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EDINO613P WEIGHT ESTIMATING PROGRAM
By

Guy N. Hirsch - Sigma Corporation
SUMMARY

The weight estimating program developed for the EDIN0O6L3P
simulation series automates the weight and geometry estimations
essential to the predesign of a heavy 1lift launch vehicle in

the one million pound payload range. The EDIN0613P series
simulations size a two stage (winged) tandem launch vehicle for
the space power system being investigated for the vear 1995.

The launch vehicle consists of a booster and second stage element
capable of injected one million pounds of pavload into low earth
orbit.

The weight estimating program, when employed in an automated
simulation, is a highly useful tool in conceptual design studies
where the effects of various trajectory configuration and sub-
system parameters must be evaluated rapidly and economically.
The program furnishes weight estimates of components and a large
amount of configuration geometry necessary to make tradeoffs and
evaluate the configuration. Emphasis is placed on simplicity
for flexibility ease of implementation and minimum input prepara-
tion. Characteristic equatiodéns for estimating weights are based
largely on historical data and are kept relatively simple. The
program is designed for a specific application but avoids the
complexity of a completely generalized computer program that
would be unwieldily to use and/or modify.

This document describes a method and computer program for the
calculation and summation of system and subsystem weight elements
for advanced aerospace vehicle concepts. The method is based on
the statistical analysis of historical weight data for the com-
ponents of similar vehicle configurations. The correlations and
correlating parameters for a variety of vehicles in the advanced
transportation class are presented. The user of the program has
-the option of accepting the vehicle correlation presented for
modifying them on an individual component basis to suit wvehicles
under study. .

The correlating parameters are described to the computer program
in terms of gross geometric characteristics and vehicle weight.
Geometric characteristics include such items as wing area, aspect
ratio, body length, etc. The vehicle is initially sized on the
basis of main propellant requirements. The program accumulates



system and subsystem weight elements resulting in the recalcula-
tion of the input vehicle weight. An iteration is performed to
converdge on d final estimated weight.



INTRODUCTION

The estimation of the mass properties of a vehicle is one of the
most important considerations in the design process and vet one

of the most inexact engineering endeavors. While the calculation
of aerodynamic, propulsion and mission performance are based on
-widely recognized mathematical prediction techniques, the estima-
tion of weight must be based largely on historical data. The art
of weight estimation has evolved through the years by the diligent
collection and correlation of component weight of previously built
vehicles. New design weights are predicted on the basis of the
component weights of past designs. Little information is usually
available on the other properties such as volume, area, center

of gravity and inertia of the components.

Approach

The classical approach to weight estimation (i.e., the component
buildup technigque) is used in the program. FEach component weight
is based on the weight of the same component of similar vehicles
that have actually been built or at least designed in great de-
tail. The similarity law that gives the best correlation for
most systems has been shown to be the power law formula.

i

A is the empirical coefficient of the historical equation.

X, 1is a predominant physical characteristic or combination
thereof effecting the weight of the component

B, is the empirical exponent of the historical weight
equation

The component weight is obtained from the summation of all
physical characteristic combinations,. Xi which contributes to
the weight of the component. The correlation parameters Ai ahd
Bi are determined empirically from historical data on similar

vehicle systems or subsystems. The technigue is based on a pre-
programmed set of Xi.Ai and Bi and is read into the program.

The weight of the vehicle is the cumulative total of all of the
weight components, wj.



W =2 w.
3

Wj is the weight of the component above.

The program logic assumes the propellant weight and physical
characteristics are known. It performs the weight estimations
based on the above formulations with user supplied correlation
parameters, estimated gross weight and estimated landing weight.
An internal iteration loop cycles. through the eguations until
convergence on gross weight is achieved. Appendix A presents

a listing of the weight estimating programs for stage 1 and
stage 2. In addition, an abbreviated flow chart of this program
is presented in Appendix B..

Calculation of Weight Coefficients

Component weight estimation in thls report is based on the power
law formula:

W = A-XB

This equation form generates a straight line on log-log graph
paper. Consequently most historical data is correlated on this
type of paper. All available data is usually plotted against
the correlation parameter, X. A regression analysis produces a
mean line (s) through the data. The coefficients A and B- are
then determined. The data herein presents the historical data,
the trend line from the regression analysis and the coefficients.

Frequently, however, the user desires to alter the trend line
based on data for a vehicle more like the study vehicle or

change the technology level (i.e., 1995 technology needed for

the SPS launch vehicle). This results in a change in coefficients.
A method for determination of the adjusted coefficients is pre-
sented below. The determination of the adjusted coefficients is
presented below.

If a new line is above or below the existing line, the A& coeffi-
cient is simply scaled by the ratio of any two values lying on
the two lines at the same value of the X correlation parameter:

A new _ W new @ X
A old W old @ X

The B exponent does not change since the “slope“ or trend has not
changed. -If the alteration of the slope 0or trend is indicated,

the following procedure may be employed in the calculation of A
and B.



Consider two correlation points, Xl and X2 and the corresponding
weight values Wl and W2 on the log-log graph paper. The value
of B for a straight line through the two points is:

B = 109 (/M)
log (Xz/Xl)

The logarithm may be any base. Suppose the two chosen points are
N cycles apart, the formula becomes:

p = 2og Wy/Wy),
N

if base 10 logarithm is employed in the numerator. The formula
for natural logarithm is:

pain (Wy/W,)
2.303 N

The A coefficient can be determined by substitution

Using the above equation, the user can establish any weight trend
line desired based on new or existing data within this report.



PROGRAM FORMULATION

The program computes approximate flight vehicle mass properties
based on the statistics of past designs. This technique is based
on:

L. Correlation of past vehicle mass and volume properties
against physically significant parameters.

2. Regression analysis of the correlations to provide an
analytic model for flight vehicle mass properties.

The program operates at the subsystem and major compeonent level.
The subsystem breakdown employved is:
1. Aerodynamic surfaces
2. Body structure.
3. Induced environment protection.
4. Launch and recovery.
5. Main propulsion.
6. Orientation controls and separation system.
7. Surface controls.
8. Power supply, conversion and distribution.
9. Avionics,
10. Crew systems.
11. Design reserve -(contingency).
12. Propellants.

Each subsystem is broken down into major components. For

example, aerodynamic surfaces are broken down into four com-
ponents:

1., Wings.

2. Vertical fin.

3. Horizontal stabkilizer.

4. Pairings, shrouds and associated structure.

Each subsystem and subsystem component weight and estimating
relationship used is presented in the following sections.



Aerodynamic Surfaces

Wing. - The wing weight eguation as defined within this study,

is based on the theoretical area and calculates an installed
structural wing weight that includes control surfaces and carries
through where applicable. The weight of the wing is calculated
as a function of load and geometry.

The wing weight equation is:
Ww = C(u/109)0'67

WD-LF-b /2 - SW
ER

where,

Ww = Structural Wing Weight, lbs.

WD = Vehicle Entry Weight, 1lbs.

LF = Ultimate Load Factor.

b' = Structural Span, ft. (Figure 1)

SW = Total Theoretical Wing Area, sg. ft.
tR = Wing Taper Ratio.

C = Scaling Coefficient.

The wing weight coefficients (C) and 0.67 represent the intercept
and slope, respectively, of the logarithmic data shown in figure
2. The data used to derive the empirical egquation and coeffi-
cients is based on actual wing weights of many types of aircraft,
both straight and swept wing. The coefficient (C) was derived

by taking a 25% reduction over the shuttle technology to maintain
a nominal prediction level for a 1995 projection (References 1
and 2).

To account for the heat loads encountered by the wing during a
reentry, the equation illustrated in figure 3 was used to compute
the additional wing thickness requirements. The computed thick-

ness was then used to arrive at an additional wing weight reguire-
ment (Reference 3).

Vertical Fin. - The vertical fin weight includes the weight of
the control surface. The weight is scaled as a function of fin
planform area.
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FIGURE 1 WING STRUCTURAL SPAN CALCULATION,



WING STRUCTURE WEIGHT HISTORY/FROJECTION
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YB-60 12, F-102A 20.
C-135A 13. F-106B 21,
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F-105A 15. F-101B 23.
F-~104F 16. 830 24,

INDEPTH STUDIES - SPACECRAFT

25.
26,
27,
28,
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RATIONALE

SHUTTLE PHASE B BCOSTER, MDAC/MMC

SHUTTLE PHASE B BOOSTER, NAR/GDC.

SHUTTLE PHASE B ORBITER, MDAC/AMC

SHUTTLE PHASE'B ORBITER, NAR

SHUTTLE PHASE C AND D PREPROPOSAL, GACAMC

FOR PROJECTIONS

o
2

TMPROVEMENT IN ANALYTICAL METHODS FOR OPTIMIZATION
USE OF ADVANCED COMPOSITE MATERIALS

FIGURE 2A CORRELATION DATA.
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BOOSTER:

GLIDER:

ENTRY WEIGHT FROM SIZING
LOAD FACTOR = 3.0 (CONSTANT FOR DESIGN)

FROM GEOMETRY AND SIZING (A A T.)

LE’ "TE’ "R

FROM SIZING
GEOMETRY AND SIZING (t/C = 0.12)

1781 (SHUTTLE TECHNOLOGY LESS 25%)

'ENTRY WEIGHT FROM SIZING

LOAD FACTOR = 3.0 (CONSTANT FOR DESIGN)
FROM SIZING
GEOMETRY AND SIZING (t/C = 0.08)

1781 (SHUTTLE TECHNOLOGY LESS 25%)

FIGURE 2B EDINGE WING WEIGHT ASSUMPTIONS.
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The equation for the vertical fin weight is:

Wv = C’-Svl'113

where,

Wv = Vertical f£in Weight, lbs.
C = Scaling Coefficient.

Sv = Fin Planform Area, sg. ft.

