 YLA]ISe]e.

|7 - 834900 VELT4380e

- 77710 YTLTH4%20.

at = 712930 JEL2IYede

92 = 324990 DELPIRe).

97 - 33790 JELLAYET.

Iy - M4 eN99) AT Y98, B R o
75 - 71542300 DPRIIsDe

g - 44900 bLLES Fh N e
97 - 37.200 JFL2380.

92 - ar.93)0 LT |

ERIE 72.19) JTLU39=De.

1799 = 177709 ML U5TeD B -
161 = 191929 €L 53D
192 = (92.29D PIRES T LT -
197 = 173.29) LTSN
1% = 194930 XY7Ds o

195 = 133710 1 PAY_e1090,

176 = 17%¢772 AT (2)e0en

177 = 137.3170 PAY(2) 820

1N] = 192910 PAY(1)edAY( .
179 = 177.929 Rl.AVME({PR9PY/(R3IFWT+PRIPB) ) +DEL 380

119 = 112990 _ 3PRTXeDRASAS(1447PRT/100e)# (1 eoALAM) /BLAM

T T 111.0007 T A9R)ILe3RG AT X399 4T

112 = 112.790 1F(IZLBNE0e0s0¢ANDIPRIIIEDeDeD) BOODEL=0D

11?7 = 113700 FLAAI=THRSL #NAENG3/ 15278

116 = 114300 NTHI38F{ 943 (15PBS4D TBIS)
115 = 113,270 ILTATReNT4RR=THIS #NIINGI
116 = 1142900 1F(Y_TRIS.EQs0e0) DLTATBN04D
117 = 117+200 TTTIRITaTHRSLANACNGA8 (1+4DELTHB/100¢ ) #OLTATE
118 = 118,700 CTHIZaTHRIT NS (BCANT/S5742958)
119 = 119200 SM-(((°Q’1°aoDFLP3=\43‘-’QBI-'-’QSPBMOO.)c(IS%S»DELM!
127 .= 127.900 X4DLTOIS))/THRRT)/TF
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XLAMIm[ AMUX+IFLLAY
NTNCINS(1e=X AM3)wPRIPIT#(1.+DPRE]/100¢)/XLAB
DLTMCeNTNCINeINERT

1271 = 121.200
122 = 122.979
173 = 123.7390
1726 = 13244799
175 = 123.990
126 = 1264720
127 = 127770
172 = 12%.1990
127 = 1270933
T35 = 1{i2%.00% ~ 7~
131 = 131729
132 = 132709
193 = 133799
19 =  134.17292
133 = 1354713
TT6 = 11649707
137 = 137427
112 =  13R.00D
177 = 133,799
143 = 142.200 19
141 = 141299 o
142 = 142230
147 = 183039
1458 = 146449700
145 = 1434000
144 = {444920
147 = 1474720
162 = {48739
167 = 143.22)
157 = 137200
151 = 131770
132 - 32.7990
1571 = 157790

TR = 13644990

ITAIIY =YL TNK = GESI)T-)”QSI/lOJ-
TF(ICLLAMSELeNeDeANNeDIPRYIENeIe0) DLTNKeDeO
JFLIANIsTRAY/15P93YV

INTHRm JFLBWI» (IS23RV4ILTHIS)

ILTATAs JNTHRY=TIY

TF(Y_TISeENLere(G) JLTATAR(.)

T JTHIIETAVe (144D THI/1004)+DLTATE

IF(3SN396SRee0) CT4IVE(UTHIDCUTHRB®22COS(SCANTY
R/57+2335R8) ) /NIENGY

IF(NITNIFeNEee)) CTHIVEITHRINCIS(ICANTY/572958)
CTHAG e T+IVeCA3(ACANTP/57+4235%)#{ISPEBS/ISP93V)
CTITalTIVEVNIENGT
THRATe JTHI96NRENGY
THR1sZTHARA+CTURS »NBENGY

ORADY] 83T THRIT/(ISIIAVHDELI]IS+DLTBIS)

PRe397 822 13AT#(1¢+IPII]/100.)=PR9PIL+E{ PRI
SLAV2sCARTLP+PAYL+ INEQTHILTNC+PRIPI2+ELCOR
;LSJ-)Lﬂw:¢panoai+SBﬁAT+aqqna+)ELnilgo LPRB+3A/DITL
K4PR3IPAEIPI] /100

1921 ( (1SPIVHNELA]S+D TAIG)«(PRIPRSDELPRB+DPIA] s
5ORA33/1004)+(18293V4DIL9IS+DLTIIS)sPRIPOYL)/

K (PRIDALDIELIRI+NPRI[ #PWPI/1074PRH201)

VI3 174w ISP1#ALIGI3LOAN/(GLON=-PRIPI-PRIPI]1-DELARE
5=NB331+2928/1004))
IVANZEID 41748 ([SPIBVHIELAIS+ILTHIS) AL IG(GLON2/
5(nL347=29P82))

IVTATZeDdVI4DVANT

TA1sTHRYL /504

TH2sZTHRAT/GLAYZ

Euly)eTHl
F,-(?)-T.-I?

