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PREIFACE

The Engineering Design Integration (EDIN) System consists of a
series of computer programs used in the preliminary design of
aerospace vehicles. This system is operational on the Univac
1110 at NASA, Johnson Space Center. The programs in the EDIN
System are used to determine aerodynamics, propulsion, mass
properties, trajectory analysis, stability and control, and
cost. Due to the need for a structures program, APAS (Automated
Predesign of Aircraft Structures) has been acquired and adapted
to the Univac Exec 8 System. APAS, however, requires shear and

bending moment diagrams and axial loads for the vehicle being
designed.

This requirement has resulted in two programs - LOADS and LDSTRS.
The former does the actual calculations of shear, moment and
axial load while the latter is used as a translator program,
i.e., it takes data output by the other EDIN programs such as
weights and c.g. programs and converts it to the proper format
for input into the LOADS Program. The following report gives.a
brief description of the LOADS Program.
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LOADS - A COMPUTER PROGRAM FOR DETERMINING THE SHEAR,
BENDING MOMENT AND AXIAL LOADS FOR FUSELAGE TYPE STRUCTURES.

By: William E. Nolte - Sigma Corporation
SUMMARY AND INTRODUCTION

LOADS Program

LOADS determines rigid body vehicle shears, bending moment and
axial loads on a space vehicle due to aerodynamic loads and
structure and propellant inertial loads. The program was written
from an algorithm presented by E. F. Bruhn in part El.7 of
Analysis and Design of Missile Structures. An example hand
calculation is also presented in Bruhn's book and was used to
check LOADS. A brief description of the program and the equations
used will be presented here, however, the reader should consult
Bruhn's book for a more detailed discussion of the algorithm.

LOADS will be used in the EDIN System to provide inputs to a
structural synthesis program, APAS, which requires vehicle
shears, bending moments and axial loads. APAS will then be
used to size structural elements and calculate the total weight
of the basic body structure.

LOADS is operational on the Univac 1110, occupies 10505 core
and typically takes less than one (1) second of CAU time to
execute. All of the elements (symbolic, relocatable and
absolute) of LOADS are on file ODIN-DBINIT2. All three of
these elements are called .LOADS while the map element is called
LOADSMAP. The data for the sample case presented in Bruhn's
book is in element LDS INP. The output generated from this
data by LOADS varied from Bruhn's output by less than one per
cent. It should be noted at this point that Bruhn used a desk
calculator which can not match the accuracy of a digital com-
puter. Further verification of the accuracy of the program

can be made by noting load values at the final station where

it is known that shear, moment and axial load should be zero.
LOADS printed out values of 0.05, 117.1, -0.25 for these three
forces respectively. Bruhn's calculations, however, produced |
values of -50., 103000., 1000. respectively. From these com- . \
parisons it is concluded that the LOADS program is working

properly and performing the necessary calculations. The final |
value for the moment, 117.1 in-lbs, may be considered approx- ‘
imately zego when compared to a maximum bending moment of |
133.1 X 10° in-lbs.

The appendix contains a brief description and list of inputs
for the translator program LDSTRS.




SHEAR FORCE

The shear force at a station j is equal to the aerodynamic
| loads up te that station minus the lateral inertial loads due
g to the structure and propellant weights up to that station.

; 3 3
i Sj=2 (ql,+qfy) = (wytv, +w
i=1 i=1

canti)ni

'_‘

where,

qli is the normal aerodynamic force at station i
qfi is the engine side force at station i

w. 1s the structural weight at station i

v, 1is the propellant weight at station i

Woant is the weight of cantilevered items at station i
i

féﬂ n, is the lateral acceleration at station i

L

w

& The weight of cantilevered .items is added in at the reaction
R station of that item. The lateral acceleration at any station

i is given by

X. 1s the station location

X is the vehicle c.g. location
g is the force of gravity

y is the lateral acceleration of the vehicle c.g. or the
sum of all normal forces (ql + qf) divided by the
"4

total weight (W) of the vehicle.
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L N n
y=w I (ql, + gf.)
i=1 * *
©® is the pitching acceleration in radius/second2
LN l n r——
0 = 1-—2—1- E (qll + qfl) (x - Xl)
i=1
where I is the vehicle moment of inertia in slug»feetzz
n
_ 1 2 2 oo 2
T"rigg I, Witi T ViPy t W3 * Veane, * vi) (%5 = %)

ry is the vehicle radius of gyration

oy is the propellant radius of gyration

It should be noted that there is no radius of gyration term for
cantilevered items. It is assumed that this term will be small
compared to the other terms. The radius of gyration can be
determined from the following figure:

TABLE E1.7.11
RADIUS OF GYRATION - FORMULAS

RADIUS OF GYRATION

TYPE SHAPE DIAGRAM FORMULA
R
-3
1 | Solid Tube ﬂi@ r= [?@il':é;z..] 2/
-
2 R)d/=2
2 Hollow Tube As 1 r= [ﬁ—%i] /
212
3 |Liquid As 1 p:[—‘,%—] &
Propellant

4 Cylunder
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BENDING MOMENT

The moment at a station j is given hy:

M, =1 s K - Ko ) - B X 2)'@'
= - o= XL - W.r, *+ V.p.
Joyag Ti-l7R i-1 129 ;- 374 i1
3 3
+i£l(qli)A X; -iil Wcanti n, A X,

The first term accounts the area under the shear diagram assuming
point load applications. The second term involving the pitching
acceleration, accounts for a distributed non-uniform load. The
third term adds the moment due to the aerodynamic forces on
externally cantilevered items. The fourth term introduces a
correction moment for internally cantilevered items. AX is the
distance from the point where cantilevered item is attached to
the tank wall to the C.G. location of that item. It should be
noted that the second term neglects the contribution of canti-
levered items. Once again, it has been assumed that the radius
of gyration of cantilevered items will be small in comparison to
the vehicle radii of gyration.
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AXIAL LOAD

The axial load at a station j is the sum of the drag, thrust and
inertial locads up to that station. Two formulas are used to
determine axial load depending on whether or not the station
passes through a solid propellant tank or a liquid propellant
tank. This is due to the fact that solid propellant is attached
to the tank walls and creates an incremental load while liquid
propellant loads only the tank bottom. Thus, if the station j
passes through a solid propellant tank, the axial load is given
by:

J J
P. =% £, + n I (w, + w + v.)
i 78 a i i canti i
n, is the axial acceleration
n n
n, =3t £,/ (w, +w + v.)
a ;o1 155 i canti i

fi are the tangential forces where fn = - THRUST

It should be noted that the weight of the cantilevered items
is added in at the reaction station.

If the staticn j passes through a liquid fuel tank or no fuel
tank at all, the axial load is given by:

)

. .ot W
1 1 a.l 1 canti

and if the station j is at the bottom of a liguid propellant
tank, the axial load becomes:

k
canti) * Na i Vi

)
[}
I Mo
Hh
+
o
I Mo

(w, + w

=1t

k., 1is the station at the bottom of the liquid propellant
tank.
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CANTILEVERED ITEMS

Cantilevered items are structures which are attached to the
vehicle and will create a bhending moment on the vehicle under
lateral acceleration. The point at which the item is attached
to the vehicle is called the reaction station and it is assumed

that the moment created by the item can be introduced at this
point.

Internally cantilevered items consist of engines which will
introduce a correction moment at the reaction station. The
moment arm, DELX, is

AX = Xr - Xi

and should be negative. xr is the locat. . of the reaction
station and Xi is the location of the engine c.g.

INTERNALLY
CANTILEVERED
ENGINE

Externally cantilevered items can be of two types - (1) fairings
or (2) wing surfaces such as canards, wings, stabilizers, etc.
The normal aerodynamic force acting on a fairing will create a

moment which is added to the total moment at the vehicle reaction
station:
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The normal aerodynamic force acting on a wing will create a

moment which is differenced from the total moment at the
attach point.