The vertical fin coefficients (C) and 1.113 represent the slope
and intercept of the logarithmic data shown in figures 4 and 5.
The data illustrated in figure 4 is representative of vertical

fin data for straight and swept wing aircraft. The value for
coefficient (C) chosen for this study is representative of shuttle
technology with a 20% reduction to maintain a tolerance level
within the illustrated 1995 projection (References 1 and 2).

No heat sink penalty was applied due to the high alpha assumed
for the reentry portion of the flight.

Horizontal Stabilizer, - The horizontal stabilizer weight includes
the weight of the control system. The weight is scaled as a
combined function of load, geometry and dynamic pressure.

The equation for the horizontal stabilizer is:

WH = C-A
» 60
A= WO . (SH)l'z . (QMAX)'8
SW
where,

Wy = Horizontal Stabilizer Weight, 1bs.
WD = Entry Weight, lbs.
SW = Wing Planform Area, sqg. ft.
SH = Maximum Dynamic Pressure, PSF.

The coefficients (C) .6, 1.2 and .8 are representative of the

data illustrated by figure 6. The weicht is directly proportional
to A. The coefficient (C) is representative of shuttle technology
less 20% to maintain a nominal 1995 projection {(References 1 and
2}).

A heat sink weight penalty was applied to the horizontal stabilizer
in the same manner as the wing, figure 3.

13
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HISTORICAL DATA - AIRCRAFT AND SPACECRAFT

1. B-36J 10, A3J-1 20, GC-5A

2, B-47B 11. XB-70A 22, F-4D

3, B-=52A 12, F-1024 24, SHUTTLE
5, C-135A 13, F-1064A

6. B-58A 15, F-101R

7. F-1054 16, 880

8, F-104F 17, 490

INDEPTH STUDIES ~ SPACECRAFT

27, SHUTTLE PHASE B ORBITER, MDAC/MMC
28, SHUTTLE PHASE B ORBITER, NAR
29, SHUTTLE PHASE C AND D PREPROPOSAL, GAC/MMC

RATIONALE FOR_PROJECTIONS

@ IMPROVEMENT IN ANALYTICAL METHODS FOR OPTIMIZATION

@ ADVANCED COMPOSITE MATERTAL USE

SOURCES OF INFORMATION

@ MMC REPORT 0436/20-199-68
‘® NASA CR-2420

® GDC-DCB~66-~008 TECHNICAL REPORT

FIGURE 4 VERTICAL FIN STRUCTURE HISTORY/PROJECTION,



FIGURE 5
VERTICAL FIN WEIGHT
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FIGURE 6
HORTZONTAL STABILIZER WEIGHT
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Body Structure

Integral LOX Tank. - The integral oxidizer tank is sized as a
function of total tank wvolume including ullage and residuals.

The egquation for the integral LOX tank is:

W= CV
where,
W = Liguid Oxygen Tank Weight, lbs.
V = Total Oxidizer Tank Volume, cu. ft.

C = Sealing Coefficient

The scaling coefficient (C) was formulated from the data
illustrated in figure 7, and is representative of shuttle
technology less 25% which provides a nominal 1995 projection
level, References 1 and 2.

To account for the heat lcads encountered by the LOX tank during
a reentry, the equation illustrated in figure 8 was used to com-
pute the additional thickness to soak the heat load. The
calculated thickness is then used to arrive at an additional

LOX tank weight, Reference 3.

Integral Fuel Tank. - The integral fuel tank is sized as a
function of total tank volume, including ullage and residual
volume.

The equation for the integral fuel tank is:

W=0C.V
where;

W = Fuel Tank Weight, 1bs.

V = Total Fuel Tank Volume, cu. £ft.

C = Scaling Coefficiént.
The scaling coefficient (C) was formulated for RP-1, LH2Z and
C8H3 integral fuel tanks. The data for RP-1 and LH2 is

illustrated in figures 9 and 10. Since the physical properties
of RP-~1 approximate 08H3 propellant, the coefficient developed

for the RP-1 tank was used for the C8H3 tank. All three of

these coefficients represent shuttle technology less 25% to
maintain a nominal 1995 prediction level, References 1 and 2.

The data illustrated in figure 8 was used to compute the addi-
tional thickness requested to soak the heat during a reentry.

17
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TANK WEIGHT (1000 LBD

FIGURE 7
LIQUID OXYGEN TANK WEIGHT
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FIGURE 8

TANK SKIN THICKNESS REQUIREMENTS
HEAT SINK BOOSTER
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FIGURE 9
LIQUID HYDROGEN PROPELLANT TANKS
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The. thickness is computed in the same manner as the LOX tank,
heat sink requirements, Reference 3.

Thrust Structure. - The weight of the main engine thrust structure
is a function of total vacuum thrust and includes the attachment
structure and thrust beams but does not include the aft skirt.

The equation for thrust structure is:

_ 1.15
Ww=2C - Type

where,
W
C

Il

Total weight of the Thrust Structure, lbs.
Scaling Coefficient.

I

TVAC= Total Vacuum Thrust of Stage, 1lbs.

The weight scaling coefficient (C) and 1.15 were developed from
the historical data shown in figures 11 and 12. The coefficient
(C) is representative of shuttle data less 25% which maintains

a nominal 1995 prediction level, References 1 and 2.

Nose Structure. - The nose structure includes the structure for-
ward of the integral LOX tank and includes the basic shell weight,
access doors, fairings, etc. The weight is computed as a function
of estimated wetted area.

The equation for the nose structure is:

Wy = C - JrRZ+ 12 . p1 - R

where,
WN = Structural Weight of the Nose, lbs.
C = Scaling Coefficient.
R = Radius of Nose, ft.
L = Length of Nose, ft.
PI = Constant (3.14159)

The equation for the nose structure was developed from Reference
4
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Intertank Structure. - The intertank structure includes the
structure in between the integral LOX and fuel tanks. The inter-
tank is sized as a function of geocmetry, load, load factor and
dynamic pressure.

The equation for the intertank structure is:

.300 1.05 177

W=C- ((LF (Wp+Wy,) ) y (LREF) " 2% (D1a) (Q)

where,
W = Intertank weight, lbs.
LF = Load factor, g's.
W, = Weight of propellant, lbs.

W, = Tank weights, lbs.

LREF = Reference length, ft.

DIA = Diameter of fuselage, ft.
0 = Maximum dynamic pressure, PSF.
C = Scaling coefficient.

The scaling coefficient C corresponds to the historical data
shown in figure 13 (Reference 4).

Interstage Structure. - The interstage structure i1s the connect-
ing structure between the booster and the second stage. It is
jettisoned at staging. The interstage structure is sized as a
function of wetted area as follows:

W = (C) (PI) (DIRA) (LNOSE)
whefe,
W = Weight of the interstage structure, 1lbs.
C = Scaling coefficient, 1lbs/sqg. ft.
DIA = Diameter of stage, ft.

LNOSE = Length of intersgtage, st.

Typlical values for (C) varying from 2.50 to 3.66 lbs./sg. ft. of
wetted area (reference figure 13).

Secondary Structure. - The secondary structure includes access
doors, nonstructural fairings, etc. The equation for secondary
structures is:
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W= C - WST

where,
W = Weight of secondary structure, 1bs.
C = Scaling coefficient
WST = Total weight of structures group, lbs.

Typical values for (C) wvarying from .015 to .10.
Induced Environmental Protection

Insulation. - A radiative protection system to hold structural
temperatures within acceptable limits is the type of vehicle
thermal protection system considered for this study. This system
utilizes radiative cover panels with or without insulation. If
insulation is used, it assumes that -the structural temperature

is held to approximately 2000 F.

The equation for insulation weight is:

W = (C) (5wW)

where,
W = Weight of the insulation, l1lbs.
C = Scaling coefficient

SW = Total wetted area to be insulated, sqg. ft.

The coefficient (C) is an insulation unit weight that may be
obtained as a function of surface temperature from figure 14.
The user must estimate the surface tempesrature that will be
encountered on the initial case in order to input the coeffi-~
cient C180 and then adjust the input on following runs if the
initial estimate is too far off.

The data shown in figure 14 is based on microguartz insulation
for an 1/2 hour time duration. The three curves represent allow-
able heating rates of 100, 400 and 700 BTU/ft.2 with the
structural temperature being held to approximately 2000 F.

Launch and Recovery

Launch Gear. -~ The launch gear equation is used for the support
structure and devices associated with supporting the vehicle
during the launch sequence. This includes struts, pads, sequenc-
ing devices, controls, etc. The equation for launch gear is:
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=
H

(C) (WTO)

where,
W = Total weight of launch gear, 1lbs.

WTO = Liftoff weight, 1lbs.
C

Scaling coefficient.

The input coefficient .0003 is a proportion of the computed
takeoff weight. Typical values for preliminary design purposes
would be .0001 to .0003.

Landing Gear. - The landing gear equation has been developed

from data correlation of existing aircraft. This data included
the nose gear, main gear and controls. The egquation for calcula-
ting landing gear (including controls) is:

1.1244

WLG = .00196 (WWATT)

where,
WLG = Total weight of landing gear and controls, lbs.
WWATIT

Maximum landing weight, 1lbs.

The landing gear weight coefficients .00196 and 1.1244 represent
the interxrcept and slope, respectively, of logarithmic data shown
in figure 15. The  data used in deriving the coefficients in
figure 15 is based on conventional aircraft.

Main Propulsion

The engines considered in this study are the main engines used

to propel the wvehicle during the main flight phases, the second-
ary engines used for orbit maneuvering and de-orbit maneuvers and
the flyback engines used for flyback and landing.

Main Engines. - The main ‘engines for this study are assumed to
be advanced technology engines. The main engines are scaled as
a function of total thrust (Reference 5).

WENGS=TTOT/RATIO

where,
WENGS
RATIO

il

Weight of main engines, 1lbs.