153 = 1334790 IGLINSGL A /2+30808
156 = 156+230 GLINEGLI v =035 9
157 = 1574792 VA2 1748 IMSISOwALIT((CARILP+PAYLX) /(CORELP+3AYLX=
{3¢ =«  {3R.1720 K(w3239P4N5LPI?)))
187 = 1593.790 FLEeb LICTI BVZ 3ol BN
— JAY = 153+729) IVEAIIRSIVOYRX+IELVT
181 = 1616730 CALL DZLTAV(HsNVEIRR, INCHDVCINSDVONST,FWaWBSZ0,2V3)
142 = 1424730 RATIIEIVT/DVTATC
147 = 153.930 QAT(1)=RATIRY
166 = 1484920 IF(A35({IVT=DVTITC)eLTesl) 35 T9 103
1A% = 163900 DAY sRAY({1)4(PAY(])=PAY(2))*
186 = 1444090 T (1 =AT (1)) /(PAT(1)=RAT(2))
167 = 147000 PAY(2)=sPAY(])
162 = 142.930 QAT (2)8RATI(1)
167 «  163.22) DAY (1) =PAYL -
179 = 172720 57 TR 10
171 = 1714999197 CALL, SENSIV (PAYLX»PAYLDVTXsDVUX, VO3, AMBX,0Z Ret- L]
172 = 1727990 1.ﬂ='aar NELRISIIELITISHDIELTHRIDELTHI, XYZ,DELPR0,JELPRB
171 = 173.700 s DELLAMIDELRINI DP9 IPRITHDILVTIDELPRI,DELUSE
174 = 174900 3:“ELJ3T:DELU3P;SL3NX;DLTBISn)LTBIS:DYKDQV:KLAMG)
175 = 173290 IF(XY2e5ERele) GI T3 339
176 = 1764920 5% 19 1
177 = 177290 933  CANTIVUR .
{74 = 1{7%.039 RET IRV
179 = 173+009 END
1A% = {82020 SURIIJTINE SENSTY (PAvaoPAYL.DvTx-Dvnx,Dvu3.Llﬂ3x
18R] = 1491200 19NECB,DELBATSDIELBIS,DELRIS,DELTHI,OELTHB XY
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1R2 = 122,130 PINELPR,NEL PR, IT_ LA DELBYS»DPRALIFDPRITHDELYT
1R3 « 183,099 3sNEL_PRI.NELJ3IPIITLUGTPDELUS3» GLAWXSDLT3]S,DLTIIS
_1R4 = 124700 4oNTIRY ) XL AMIY
1835 = 123030 [MPLICIT REAL (A=2)
1R4 = {R4¢D)7] ZAMMIN/MAINZ PRIP3I,LPRIPH,B3T,BCANTIBCANT,ACANTY
{87 = 1874739 15 9CANTONAENGASNSINGY s THASL s THISL, THAV, THVFLBAR
183 =  (3R.799) 2)TFsETWeFIXHRD
183 =  133.092 3515235, 1523V 152935, [5P83V,STD»3TW
197 = 137723 Ba kI IVEIRR, INS,STASY,IVEING DYINST.
129 = 1317230 5sREL s THATCHTHRS _T,THITCH 1S3, 1SPB,PRIPYT
132 =« 172.739 43 PRIZVL,BRIPIPIFNI2)2IVINC,DVBIOVTITC, #BSCO»TVATIFLANWT
137 = 133,020 e AINIAT )AL T AGLINS3LINS TATALSSsPIMATCH, TLSSR,FIRP
196 = 174730 R0 _DsILLPLIS AL IANLA, IVSISD, IMSHVT,BMSIVP, AMR
195 = 135700 FaLINTPI TR, TAWIH) SINSs FRIWI MINGLW
194 = 128700 '““WSV/aqﬂﬁ/iﬂﬁdfnBD?YdToBaLSW-LAMSpPNSI
137 = 137.70D 1o RASSTN, WCAST,, WINTNT s ANAZZS WITERS WINST»WIGN,38RUC
192 = 13R.D]D PeGIM[SSIPAFGIPAASLSIPAASIPANE ) PWTNIPWAV, WNCTRS,5311C
199 = 133.99) FpURTCIV,PLPAR;PAP T IPAIRIPWRP I PWAR) SRMRL
20 = 2979002 4o UNTTRT,,EXD NG, IISLUNY» SRML, SIMD
231 = 23120) SePR295S, PARHAT,PE9P3, PNIYNTHPRASLY
293 = 292.92) AsF1x3%9,SI¥PID
50T = 2951+939 TAMMIN/9RAN/ 9532, W ATATX, W TATS/ATSENG, ATSSYS, ATACTK
204 = 234700 10 ACSMRD,, WTIMS, AMSING,) PRIPSY, ATIMTK Y MODULE o
205 = 295,900 1)QJITCsPPR,,ZLECsHYDIAVIBNAIECLSAIPPRAVIAUNSWT
P06 = 236707 PsNRAM]ISZ, TAIPIN,SYIFK
207 = 237.90) 1,PEISINGBRTEDI,NITSV,2L.%ADU,PLOADD, ACSPRY, WIP0®, SUDLE
P08 = 29Re99) PaF X0, FIxr 36, 39YWT ) 8R[FL
207 = 233.000 12wWT s WS nACTRHINTIIRE ) WTORIACILENIWTEIWATL I WAS) WAIR) WAH
PN = 2197000 2ywAD, GPRAYV,PAINGK, TAI s TSGoTISTR, TTORGI, TLE, ARJD P WRS
211 = 211790 FrwRIp ARHINRISPTATLK
212 .= 2124700 100375312029 G530560379585G9,3190531103122515-G1%
212 = 213000 f'u17n:1R.,19:r72.|?3:J?b-625c52606275632nGaa.uab
. Ple_ = P18eN0D_ 3133505134
215 = 215.7920 15737708, T 5 TswWT s w3 EWT2TWT) TLELT,BLBTPS
P14 = P1%.220 2rPAST T4 I3TnT,PTPSCNITTWT,BTOSWT)MESWT L DTWT S
217 = 217790 FsPRIANTHPRPPT, PHYZ s30T
218 = 2{ReHND 1) TADRIP, ENGPAC,ENG2 TVZ) CINTRIPROUTL,PRISYS o
219 = 213739 PsFAYYPRES, ZHILIPREVALIFEEDS,DISCoMISC
227 = 227590 1oLNIDCHNRT P N3P NGRINJTARI MG 1.HGE;%33:'3€AQ:AX1;AXZ
- 351 = 931939 PR AXIpAXTEAR, LMDDIKKL
P2 = 2224000 COMMIN/EXTA/ANIGRD,, TITOS)FADTK,FAIRTHFADRLF,ECITAS
"% = 22,2309 12CONSCT,TPSIN,CYLSCTAACYIMIAETBLF, AINT,PRBSY, AFTNK
D2y =  234.790 PeFEISYGFADBLAIPRGVNT P AFTCYLs SUMPAFTBLAIPNP U TAINT
225 = 2234900 3sNASEARLAYIBNT ) JMAINL ) WRETI®» TUNNEL S MISCT»BAFF,SJBDRY
226 = 2PheN2) b 3UsIIVAT,IESIOT, JNDRANSFEEDOTR,PRSJURT,FBIAS, TNERT
PA7 = 237,909 5,1 RASSA, TLAM3,9TRAP,,EXTLIEXTI, BLKHD  EXTHE,EXTHW, STMPTK
nPR = P2R.GNN0 CAMMIN/IVA/ZDVTPIVINSDVRsIVIRI DVARPS X2, X3
229 = 273.100 1,0vERI, TATLSS,OVINRIDVALT
237 = 237300 DELIAYsPAY =AY X
231 = 231.7090 IF(DSLCNRERDD) GH TH 10
232 = 272,990 IF({DITLCOR. Te0e0) GA T8 9
2?33 = 233700 WRITE(10R,400)
234 = PIeeIND SNCIPeNELIAY/DELCAR
235 = 235700 ARITE(10R,41D) JELCOR,DELPAY,SNCORP
234« 2344000 JFLZ%Ie=10000. -
237 =« 2174000 3% TS 413
232 = 2IRNID 9 SNCIINEDELSAY/DIILIOR
239 = 233.0030 ARITE(109,410) JELCIR,DELPAY,SNCBRN
P43 = 2472.000 SNCIRAB(SNIAIPHSINTARN) /2
241 = 241200 WRITE(108,500) SNZIRA
P42 = 2424900 DELZYReDe
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P43 = 2434000 JEL3INTE20700e
P44 = PAbeNDD 3% T9 43
243 = 2434790 19 IF(JEZLPAT.SNe0eQ) G2 T3 12
Dus = PykendD IF(ISLRWT.LTeNeD) GB T9 11
247 =  247.770 SURT28NE CAY /DL IAT
P49 = D4ReNDD WRITE(10R,411) DELAWT,DELPAYsSNBWTP
247 = P43.N)D NELINTa=25000.
257« P374070 3% 19 47
_ P81 = 25172011 SNANTN=DIELRAY/DZLINT
252 = 232,700 ARTTE(178,411) DELBWT,DELPAY,SNIWTN
PRI = 232,790 SNANTAS(SUBNTP4SNINTNY /2
P54 = 2344000 ARTTE(1DR,501) SNawTA
DRI - 23347909 )EL?MT-\’\.
254 = 2354990 JIEL3IISe e
P57 = 2574200 _.5% T3 43 N R
5% =  P3R.D)D 12 IF(OILAIS.ENeNeD) G T2 14
P81 = 235347990 IF(IZLAISLTeNeD) 39 T3 13
P47 = 2424700 SNBISPaNELRAY/IILIIS
PH1 = 2414909 WARITZ(108,412) DELRIS,DELPAY,SNBISP
242 = 2424730 JFELIISe=3,
___7"k3 = 263030 B0 T3 63
PE4 = 2444000 13 SNRISMaIELPAY/DEL3I]S
263 =  24%¢9)9 WRITZ(1082,412) DELBISIDELPAYSSNIISN
PeE = 9564790 SNRT3Ae({SN3ISP+3NIISN) /e
247 2674970 ARITZ(178,500) SN3ISA
DAY = D4RNDD JELIISED.
243 = 2434799 O DSLAISee
T 37 . 277.7390 537 T 473
271 = 271790 1&  IF(ITLAIS.TQe0e0) 58 TY 39
272 = 272.700 IF(IIL91S.LT«0s0) GI T2 15
277 = 277.D30 SNRISPeIE | PAY/DILAIS
274 = 2744900 WRITZ(10R,413) DELBIS,DELPAY,SNBIS®
275 = 273770 _DELYSe=3. R
274 = 2744220 30 T 43
277 - 27749390 15  SV3I15YeNELBAY/OELYIS
272 = P7R.47)D WRITZ(198,413) DELIISsDELPAYsSNAISN
277 = 273.790 SV9ISAR(S\UIISP+SNIISEN) /2
PRy = 233,200 ARITE(17R,503) 3NIISA
PR| = _2311.730 DILAISeDe
282 = 2324000 LTS =,
2Ry - 233790 Gt T9 43
2%y - 2944000 39 [F(ILTAISE{NeNe]) GO T9 41§
a5 = P35.700 1F(ILTRIS.LTeNsD) 538 T8 40
R4 = 2344700 STRIS sIELTAY /D T3S
PR7 = 237.9)) APTITI(1NR,435) DL TRIS/DELPAY,STRISO
587 = 238,330 L Tajse=13,
2817 = 233,090 5% T W4
237 = 23347900 40 STRISAEDELPAY/OLTIIS
231 = 2314290 ARITE (108, 435) DLTBIS,DELPAY,STISN
293 « 2724390 STRISam(STIISP+STIISN) /2
203 = 231.930 ARITZ(178,300) ST3ISA
54 =  274e799 JLT3IISaD.
2083 = 2334039 OLTIIS5e3
P94 = 2341730 59 79 473
297 = 237.920 &1 IF(OLTIIS.TGe00D) GB TH 16
Ana - PIRGIND IF(ILTIISLTe0eD) 39 TY 42
293 =  233.002 _STRISPeDEL PAY/DLTAIS
300 = I0.090 WOITE(1NR, 436) JDLTRIS/DELPAY,STHISP
01 = 31.000 DLT9I5m=3,
N2 . 372,900 39 TY 43
307 = 332000 82 STOISNSDELCAY/OLTIIS
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74 = kD30 WRITZ(108,436) DLTSIS,DELPAY,STHISN
)5 = 7235.9990 STHISAe(STIISP+STAISN) /2,
304 = 325220 WRITE(102,500) STRISA
07 = 317.2990 DLYIISeD.
02 = IRIDD JELTHI=2,
VY = I3.3ID 57 T3 43
A = MI30D 14 IF(NELTHREDs0J) 50 T9 18
ML o= 31220 IF(DELTHRL L To0e0) GB T9 17
312 = 312.200_ SNTAR2eDELPAY/DELTHY
AU - 12000 ARITEZ(108,616) JELTHB,DELPAY,SNTHBP
e = 24000 JELTHs=2, R
315 = 315990 59 TY &3
A4 = 14200 17  SNTHANSDOELPAY/DELTHI o
M7 = 21T70DD ARIJTE(1DIR,418) DEL THB,DELPAY»SNTHBN
313 = 31%.220 SMT4RAs{SNTHIP+SNTHBN) /2
MY = 2,09 ARITS{10R,3500) SNTHBA
322 .= 222000 JELTH3sDe
Py = W1.03D DELT<Re,
322 = A2.700 G T9 &3
1271 - WMD) 18 IF(ISLTH9.EQeN+0) GB TY 20
2Pu_~_ k200 IFLIZLT94LTe0e0) 48 T2 19
I3 = WPF5.000 SNT49PeNEL DAY /DELTHS
325 = 224.000 WRITE(108,415) DELTHY,DELPAY,SNTHEP
APT = AWVT7.090 JELTHs=3,
322 = 32R,.,090 G0 19 &3
P = 333,790 19 SNT49\adE| PAY/DELTHA
33 = 230000 WRITZ(10%,415) DELTHI,DELPAYeSNTHON =~
231 = W1.200 SNT 494 e (SNTHAP+SNTHEN) /20
372 = 332030 WRITE(1IR,500) SNTHOA
331 = 332.799 NELT<49e0s
EE I AI4..739 DELD??I”)Q{)O.
U35 = Kk X alele] 5% T 41
- 324 = 34470320 IF(DELPRANEQelsD) GO _IN 22
337 - 3317.000 IF(IELPRBLT«NeD) GO TH 21
230 = 2384100 SNP3I9PeDE| PAY/DELPRH
733 = 173,109 ARITZ(10R,416) DELPRY,DELPAY,SNPRBP
342 = 23.300 JELPWe=1020D . e -
WL = WI1.IDD 3% TY 43
342 = 22,000 21 SNPIINSDELSAY/DILARA
W =~ 4340900 WRITE(INR, 416) JELPRIDELPAYISNPRON
Wy = WsIDD SNPIMAe (SYPRRP+SNIRAN) /2
w8 = WH.0Y0 WRITE(I1OR,501) SN2RBA
WhH = AWKDDD NEL237=7.
27 e WT.NND JELD38109300.
42 o WRN)ID_ 57 TH 43 S
TR ST 9000 22 IF(JELPRALEGeB0) G T 24
A8% = 332000 IF(IELPRALTeDe0) GO T9 23
AR5] «  231.700 SNPIBPEDELPAY/DELPRA
152 = 332,770 WRITE(1INR,417) DELPRB,DELPAY,SNPRBP
1% = 3372330 JELPR3=« 1000
3Bk = 3364790 3% T e
RE; = 233.79) 23 SAPRI[USNELPAY/NEL2RA
/A = I[K.TDD WRITELIOR,417) DELPRBIDELPAY2SNPRAN
387 = 3574000 SNPRIAAS (SNPRAP+INIIAN) /2
IR = AR DHDD WRITE(10R,50]1) SNORARA
259 = 339,900 DEL223e0e.
340 = 342000 _DELLAMe.Dy
6L = 351070 5% TY 43
382 = 2200 24 IF(JELLAMEQPDeD) GO TH 26 -
367 = 263.020 IF(IZLLAMLTe0s0) GB TH 25
64 = 3544000 SNLAVPaDELPAY
8-8
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4% = 345,090 WRITE(IDR,41R) DELLAMIDELPAY»SNLAMP
44 = 2644370 DELLAYEee)]
L3AT = RATHNDD 397?43 i
4L = /RG] 25 SNLAMNSDELPAY
K3 . 343,700 ARTTE(I0R, 41R) DELLAMSDELPAY» SNLAMN
279 - 277,990 SNLAMAR(QNLAMPSSNLAMN) /2
271 = T71479) WRITZ(10R,500) SNLAMA
77 = 372,700 DELL_AMED,
273 = 373.700 _OFLARGE. g .
174 = A74+709 59 79 47
275 ~  173.7)) 24  IF(DZLHED%ERQeCeD) GO T9 28
74 = 27463709 IF(IEL29%, Tened) GY TO 27
A77 = A7770D SNHNRDRNEL DAY
77 - 278,709 NRITZ(17R2,419) DELR99,DELPAYISNRARP
372 = 373,700 DFLAYimeln
9% - EERaEReleJo! 537 T9 4
] . 231,799 27 SNRYIIVseNE|PAY
382 332,200 ARITI(10R%,412) DELPRAY,DELPAY,)SNBIAN
IR = 3234090 SNRAYA B (SUREAIPHSNAJAN) /2.
IR = W40D) ARITSUIDR,50D) SNaseA
_3285 = ®RGQ)D___ DFL39"=). .
WL =~ IW&.AD9 PLELI RS N
qRT = 2374990 39 T9 43
WP = WRGAD]I PR OJF(I239T4E7.0.0) 59 T 30
1”7 = 333,100 IF(92914 . TeDsnN) 39 T3 29
I = 330090 SNPAIPENEL DAY /NPRI]
_ 1 = 3”0 LU e e L= CLAWN
2 - 3334079 DA DL ALY/ NELPAY
7971 = 312790 225158 (10,760P)
4 = TI6eN)D JLP29aP290aTsN939] /100,
795 = 335.730 IPDI.IL ORI /DILPAY
W4 = AV4.NDD bEiiat-F Tolsto¥-19-]
17 = 2374990 ITN2eDTANIV/ITLPAY
7T AR’ . 23R0009 WRITZ(108,423) JIPIAI, DELPAY,S5NPR]P
193 = 333.79) IPRqTe~in,
459 = 4974992 37 TR 43
401 = 471+090 29 SMNPA|\sNE[DPAY/NPRI]
472 = 4924799 WRTTZ(19%,420) JDPIVL, IELIAY,SNPBIN
473 = 423,990 _SNPITAR(SYPH]IP+SNAYIN) /2
4d4 =  4J8e009D ARITE(178,507) SN39]1A
45 = 4934702 JIPRYI R,
4N4 - L LERelele} DIPR3IT=1Ne
407 = 497700 30 T9 43
474 = WIRLDND 3D [F(IPIA[efeDeN) 39 TI 32
409 = 433,990 IF (1935 TedaD) 53 19 3%
417 = 417230 §UP3IPa DL PAY/NP3I]]
411 = 411,700 NPITZ(108,421) DPIV,DELPAY,SNPIP
412 = 412.770 JIPR3Le=10,
433 = 413.9320 37 TY 43
416 = 4184723 31 SNPANSDELPAY/NPRA]
415 =  413.903 _ARTTI(108,421) DPRBL,IEL2AY,SNPEN
416 = 416.039 SNP A (FNDIP4ANDARY) /2.
417 = 4172230 ARITZ(178,500) SN°3A
IR = 4184730 DPR3ITeDe
417 = 413.009 JELVT=100,
429 = 422000 3% T 43
L21 = 421000 32 IF(IELVTeZ3+0.0)_ 37 T3 34
%95 < 453.990 IVTXaIVT=IVTX
423 = 4234290 TFEDZLVTeLTe2e0) 33 T3 33
424 =  424.900 SNUVTPeDELPAY/NLVTX
423 =  435.009 ARITZ 108, 422) DLVTXsDELPAY,SNVTP
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42Ah = 424,700 JCLVTa=170,
427 = 4272330 39 T 43
4P% = 42R.D00 33 SNVTN=DELPAY/DLYTX
427 = 4234000 ARITE(108,422) DLVTXsDELPAY,SNVTIN
437 = 43D.0200 SNVTAs (SNYTP+SNVTN) /20 -
431 = 431309 ARITZ(198,500) SNVTA
432 = 837,997 JELVT =N
43 = 477719 AFL2I 181N~
LW = uUNN] GN 79 4R 3
437 = 833000 34 JF(IILPRI.IQN0) GB TY 36
434 = 435,000 L vMEIVAILIVIX
437 = 437000 DELPAYm=DF PIR
437 =  423ReNJD JF(DSLPRI_Terned) G589 7% 35
437 = 439,709 SNDIPNELPAY /D VM
40 = 447079 ARITE(10R,423) D LVvMsDILPAY)SNPR3P
441 = 441200 JELPR38=1200
W2 =  L4y2.7)) 39 T9 43
T843 = 4se9)D 35 SMPIINSIELDAY/OLVM
bk = H4seNDD ARITEC1N8,423) DJLVMyDILPAY,SVPARA3N
YR TS P bobs] § D324 (SYPRIP+SNIIIN) /2
bk = uu4e73) WRTTZ(178,507) SN2R3A
447 = 447,000 JELPI3AN.
443 = w4790 IF(FIXRIY,3TeNeDe3ReSIMPBBeGTeD)eD
W7 = 443.700 1eNReFIYARR4GTo0eDeIRFIXNCRe3Te Qe
459 = 457790 PeRRs3IMPTKeGTs0e)eIReFIXHRD«ATo0e0) GO TO &4
481 = 4317030 DELUS3Ime D1 eSINLE
452 = 4327020 3773 4
453 = 45000 kL) IE(ITLUGY«EGeNeD) 38 TH 37
454 =  454.000 SNJ59e=DEL JGD
485 = 435700 WPITZ (108, 450) DELUGY»SNJGH
WFh = 4364000 JEL I3 D.
w&7 = 437990 IFLI5Tee N85S IRNRY
487 = 43ReN0_ 537 TY 43 e
457 =  439.900 37 IF(IZLJU5TEneNsD) GB TH 3R
4AN = 44040030 SMUATs=EL JGT
4et 4614000 ARITE(10R,451) DELUGT,SNJGY
LARD =  4ADe0DD DELJ5T=0.
4R = 852,000 DELI3Ame D1 #R3SLUN
LAL =  hGbenND 57 T 43
463 = 463¢700 3R DELOAYeaNDLUGR#INIWTN
464 = 46564000 SYJR3s=NELBAY
467 = 44674000 WRITZ(10R,452) DELPAY»SENUGS
462 =« u4RenND C 5L94 SENSITIVITIES WITH STRETCHED HB TANK
WET = 463700 kb I Ame (NWNO3NCIRAP«P)
477 = 472.709  DI34me(DWNPSNANTIeP)
471 = 8714000  215923WDP#SNIISN
472 = 4724709 1338 ) 40P SNAISN
472 = 473107 ITHIaIWNIPLSNTHAN
4746 = 474000 ITHARIWNPRINTUARYN
475 = 473700 ILVTa= (W2 85MVTPR)
474 =  wT7&eNDD_ DLVME=(DWD?#5MPIII)
477 = 477000 ARITZ(108,423)
478 = 4784000 ARTTE(1INR,425) 237P,J]9W
479 = 473000 WRITE(17%,427) D159,2188
4279 =  4RDNDDD ARITE(108,42R%) IT49,0T«8
LR1 = 43140090 ARITZ(108,429) JLVY
482 = 432.990 ARTTZ 108,430y JLvM
4RI ~ 43,300 ARITE(IOR,431) DI934A
WRE =  BR4¢70D ARITEZ(10R,432) DPOP
WAS =  433.009 ARITZ(10R,434) DTOHP
BRA = 4354730 XYZsle
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WR7 = 4374790 &3 caNTINJE