< >

ATTACH POINT
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LOADS INPUT ¢

The following is a list of the input variables for program
LOADS. All of the variables are dimensioned by 100 except for
TROT which is dimensioned 20 and N and NLASX which are not

dimensioned. All

XNEW(I) -

W(I) -

V(I) -

WCANTI(I) -

DELX(I) - -

WCANTE (I) -~

EXDELX (I) -

data is read in by namelist NML.

X station in inches. The first station must
always equal zero - XNEW(1)=0.0. XNEW(I) is
referenced from the nose of the vehicle.

YNEW(1)=0.0

Weight of the i} section in lbs. This
includes everything except fuel, oxidizer and
payload weight. W(1l)=0.0 always.

th

Weight of fuel or oxidizer in the i section

in lbs. V(1)=0.0.

Weight of internally cantilevered item in

lbs. This is input at the X station which
locates the c.g. of the cantilevered item.
WCANTI(1)=0.0.

Distance between internally cantilevered item
c.g. and item attach point in inches. This is
input at the X station which locates the attach
point of the item and is usually negative.
DELX(1)=0.0.

Weight of externally cantilevered item in lbs.
This is input at the X station which locates
the c.g. of the cantilevered item.

WCANTE (1)=0.0.

Distance between externally cantilevered item
c.g. and item attach point in inches. This is
input at the X station which locates the
attach point of the item and is usually nega-
tive. EXDELX(1)=0.0.
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i

ISV (I)

ISW(I)

IBOT (I)

QL(I)

QLEX (I)

DELQL(I)

F(I)
R(I)

RO(I)

NLASX

Number of stations to end of fugelage~type
structure,

Propellant radins of gyration indicator.

ISV(I)=0 =~ No propellant.
ISV(I)=3 ~ Liquid Propellant.
ISV(I)=4 =~ Solid Propellant.

L]

Structure radius of gyration indicator.
ISW(I)=1l =~ Solid tube.

ISW(I)=2 - Hollow tube.
ISW(I)=4 =~ Cylinder.

Station number representing bottom of liquid
fuel or oxidizer tank.

Normal aerodynamic force on vehicle in lbs.
QL(1)=0.0.

Normal aerodynamic force on externally
cantilevered item in 1lbs. QLEX(1l)=0.0.

Distance between normal force on externally
cantilevered item and attach point of
cantilevered item. This is input at the

X station which locates the attach point

of the cantilevered item. DELQL(l)=0.0.

Tangential aerodynamic force. F(1)=0.0.
Radius in inches. R(1)=0.0.

Internal radius for ISV(I)=3 in inches.
RO(1)=0.0.

Total number of stations.
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++¢ [JADS PROZRAMees
FEFEFENCE “ANALYZIS AND DEZIGH OF MISEZLE STRUCTURESS
BEY E.F. ERFLHMs PART ELl.7.
DIMEMZION L SNDFE] Felnno, WL NESEIFE
BLCIOOYy WOANMTE CLOOxy LICANTI CLOCy TZWACLI00 .
I2veinnry  DELXCION0 s EXDELXCLIO0N LoLnnsy
RPEEGCL00 Re10nys PHOZGCIO0, s ROCLOOD
ACCLATALN00 y ZHERRCLO02 y MOMENT c1002s PC10O00
IEOT @20y SAVEMCL00y GLEXCIO0 s DELRLCI000
HEW (1009 s SAYEME (1002 TITLE O
FEAL MOMENT IMHTs L
MAMEL I ST~ MML ~ AMER bls YWe WIAMTIs DEL®s EXDELXS M
I2%y  ISWs IEBOTs DELGIL, GLEX» s Fa
. f) PO WCAMTEs MLAZY, TITLE

LR 20 2B 2 B

*

FROGRAM LOADS DETERMINES ZHEARs BEMDIME MOMEMT. AMD
AIAL LOAD OM R ROCKET DUE TO RERODYNAMIC LORDE ANMD
STRUCTURE AND FROPELLANT INERTIAL LORDE. IDATA IT
RERD FROM MAMELIST MML WHICH WAL WRITTEM ON FILE 2