Scaling ratio.
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Typical values of ratio are as follows:

Engine Tvype Ratio
LOX/H2 1 X 10° 1bs. Thrust 75.
LOX/H2 2 X 10° ibs. Thrust 90.
LOX/RP-1 2 X lO6 lbs. Thrust 90.
Airbreathing Engines. - The flyback engines are used for flyback

and landing on the booster vehicle and they are used for landing
only on the orbiter stage. These are airbreathing engines that
are scaled as a function of initial flyback weight or input as

a fixed weight. The equation for flyback engine weight is:

WABPR = (C) (WENT/CLD*THR)
where,
WABPR = Welght of airbreathing engines, 1bs.

C = Scaling coefficients.
WENT = Flyback weight, lbs.
CLD = Liftover drag ratio.
THR = Thrust at altitude of engine, lbs.
Airbreathing Tankage. - The airbreathing engine tanks are sized

as a function of the fuel requirements. The equation for the
airbreathing engine tank is:

W = (C) (WaB)
Where,
W = Weight of tanks, lbs.
WAB = Weight of airbreathing fuel requirement, lbs.
C = SBcaling coefficient.
Main Fuel System. - The fuel system includes the weight of those

items necessary to deliver the fuel from the vehicle storage tanks
to the engine pump inlets, tank venting and propellant dumping
requirements. The weight of such systems is highly dependent upon
the vehicle tank and propulsion system layout and the ease of
ducting required to perform the propellant transfer function. The
equation for main fuel system weight is:

WFUSYS = .00095 (TTOT)
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where,

WFUSYS = Fuel system weight, lbs.

TTOT = Total vacuum thrust of main engines, lbs.

The weight of the main fuel system may vary substantially from
one booster to another because of the many design considera-
tions which can only be analyzed on the basis of a specific
design application. Since boosters may have to be sized on a
preliminary basis before detail design data is available, the
. 00095 coefficient was used to account for a RP-1 main fuel
system. The coefficient .00023 is used for LH2 systems.

Main Oxidizer Systems. - The oxidizer system comprises those
items needed to transfer oxidizer from the vehicle storage
tanks to the propulsion system and the components required to
vent or dump the oxidizer tanks. This system is dependent
upon the size, length and ease of ducting for transfer of the
propellant. The equation for main oxidizer system weight is:

WOXSYS5=.00175{TTOT)

where,

i

WOXSYS Weight of oxidizer system, lbs.
TTOT = Total wvacuum thrust, 1lbs.

A booster with the oxidizer tank forward of the fuel tank,

and RP-1 is used for the fuel, the coefficient .00175 is used.
If LH2 is used for the main fuel, the coefficient .0023 is
used. Both coefficients are raspresentative of shuttle
technology.

Propellant Pressurization and Purge System. ~ The propellant
pressurization and purse system for the main propellant system
is representative of a stored high pressure helium system.

The two major parameters used to obtain input are the main
tank pressures and the helium storage temperature. The system
weight includes the storage bottles, stored gas and system
components. The weight equation inputs weigh the pressuriza-
tion and purge system as a function of fuel and oxidizer tank

volumes. The equation for propellant pressurization and purge
system weight is:

(RP~1 Fuel System)
WFUSYS=. 20 {VOXTK)
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where,

WFUSYS = Weight of system, lbs.
VOXTK = Total wvolume of oxidizer tank, cu. ft.

(LH2 Fuel System)
WFUSYS=, 10 (VFUTK)+. 20 (VOXTK)

where,

1

WFUSYS Weight of the system, lbs.
VOXTXK Total volume of oxidizer tank, cu. ft.
VFUTK = Total volume of fuel tank, cu. ft.

i

The coefficient .10 and .20 were obtained from the data in
figure 16 (reference 1).

Orientation Controls and Separation

Gimbal System. - The gimbal (thrust-vector-control) actuation
system is utilized when a rocket engine is used for main impulse.
The data in figures 17A and 17B is based on an electrical system
consisting of a silver-zinc primary battery, a d. c¢. electric

motor and a gear train, two magnetic partical clutches and ball-
screw actuators.

The system weight is expressed in parametric form as a function
of delivered torque, maximum deflection rate of nozzle and
operating time. The range of significant operational
reguirements and conditions for the data presented here are:

Delivered Torque = 6,000 to 3,000,000 lb.-~in
Nozzle Deflection = 2 to 20 degrees

Nozzle Deflection Rate = 5 to 25 degrees/second
Operating Time = 50 to 1200 seconds
Thermal Environment = -420 to +400° F
Acceleration = 2.5 to lb5g
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The system assumes pitch and yaw contrxol for single engine
and pitch, yaw and roll contrecl for multiple engines. The
equation for delivered torque is:

TDEL =  (750) QTTOT/NENGS /PCHAM)) t.25

where,
TDEL = Gimbal System Delivered Torgue, lb-in
TTOT = Total Stage Vacuum Thrust, lbs
NENGS = Total Number of Engines Per Stage
PCHAM = Rocket Engine Chamber Pressure, psia

The delivered torgue calculation assumes a maximum nozzle
deflection of 10 degrees. The calculated delivered torque
is then used in the gimbal system weight eguation which is:

WSTAB = (NENGS) {.021) (TDEL) *’'°

where,
WSTAB = Weight of Engine Gimbal System, lbs
NENGS = Total Number of Engines per Stage
TDEL = Gimbal System Delivered Torque, 1lb-in

The weight coefficients .021 and .788 represent the intercept
and slope, respectively, for the curves shown in Figures

17aA and 17B, These coefficents scale the gimbal system

weight per engine as a function of the engine delivered torque.
The data in Figure 17a represents a gimbal system with a
maximum nozzle deflection rate of 20 deg/sec and Figure 178

igs for 5 deg/sec. -

Attitude Control System. - This subsystem represents
the weight of the attitude control system which includes
engines, valves, pressurant and residual propellants. It does

not include the propellants and their associated tankage.
The system includes pitch, yaw, roll and translation engines,
The equation for attitude control system weight is:

WACS = 1530. (wware) 104

where,
WACS = Weight of Attitude Control System, lbs
WWAIT = Initial Orbkit Weight, lbs
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The weight coefficients 1530 and .104 represents the intercept
and slope, respectively, for the data shown in Figure 1§.
These coefficients scales the attitude control system

as a function of initial orbit weight and type of system.
The upper curve is representative of a high pressure
turbopump system. The thrust level ranges from 1,000 lbs

to 2,000 lbs per thruster with the number of thrusters vary-
ing from 15 to 30. The lower curve is representative of a
high pressure fed super critical storage system. The

thrust range and number of thrusters are the same as the
upper curve. (References 1 and 7).

Attitude Control System Tankage. - The attitude control
system tankage weight includes the bladders, insulation,
mounting, etc., but does not include the propellants.
The equation for attitude control system tankage weight
is:

WACSTK = .17 (WACSFO + WACRES)
where,
WACSTK = Weight of Attitude Control System Tankage, lbs
WACSFO = Weight of ACS Fuel and Oxidizexr, lbs
WACRES = Weight of ACS Propellant Reserve, lbs

The coefficient .17 scales the attitude control propellant
tankage weight as a function of total attitude control
propellant and reserve propellant weight. Different types of
propellant combinations and storage arrangements may be used.
If a storable propellant is used a typical input value is
1.10. A cryogenic propellant will have an input value of
0.25. If the cryogenic propellant utilized super critical
storage the imput value should be increased to 0.60.
(References 1 and 5).

Aerodynamic Controls. — The weight of this subsystem includes
the total weight of the aerodynamic control system. It
includes all control levers, push-pull rods, cables, and
actuators from the control station up to but not including
the aerodynamic surfaces. This weight does not include the
autopilot or the AN Hydraulic/Pneumatic system weight. The
equation for aerodynamic controls system weight is:

WAERO = ,0771 «WWAIT)'ng (LBODY + CSPAN)'287))
where

WAERO = Weight of Aerodynamic Controls, 1lbs
WWAIT = Initial Entry Weight, 1bs

LBODY = Body Length, ft

CSPAN = Sturctural Span (Along .5 Chord), ft
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The weight coefficients .0771 represent the intercept and slope,
respectively, for the aerodynamic controls data from various
aircraft shown in Fiqure 19. This coefficient scales the
aerodynamic controls weight as a function of entry weight, body
length and structural wing span. The data is representative

of a fixed wing aircraft. (Reference 1)

Seperation System. - The Separation system weight includes

the system and attachments that are used for separating the

two stages from each other. This weight includes the separat-
ion system back-up structure required to react the loads as
well as the fittings and structure that attaches the two stages
together.

The equation for seperation system weight.
WAVXT = .0015 (WTO)

where,
WAUXT = Weight of Separation System, 1lbs
WTO = Take-off Weight, lbs

The coefficient .0015 scales the separation system as a
function of orbiter take-off weight for both the orbiter
and booster stages. Typical valves range from .001 to .003
when no design date is available.

Power Supply, Conversion and Distribution

Electrical System. - This subsystem includes the weight items
required to generate, convert and distribute electrical power
required to operate the various vehicle subsystens. The
major components represented in this system weight are power
generating units, transformers, recetifier units, control
equipment and electrical power distribution system.