YRR = 42%.9000 LT JRIN
4R3 = 4234330 800 FARMAT (110, //7/724X, ' VEAICLE SINSITIVITIESG //
499 = 433+730 LN, VITZMY,Ax, VINCIEMENT ' 46X, "DELTA PAYLBAD',
491 = 431900 EIX,) ' SENSITIVITY /)
492 = 47324730 81D FOIUAT(1X,18IRITE] INIRT WT1p3X,FiD.2,

497 = 433.300 ot LA',F13e15" L31,F13e1s LB/LAY)
49 = 43800D 411 FORMAT(1X,'RIAGTCI INIRT WT1,3X,F10.2,

w93 = 433,270 R'_L2'sF13.1,' L3':F13.5,' [ 9/L08')

w9k = 476190 412 FARMAT(1X,'RSTR [SP(ZINST THRIUST)'sFT742,
497 =  437.999) 51 ST2t,F12e10" LB',F13e1, ' LB/SECY) -
498 =  43IR.1D) 413 FAIMAT(IX,"ADT ISP(ZINST THIUST)'»FT7e2,
477 = 433.790 ' STC',F12e10" LO'F131,' LA/SECY) _
599 = S57%.739 414 FORMAT(IX,'RAI%TER THUST1,5%,F10e2,
301 = 531770 A x 'oF13.1,' L30,F13010 L B/X!)
372 = 592,920 415 FARMAT(1Y,10301TE3 THIUST' 15K, F10.2,
307 = ’531,1)9) 5 ¥ 1,F1T.1st LB'sF13e1s (A/XY) .
3% = 544990 416 FARUAT(1X,'0]ITER PRIPELLANT 4 1X,F10.2,
395 = 85934710 S0 LANF13e10! L31HF13e5,1 LA/,
3% = 57%4230 817 E9IYAT (11X, 139RSTES PRIPELLANT I, I1XsF 1042,
307 = &17.700 SRV LA, F13e1s ! L3 F13e30 ! LA/LBY)

TE0R = =7%¢990 N1R FAQMAT(1X, 'A|MITER TANK LAMRDA',F1D.2,
309 = 573023 50 La/LR1,F10elst LB'F13et,! LR/eOL)
510 = 512232 419 FARMAT(1X,'R9MGTER LAMBDAI,5X,F10e2)
511 = 511200 50 LA/LB'sF10e1st LB1,F13e1,' L3/e01 1)
312 = 812.720 420 FORMAT(1X,'BIAITEI PRIPHINERT WT!,FRe2,
313 = 513.000 R X 'F13a1s LB',F13s10 LO/X1)
314 = GS18.07) 421 FASMAT(1X,'3945TE2 PIIP+INERT WT',FRe2,