BY THE TRANSLATOR PROSRAMy LDETREZ. OQUTPUT I& WRITTEM
OM FILE 14 FOR WSE BY THE STRUCTURAL EYNTHESIZ PRO-
GRAMs ARPARZ

IRTAR 5«228.28~
IIRTR L-o100e0,
IATA ZAVEM-S100ed, .~
IATR SAWEME~1Q0ed, .~
DRTA WWSUMs SUML» SUMS» SUMZs SUMG  SLIMTy TUMES SUMT < 2e0, »
DRTR FCs JPIs JPEsJEIs JEE JZESs JEEL Tl
DATA TERM1: TERME: TERMIs TERMSs FZLIM S0, ~
IRTA TRI1sTF2s TP WIlLiM-de,
REWIND 11
FEWIND 2
FEAD T3 ML
PRINMT 1TITLE
FORMAT €' 3Ry “ »oeLOADE PROGRAMees .55 254 SABy <0
0 9 I=t=1001
MAUTy=MMEW (I
COMTIMUE
DETERMIME <.G6. LOCATIOM OF WEHICLE

0 10 I=1s+MLRZX
TUML = WOI) + WCAMTECIY 4+ WCANTT CId 4+ &0l
DIWEUM = ZUML + WWEUM
TUME = IZUMlex oI <+ IZLIM2
1 COMTINUE

“BAR = IZUM2oLIYELM

DETERMIME RADIUE OF GYRATIOM CEOUARED
IZW=-TEW = ~ EDOLID TUERE

~ HOLLDOW TUEE

“SOLIGUTD FROPELLANT

~ CYLINDER <Z0LID PROFELLANTX

LSS O PV

Do 20 I=2sM

LIy = Molo=xoI=10

IFCIZW Ty JER. 1d RIBEGCTY CRoeRilies + Lol eegh 12,
IFCIZWCTY JERD., 22 REIZQCIHN TS, eR (I eel + LilieeZ) 12,
IFCIZWCIY JER. 42 PEIHCIN v.elRolreel + REDCIDeeg) + L0]ree2n
* “12.

[y
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IFCISV DD LEQ. 3 RHOSGCIY = L(IDesar12,

IF ISV <Is EQ. 43 RHOSH(I = (3.e(RCIvesd + ROCIIee2) + LCI) ool
E * --’13-
@ 20 COMTINUE

: c SALCULATE TOTAL MOMENT OF INERTIA IN ELUG FEETee2

) DO 20 I=1sMLASK
3 UM3 = WDy eRGSACIY + W (I eRHOSG (DD
: . w (LCTY + BICAMTE (I + WCANTICI) + W oIo) &A1) ~ABARP) e+
‘ * + ZLIM3
30 COMTINUE
IMNT = 1.~ 0144, ¢35 eTUM3

CALCULATE PITCHING RCCELERATION IN FHDIANT ~ZECee2

(B AR

U0 40 I=1sNLRZA

SUM4 = QL Iy +PLEX CIs ) e CXERR-X (I + M4
40 CONTIMUE
: THETRD = 1./ (12.«IMNT>eSLM4

LATERAL BACCELERATION AT C.G5. AMD AT ANY IZTARTION

T30

i D0 S0 I=1sMLRSH

- TUMS = GLOIY 4+ GLEXCIZ + ZUM3

: S0 COMTIMUE

. YOO = ¢1./7lVEUMY eSUMS

‘ o0 &0 I=1aMLASK

. ACOLATCIY = DD + ¢XBAR=X (1) «THETAD~ (12, #i0
CCOMTINUE

(253
eul

ssoseeeeee RLOULATE WEHICLE ZHEAReesssssers

CHHTJLE?ERED ITEMS ARE ACCOUNTED FOrR AT THEIR RERCTION
STARTIOME, DELY AND EXDELX RRE SIVEN WRLUES AT THE RTTARCH
POINTE. WCRNTI RAMD WCAMTE REE GIVEM YALUES AT THE C.i5.
OF THE CANTILEWERED ITEM.