The equation for electricla system weight is:

WSORCE = 47.627 (wavioc) -*73
where,

WSORCE = Weight of Electrical System, lbs
WAVIOC = Weight of Avionic System, lbs
The weight coefficients 47.627 and .473 represents the

intercept and slop, respectively, for the electrical
system data shown in Figure 20. (Reference 1)
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Hydraulic/Pneumatic System

The hydraulic/pneumatic system is comprised for the system
components to produce fluid or pneumatic pressure, control
equipment, storage vessels, hydraulic fluid and a distribut-
ion system up to but not including the various functional
branches, weight is:

WHYCAD = .426 ((SWING + SHORZ + SVERT) (Q/looo.‘))l‘3125
+{LBODY + CSPAN)I'OGl).849)
where,
WHYCAD = Weight of Hydraulic/Pneumatic.System, lbs
SWING = Gross Wing Area, ft2
SHORZ = Horizontal Stabilizer Planform Area, fﬁz
‘SVERT = Vertical Fin Planform Area, ft2
Q = Maximum Dynamic Pressure, lbs/ft2
LBODY = Body Length, ft
CSPAN = Structural Span (Along .5 Chord), ft2

The weight coefficients .426 and .849 represents the intercept
and slope, respectively, for the hydraulic/pneumatic system shown
in flgure 21 as a function of the summation of aerodynamic sur-

face areas times the dynamlc pressure and as a function .of body
length and structural span. The areas and dynamic pressure

are the parameters for sizing the hydraulic/ pneumatic
-equipment. The body length and structural span is used

as the parameters to account for the distribution system.
(Reference 1)

Avionics

The avionic system, for this study, includes the guidance
and navigation system, the instrumentation system and the
communications system. :

Guidance and Wavigation System. - The guidance and navigation
system includes those items necessary to ensure that the
vehicle position and its trajectory is known at all times.
This system also generates commands for the flight control
system for changing oxr correcting the vehicle heading. The
equation for guidance and navigation system weight is:

WGNAV = C68
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Design Reserve

The input for contingency and growth permits a proportion of
dry weight and/or a fixed weight to be set aside for growth
allowance, design unknowns, etc. The dry weight is summed
by the eguation:

W = (C) (WDRY)
where, -
W = Design Reserve, 1lbs.
C = Percent Design Reserve
WDRY = Total Dry Weight, 1lbs.

Main Propellants

The main propellant requirements is an input to the program.
The distribution between oxidizer and fuel is computed as follows:

il

WO MR * WP/MR + 1
WF = Wp/MR + 1
where,
WO = Oxidizer Requirements, lbs.
WE ='Fuel Regquirements, lbs.
WP = Total Propellant, lbs.
MR = Mixture Ratio

Reserve Propellants

Fuel and Oxidizer Reserves. — The main impulse propellant
reserves may be computed from the mass ratio and mixture
ratio, as a percentage of the main impulse fuel and
oxidizer weights or input as fixed weights. The equations
for calculating the main impulse reserve fuel and oxidizer
weights are:

WFURES = Cl15 (WFL)
WOXRES = Cl17 (WOX)
where,
WFURES = Weight of Fuel Reserve, 1lbs.
WFL = Weight of Main Impulse Fuel, lbs.
WOXRES = Weight of Oxidizer Reserve, lbs.
WOX = Weight of Main Impulse Oxidizer, 1lbs.
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The coefficients Cl1l5 and Cll7 scales the reserve fuel and
oxidizer welghts as a function of the main impulse fuel and
oxidizer weights, respectively. Typical input values for C115
and Cl17 will vary from 0.05 to 0.20. (Reference 1).

Residual Propellants

Trapped Gases. - The weight of trapped gases for pressurizat-
ion and purge is calculated by the following egquation:

WGASPR = Cl06 (VFUTK + VOXTK)
where,
WGASPR = Weight of Pressurization and Purge Gases, lbs
VFUTK = Total Volume of Fuel. Tank, ft3
VOXTK = Total Volume of Oxidizer Tank, ft3
C106 = Propellant Tank Gas Weight Coefficient, lbs/ft3

The coefficients Cl06 scales the gas weight as a function of
fuel and oxidizer tank volumes, respectively. The input
value for these coefficents depends upon the specific design.

Trapped Fuel. - The trapped fuel is defined as that amount
0f fuel trapped in the main tank and cannot be expended for
main impulse. The equation for trapped RP-1 fuel weight is

WFUTRP = .008 (WFL)

where,
WEFUTRP = Weight of Trapped Fuel, 1bs
WFL = Total Weight of Fuel, 1lbs

The equation for trapped LH2 weight is:
WFUTRP = (.0011) (WPI) + (TTOT) (.00015)

The coefficients .008, .0011 and .00015 were developed
from reference 1.

Trapped Oxidizer. - The trapped oxidizer is defined as that
amount of coxidizer trapped in the main tank and cannot be

expended for main impulse. The equation for trapped oxidizer
weight is:

WOXTRP = (WPI) (.000395) + (.00095) (TTOT)
where,
WOXTRP = Weight of Trapped Oxidizer, lbs.
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WPI
TTOT

Total Weight of Propellant, 1lbs.
Total Stage Vacuum Thrust, lbs.

The coefficients .000395 and .00095 were developed from Reference
1.

Trapped Engine Propellant. - Trapped engine propellant is
determined by the following equation:

WEG = (C) (l.12*TTOT/CGM)

where,
WEG = Trapped Engine Propellant, lbs.
C = Scaling Coefficient
TTOT = Total Vacuum Thrust, lbs.
CGM = Rationing Coefficient to Determine Number of Engines.
Secondary Propellants
ACS Propellant. - The attitude control system propellants are
computed by the following equation:
WACSFQO = .003 (WWAIT)
where,
WWALT = Initial Orbit Weight, lbs.

WACSFO = Weight of ACS Propellant, lbs.
The coefficient .003 was developed from Reference 1.

Airbreathing Fuel. - The weight of the airbreathing fuel is com-
puted as a function of flyback range as follows:

(RG/RF))

WAB = WAV (l-e
where,
WAB = Airbreathing Fuel Reguirement, lbs.
WAV = Average Flyback Weight, lbs.
RG = PFlyback Range, NM.
RF = ((.6)(926) (WAV)/ (WD) (6080))
WD = (CA) (WAV/CLD)/3600.
CA = Scaling Coefficient
CLD = Lift/Drag Flyback Ratio
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Inflight Losses

Fuel and Oxidizer Losses. — The inflighit losses includes all
losses during main flight except main impulse propellants. The
vented fuel and oxidizer are computed by the equations:

WFULOS = Cl123(WFL)
where,
WOXLOS = C125 (WoX)
WFULOS = Weight of Vented Fuel, lbs.
WFL = Total Weight of Fuel, lbs.
WOXLOS = Weight of Vented Oxidizer, 1bs.
WOX = Total Weight of Oxidizer, 1lbs.

The coefficients C1l23 and Cl25 scales the vented fuel and oxidizer
as a function of total fuel and oxidizer, respectively. Input
values for C(123) and C(125) will vary with different vehicles,
propellants and trajectories. Typical values are .00128 and
.00272 respectively.

USER INSTRUCTIONS

This section provides instructions for using the weights program.
It includes deck setup and a description of input and output.

The program can be used in a stand alone manner or within the
EDIN System. In the stand alone mode the user provides all
weight coefficients and exponents, geometric data, areas, volumes
and propellant reguirements. The program computes the component
weights in an iterative manner to satisfy the propellant require-
ment. When used within the EDIN System, the geometric character-
istics as well as weight coefficients may be computed in other
programs and passed to the program through the EDIN design data
base.

Program Input
The Weight Estimating Program uses namelist input. Namelist is
a standard Fortran feature. The rules are described in any good
Fortran manual. The single namelist name for this program is:
S$INWAP (starting in column 2)

Each input variable or array has a name and value(s).

name=value,



or

name=value,value,

or

name (I)=value,value,

The namelist is terminated with a $(dollar sign)

greater.

The following list defines the input variables.

INPUT PARAMETER DEFAULT VALUE

ENG
RANGE
THRVAC
LH2

MR
WMATIN
CGASPR
CFUTRP
CNOST

CSTGST

CTCRAT
CPRSYS

CINFUT

CINOXT

COXTRP

CENTRP

CENGM
COXRES

CFLRES

20.
300.

2000000.

0.
2.68

20746011,

.01516
.0060
3.66

4.087

.12
.20

.866

.810

.000395

.120

100.0
0.

DESCRIPTION

Number of Main Engines

Down Range, nm.

Total Vacuum Thrust, 1lbs.
Logical if 1 Fuel is LH2.
Mixture Ratio.

Main Propellant Reguirement,
Trapped Gas Coefficient.
Trapped Fuel Coefficient.

Nose Structure Weight
Coefficient.

Interstage Structure Weight
Coefficient.

Rool Thickness Ratio.

Pressurization System Weight

Coefficient.

Fuel Tank Structure Weight
Coefficient.

LOX Tank Structure Weight
Coefficient.

Trapped LOX Propellant
Coefficient.

Trapped Engine Propellant
Coefficient.

Engine Coefficient.

LOX Propellant Reserve
Coefficient.

Fuel Propellant Reserve
Coefficient.

in column 2 or

1b.
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INPUT PARAMETER

DEFAULT VALUE

50

CAXACS

CAXAB

CFFLOS
COXLOS
CULLOX
CUCLFL
CWING

CTHRSI

CLG

CINSTG
CSECST

CINSUTL
CMISUL

CLANCH
CABPR

CLDRG
COX5YS

CFLSYS
CHEAT
CENGMT

CTDEL
CACS
CACSTK
CABTX

CAERO

.0045

.601

.00175

.00272

.03

.03
1781.

.0002744

.001213

01377
.015

.03
0.0

.0003
8780.

6.0
.006784

.006784
5.092
.0001

750.
1530.
.17
.17

L0771

DESCRIPTION

ACS Propellant Weight
Coefficient.

Airbreathing Engine Propellant
Weight Coefficient.

Fuel Loss Weight Coefficient.
LOX Loss Weight Coefficient.
LOX Tank Ullage,

Fuel Tank Ullage.

Wing Weight Coefficient.

Thrust Structure Weight
Coefficient.

Landing Gear Weight
Coefficient.

Intertank Weight Coefficient.

Secondary Structure Weight
Coefficient.

Insulation Weight Coefficient.

Miscellaneous TPS Weight
Coefficient.

Launch Gear Weight Coefficient.

Airbreathing Propellant Weight
Coefficient.

Lift Over Drag Flyback Ratio.

Oxidizer Feed System
Coefficient.