518 = K135.2930 £0 X 1,F1341," LAV,F13e1, LA/XY)
R14 = 5144339 8422 FARMAT(IX, *TITAL JELTA V' ,6XsF1002»
817 = K17.229 K1 FO51,F12el2t LB'sF13e1," LB/FBSY)
318 = §1%.7999 423 FAIVATLIX,18RTTE MANUEV DELTA VI1sF7.2,
5317 = 813770 3' FAS!,FiDeys! LB',F1301," L3/FRS)
320 = §522.270 425 FRAMAT (144, ///26Xs "GLIw SENSITIVITIESt///
521 4 821739 40X, 'O TER/TANKY pS5Xy *BIASTERY ///
322 = 8224220 55xs '« DELTA 3194 (LR) DUE TA2'/)
327 = &23.990 426 FAQMAT(7X, '+ DELTA INZRT WT (LA)'515X,F60129%sF6e1/)
328 = 280720 427 FASMAT(7X,'= NELTA IS (SFEC)'217XsF7e0,RXsF740/)
525 = §23.99) 428 FOJYAT(7X,'s NELTA THUST (X)'216%2F740,8XsF2e7/)
T26 = S2640010 423 EAMAT(7X,'+ DELTA V TOTAL (FPS)',13X,F7:0,10X,
527 = 537.23) Kleeast/)

‘5P = &€38%,130 830 FRRYAT(7X, '+ DELTA V MANJEVER (FPS)1s1IXsF7+2,10Ks
323 - §22.190 Llecsalyy B

T 8317 = 53174720 431 ERIMAT(SX, 'DELTA SLON/DELTA PAYLOAD (LB/LB)'»13XsFbel/)
831 = 531.379 872 FOIMAT(EY, 'DELTA N=PIRP/DELTA PAYLBAD',1AXsF6e1/)
Y5 = 832330 3% FRAUMAT(5X, 'DELTA 48=TANR(DIYIZ/BELTA PAYLBAD 1,131 F6e37)
533 = &33.799 835 FARMAT(1X,'3%08TER IS2{CINST FLOW)'HFse 2y
53 = S78.700 K1 SICV,FiPels! LB',F13el,! LB/SEC")
53% = §313.199 43% FARMAT(1X, 'BIRITER [S2(CONST FLBW)'»F6e2, N
814 = 376.000 B! SEZC1,F1rets! LB',F13e1," LB/SEC")
377 = §37.720 450 CARMAT(1X,'ARMITER_GRIWT4/JNCERW"»2Xs
530 - HaRe300 Kte 153X '% '9F13010" L3')F13e1," LB/X')

833 = 539,290 451 FOAQYAT(IX, 'HI=TANC GRIWTH/INCER'»2Xe
S4Y = S42.000 Ble 1e'23X,'% '9F13e1s! L3'5F1301" LB/XY)
S41 = 541220 452 FORMAT(IX,'BIASTER GRIWTH/INCERe',2Xs _
R4? = K42e¢900 E'a 1o'23X,'% 'sF1361s' LB'F13e1, LB/X')
Sa3 = K43.000 590 FARVAT(#9%, YAVG!,F10e]1)
Sakh = Su4se00D 591 FPRVAT(89%) 'AVG!,F10e35)

Ka% -  ®a5.000 END
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9. OUTPUT MODULE

The output module contains two basic options, either a simplified printout
or a detailed printout.

The simplified weight statement supplies the user with total vehicle weights
and performance parameters, such as, TW's, GLOW's and AV's.

The detailed weight statement exists in the form of the NASA Phase B functional
weight grouping. This coding gives a direct line-by-line comparison of ESPER's data
with the weight status report of the mainline Shuttle program.

Combinations of these two mainline options are numerous. For example, if the
user is running a fixed SRM and wishes to see details on the Orbiter, or 1if the
user is running a fixed Orbiter and wishes to see details on the SRM, etc.).

Figure 9-1 is a flow diagram of the Output Module followed by a detailed listing of

the program.

9-1
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ouTPUT < DATA >
INITIALIZATION
SHORT
PRINT QUT

SHORT
PRINT OUT
ONLY

YES

F1XB0O
OR SIMPLIFIED
EQUATIONS

SRM
DETAILED
PRINT-QUT

FIX ORB

ORBITER
DETAILED
PRINT QUT

\ 4

EXTERNAL TANK
DETAILED
PRINT QUT

\ 4

Y

> CONTINUE

Yy

( RETURN ’

FIGURE 9-1 FLOW DIAGRAM
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I 1790 *EIXED . S
> - 2.7n3 C
- 3730 ¢ 9JT2UT SUBRBJITINE
L - 40233 C
% .- 347990 SURIAUTINE 8JTRYT
4 - £+730 C THE PIIMARY OURPAGE IF THIS PRASRAM IS TH FBIMAT THE
. = 72000_C____ ESPIZR SUTPJUTTHI 3ASIZ 9JT2UT 1S SITHER A SIvPLIFIFD OR
° - R.790 C DETAILEDY WEISHT STATEMENTCTHE SIMPLIFIEN wEISHT STATEMENT
- 2.929 C SUPBLTIS TH4E USEZR w]ITH THTAL VEHICLE wEIGHTS AV
17 - 17900 C PEICIIMANCE PAIAMITERS,SJUCH AS,TW,3LAW AND DESLTA Vo
11 = {1«920 C THE JCTAJLED WE]GHT STATEMENT EXISTS [N THE FBAM 8F THE
17 - 12000 C NAGA OHAGE 1 FUNCTINNAL AFIGHT 3RAJUPING,
e 12 13090 IMPUICIT REAL (A=2) L . e
14 = 144772 C
15 = 15220 € 2TQCeIMANZE TAMM9y BLICX
14 = 1649230 C
17 - 17922 TAMMeN /MATN, PRYPI, PRIPI,RIT, BCANT»BCANT,)ACANTY
1z = 122097 12 CANTR,NATN3R, NIENGY» THASL » THISL, THYV, TAV, F_B R
1 - 13e790 _ PaTF,FT«,FIXHIN N o
21 = 236000 3515235, 1523V, [5P9335,13°93V,52D,3Tw
21 - 214790 4oH)IVIAR, INZ,STATV,IVEON, IVINST
R 22.999 S5sRE_yTHATL, THRSL_ T, THITC, 1529, 1598,°0R9P9T
e 23700 62PRIBELH)PRIIPIP,,FW(2)sdVINCHNVBIOVTITC, WISCDIFINATIILANKT
24 = 244709 ToIINJe ToOLIWT 5L IN, LW TITAL»S»PsMATCH, TLSSR,FIRP
25 - 254720 e AL, ILLOL T2 AN IMS ISP, IMSHVTL BMSIVPLIMY
Pe - 244920 9sLING?» T, TOW3, SENSI GROWIMINGLW
f7 - 27.722 C
29 = EL T b« SRM 3JTOUT CIMMIN 313K
PRI 23.900 C -
) - 37930 CRAVMMIN/SR4I/309,4T, ADRYwT,BILINILAMI,PuYT
31 - 31000 1SS HEAST I WIIINT I ANIZZ s WTITERININSY 2 WIGNS3SIMS
> - 32,1770 PaSRMIRG, PAEG s PAASLSIPANAS)PANFIPWTNIPWAV, WNCTI5,53M]C
37 - 3347230 TswDT29YV, PUDAR,PAP] s PAIRIPWIPIP AR, SRYRC B
- ELT el 4o NCERT,EXPINS) 3ISLUNS SRML, SIMD
35 - 35700 S5)P33933,PA3ANT,PPIIPI, 2D YATIPRISLY
3 - 350799 40 F1X3399,514p3e
7 - 37730 € L e
3] - 39090 € 9RBITER 9TPUT CZIYMAN QLACKL
37 - 33.790 C
4 - 47999 CAMMIN/IRIAY /1,2, L2 ATAIX) WTACSIACSENG, ACSSYS»ATACTK
41 - 414230 1,ACSMR), WTAIMS, IMSING, 2ROIGY,) ATIMTK, MIDULE L
47 - 424990 108UIETHPPLR,ELEC) AYDRIAVIBNASECL ST PPRIV, IUNZWT
47 - 434799 2,93M1S, TAAPRA, SYIFK
4y = 44900 1»PEI3IN,95E5D, 953V, 940U, PLIADD, ACSPR3,WIPI35,5UDLE
45 - 450799 20F X322, FIXWIR, IDIYWT S IRIFL
L4 - 46heDDD 1owWwWTs #3590 n3GTRHINTIIRESWTARACILEN»wTEP WAILIWAS, NADRyWAN
4“7 - 474790 2av A GPRAY,PATINGK, TAIL» TSGS TASTR, TTAROY, TLES ARUDINRS
43 - 410D BpHURIIp NI, WRPHPTAILK
40 = 43.92202 100837531 620,53,66057039,69,510,5112312,5152514
3y - 334272 2217003185 5G19+52205323553242625052626272632,633,634
51 - 31979 15735, 535 - .
53 - 394290 1oT0TT2S, T SWT s WIWTaW3LEWT» TAT, TLEWT,BLBTPS
57 - 53.92020 2+BASTAT, IBTWT,PTOSCNy TTWT,,3TOSWT)MCSHT,LDTAT _.
S4 = S6¢099 32PRINTSPPPL,PHYS s SCWT
83 = 33099 1, TAR9P,ENGPAC,ENI» TYC, CONTR, PRPUTL »PRAISYS
54 = 340009 P2sFAY,PRES,CHILIPRIVALIFEEDS,DISCHMISC
57 = 57399 1oLNDI<INGLaNI2sNGIINGIARI M31 9 MG2/M3Is MGEARS AX LS AXK2 _
5% = 3%.000 2o AXAXZEAR, LNDIKC
53 - 3%2.090 C I -
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61 - 57¢592 C EXYTEINAL TANC 9JTPUT Z9IMMBN 8L 8CK
f1 = 61030 C
62 = 52.990 CAMMIN/EXTI/3RNGRD ) THTPS,)FADTC  FAIRTIFADBLF,€CCT25
67 = 630090 10CINSETSTRSINGCYLSCTHACYDMI AFTBLFININT,PROSY,AFTNK
h4 = 54000 20FEISYSHFUIBLAIPRSYNT)AFTCYLsSUMPAFTRBLASPNP ), THINT
A3 = 53540090 3pNIITAQAVIONT ) JMIPNL o WRETRB) TUNNEL,MISCT»BAFF,SJ3DRY
66 = 464990 400Uy IRYWT,RESIDNT, JNDRAN,FEEDTR,PRSJIRT,,FBIAS, INERT
AT = 67030 5o GRISSWa TLAMI, BTRAP ) EXTLIEXTI»BLKHD)EXTHOEXTHN, SIMPTK
AR = 58.092_C S —
f - 43990 C FELTAV FUTAUT CIMMIN 3LOBCK
77 - 72220 C
71 - 71090 TOMMAN/DVAR/DVT,IVINSDVR,DVAR, DVBRP, X2, X3
72 - 72709 1sDVEBILTATLSS,NVANR,DVALT
73 - 73200 C
74 = 74230 C SIMPLIFIED WEIGHT_STATZMENTY
75 = 75220 C
74 = 76200 ARITZ (108,100}
77 - 77990 [F(T]Y4RD:53TeNe)) WRITE(1082120)
72 = 78790 IF(EIXY4RN.5TeNeD) GH T9 9
77 - 73700 TFIMINALWe3TeMNe D) WRITE(108,125)
.22 = RV900 0 IE(MINGLWeS3TeNeD) G2 TS
Ry - 3179 JF(F[x998.5Tee)) ARITI(10R,13D)
LR 22.907 IF(Z1 95T ened) WRITZ(108,131)
R - 23+7070 TF(EIXHNR,53Te"e]) wRITE(108,14D)
2y - R4 +190 TF(3I¥PA%,5TeNed) WRITZ(108,142)
Ry = R3+000 TF(STIVYPTKe5TeNe0) WRITE(108,143)
R& = 364090 CIF(FT.e5TeDeD) 39 78 8
R7 = K7.900 ARTTZ(10R2,150)
Ra - AR+ 00D 59 T} 3
A7 - R3.100 % WRITZE(10R»16D)
3N - 77390 3 WRITE(1M9,11D)
91 - 71209 ARTTE(19R8,115)
a’ = 71247990 CTF(ARGIIVANR=NVING ) +QTals) 39 T8 12
93 = 33.70D 37 19 2n
% - eI 1D ARITE(10R,19D)
9= = 734900 WRITZ(108,20D)
9% - 154799 WRITE(1IDR,21D)
97 = 17790 23 IFIT9/ el Toe7¢%eTOWAe5TePs0eBReTAAB Tels18
r - IR0 Reo9.TwRe5Tele5)  WRITE(108,229)
M - 33+290 IF(IVAID L Te3N00e e IR IVARPGT+9000s) WRITE(198,230)
107 = 172.000 ARTITZ(19R,243) INZ
101 = 1210200 WwRITZ(1DR,28)) TH9TLSS
172 = 132.000 ARITZ(1DR,260) DVCIRRDVENST -
193 = 133.200 ARITZ(12R,27D) X3
104 = 1744300 WPITZ(19R,252) X2
103 = 175099 ARTTE(1R,293) JDVALT
108 = 1750230 ARITZ(1IR,0D) 485CD»3CD
1n7 = 177.790 WRITZ(19R,319)
107 = 11990930 WRITZ(10R,32D) 3CANT
109 = 199000 WRITZ(1NR,230) 3833kT
117 = 1127290 WRITZ(17R,2340) 3DYWT
T = T117.550 TRRITI(10%, 3407 BRIPY,PUNT
112 = 112+000 WRITZ(10R,350) A48
117 = 113700 ARITZ(19R,37D) 1528V, ISPBRV, ISP
116 = 1144000 ARITE(19R,39D) TH3ITC,THASLY
115 = 115200 ARITZ(10R%,410) 3RT
114 = 1144390 __WRITZ(178,420) )
117 = 117+300 ARITE(12R,430) 3CANTY, SCANTP
118 = 11%.909 WRITE(198,462) ILLPLY
119 = 119000 ARITE(128,440) PL9ADJ
120 = 122.000 NRITE(1DR,47D) WA9DORBP -
9-4