el N i vt
e wmant TS

OO0 0

. DO FO I=1+N
: SIME = DL Iy + TUME
IF<DEL® CI» ME. 0.0 50 TO 72
IFCEXDELX I JME. 0.3 60 TO 74
SUMT = oIy o+ W OInyeRCCLAT (I + SNV
30 TO &
COMTIMUE
d51 = JEI + 1
IFcJd®I .G5T. MLAZX) G0 TO =0
IF CLICAMTI ¢J2I» JE@. O.» 30 TO v&
TAYEMCIY = WCAMTICISID «RCCLAT CJEI
IF(EXDELN I ME., w.x 530 TO ¥4
TUMT = CWelr o+ NWOID i eRCCLAT I + SAVEMCIY 4+ TLMT
30 TO 7&
T4 COMTINUE

CJSE = JEE + 1

IF¢JZE 13T, MLEASK) &0 TO 24

IF CWICAMTE CJSEY JEf. 0.2 50 TO 74

TAVEME ¢ 13 SWCAMTE ¢ JSEY «RCCLAT CJISED

TIMT = ZAVEME SI) + oIl o+ Wolhs eROCLART VI +

» SAYEMOIY + IUMT
TS COMTIMUE

-.j
o
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SJEEL=LZEL+]

IFCJRZEL 5T, MLASK: GO TO 20
IFCOLEX CJSELY LER. 0O.% G0 TO 73
BUMY = SUM? - QLEXCJSELD

PE SHERARCIY = ZUMS - SUM?

70 COMTIMUE
GO 70 2%

21 CONTINUE

. PRINT 32 Ny Ny Ns JEIs J2E» JEEL

22 FORMAT (//ss7/2Sxe NUMEER OF CANTILEYERED WEIGHTE IMPUT
> /Sy DOES NOT MATCH MUMBER OF MOMEMT ARME IMPUT s
> sS%y 2 IF J31 EMCEEDE s I3s s CHECK INPUT FOR IMTERNALLY s
> ¢ CANTILEVERED ITEMS s~Sxs”IF JIZE EXCEEDT “» 13"y CHECK s
* ¢ EXTERNALLY CANTILEVERED ITEMI »«S¥s “IF JZEL EXCEEDE 7»
. I%s7s CHECK LIFT FORCES (BLEX) OM EXTERMALLY < Tk
* ¢ CANTILEVERED ITEMS” s SMe J3I="s 145Ky 7JIE="s 14 S¥y “JZEL=T
- y 140

STOP
25 CONTINUE

crrrorese e BLCULARTE YEHILCLE EENDING MOMENTeeeeoreese

ng 90 I=2sN
THE FIRST MOMENT TERM. TERM1, ACCOUMTS FOR THE RREA
UMIER THE ZHERR DIRGRAM.

TERM1 = THERR (I-1>eux(IdD=xiI~-102 + TERMI

THE ZECOMD MOMENT TERM. TERM2,» ACCOUMTE FOR PITCHIME ACCELERA-
TIOM. MOTE THAT THE CAMTILEYERED ITEMS HAVE EEEN NEGLECTED.
1T IS ASSUMED THART THE RADIUS OF SYRATION OF THESE ITEME WILL
EE SMALL IM RELATION TO THE REST OF THE WEHICLE.

TERM2 = cWcId eRGIGCIY + ' (I2eRHOSQ I «THETAD + TERMZ

TERM= ACCOUNMTS FOR RERD LORDE <il)> ON EXTERMALLY
CAMTILEVYERED ITEME OMLY.