Fuel Feed System Coefficient.
Base Heat Shield Coefficient.

Engine Mount Weight
Coefficient.

Gimbal System Coefficient.
ACS System Weight Coefficient.
ACS Tank Weight Coefficient.

Alrbreathing Engine Tank
Coefficient.

Aero Control Weight
Coefficient.



INPUT PARAMETER

DEFAULT VALUE

CSEP

CNAV

CINST

ccoM

CSORCE
CPOWER
CHYCAD

CCONT
CVERT

CHORZ

LDRAT
LNOSE
LINSTG
LSKIRT
WSRAT

THRAB

TAPER
DY1B2

LAMBLE
LAMBTE
TS

TSWEEP

HEAT

.0015

18060.

8.40

1450.

47.627
1.50
.505

.20
2.25

.000263

5.0
50.
10.
40.
100.
20710.

.60
.05

10.
0.
350.

10.

4000.
490

DESCRIPTION

Separating System Weight
Coefficient.

Avionics System Weight
Coefficient.

Avionics System Weight
Coefficient.

Avionics System Weight
Coefficient.

EPS Weight Coefficient.
EPS Weight Coefficient.

Hyvdraulic System Weight
Coefficient.

Design Reserve Coefficient.

Vertical Tail Weight
Coefficient.

Horizontal Stabilizer Weight
Coefficient.

Fineness Ratio.

Length of Nose, £t.
Length of Intertank, ft.
Length of Aft Skirt, ft.
Wing Loading, lb./sq.ft.

Thrust of airbreathing engine,
lbs.

Taper Ratio of Wing.

Percent Distance Along Span of
Fillet.

Leading Edge Sweep, deg.
Trailing Edge Sweep, deg.

Start Temperature of Structure
deg. F.

Sweep of Horizontal Stabilizer,
deg.

Maximum Reentry Heat, BTU's.

Reentry Alpha
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http:lb./sq.ft

INPUT PARAMETER DEFAULT VALUE DESCRIPTION

RLE 1.5 Leading Edge Radius {wing) ft.

LAMBDF 30. Sweep of Fillet, deg.

LF 3. Load Factor

PCHAM 4000. Chamber Pressure, PSF.

WDOT 5813.9.- Engine (Main) Flow Rate,
1b/sec.

CSVERT .750 Vertical Stabilizer Area
Coefficilent.

CSHORZ .180 Horizontal Stabilizer Area
Coefficient.

QMAX 800. Maximum Dynamic Pressure, PSF

Program Output

The program has two main types of output. The first is a
printed output as illustrated in figure 22. The second is
an output to a tempory file for DLG and consequent data base
intercept (reference Appendix A).
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ITRGE 1 WEIGHT TTATEMEMT:

—_— — v e et — ot o e ——

RERODYHAEMIC ZURFACE: 420253,
MIME 545,
HERT ZIMK PEMALTY vRIINGD .
YEPTICAL TRIL 15092,
HORIZOMTAL ZTHEILIZEP 14047,
HERT ZIMVF PEMALTY <xTRHRE: STV

RODYY ZTRUCTURE =Tl
INTEGRAL LO¥ THHE 12nezi.
HEAT TIMK PEMALTY «LO=2 0.
IMTEGRAL FUEL THHE 22,
HERT IZIMK PEMALTY +FL» 1.
THRUTT ZTRUCTURE 151815,
IMTERPTAME ZTRUCTURE 104z25.
MBZE ZTPUCTURE 15z,
INTEPZTRAGE ITRUCTUFE SE0TT.
ZECOMDARY ITRUCTURE TE3ed.

IMNDUCER EMYIROMMEMNTAL PROTELCTION : a7,
TRHE IMIIHLARTION S47.
MIZCELLARNEDLZ 0.

LAUMCH AMO RECOYERY IWETEM 1i1iae4a.
LAUMCH BERR E505.

LAMOIME BERR 104775,

FROPULEZION TR S,
MAIM EMSIMNEZ 433444, " -
RIFBFEARTHIMNGE ENGINER VEREE.
HIFREFEARTHIME TAMERSE =114,
'PPOFPELLANT FEED =ZYZTEM 112455,

MAIM EMEINE MOUMTEZ 4000,
FREZTURIZATION Z%:=TEM J0274.
HERT ZHIELD 11340,

ORIERTARTION: COMTROLE . SEPRRATION 100877 .
METIH T-“I‘{hIf‘ﬂ;" SIMBAL ZWITEM Tri9as
ACE - 11711
HCE THRHKRARE 142
RERODYMAMIC CONTROLE 11523
IEPARATION ZYITEM 2513

AYIONRICE SR,

ELECTRICAL POMER =%¥ITEM a2l

HYDRFALILIC o PHEUMATIC ZTWETEM 25403,

Ry WEIGHT 1385 .

. DEZIGH REEZEPYE av .

EMPT'Y MEIhHT 22 .

FIGURE 22A PROGRAM CUTPUT.
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MRIM FPROPELLANTZ 12122308
O~IDIZER 133sil110.
FUEL BEIL1RE,
REZIDUARL FROFELLAMTES . 141247,
TRAFPFED RAZZED 3545,
TFAPPED O~NIDBIZEPR 353521,
TERAFPFED FUEL S19EY.
TEARFPED EMEIME FROPELLAMT SRFI.
PEZERYE FROFPELLAMTT il.
0..IDIZEF it
FUEL .
INFLISHT LOZTEZ L e
A=IDIZER STV AE.
FUEL QS330.
AUHILIARY PROPELLANTE add451.,
ACz PROPELLAMT 10332,
HIREPEARTHIME EMZIME FLEL SES1 3.
EQOSTER LIFTOFF MEIGHT S1e22504,
MAIT FRACTION - ., SRS
EOOZTER WEISHT AT ETRASIMG 2403453,
EHTFY WEIGHT (STMOTPHERIL INTERFRCE. 2III0an.
EOOZTER LAMDINE WMEIGHT SEEd1TT.
ENTTEM RMD TUERZYITEM WMEIGHT PERCEMNTRGEI: wuo
AERODYMNRMIC TUURFRCEE 1.93283
EODYT TSTRUCTURE 2. 2950
EMYIFOHMEMTRL PROTECTION A0ES
LAIHCH AND PECOVERY . S132
PROPLUL:ION 3. 02496
ORIENTATIOMN-COMTROLIE.-ZEPERARTION . EG 3
HYWIOMICE . O35s
ELECTPICHRL POWEF Z¥ITEM L aids
HYDRAULIC ¢ PHEUMARTIC ZYITEM L 117E
R WEIGHT S SO
ODEZIGH FETERVE 1.7197
EMFTY WEIGHT 10,3151
MAIM FROFELLAMTEZ 85,3133
TFHFPED FFPOFPELLBNT: Sadl
REZERVE FROFELLAMTD L Onaon
IMFLIGHT LOZIEZ R e
RBLGILIARY FROPELLAMTZ oS
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«THHE 1 hEDHETFI

FIGURE 22C

!HHFHET:FI"TIL:

PROGRAM OUTPUT

FLz ELFHZTE H
TOTAL LEMSTH <FT: 2T 3.
TTREE DIAMETER (FT) S,
LEMSTH-DIAMETER FATIO 5.0
AFT 2FIRT LENGTH «FT™ 4011
IHTERTAME ZPRCING FT3 1.
MOZE LEMETH :FT» S0.0
LOx TAMK LEMSTH <FTI 105, 3
FUEL THMK LENSTH CFT3 BT S
TOTAL TARHE YOLUME INCL ULLAGE 311153
LOX TAME WOLUME 2niIss
FUEL TAMHEK %OLUME 1037E5.
LITHE:
MIMGE AREA <70 FTu 210,
WMIME LOADIME CLET-I@ FT 110,
WMIHE ZPAN FTX T3,
STRUCTURAL WIME ZPAM CFT: 0.
ROOT CHORD FTY T,
THEORETICAL FOOT THICHEMEIZ WFTY S,
TIP CHOFD FTH 4
TRFER RATIO =y
FIFECT RATIO =2
ZWEEF OF FILLET +DES: 3.
LEADIME EDGE ILEEF <DEE" BLE
TRRILING ELDGE THEEP .DEGS .
TPAHWITE DISTRHCE .
oyl =
oY2 51,
CF 4.
Ll TE.
s T
23 1.
Zd .
o5 2.
() -
oy 2.
cE 1.
‘LAM St .
CLAM D208 .
COZ LAM C-1 =N
COT LAM L8 Bl
C0Z LAM 2 EFF o2 537
CLAR TRUE .0
CLA FEF .0
WERTICAL THIL:
WEPTICAL TRIL RPER ¢I@ FTO 2741,
HORIZOMTRL ZTAEBILIZER:
HORIZONTAL TTREBILIZER AFER «Ift FTY 5SS,

P =l = = x 4""- g '_-I

et

I LR B

Kl O I e Bl S R A B NI 1]
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STREE 2

WEIEHT ZTHRTEMEMT:

AERODYHARMIC ZURFRCEZ
WIMG
WEFTICARL THRIL
HORPIZOHWTRL Z=TRRILIZER
EODY STRUCTUPE
IMTERFRL LOH TAME
INTERFAL FLEL TARHF
THRUST TTRUCTUPE
INTERTAMF ZTRUCTUFE
MOZE ETRUCTURE
INTERITAZE ZTRULCTLUFE
“ECBMIARY TTRUCTURE
IHDIICED EMVIROMMENTARL PROTECTION
TAME IHIULATIOHN
MIZCELLAMEDOLE
LALMCH AND RECOVYERY
LALMCH GERR
LAMDIME GEAF
FROPULZION
MAIM ENSIMEZ
RIFPERERTHIME EMGIHES:
HIFRERERTHIMEZ TRMHKAGE
FROPELLAMT FEED ZIYWETEHM
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WETE=WELON=-WMATH-HLOE S-S TEST