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS

COMPUTER PROGRAM - FINAL REPORT

171 = 121999 APTTE (198, 8(D)
122 = 122000 ARITE(INR,48D) DRYAT
123 = 1237970 ARITE(17R,760)_RESIDT
126 = 124000 ARTITZ(10R,53D)
173 = 173,990 ARTTE(11R,540) PRIPAT,PRIPIL,»PRAPH2 .
1274 = 126,.73D ARITZ(19%,350) TLAMR
127 = 127000 ARITE(10R,413) ISPA
12 = 12R%.23) WRITZ(1DR,623) TH9TC,TIV,NBENGS
129 = 133.199) ARITE(19R,R1D)_FLINR
T35 = 132.220 ARTTE{19R,430) 9509w
131 = 131920 NRITE (108, 440) 85LOW
132 = 132790 ARITZ(10R,650) SL9W
133 = 13390 IF (2491 0e5Te2e0) WRITE(10R,560) TOTAL,0HOLD
136 = 134.700 ARTITZ(108,670) T3aR
133 = 1357990 ___ARITI(1NR,4ED)  TIwWA
774 =  134479) wWRITZ(108,49D) DVB,DVFPR
177 = 11317299 ARTTZ(198,700) NVARP,FPIP
132 = 13R.70) AVITZ(109,710) DVR
137 = 133.900 WPITZ(19%,723) DVCONSDVT -
1493 = 143000 IF(EIX9RR8e%5Te0s) ARITI(108,730) DVCEN,DVTEBTC
141 = 141930 _ WRITE(108,740) DVvONR _
142 = 142000 ARITZ(19R,750) DVANC .
143 = 1439700 R1AN FOARMAT(AX,'FLPW RATE'»3IX,F1Pe2)
164 = 1h8eNDD RID FORMAT(/Z4x,'EXT TANK PARAMETZIRS?')
145 = 145790 477 FAIMAT(AX,'BAMS PIJP AEJGHT '12XsF12.2)
Lt = 144e0DD 760 FRIMAT(AX,'EXTe TANK RESIDe'12X,F122)
147 = 147700 430 FOARMATIAX, ! (CANT_ ANGLE YAWs'sFéels')'y/,6X%s
143 = (4R.NDD 1V ICANT ANALE PITCH®'sFhels ') ")
147 = 14830007 {15 FHOMAT(P1x,'38°85TCR = SOLID WCET MBTIR') -
157 = 1397900 327 ENRVMAT(AX, ' (TAMT ANGLIS!')Fbels') ')
181 = 131700 130 FARMAT(27x,1FIXTD) 9RBITERY) )
1852 = 1324000 131 FORMAT(27x,15T¥ED WTs ARIJTER')
183 = 133730 30N FRQUAT(24xs " A/SCD' 212X F7e1,2Xs'SCO'22XsF7el)
T5% = T354:700 7237  £AuvAT (/15X 'esnsisnens WARNING LBIK AT DVBRP serwassswsl)
155 = 133¢709 469 FOOMAT (X, 'L IFT 3CF=PAY=3AMS!, 1 X2F12e2) o
166 = 1364790 449 FAMATIAX, 'PAYLIAD'»11XsF12.2)
137 = 137730 1727 CAQMAT(P5x%, 'TIXED 4ARINARE  (ASPER) ')
150 = 1384790 1235 FOPMAT(23x, PMIMIMJM 3.9W VERICLE')
157 = 137799 377 FOMAT(AX,'ISP AV ('F5e1, 15 1aFS5elnt)'sbXsFbe2)
T R = 15200007 AR TARMAT (X, 'SIA LEVEL THRIST!2X,F1242)
) 161 = 1561900 149 FIRMAT(PIx,1EI¥ZD RAPISTER')

162 = 162.939 {42 FRAYAT(27x, 1SIMPLIFIED 330STZIR')
167 = 1563.999 14 FARMAT(27x, 1SIMPLIFIED EXTANC!)
{44 = 1647790 {57 FHRMAT(27¥,'FIXED THR] 999STERY)
165 = 16347999 147 _FNRMAT(27x, 'FIXED T/A 333STER!)
THhA = 15654700 109 FNRMAT(V11,/:29Xs 'PARALLEL 3JRNY)
17 = 1674797 117 FO9vAT(15x, 'PARAMITRIZ STUIY EXTERNAL (H2=32) 9%RIITER')
1A% = 15ReNDD 177 FIIMAT(/2/X, "N VALID SOILJTINY)
167 = 147.700 277 FYRUAT (PR, 'IRAITER TI9 LARGI')
179 = 172700 2197 FARMAT(21x, 1FNR THE PARAMETERS SELECTED")
171 = 171700 229 FARMAT(/1GX,'sssesvnnnn WARNING . LIBK AT T/W sasnneepanl)
195 = 172,905 240 ERIMAT(/17X, ' INCLINATION 9F ORBITER',F7¢2s' DE3IREES')
173 = 1734790 250 FaQvAT(/24X,'NV TITAL LISSES'siXs'(12FT7eln)?)

T 176 {78.090 280 FARMAT(/24X,'NV INC's11XsF7e1)
175 = 1734790 299 FARMAT(24x» 1DV ALT!'y11¥sF7e1)
174 = 175200 257 FOHRMAT(24x, IV COIRECTIBN , &X2F70102Xs 'DVCNST ! 2 2XsF90l)
177 = 1777930 279 FAQMAT (24X, 1DV CUIVE LBSSES's2X,F7e1)
I8 = {7R8+930 319 FARMAT(/4x, 13995TER  DARAMETERS!)
179 = 173700 330 FARMAT(AX,'3JRN 3UT ATIGHT 1, IXsF12e2)

TURH = 1R7+000 34N FIRMAT(&XIDRY WEISHT'sRXsF12e2)
181 = 181900 347 FIAMAT(gX, 'PRAPELLANT WEIGHT's1XsF120292X2 'PROP3 WAI'21XsF1202)
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FARMAT (X, 'LAMBIAR? »FSek)
ENRMAT(AX, 'SEA LEVEL THRUST!i2X,F1242

_he2Xp tSelle T 3990,71202)

FARMAT (44X, TBJPN TIME'»9IXsF12e2)
FIIMAT (/74X tIRBITER PARAMETERS!)