IFC¢DELQL (I LE&, 0.3 =0 7O 2%

232 CONTINUE

JZE2 = JSE2 + 1

IFCJSE2 3T. MLAZX» 30 TO 28

IFCRLEX CJZESY LE@. 0.» 30 TO 3&

TERMZ = QLEX CJZES) ¢DELGL (I + TERM3

50 TO 5 |
32 COMTIMUE ‘

FRINT =3s JIEE

STOP 1

2% FORMAT ¢rvrvrss s Sos "ERRPOR IM LOADEZ PROGREAM IM ATTEMRT TO»»SKs
- “CALCULATE TERMS MOMENT COMTRIBUTIOM
* By T IREE= 0 I
28 COMTINUE
THE FOURTH MOMENT TERM. TERM4s ACCOUMTE FOR
CAMTILEVERED ITEME WHICH OVERHANMG FROM THEIF RERCTION
STRTIONE.
TERM4 = SRVEMOINSDELACIY + TRLYSME (T eENDELM CIY + TERMS
MOMEMT ¢I% = TEPM1 = 1.- 012, 5 ¢TERME + TERMZ - TERM4
40 COMTINUE
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DO 110 I=1sM
FELUM = FCId + F3UM
110 CONTINUE
AYACCL = =FSUM/uYSUM
TEMP = 0,
ISTEP = 1
IO 120 I=1»N
TP1 = F(Id + TP1
IFCOELX ¢I> JNE. 0.> 50 7O 112
IF (EXDELX (1) .ME. 0.2 G0 7O 114
TPE = W(l) + TP
50 TO 115
118 CONTINUE
JFI = JFY + 1
IFCJPT .GT. MLASY) 50 TO 130
IF CWCANTI ¢UPIY JE@. 0.2 50 TO 118
TEMP = WCAMTICJPIDD
IF(EXDELX <1} .ME. 0.3 50 7O 114
TP2 = W¢ld + TEMP + TPZ
TEMP = 0.
50 TO 115
114 COMTIMUE
JPE = JPE + 1
IF¢JFE .GT. MLASK) 50 TO 130
IF (WCANTE CJPEY LEG. 0.0 50 TO 114
TPZ = We¢Id + WORNTECJPEY + TEMP + TPZ2
TEMP = ..
50 TO 115
120 COMTIMUE
PRIMT 131sJPI,JPE
121 FORMAT cwsrrvs S¥s “ERROR IN LOARDE PPOGRAM WHILE CALCULATING?.
. SSuy PRWIAL LOAD. JPI=7sI4sc JPE="sI43
sTOP
115 CONTINUE
IF CIZV (1D =33 122y 124,126

- ~ MO PROPELLANT IM THIZ ZECTIOM
oo~ LIGUID PROPELLANT
+ 7~ TOLID PROPELLANT
126 CONTINLE
TP2 = ViId + TP3Z
B0 7O 22
124 COMTINUE
IF¢1 .EQ. IBOTCISTEP»» 50 TO 123
WERLM = WOIx o+ WELM
=0 TO 122
125 COMTINUE

VEM = Wy + WEUM

TP2 = WaIUM + TP3

WELM = 0,

IZTEP = IZTEP + 1
122 COMTINLE

Prly = TP1 + AXACCLeTPZ + RARCCLeTP2
120 CONTINUE

13
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‘ C PRINT RESULTS
, (W
f FRINT 1000
? 1000 FDPMHTKBXs’%THTIUH’s?X:’%HEHR’:BN,’MDMEHT’s?%-’H%IHL LOAD 7

- Sy IMCHES o 1145 7LBE 2 7%y “ IM~LBE7» 1145 ‘LET 0 /0
Do 2S00 I=1+M

- d=I~1
. P(lim=1,oP (1)

WRITE11: %rId s SHERR ¢ y MOMENT I3 s P (10

PRINT 10S0sx0Ids SHERRC(IDs MOMENT I, Pelvs J
1050 FDPMHTiE%sGIl.4s5HsGI1.4s1%9511.4a1%QGII.491H»GIE.4?3N:IS)
250 COMTINUE