EMTRY WEISHT AT STMOZFHERILC IMTEFRFACE ++++
MEHTEY=MELON-HWZTEST-WMR IM-WMLO: T-WEGTFFP— fCEHTAC*HE I RCDY
WMEISHT 8T LAHDING +++

WA D= B OM=hI T3 T-WMATI M=l 2R P — e TRP - NGRS W TRF
MATS FRECTION COMYERS LOOE +++
SLAM=WMATH - WELON

IFv=LAM .LE. MHLAMIMNYGD TO 110
TEUMP=1101,

=0 TO 10a

COMTIMUE

TELMP=0,

COHYERGEHCE CHECE 4+

WO IFF=WELOWP~WELDON

IF +ABSCWIIFFY LT, 1.:020 TO SO0

IF « ICOUNHT .LT. So:60 TO Si
WRITE (&, 200l

CONT IMUE

ICOUHT=ICOUdHT+1

WELOMP=LELOI

B0 TO 100

COMTIHUE

WEISHT FERCEMHTRSET +++

TEMF=100, < WELON

FOTO1=WSURF+TEMP

FCTOE=LWEODY+ TEMF
FPLTOIS=LTFI «+TEMF



PCTOd=hLFI+«TEMP
PCTOS=WPFROP+TEMP
FoToe=W0FRZUL»TEMP
FCTOT=WAY IOH*TEMF
PCTOS=4POMER+TEMF
PCTOS=4H Y CHIO+TEMP
FCTL G=WDR f+TEMP
FIOT11=WCOHT+TEMF
FCTIZ=MEMPTYV+TEMFP
PCTLZ=WTRE+TEMF
FCTld=llFFR+TEMP
PIT1S=WLOZT+TEMP
FLT1ia=WRAP+TEMF
PCTIT=hMRIN*TEMF
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RN W o SV 1 RSy I S I e

+++ CEOMETRILC LENGTHZ FOR PROGFAM QUTFUT 4+

] J:';I [

LEM i =0,

LEM 2r=_HOIE

LEM 3 =LHOZE+HRLEH

LEM ddy=LEM (22 +L ONTK -~ V2. #+HLEH?
LEM: Sv=LEM 34 +RLEN
LEMIE =LEM S +L INTZTE

LEM " Fr=LEH c&r+HLEN

LEM oSy =LEMN 7Y +LFLTE— 2. #ALEM
LEM O3y =LEMN 3% +ALEM

LEM vl =LEM O3 +L 2K IRT
LEMT11=LFEF

LI B O o + O PR TR Y (S
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LL} an .n -am
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e

TEDIC s FORMAT STRATHEMTE +++

=3t 0

222 1000 FORMAT v 7 STAGE 1 WMEIGHT STATEMEMT: @

292 2000 FORMAT fed =10 —~

=ZEd: 000 FORMAT W< v ZTHEE 1 SEOMETRIC CHORACTERIZTICZ: 7

EEST 4000 FORMAT:-cwy 7 ZYVITEM BMD TUBRIYITEM WEIGHT FEFCENMTREED: %0

SO0 FORMAT ¢ - FUZELRGE: 7

000 FORMAT + - WIfig: X

oo FORMAT - VERTICAL THRIL: ")

S00n FOFMAT « - HOFIZOHTAL ZTRETILIZER: "

SO0 FORMAT:© 11} COMVERGEMCE CHECK: FPECHECH IMFUTZ 11 .

=y anm

' WMPITE S« 3 0080

: MRITE (S 200

CALL HITEBUT C"AERODYNAMIC SURFACES « 1 UWTURF« 10, s
CHLL WTOUT @ WIMNG s Sx b TIHE 10,0

[T O B

El-E CHLL WTOUT CHERT ZIME FPEMALTY WIHGEY "« 22 METHEH 10,
Bra CHUL WTOUT O"VERTICAL TAIL 2 2sWVERT. 10,0

= CALL WTOUT  HOFIZOMTAL ZTREILIZER- «2WHOFRZ: 10,0

E CHLL MTOUT - HERT ZIHE FEMHALTY “ITAE: "+ 2 LWHORZHW L0,

o 00 Cor G 0ol D0 D Dl 0
1]

CHLL WTOUT - BODY ZTRUCTURE- « 1. WECDYs 1002

67
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R
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31l
dico:
412z
41z
415z
di5:
4173
415z
313
42
421z

SEPF
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DT

ddd:
453
G35
g4 7
SEEH
Gl
3308
45132
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ZHLL WTOUT S IMTEGEAL LOR TAMNE s S WINE:T. 10,0

CALL WTOUT S HERT ZIME FENALTY vLOGI - S+ WIITHTs Lo,
CHLL WTOUT S INTEGRAL FUEL TAME 2 WIMFUT: 10,

CRLL WTOUT - HERT TINF PEMALTY +FLY - « S bIFUTHT- 100
CHLL WTOUT P THREUIT ITRUCTUFE « 2«WMTHRET 18,0

CALL WTOUT S IMTERETAME ZTRUCTURE " SaWIHITEs 10,0

CHLL WTOUT @ "MOZE ZTRUCTURE » Sy WMOZT 10,5

CHLL, WMTOUT " IMTERITAGE ZTRUCTURE 2 MITHEITe 10,0
CALL WTOUT O ZECOMDARY ZTRULCTURE s 2 WIECIT 10,0

ERLL WTOUT "IHDUCEDR EMVIROMMEMTAL FROTECTIOH s 1sWMTPZa10,7
CRLL WTOUT c " THHY IHSULATIOM a2 MIMTUL 10,0

CALL WTOUT MIZCELLAMEDLEE s 2 WMMITHL 10,7

CHLL WTOUT O LAUMCH AMI RECOVYERY IWITEM s 1aWLFT 10,2
CALL WTOUT £ LAUMGH 3ERR Y« 2« MLAHCH 10,7

CHLL WiOUT C LAMDIMHE GEAR s SxhlllGa 10,0

CHLL MTOUT S PROPULZION. 2 1, WFFPOPs 110,

SALL WTOUT © MAIM EMGIMET :c-WEMG 102

CALL WTOUT T"RIBEBREATHIMNGE ENGIMEZ s S2sWMABPRa 10,2

CHLL WTOUT "RIFEREATHIMGE TAMEAGE "s 2+ WAETES 1 0.0

CALL WTOUT . PROFELLAMT FEED IWITEM  »ZWFEED. 10,2

CHLL MTOUT O "MAIN EHGIME MOWMTIC s 2 WEMGMT 140, 3

CHLL WTOUT CRPREZZURIZATION ZWITEM - 2 WPPIVIS 100

ERLL WTOUT - HEST ZHIELD «2sMHERT 10,0

CALL MTOUT C"ORIEMTATIOM: COMTROLZ & ZEPARATION <« 1yWORTULS

CARLL WTOUT C“MEIM EMEINE SIMBAL TV TEM a2« WITHEB. 13,5
CHLL WTOUT S ACES " »22WACZ. 10, ¢

CALL WTOUT O AT TAMERGE «2+MACITE 10,

CALL WTOUT Y "AERPODYMAMIC COMTREOLS s 2«WREFD-10,7

CARLL WTOUT C'"SEFARATION SYITEM: s S WEZER.10.7

CALL WTOUT < "AVIOHICT » 18 I0ons a0

CALL WTOUTC"ELECTRICAHAL FPOWNER TYITEM- s LaWFOMER.10,2
CHLL WTOUT C"HYDRAULIC & PHEUMATIC IZYITEMS«1:WHYCHRD. 1.0,
WREITEYes2000:

CHLL WTOUT v "IRY WEIGHT "« 14Ty « 10,

CALL WTOUTC'DEZIGH REZERVYE s 1~WCOMNT 10,2

CHLL WTOUTc"EMATY WMEIGHT "« 1 WMEMPTY s 1000
NFITEr&x20000

CALL WTOUT < MAIM PROFPELLANTES «31sWMBIM: 10,7

CRLL WTOUT .- ONIDTIZER: 22 MOMAIM 113,

CALL WTOUT «c "FUEL Sy WFMSHIM= 110,73

CRLL WTOUT Y REZITUAL FROFPELLANTS s 1«HTEP~ 10,7

CRLL WTOUT TRAPFED GRISEI xSy WSAZFR 10,

CALL MTOQUT " TRAPPED O5I0ICER -  « 2sWOSTFFa10,

CHRLL WTOUT 7" TRAPPED FUEL s 2»WFLITREPs 18,

CALL WTOUT 4 TRAPPED EMEIME FROFPELLAMNT s 22 WESTRF2 10,1
CALL WTOUT o FEZERYE PROPELLAMTT "+ 1«WFPRE 10, 2

CRLL WTOUT - OEIDIZER s 2 WOSFET» 1 0.