EYIMATIAX,) "EXTe TANK AT (DRY)'2F12e2)
FAIMAT (AX, "PIAPELLANT WEIGHT ', 4Xs 'IR8 PROP',4X,
KVISTSTAS PREI1,2Xs '2NISTAG PRBPY)
FARMAT(PUXpF1PeRe2XpF1202,2X0F1202)
FARMAT (KX, 13575 9AMS ASC P?BD'oFIE'Z)
CRQUAT(AX, 'SP, 15X,F12.2)

FARQUMAT (AXY, 'VACIJM THRUST ', SXsF12e222%, ' THRUST/ZENT!
SoFReTo2Xat ¥ ENGYHYF4e0)
FRRIVAT(/74Xs tIGLINS ' 22XsF12e3)

FARMAT (4 )X, 'RILAWe1912XsF12.3)

TARMAT (4X, 'GLOW ' s2XsF12e3)
FARMAT(4X, ' TOTALS! s 2X»F1263,2X)
BV LINTLUDES HILN NawN 208908 1,8741,10) 1)
FOIMAT (X, "T/ZH1 st y2XeFl12:3)

FRIMAT (WX, "T/4P w!p2XeFi2e3)

CAQMAT(/4y VIVEAL STAGING VELDCITY!,5X0F12e2
KoA3Xp'FePoks DELTA VI,53e2)

FAQVMAT(4X, 'REAL STAGING VELOZITY'»6XsF12e2

X2 A3XptFeDele PRADY,IXpT9e2)

FRRMAT (aX, 'NSMINAL REJJIRED VELBCITY!',2XsF12.2)
FORMAT(4X,"TITA_ VELAZITY('sFoeks'X FPR)'1X,F1202)
FOOMAT (LY, 'TITAL YEL(SAL)('2F5e4,'% FPRY'")IX,F12e2)
FOARMAT (X, 'ARIRITEI VELACITY(CALC)'25X,F12¢2)
FARMAT (4X, 'ORNITERI VELSCITY(ACT)'HE6XsF12+2)
FARMAT (AXs ' (ZOMM3N BULKHEAD) ')
FOIMAT (AX, ' (SEPARATE 3IULCHEAD) ')
FARMAT (AX, YA Te §ZPe 3ULKHEAD) ')

IF (L 9NGRef000) 39 T3 9999
IF(FIKFQW-aT-ﬁ-O-QQoSIMFBGoGToO-O
1eANILANGP«GTNe)) B39 T 30
ARITZ(108,1000) SIML,3SRIMD
ARITZ(10%,101n) BASSRM
ARITE(10R,1020) WCASEswWJIINTIWNSZZsWTTERSWINSTNIGN,BSRMC
ARITZ(1D8,1030) W4RECIHV

ARITI(108,1C40) D PARIOWS]2,0AR PWRPIPWWR2SRYR.
ARITEZ(10R,1050) SIMISS _ B
ARITS(108,1067) PAFSIPWASLS,PWAS,PWNF, PATN,PIAV, ANCTPS, SRMIC
NRITZ(10R,1065)
ARITZ{108,10710) P3IBSL JsUNCERT

ARTTE(108,10585)

ARITZ(10R,108n) POIRYAT,EXPINS

ARITE(10R®,1065)

ARITZ(19R,109N) PRABRPWT,PPRYPAY

ARITE(1NR, 1NKE)

AQRITE(108,1100) P3RBSS

ARITE0108,1110) LAMB e

ARTITE(1NR,1120) N9ENG3

DETAILED S53IM WEIGHT STATEMENT

1900 FARMAT(111,15X,1S3L1D RBCKET MBTOR (SRM) WEIGHT SUMMARY!

127 =  122.703 339
183 = 133200 37D
124 = 134202
1H5 = 123920 419
184 = 1844093 429
187 = 1R7009D "3}
198 = 188,737 337
127 = 183.03)

181 = 13730D__ 543
191 = 131200 357
192 = 132,700 417
193 = 173.700 629
1% = 1247010

195 = 1357937 439
194 = 1364070 441
197 = 137900 &%)
192 =  13R.000 460
177 = 1994200

2NN - 29%¢999 &79
P01 = 271900 489
PO2 e 233.90) 499
AP0 - 21D

R4 = 2764730 709
203 - 233009
AR T Pats L BN 4 Ko
207 = 277.722 729
Pre « 238030 730
PO = 2734033 749
217 = 217.730 757
P11 = P11«703 490
D717 = 2124299 390
213 = 213019 517
Pih = Pleend0
215 = 2184220

214 = 2164730

217 = 21749290

212 = I1%.90)

217 = 213.270

P20 = 727,239

371 = 271707

222 = F22.999

223 = 223.907

P24 = 224,000

P35 = 2234270

PeA = 228,700
P27 = 2274200

2P - 228,119

P2 - 223,000

230 = 23%¢170)

231 = 231.793)

P32 = 2324000
P33 = PA3.0D)

236 = 23442090 C
P35 = 2335.700 C
234 = 2344000 C
237 = 237.902

232 = 2384399

P37 = 2334220

P47 = 249.009

241 = 241.900

Phn = 242.200

_127430%s Y (PER SRM) 1 //p2BXp 'LINGTHe ! y2XsFSeDp/p28Xy ==
PINTAMETERe!,F5.0)

1010 FORUAT(/,6%, "AASIC SRM WEIGHT'S16Xe'(1pF9:0,1) ")
1020 FORMAT(9X, 'CASE WEIGHT'219X»F9e0»

1729%p 1 JYINT ANEIGHT ' 18XsF9eDs
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247 - 243.03)0 27832 INAZ7E WEIGAT I »17XsFQ.9, )

P44 = 2484099 3/7293%s "TURYST TERM WTe's185X,F349,
P45 = PuReND) 8/, 3% VINSHLATION 4Z[54T,13XeF 9.0,
P46 = DukeDdD9 5/23Xp VIGNTITER wEl3HT "5 16XsF9e0,
P47 = PuTenND 5/193%) 'RASTIT SPY NTeCINs '3 13XsF9.0) -
240 = 24Re1490 {0330 FORMAT(AX, 'SIM IEZAVERY WEIGHT !, 13X, 7 (1,F9e0,")1)
247 = 249349903 1040 FARMAT (X, 'PARACHJTE AEI3HT ', 14XsF940,
259 23%¢7970 1703%9 'PARACHITE INSTAL'513XsF90,

____aﬁl____.ol * 00D 272X 'RETIY ROCKET 'S 18X2F9¢0»
252 2:700 3/:1Y1'°?‘*9-LLA\IT AZIG54T ' 3 13X0F9e0»
P87 - ")"‘-’333 4/79%, "WATER R€CCe 4WDe ' 15X2F 0D
?R4 = « P34470) S5/53%s 'SIM ?E:-dT-:ﬁVSTO';l?X0F9-O)
PHT = 2350000 1050 FRRMAT(4X, *S3IM INTIRSTAGE STIJe "0 12X2t (*9F9eda') )
NRA - 93%-“39 10A0 FNRYAT(AX,1FIPWNARY SCIRT!',17XsF9eD0
257 = 57.000 1/7:3%, VAT SKIRT STRUCT'214X» 9D
557 = Dwﬂ-aoo P’y "ATTAZH/QEP STRUCT ' 13%X91F 900
P87 = 9393,77)) /5% 'NASS FATRINGY1RXsF e
249 = 347,799 479X *TUNNEL WEIGHT'517%0F94],
P61 = 2414993 3/ VAVINNIZS WEIGHT'»16XsF 30D,
247 = 262,773 A/13% "TPS WEIGHT!,20X,F9 0,
P63 = ?43.909 7703%5 'SRM INTEQSeCINST 5 13IX0F9e0)
Phh = PRB.NDD 1045 FAMAT(IARY,te = o =« = o =t)
PHR * PR320 1270 FURMAT(AX,'"SJRTITAL DAY AEIGHAT 14X, F9e0
Phe = P6640300 1706%, ' 533.TH UINCERTAINTY ', 15%X,F9e0)
PRT7 - 247733 1080 FIARMAT(AX, 'DIY AEIGHT'»23XsFIe),
PRR = D4R,970 1706%, 'EXPENDARLE 2R9Pe ' 17X,F940)
PAT = 257700 1090 FORMAT(AX, 'R JON 9T NZIGAT'218%,F 909
377 = 2779939 1/706%2 " JSAALE PRIP WEIGHT !, 15%,F9¢0)
P71 = 271233 1100 FORMAT (&)X, 'TATAL 3RHASS WEIGHT I 14Xs Y (' yF9eDs1)?)
P72 = 272730 1110 FORMATI(/,nXs 'LAMOIAGNIRADI/4GISSusF6.5)
P73 = P73e730 1120 FOOMAT(AX,'TATAL NB  9F SRMS = 1,;F2.0) _
P74 = D74.090 C
275 = 273090 C CDETATLED IRARITER NE154T STATIMENT
P74 = 2764000 C
277 = 277.700 13D JF(TIYIRGTTe e DeANDeLINGPGTHDeD) G TH 9999 [
P73 = 278,000 JF(FI¥WARGTeNeDeANDe LAINGPeGTeDeD) GY TH 40
277 = 2773.799) ARITZ(10R,200N) e
280 =  297.700 ARITI(1INR,2C1N) wWSGsWAT
781 = 291790 WRITI(1NR,2020) WISTR,WTIRIE,LEws WTESGPRAV, GORIY
ELERCET PN n32 1owAT s WAS, HADR) AAHs WAZ, PATINGK
287 « 223,199 ARITC(1NR,203N) TSG,TAIL -
284 = 234,090 4RITT(1DR,2040) TISTR,TTARABSTLEs WRUD, WRSHWRIR) 4 H
PRE = 243,702 1ouR2,PTALLC
PR4A = 2R6E4NDD ARITI(1DR,2C50) G537
PRY = 2274930 APITI(10R,2040) -
29’ = P3R.700 TARITI(10R,2070) 310611,G625+5100627+612+3260G15952263
PRI = 283,190 165505156, 4TR3CHG175G32,G34,GR,5318,335,519,G22:,570323,633
299 = 233709 2rT32574» G138
791 = 231990 ASITZ(10R,20R2) T3TTRS
292 =« 233,77) ARITZ(11R,2090) TWOWTIWGATsWILENTITTATITWT» T _ENT»3TPSAT
293 =  233.900 1503 ATOS ) RaSENT IOTWT 2 2TPSCNsMLSAT s LDTWT,PRINT 22220, PHYC
P4 = 244900 22 SCAT

_ P33 = 233.7000 ARITE(108,2100) LNDODL
P94 = 236,999 WRITI(10842110) N3ZARING1SNG2,NGISMGEAR, MG YG2, 133
297 = 237.209 10 AXSTARPAX] 2 AX2,AX 3, NDDLK
293 = 238%.01) WRITZ(108,212N) TAPRY>
293 = 233223 ARITZ(108,2130) _EN - 2
097 = I2.0090 1,PRIS,CHILIPREVAL,FEEDS,DISCIMISC
301 =~ 321200 ARITZ(1N9,2140) TABPRY o