EMOFILE 11

FEWIND 11

CALL ADDREL ¢14s 1HKs 100X

SALL ADDREL <14, SHIHERAR 100« ZHEARD

REE e S A A

. CALL RODREL ¢14» SHMOMENT» 1010 MOMENT?
A CHRLL RODDREL 14 1HPs 100sF2

3 END

L

i

3

L

-
i

§

3

3
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APPENDIX

Program LDSTRS is a translator

program which takes data from
other EDIN programs and arr

anges it in proper form to be input
into the LOADS Program. Stations are synthesized according to
the maximum allowable distance between any two adjacent stations
which is an input. The nose of the vehicle is assumed to be an
ellipse with structural (and propellant) weight distributed
according to the integral of the ellipse. For the rest of the
vehicle, structural and propellant weights are distributed
according to section length and radius. Moment arms are
calculated for cantilevered items and are output at the station
which represents the attach point for the item.
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LDSTRS INPUT

LDSTRS is a program which takes data from the data base and
arranges in the proper form to be input into the LOADS program.
LDSTRS also synthesizes stations so that a smoother loads
analysis will be produced. Data is read into program LDSTRS

by namelist $IN.
the vehicle.

ENDPY
WPYLD
BGNPY

EXCTCG (I)

EXCTWT (I)

INCTCG (I)

INCTWT (I)

EXCTAT (I)

INCTAT(I)

WTOT (I)

ENDSTG(I)

VLOX (I)

VRP (I)

16

All stations are referenced from the nose of

Station at end of payload bay in inches.
Weight of payload in pounds.
Station at beginning of payload bay in inches.

C.G. location of externally cantilevered item.
Up to 10 externally cantilevered items may be

input.

Weight of externally cantilevered item.
Dimensioned by 10, the weight of ith item
must correspond to EXCTCG(I).

C.G. location of internally cantilevered
item. Up to 10 items may be input.

th

Weight of the i internally cantilevered

item.

Location of attach point of externally
cantilevered item.

Location of attach point of internally
cantilevered item.

Total structural weight of the ith stage less
the weight of cantilevered items. Up to 4
stages may be input with WTOT (1)

= weight of last stage, WTOT(2)= weight of
next to last stage, etc.

Station at end of stage. ENDSTG(1l)=0.0,
ENDSTG(2)= end of final stage, etc.

Weight of LOX in ith tank. Up to 10 tanks

may be input.

Weight of liquid propellant in ith tank. Up
to 10 tanks may be input.




WLXST(I) - Weight of ith LOX tank structure.

WRPST (I) - Weight of ith liquid propellant tank structure.

BGNLX (1) = Station which denotes beginning of ith LOX
tank.
ENDLX (I) = Station which denotes end of ith LOX tank.

BGNRP (I) = Station which denotes beginning of ith liquig

propellant tank.

ENDRP (TI) - Station which denotes end of ith liquid

propellant tank.

VSLD (I) - Weight of solid propellant in ith pank. Up

to 10 tanks may be input.

WVSST(I) - Weight of ith solid propellant tank

VSRADI(I) - Internally radius of ith solid propellant tank.

BGNVS (I) - Station which denotes beginning of ith solid
pPropellant tank.

ENDVS (I) = Station which denotes end of ith solid
propellant tank.

RADGYR(I) - Radius of gyration indicator. Up to 10 may

Structure.

be input with each RADGYR(I) corresponding to

XRAD(I).
XRAD(I)

Station at which radius and radius o
have been input. XRAD(1)=0.0 XRAD (2

at which slope of ellipse becomes zer

= ENOPY.
ENDPY |
- ¥
PAYLOAD ~ T "7t )
Bay
& |
XRAD (1) ~—3"
- :
XRAD (2) XRAD (3)

f gyration
)= point
O, XRAD(3)
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RAD(I)

QLEXF (I)

XQLEXF (I)

QLF (I)

XQL(I) .
FF(I)

XF(I)

XMAX

TRy T T TTE—— e T e e e e e hame __Jhsiba el

Radius at ith station. RAD(1)=0.0,
RAD(I)=XPAD(I).

Normal aerodynamic force on externally
cantilevered item.

Location of QLEXF(I).

Normal aerodynamic force on vehicle. Up to
20 may be input.

Location of QL(I).

Tangential aerodynamic force. Up to 10 may
be input.

Location of FF(I).

Maximum allowable distance between any two
adjacent stations.