CARALL WTOUT o FUEL " «E2WFLREE=10.2

CHLL MTOUT - INFLIGHT LOZZEZ "»1sWLOZZ.110,

CHLL WTOUT 7“O5IDIZER S WOELOTs 10,

CRLL WTOUT - FUEL "« 2 WFLLOS= 11,
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4523 CALL WTOUTC AEILIARY PROPELLANHTE s Ls AP 10,

453 CHLL WTOUT O "HCE PROPELLANT a2 MFEFHCT 10,

$5:4 2 CHLL WMTOUT O HIFEREATHIMNG EMGIMNE FUEL A2 WREREL 10, 3

455: BRITE ‘200

d555 CHLL. MTOUT«- BOOZTERP LIFTOFF WEIGHT s 1«WELOMWs 10,2

457 BIFRITE CRa0an

455 CRLL WTOUT C'MAZS FRACTION s1-3LAM 1003

455 WRITE (G 2000 ’

1 CHLL WTOUT: "BODCTER MEIGHT AT ZTHEINE «1sMITE«10.7

4t WRITE ces S 000 -

Gz CRLL WMTOUT C"ERNTRY METGHT ‘ARTHOZPHERIC INTERFRLCEDX 7« 1 WEHTRY
= 10,2

WP ITE 5 x2 0002
CHLL WTBUTC"EOOZTER LAMHDIMHG MEIGHT "« LeWILAHT- 10,2
HEITE cas 20002

[ O P Y

LI

WRITE C& 000

WRITE G2 0000

CALL WTOUT C"AERPODVMAMIC TURFRCEZ "2 ZsFOTOE1. 10,90

CHLL WTOUT < BODY ZTRUCTURE "»2.PCTOZS. 105,40

CALL WTOUT o "EMYIROMMENTAL PRPOTECTION -2-PCTOZ. 10, 4%
CHLL WTOUT < LRUMCH AMD FECOVERY -2 PCTOd: 10, 40

CHLL WTOUT o PROPULZION 2 SsPCTOS5 10, 34

CALL BTOUT ¢ ORIEMTATION. TOMTPOL: -TEPERATION: 2. PCTOSx L0, 4
CRLL WTOWT o ANIONATCZ o2 FCTOV Y 1,32

CRLE WTOUT < "ELECTRICAL FOMER ZWITEM T Z-PCTOE: 1004
CHLL WTIOUT CHYDFALLIC % PHEUMATIC ZWITEM: s S«PCTOZ 10,4
CHREL MTOUT Y IRY MEIGHT "« 1.PCTi0s:10.49:

CRLL WTOUT - DEZIGN PEIEEME ~ZFCT11.10, 40

CRLL WTOUT «"EMFTY WEIGHT "« 1PCT1Z2s10.4:

CHLE WTOUT 2 MATM PREOFPELLANTET 22 PCTIV- 10,30

CARLL WTOMUT - TRARFFED FROPELLAMTZ «22FCT13. 10,40

CHLL WTOUT Y- REZEPYE. PROPELLAMTE "2+ PCT14. 110, 45

CHRLL WTORT " ITHFLIGHT LOETEZ sZ:PLT1IS: 10042

CHRLL WMTBUT O RUSILIARY FROPELLAMTI v z-FCT1gs 10,40

RN W xSl B SO | O PPN T W i Y T R R O | R LR

T
L 1] ay L1} L L] L 1) L1] (1] L1} L1} L1} LL] am ay e LL} am L 1]

WRITE V& 3000

WEITE YE- 2000

WFETTE Cé« 50000

CALL WTOUT " TOTAL LEMETH FTo "« 1L FEF10.10

CHLL WTBUT O ITAGE DIAMETER wFT) "2 1:DIAX180, 12

CRLL WTOWUT» "LEMGTH-DIAMETER FATIO » 12LDFEAT 10,22
CHEL WTOUT O AFT ZEIFRT LEMETH PFT3 "s2-LIZRIRT 10,10
CHLUL WMTOUT O IMTERPTAME SPACIME "FTh - 2. LIMITE10.10
CHRUL WTOUT O MOIE LEMHRTH FTr =2 LHOXE 10,17 )
CHLL WTOUT T L= THME LEMGTH FTr 2 LETR 113,13
CHLL WTOUT . FUEL TAMA LEMETH «FTH "y 2«LFLTR= 10,17
CHRLE WTOUT C7TOTHL TARME WOLUME IMCL ULLAGE- «1x%TTRa10.12
CRLL WTOUT: "LOES TAME YOLUME s 2«WOTH. 10,0

CALL WMTOUT O FUEL THMHE YOLUME: »S«MFTHE1 N 3
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>

HRITE coas 000

CALL
CARLL
CHLL
CHLL
aLL
CHLL
CARLL
CHLL
CHLL
CALL
CHLL
CRLL
CALL
CHLL
CHLL
CHLL
CHEL
CALL
CALL
CHLL
CHEL
CARLL
CAHLL
cARLL
CHLL
CHLL
cALL
CALL
CARLL
CHLL
CHLL

WMTOUT f“WIMG ARER CZE FT2 72 1. ZLIMGS 140,10
WTOUT » ~WIME LORDIMGE wLEICDEH FTo"» 1aWZFRAT 10010
WTOUT O WING ZPAMH FT: 2 1a B 1010
MTOLT - ETRUCTURAL WIME ZFAMH fFTe s 1« ZTRAMNL 10, 10
WTEUT - =007 CHORPD fcFTa s 1aOFR»-1001 o
WTOUT ¢ THEORETICAL FOGOT THICHMET: FT» "« 1»TFROOT» 14,10
MTOUT ¢ TIP CHORD oFTr 2 1-CTa110. 10

WTOUT ¢« " TAPER FATIO 2 1+THPER= 10,3

WMTOUT + "HIFECT PATIO = 1-AFEFP: 10,10

WTOUT < ZWEEF OF FILLET YDEG: -« 1.LAMEDF.10.10
WTOUT C"LEADINE EDRE IZHEER «DEGT »1sLAMELE.10.10
WTOUT " TRRAILIMG: EDGE IWEEFR (DEGs "« 1:LAMEBTE~. 10010
WTOUT v ZPANMMIIZE DIZTAMCE « 1 D%W1EZ- 17010

MTOUT O D1 1T 12102 12

WTOUT " D2 s 1 D2s 1G4 10

LITOHIT " CF x 12 LR 10013

WTOUT - C17s 10110, 10

WMTOUT *"CE 102210, 102

WTOUT O 'C3 " s 123010, 10

WMTOLT O 04"« 1eZda 10, 10

WTOAT v 05« 1229 100 10

WTOUT (7 Ces s 1T 10,10

WTOUT o7 s La Ly 10 1

WTOUT o572 10810, 10

WTOUT - LAM Lo Za 1701 LAMCE1- 10, 1

WTOUT ¥ 7Lar C @27 1+ LAMCEEy 1001

WTOUT < CO% LA Co17 10000211040

WMTOUT 7"COZ LAM S22 1COL2E 10,40

WTOUT ¢-"COZ LAM 2 EFF- s 1:LAMEFF 18,40

WTOUT < "CLA TRUE- "~ 1-CLATFU. 10,27

WTOUT o"CLA REF-» 1sCLAREFs 1O 20

R N
LA I T )

(O
D IR e

WRPITE "o~ 7 00gs -~

CHLL

WTOUT«“WERTICAL TAIL ARER (38 FTr 2 1:ZWERT.10.1%

WFITE (S« 20007

CHLL

UHIT

CHLL
CHLL
cRLL
CRLL
CRLL
CHLL
CRLL
CHLL
CHLE
CHLL
CARLL

HATOUT o "HOPIZOMTAL TTARILIZER AREA IO FT) -« 12 ZHORZS 10 -

OUTRUT ++e

AODFEL v 14 SHLEM» 11« LEM
ADDREL cid. SHLOMAIM. 1+ WOMRIM
ADDREL 1« oHUFEMATIM 1 MEMAIH
AODFEL Tl sHYWOMBIM 1« VOMA TH
ADDFEL v1d-oHYFMAIMs 1aWFHMAING
ADDFEL w14 SHYTMARIMN. 12WTHAIMY
ATDREL L1ds SHMEAIFREY 1 s MERAZFPRED
ADNTFEL T14s sHUMFUTEF s 1 s WIFUTRERY
RODREEL ¢1 3y eHUONTREP 1 s WOSTRERY
ADDREL 13« aHUMEGTHRE 1 WESTRFY
AUOREL Y14 sHHTER 2 1. WTREF
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CHLL AUDREL (14 sHWOSFEZ s 1 WONRES
CHRLL HADDREL "14s sHWFLEET 12 WFLFESY
CALL HODREL 14 sHEFFRE 2 12 WFFRED

CALL ADDREL 13« aHWANACZ s D WAZACTY
CHLL ATDREL « 14« 2HEASHE « 1« WiRSRE
CALL ADDREEL r1d.oHWHANE 1 1 WRNPY

CRLL ADDREL 13- cHWMFLLOZx 12 WFLL BT

CHLL ARDPEL » 14 eHWOELOL « 1o ME-LOZ -

TALL AUDREL fi4«&HHLOZZ »1.WL0S%
CHLL ATDPEL T1d4=-SHWMOTE 12 WOTES
CRLL HIDREL CidsoHFTE 2 1 WFTE
CHLL BRIDDREL C19yeHYOTE s 1s%W0OTk
CALL BIDDPEL (14 aHWFTE «12WFTEF2
CALL BDDREL cids 2l TTE o 1-%WTTED
CRILL RIODFEL:14»cHDIA 1T
CALL ADDREL fidssHREFRDIDZ: 1 wABILS
CHLL ARDEEL 4 aHALEM < 1« R/LEMY
CHLL ARDOFEL c1dasHIEHINE 1 ZRITHGE
CHLL ADDBREL C148HINVERT 1 2VEET
CHLL ADDFEL 14 SHEHORS 1« ZHOFES
CHLL ADDREL <14 SHIOROOT 100
CRLL ADRDRFEL 14 2HOT alsCT™
CALL ARDDREL 14 sHEES alaEBa
CHLL ADDFEL 714s5HE » 1B