302 = 13I32.700 WRITZ(12%,2150) WTAUX
203 .~ 323.000 ARITZ(198,2150) WTACS,»ACSENGsACSSYSINTACTK,AZSMDsWTAMS
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NG = 840370 15OMRTNGHPRIPSYy wTAIMTKH MADULE
IN3 = 333403 ARITZ(198,21710) POWR
AN& = F)4eNDD 4R ITI(INS,P1RC) _ELIC
AN7 = ANT7403D ARITI10R,21939) HYOR
77 - 2)R900 AP1TI(10%,2200) SJRFL
N7 = 3334937 ACITI(19R%,2210) AVIING '
_ 10 = 13220 ARITI(10R,2221) ECLSI
M1 = M1.790 ARTITE(1D8,2230) PARYY
312 = 312229 APITZ0129,223%).333M13
13~ N 349DD ARTTZ(1179,2240) FINCAT,IIRYWT
s~ 1646000 ARITZ(10%,224%) .
M3 = N35.000 NRITS(17R,2237) 3IRYNT,PERSAN, IRESD,PLIADUIBINAT»ORESY
A = 14200 1s°RIZLIACSORI) 4IPIIP, ITRAP, ILBANTSPLBADD S SLANAT,PBADUSDINUAT
17 = 17700 ARITZ(12R,2255) R1s,R2,%70L
J1% =~ 31860300 2200 FORMAT(119224X,'3RBITIR AFI5AT SUMMARY!')
A1 = A1IFeNTD 2D10D FARMAT(/54X, ' WING  GRIUP(AREASY ,FSeQ0t) 123X,
327 = 322,020 11V ,Fa¢D,1) 1)

21 = 2100 2070 FYRIMAT(AX, 'BARIC STRJCTURE's18XsF990»
372 = 322900 1/09%p 'TIR JJE 39X EXPIST'»2XsF9e00s
R 23709 /I 'LEANING ED35 1, 7%XsF9e0,

ﬂ.._JZZ____J’“-JJD 8 /70 N PTRAILING EDGENSSX2F9e0s
123 = I23499) B3/»6%, 'SECHMDARY STRUCTUREY)18XsF9e],
A4 = 32649790 57930 " MeleGe PRIVISIING ' 22XsFIe 0 _
27 = 327.700 7/36Xs '"COANTRAL SURFACE!' S 18XsFIe Dy
P = WRLADD R/sANy VSHEL_ 19 14XsF90»
P7 = A23.09N N/,3A%, 1IRINVE 1B, 10X,F3e0,
137 = 330700 A/ THINGT Ve 14XsF 30
331 -~ 213117090 K/eA%p "ATTAZKH!»13X%XsF9e ]
2310 =« 324979 N/Zs6Xp ' 1INy wETGHT CONSTANT!,13XsF9¢0)
237 = 33360020 2030 FARMAT(4X,'TATL GRIUP{AREAS'+FS5.0,")',23X,
R o= AWIN0 11 (1,Feny )Y
I35 = 233900 2040 FARMAT(AX,'RASIC STRULTURE ' 18XsF3e0s

2 k3350000 1723 1 TAORTJUE BAIX' ) INpF ey
317 = 137.99) 2/2 I "LEANING EDBIN,7XsF9e0,
REERE I kL PO L) Y/ A% "CANTAL SURFACE' ) 18X, F 340,
EX IR Rk Pl Jo] 470 "SHELL Y1 14XsF 00
WY = AWHeN)D 5/13I%p MICIyE AV, 1IXsFI Dy _
AWy = W1eNDD 672y VA INAREY214X2FD04 00
A4 = 42200 __ 7/3 %0 "ATTACZHY 13X, F 30
47 -« 4009 R, bxy "TATL wIlA4T CﬁﬂwTAQT',13X F9-0)
A4 = ABNND PNSD FARUAT(4X, TAINY GIIYPT 35XV ('aFTeDp )Y
S = ASeDND PILD FIRMAT (AP A WD S RN IZTR AN AFT )
Wk = ELIND 237D FIMAT(AX,'3ACIC STRUZTURF !,
W7 = AT.70D 1/23%3 'SINEAALLS ' 1 IXs53¢0,2XsF9eDr1X0F90,
W = PRyAD) P/r AN TLAVGERING Y DI XeFTe],s1X2F 90,

TT349 < 2434090 4703y 'FOAMES Y , 24X, F9e)p1XsF 0],

154 =«  A3%.700 W/, YR CHEANS! , 21X, 53],
IRt = 331930 S/7+A%x9 1CIT 4 CPTe PRVt »4XsFIeD»
/P = A32.N00 £/ % VHINIRHIELD PRAVe ' IX»FIe D,
15 = 333700 7703%0 P NASE WwHLWAEL PRIV EXsFTe Dy
54 = 136200 R/, Ay, 1PAYLYA) RIACTIOIN'»14XsFFe0y
A_y =T 2550900 /23 YwING CARRY THRJe "2 14X2F9¢0s
154 =  34.7900 K/33¥s 'wING GHFEAR PRAVe ' 2 14X2FFe0s
I857 = 37920 1/59% " THRYST GTRUZTURI'»25XsFIe0s
143 =~ 232,700 2/23% "TATL PRNVe',31XeFFe (s
/3 = 33.200 3/5HXs "SUR TRTAL ) 13XsFIe0s2X2F9¢0s2X2F360s
A4 = 52.700 4 /)& 'SECHNDARY STRUCTURE ',
/Y = 61300 5/53%s 'CARGY DN SHELL'»14X»FSe0s
IRT = I52470) £/53Y3 "CARST DRAR MECHe'» 14XsFFeQs
A/ -« 534000 7/56%y "MISCELLANEBRUS ATSe !, 4XsF3¢0,2X0F9¢0,2X,F9+0,
Abh =  A54.20D /54Xy 'TRTAL 21 7XsF9002X2F3¢J92%X2F3e0)
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245 = 7434000 20R0 FOQMAT(4X, 'INNJZEN ENVIRINe PRBT« 223X,
4 = A5800D 1900,F3en,1) 1)
147 = 674997 2090 FARMET(AX, TWINGY,29XsT9e0s
LR = A5ReN00 1/s3%, 'SURIFACE DANELS'»5XsFIe D0
WY = I 2/99 'LFEANING ED5G51,7XsF 940,
171 - 1774720 A/s 6N TTATL! 29X, F e D)
71 = 71.79) 4/53%s "SIREACE PANELS'I5XsF9+0s
372 = 3A72.00) S/2%p 'LEADING FI551,7XeF 900
173 = 37270 /P AXp RNV, 29X, F3e0s
TFe = AT6en3I L 7/53¥,'HANY PANELS! 2 BXsFTe0) /
178 = 2754790 R/eA%» 'RASEY , 16X, F940) !
174 = 3744030 A/7,3x) VINTEINAL TPS!,7XsF 90
177 = 3774993 K/09%, 190y CNST T2S ATe'22XsF9e00
7R = 37%.79) 1/798%, *M1S ZBNTe SJRFACE',16XsF9e0,
)Y = 273.7930 P/aEX, TLANDY & NOZKCING'219X,F900)
TN = 333 00T T T 3/08x ' PRACJLSTIAN' S22 FTe 0y
4] =+ 2214990 4796, 1ORME DRWIRI,,22X,FI40)
2712 - 193,099 5/26¥; 14YDIAULICS !, 2IXsFTe 0y
I = 12334739 K/p6xX, "SURFACE CONTRILS'17XsF3e0)
. Q67500 2190 FAOMAT('11,3%, 'LANDING & DICKING',28X, ' ('»F9.0,")")
RS = 233700 23110 FORMAT(AX, 'NISE GIAR' 24X F3s]y
ARG = AW&.NDI 1/9s3%s 'ROLL GEAR',10X»53.0,
87 = 3R7.I9D P/9»3AX 'STRUSTIRE 11 10XsF 300y
AR = IR DDD /93X "CANTRALR 'S 11XsF2e D0
283 - 1233.79) 4/s6Xs 'MATN GEAR',24X,F3¢0,
itk 239.070 5/53%y '8 GEAR',1IXsF 3Dy
RALD 3314000 __ &/ AX 'STRYITIIE 10X FAe D,
202 . 1324700 775V, VCANTRALS 11 X,F 300,
207 = 133,990 R/shyy VAUXTLTARY SYSTEMS')16XsF3¢0»
34 = 244009 /9%, 'OFCELERATIAN SYS1»3XsFIeDy
395 = 1I3.N00 1/7s3%, 1QEPAIATION SYS')5XsF9eD,
296 = 234.070 2/23%, "HANDLINA & MANIOT,3X,F34 0,
97 = 37.790 3/06%s "MIGCELLANTA UGS 20XsFFD)
TI% = AIRAID 212D FAIMAT (4x, 'PINBJLSIAN MAIN ASCENT,23xs ' (14F9¢0, ")
207 = 299,707 2130 FRRMAT(AX,'ENAINES+ACISSIRIES,) 15XsFIe Dy .
4017 = 473770 1/53%) "ENGINES ' 12X2F9e D
4ny = 491.002 P/yAX, TAIMEAL GYSTEM!,5X,F 960,
417 = 492.720 /5 IN "CONTRILG T 11 XsF Iy
4797 = 413790 L/pAN, 'PRNICLLANT JTILIZ'sPXsF 900
WAk = 4786030 S/s6% s 'PIADEL LANT SYSTIV!',16X0F9e0y
WON = 4754790 4703 VEILL & PRAIN') 7%, F9.0,
40f = 4354220 7/03%s tPIESIURIZATION 5XsF eIy
407 = 4)7.2972 R/pAING 'ZAILL UM LINES',3XsF3e ),
LN = 4IReDDD 3/53%, "PRE VALVES'»3IXs T340,
497 = w33.7900 K/, 'FTED GYRTIMY,8X,FI.0,
410 = 41747200 1/53%s "D ISCINNECTS T ) 8X2 900

411 = 411790 2/13X) "MISCILLANE S, 46X2F9])
412 =  412.900 214D FARMAT(4X, tPI"PJLSIOBN AIR SREATH! 224X, ' (14F9e0s 1))
417 = w13.797 2150 FARMAT (&YX, 'PRIAPJLSIAN AUXILIARY ', 25X A
1 = 4i8.930 11,527,103 0)
413 =  415+790 2140 FNAIMAT(AX, 'AZS 3FYSTEM!HPIXsFIe0y
G1h = 8185900 1/+23%, 'THRUSTEIRS!,1I%sF3e0)

817 = 417.200 2/+93%) 'PRAD¢ SYSTEM!,7XsF9e 00
419 = #1%.200 372 I 'TANC Y J1RX,F3e¢ D,
417 = 613.200 W/,9%, "MADULE ' #13X,F9e2,
421 = 4220000 S/s6%s 'IAMS SYSTIMI,22XeF9e0,
471 = 421300 /23X 'THRYSTIRS !, 10XsF3e0y
%35 = 472.000  7/13%xs'PR9P, SYSTEM', 7XsF 940,
427 =  422.02) R/13%Xs ' TANK ;16X s F 9002

T 424 = 4244200 9753 "MIDJLE' 213X F 90 D)

435 = 4354070 5170 FARMAT (L)X, 'PRIVE PIWER'»34Xs ' {1,FIe0r "))
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L2464 = 4264300 PIR] FORMAT(UX, 'ELECTRICAL'235X0 1 ("9E9e0,1) ")
BRT7 = 4270030 21930 FORMAT(4X, 'HYNQAULIC'»36Xs ' ('sFOs0s')?)
427 = 429000 2200 FIRMAT(4X,'SJRFACE CINTROLS' 123X L' 2F9e0r "2}
427 = 4293709 2210 FARMAT(4X, "AVIONICS'237Xa (' sF3e0,"')")
_ 430 = 4377790 2220 FARMAT (46X, 'ENVIIINMENTAL CONTROAL' 24X, " ('2F9,0,') ")
431 = 4314700 2230 FOIMAT(4X,'PERSINNEL PRAOVISIOING!,25Xs ' (15FFe3,') ")
43D = 43200930 2235 FARMAT (X, 'MISCILLANEIUS, 32X, 1 ('5F9e0, 1)) L
433 = 43090 2240 FARMAT (4 X, 'GRVNTH/UNCIRTAINTY »27Xs (1 9)FQeDpt)?
438 = 434270 A2 /skY st = = = = ety /)yl
4737 = 4336000 2Ny LETGHT 1 X, P ((TaFTe0r ")) )
_. 836 = 4344000 2245 FRIVAT(//,11'524%, '9RIJTER MISSIAN HISTBRY!)
437 = 4374730 2250 FORUAT( /54Xy 'NRY JEIGHATI13Xs ' (1)F 90,y )1,
L37 = 43IRGDHDD 1756%) YPERSINNEL ', 13Xs7240,
437 = 433000 2/15%1 7938 EIN PRIP NTe',5X,F9e0»
447 = 44000 /1A% 'PAYIAA) UP,12X0FF. 00
441 = 441090 4/4%) VINERT WEISHT Y, 1IXs V(1459400 1) 10
442 = 4424700 5/58% '9RR IESV PRIP WTe ' 5XsF3e0s
43 = 443.00D h/1hXy ' IRA INTLIGHT LOSSESY, 3X,F9e¢0y
G4t =  byb4enn) 7/758%Y5 VACS OR9O WT',11XsF9eN,
b4S =  B45200 B/Zsbh¥Xs VIAMS PRIP WT11I3XsFTFe0»
B4e = 4440700 I/246Xs '8 TRAPED PRAP AT',4X0F9.0,
447 = #47.993) R/suXs '6GIAGG AT(IRI=ANLY)I ', S5Xs t{19FTeD,1) ",
447 =  B4ReNND 1/706Xs " (LAND WY PAYs')F6eQs')?t,
447 =«  443.NID P/rxXp "LANNING WEISHT 29X, ' ('sF9e0,' ),
. 4R8N = 437470D 3/96%e ' (INJT AT PAYR1,E840,!')',
o = 4317209 470830 VINJEZTEIN AEIGHT' 3 BXst ('2F 900 1))
452 = 437030 2295 FORMAT(//,6Xs'INTER STAGE REACTIONS!
453 = 433300 107975 "1 et 1XsFIFeD .
454 = 434700 20/93%Xs'R2e !, I1X2F%) .
453 =  433.9)0) 30/03X0s "W at' s 1X2F9e))
454 = 434720 &) IF(STYPTK«3Te0eQeANDLINIP+GTeNe0) GO TH 9999
457 = 437700 C
4R = 43ReND) € DCTAILED EIXTERNAL TANC WEJ3HT _STATEMENT
L= - 433090 C
LAN = 4674990 ARITZ(17R%,3000)
A1 = 441920 IF(3L<HYeZ0616) 39 TY 45
467 = 44240939 59 TR 80 -
4T = 4534990 45 IF(SXT494R3TEXTHYH) G3 T9 &5
LURL = 444000 ARITZ(10R,3010)
w45 = 4834933 T 5% 19 A)
Uhph = 46647900 39 TF(3ILCHNeETe3e) 5G9 TY 45
467 = H47e000 37 TR 79
44 = 442,930 K35 NRTITE(108,3050)
AT = 443999 7D [F(ZXT4Ye:TeIXTHH) G TO 75
471 = 473499) ARTITZ(108,13030) e
TRy T er14900 39 T3 &)
472 = 4724790 33 NRITZ(198%,3029)
473 = 472.99) 39 T3 69
474 = 4744990 75 ARITZ(10R,040)
W75 = 4732320 4D ARITZ(128,3060) EXTL,ZIXTD
474 = 474.990 ARITZ(198,3070)390GRPTITPS,FwDTK,FAIRT,FWIBLF,FSCTPS,
477 = 477.700 CANSIT S TPAINICYLSCT,AZYDY, AFTBLE, WINT,PRASY, AFTNC,
47R 478000 KFENIYS: FWN3L A, PRIGVYNT
477 = 4794000 WRITS(I0R,I0ANIAFTCYL» SUMPIAFTILA,PNPU» TWINT,NSSTAR,
487 = 4334900 SAVIONT, UMAONL,WRETRI» TUNNEL,MISCT,»3AFF,SUBDRY
431 = 4R81.90900 WRTITZ(10R,309N)SUIDRY»GUSDIYWNT,RESIDT, UNDRAN,FEEDTR,
4R> = 4R2.000 5PRS AT FRIAS) INZRT,PRIPAT, 5RISSWe TLAMS
487 = 433eN00  IDQD FOIRMAT(111,18x, 'EXTERVAL TANVK WEI3ZHT SUMMARY!')
R4 =  BR4.DND D10 FAQMAT(20X» tTAMMIN  IJULKHEAD=L9X FAD!')
485 = 435000 3I0°P0 FARMAT(20x, 'CAMMIN  SULKHEAD=LBX AFT!')
4R6 = 434,000 3030 FORMAT(20V, 'SFPAQATE RULKHEAD=LAX FWD!')
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS VOLUNE I

COMPUTER PROGRAM - FINAL REPORT

28 FEBRUARY 1973

30640 ERIMAT (PN, 1SEPARATE  RULKHEAD=LSX AFT!)
3050 FA9AT{10xs 'ALTIRNATE FWD SICTION(WITHOUT NISE FAIRING) ')

__;__ij?-ﬁDﬁ__}OSQ_V“Q*‘Y‘IAESYn!LEVS]H:L{2X155!QL/!25XO'DIABEIERI':FS-D)

3070 ERRMAT( /230, 'WEIGHT 1) 28Xy 'WETGHT ! /24X, Yol Be !, 2RXs "=LBet//

K2Y,1800Y 33RJP1,9x V[ ') FReDp? 1y
EP%) 1INDe ENVIRNG 2RBTe {1,FReDs! '/
E3IX,1F+7D TAMK!;10X» ' (12FBeQs! )1,
KAY) tNSSE FATRING!' » 7XsFReD/

Kg¥st€ud AULKAFADY 486X)F 8D,
ESYp18uD CANE K ZYLe'24X2FRe0/
Ri», tCONICAL SECTION 1eFReQy
BSY, PINTER TANK';9XsF8e)/

RuXs "CYLINDRIICAL SEZCTe f9FReD
KEXY ) "AFT CYL § DIME'»SX,FR.D/
KoY "AFT Ry K-S 8D 46XsFReD/
LAY 1 INTEQ TANWK SEZTs  ('2F8eDpt )1
EOX, 12DE LANT SYSTEMS 1 1,FRe Dy '/
RAX VAFT TANK' 10X ' {'sFReQpt )Yy
RI¥s 'FEED SYSTEM! ) 8X,F840/
Ra¥y 18, RULKAEAD YV, 6XsFRe D,y
ASXs *IESe AND VENT!'S5X,FR.0)

5384709 3080 FARMAT(4X, 'CYLINDIICAL SECTe ',F840,

ASY,15J498 § VARTEX CT.L ',FR./
AuXs VAFT RILK-EAI!,8X,C000,
A3X, 1ONEUMATIC K PY SYS 1,FReD/
L3X, '9/ARTR/TANK ATTe('2FRaD," )"/
53, INSSE FAIRING' 2 6Xa ' ('sFReD' )1
TR PAVIONIZS 11X VIV eFBe0s Y/
RAX, P MHETLTCAL PANTL ("2FReDpt )V
EPXs tOTVRRIT SYSTEMI,5X, ' [ 1)F8e,t V/
ANV TUNNEL 12X 1 {1 ,F8a0s ' )1,
APY ) 1MISCELLANEYJS #8Xs 111 ,FBeD,t Y/

RAXS 13AFF{ TS5 BNV )7 X P (VoFReQs" )

! esececseccmancnasncnancsevcaens!/

AX, 'S)RTITAL DY WEISHT!',F940/)

9090 FARMAT (1%, 'SURTITAL DRY AEIGHT'2F9ed//

4R? = 437.39)
4] = 43R.000
uen
427 = 432200
471 =  #71.00)

) 40D = 432,000

493 = 433.999
404 = 43K eNNN
473 = wI3.700_ _
4% = 4364030
497 = 4374799
49c = 43RDN0
437 = 4334079)
30 M I Lo Jo K e lo be}
571 = R31.009 B
%83 = &92.773
511 »  €7%.709
e = ﬂ‘)ho,’)oo
803 =  &I335.000
504 = KI4.00D
817 = R17.4%90
53R =
517 = §33.999
21" = KR12.209
811 = 8K11.790
"12 = K12«0D)
517 = 813930
S1h = &14en3D
515 = 813.730
K14 = R1KeNID

. 317 = 5174900
312 = KiR%."3)
S13_ - 519.730
327 = 8234200
K21 = :D1-330
293 =« §732,499
501 = 33,300
R34 = R344700
373 = 62349239
3P = €284000
3P7 = 8274990

21 = K3R,41H39)
3729 = §23,700
N3N - 837700
531 = 531000
330 =  &32.790
337 = R”R3ITD)D
534 = KINeNDD
£33 = R3I5.020

T R4 = 851449090
537 - &37.300 3
T3k = 5390
539 = 533.000

3333 IANTIVUE

$193%, '529WT4/JNCERTAINTY (1,F8.0,! '/
518Xy 'evcncncencsencsancaccnnoacanananl/
K19%, DY LEISHT Y INFIeD//

B19X, P3TSIDJAL PRIIFELLANT 1 ,FRe ], ¥/
APOX s Y TANK JNIRAINARLE ) IX,FReD/

RO0X, VFIENDLINE TRAIPED!,3X,FReD/

APNX, tPIESS JRANT 1y 9IX,FRe D/

R29%, 12 RTIASY»12XsFRa]/
R]8Xs'eemecececncacsnssrecacrcsassasenl/
LIV, VINERY WIIGHTY ) 7XaF90//
R13%, V' JGARLE IORMOELLANT 1 ',F9:0, '/
X1RX, lossswesncnnesanenososenssananasanl/
S10X, 'TATAL LRNSS JEIFHAT 1,F9.0//

519Y, 'LAMBDA«APRIP/WGRISSe ' )Fhed)

RETIRN
END
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