CALL ADDREL <14 sHTY 1 BRI
call ADDREL 14« &HD'Y2 1T SN
CTHLL ATDREEL w14«cHCF 1 DF
CHLL ADDREL 7idsaHC1 slaiill
CHLL AITFEL flds&HES rlaT2
CRLL FATDRPEL 14 aHD™ 21T
CHLL HIDREL Jl1dsesHI4 yiaC4gn
CRLL RIDREL Tid:oHCS a1 050
THLL AOLDREL Cld.oHCE RIS
CHLL ADDREL f1d.mHCT LI SR
CHLL RDIDREL:1dscHCS lsTED
CHLL ADIFEL wigdssHLAMO4T 1L RMCS 1L,
CALL ADDREL »1d-SHLRMOC4E 1 LEMC42,
CALL ADDREL D14 5HOAY1 2 1sCARWLD
CTHLL HIDFEL v1ds aHIZRYE 2 12 DAY
CHLL ADDREL Cild«SHLARMEEL » 1 LAMCZ12
CARLL ADDFREL (id«cHLAMCZZ s 1 LAMTIZZES
CHLL HODRPEL vlds eHLBMEFF 2 L« LAMEFFS
CRLL ADDFEL i1d.nHAREF s 12 AREF
CALL ADDREL “1dx:eHMRIIMGED 1 WLIMGS
CRLL ADTNFEL v1damHMBIIMEH 1 Wl THEGH
CRLL AODREL J1ds sHWYERT 2 L« WWERTX
CALL . RDOREL 714, aHWHORFZ « 1. WHORS:
CALL ADDFEL C1d. SHUWHOFZH, 1. WHOFZH
CALL ADDFEL w14 &HWIURF 2 Lo MZILIFF?
CALL RIOIDREL Cid4xsHEIHFUTs 1 WIMFLUT
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CHLL
CHLL
CRLL
CHLL
CRUL
CRLL
CHLL
CHLL
CHLL
CHLE
CHRLL
CHLL
CARLL
ALl
ChRLL
CRLL
CHLL
ERLL
CHLL
CALL
caLl
cARLL
CARLL
CALL
CHLL
CALL
CHLL
CHLL
CARLL
ALL
CHLL
THLL
TELL
CRLL
CRLL
CRLL
CHLL
CHRLL
CHLL
CHLL
caLL

EfD

ADDPEL C1dy aHWFUITHT « L WFEUTHTY
ADDFEL 13 MW I MO T« Lo WIHOT
ADOFEL ©1d« sHAWGETHT » L WMOETHT
ADTFEL T1d« SHEHTHRET» 1 ITHFS T -
RDDFEL 14 aHHHOT 1« WMOZ T
AODREL i1« sHMITEI T 1L TET T
ADDREL r1d s SHUMIMNEZTE 1 s MIMNE TE)
AOTREL Cidy SHMIECS T« Ly WEECE T
AODEEL T1d sHWEQDY « 15 WERODY:
ADDFEEL 14y eHEIMEOL s T WIMS LY
RODFEL Clds aHMFIISHL « 1o WISy
ALNDREEL (13 2HUTED s 1 WTFED:
ADDFEL C1ds SHELEMNTH 1 WLAHCH?
ATTFEL C14«&HLLE «1ablliz:
ADDFEL t1d HWLED  + 1. LLFD.
AODREL *14s sHUEME 12 LEHGY
RODREL 14, 2HWAERFF s 1+LAEBFPRE:
RODREL r1ds SHMAERTE «~12WAETK?
HODREEL s1dysHUFEEDR 1 12 WFEETD:
AODREL C1ds SHWEMEHT » 1 WEMHEMT?
AODREL f1d« SHWFRIY S L WIFRIY DD
AODDFEL c1ds SHMHEART 1 12 WHEST?
AGOREL 014« sHUFRPOP : 1:WFROF)
HDDPEL V13+ eHUWETHE 1 MWIZTHE:
AODFEL (1ds aHWMATT s 1« WAC D
AODFEL (14« SHUMACSTE s 1+ IACI TR
ADOFEL 714« eHUAEFD « 1 WREROY
HSODREL"14. sHMIEF s Ly WTERS
HODREL <14, &HWORIUL» 1 MORSL
ADDFEL <14y aHWAENYIOM 1 MRV IOH
ALNTDREL 14« sHUFOWER s 1, MPOWMER.
AONEEL : 14, sHWMEY TR 1 WHYCARTD
ANDFEL » 14y 6HUOREY 12 WORY™
ADDFEL 13 aHWMCOHT 1+ WC0MT)
AODREL {14y SHMEMPT Y2 L WMEMPTY
HRODREL 714 cHUEBELOW 1 WELOM:
HOBFPEL 0134« aHWMTIET « 1 WITIET:
ADDREL cldaHU=TE o 1 W TiED
BODREL v1d+ sHUEHTEY « 1 MEMTREY™
AODFEL f1dy SHULAHD « 1 WMLAMNDS
AODFPEL 14, 8HELAM 12 0LaM:
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12z »- TAPER: CTCRAT » DY L BSs LAMBDF « LAMBLE LAMETE
12: > s THORP S~ 2P « LE WD T« PEYLD PAVLD<CPARYLD
14: > LR LRI TEP s LON TR LENTREP r CEHEM» CORREEI »
15: *- CFLRPEE » LINVER T CANAL T s CHNAR SFLL O » o ORL 0T TULL
ey
> L P s LT T e ST eI Ta LWl I NG s CTHRPEL LS D IHE Tixs
> CE el T« L IMEUL f CHI T s LRI H O B*P-
> COREYZ s CFLIY S CHERT » CEMOMT » CRDEL» CRCE - CACITH 5
» tHBanCH:EGtC;:FsSHHTTLIdﬁT=CCﬂWa:Eﬂﬂrh:
S CPOMER s CHYCHD - COOMT » SEMTHC »OVWERT S CHOFZ
* TIMFUT-LLDRGs CIMNON T PRI E
£

BRTH CHREPRs . HLS15, CEUTFP. . 011~
DRTH “WU T3 C5 s CETEET "2.94%
DATH CPRIY:Z- .2

D8TH CPRYLD- 5.«

IHETH CINFUT. . 8370 CINOAT - 310
HHTﬁ-LDHTEP BGD??ﬁ CEHTRP 120
DATH CEMEM-T3. 0 COSRET. 012
o&TH FE'QE;».HIE:s CHARCE., D045~
DATH CHRERD- 0. D00 CRLLOZ- . 00273
IATa CORLOl «. 00287&rs CULLONS L 03

DATA CULLFL. . 03 CHINGS1TELL
IETHR CTORAT . 3 -

DATH CTHRZLI-. 000274 7 CLEs . 001215
BATAR CINCZTG«-. 0L27F 7

DETH CIECZT <. 013 CINSUL - E
DRTA CHMIZUL-O. 0 LLHH’H* I
DRTHR CABPR -0, 00070 7 CLDPG- 35
DATA COMEYI-. 005734y ”FLL? <o S
TR EHEHT’S.U?Ef- CEHEMT . 001
O5TH “TD:L'?ﬁﬂ EHL_ 15310
DaTH CHCITH 177 CHBTH.” .I“f
aTa CHERO. L0771 7 CIER L O6815-
DETH CHAY 13200, 7 CIMZT 3,407
TETS LoOM-r1430, - CEORPCESdAYT. 820
DARTA CPOMER-1.50." CHYCHED L5055
DATH CCOMT." L. - CEMTHC . 2010
nETHR ELAEMIM-. 3100

IeTR CVERPT. 2.235~ LAORZ . 0002872
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hp-

-

1on

IATH EMS-7T. 07 THRYRC- 1000000, .

DRATH LHE- . TRUE. < MRS, 0

LRTA HAAIM-2215405, -y LIORPART-5. 0~
DATH PAYLID-1 0582374, 7
DHTH'EEF*E4G.‘3 DIifd-~sa. -
naTe LHOEE-Z210. LIMETR1 0, -
ORTH LEEIRPTY ?u.. TOL-5a, .
DATH- MLAND- 200000, - eloFPET.- 100,
DAaTH WETS-373000, -y THPHB£SDGE1
DETH HMENTRY. 200600, -

IATHR TRPER. 4000 . Dr1Ba.- L2000
ORTA LAMBLE~-SS, 10y LEMEBTE <1 0.0
DETH LQMBDFJ“Q.Dss LF23. 00
DETS POHBM- 4000, - -

DETH sDOT<2145, 3 HZ-Z. 000~
DETHA WMMIMNS- 11250, CEIVERT., 730
DaTHAR cEHORZ.- . 1580

DSTHE GMS<Lc-200, 7

PI=2.1415
RAD=ST. 235
DENDN=T1. 3
DEMFL=S0, 45
WEOHT=0.
TEUMP=1.

)
5

PESD (S IM2

TTOT=ENE+THRYAD
IF iLH2: DEMFL=$. 37

MAIN PROPELLBNTZ »+e-

TEMP=HF+1.
WOMRIH=MP+WMAIN- T;MQ
MEMATH=MMATIM. TEMP
VOMSIN=HOMAIH-DENOA
YEMBIH=HEMRIN SDEMFL
YWTHMAIH=YOMA I H+YEMRIH

PESIDURL FROPELLANTT #++

SOMTINUE

WEAEPP=CORIPRSYTHMRIN
WFUTRP=CFUTPPsWMA TN+, 00015 TTOT
WHATRP=COMTPFPeMRIMY + . 00035TTOT
WERTPP=CENTRP» L. 12T TOT.7CEHGM

UTEP =GR IPR+MFUTERHMOSTRPHIEGTRPP
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10130 ++4 RESERVE PROPELLANTE o+

103 WGSRPES=CO-RET #MOMEIN
10d: WELRPEIZ=CFLREEZ#WFMRIN
105: MEFRR  =HOXRELHHELPED

10720 e ZECONMDRREY PROPELLENTZ +oe

105z WERRCI=CHAMACITSWMETE

‘114z TEMP=HEMTRY ~WLAMD

111z WMAAAB=CHEAB®C {TEMP—1.7 » 71 . +TEMAPY 3 #WEMTRY
lizs: WESP  =hEERCT+HHR REB

1148 o THELIGHT LOZEES +e»-

115 WFLLOs=CFLLOZ+NFMAIN
117: HOVLOZ=COLOZ+WOMAIH
1152 WUOED =RONLAZHUFLLOLY
113

12022 » TANK CONTRIMMEMTS #++

(]
[

1 WITH=HOMST N I TRPHHOSFED +HI0.LOZ

.
123: WETH=WFHA TH+HIFUTRRP+WIFLPEI+IFLLOS
13243 YOTE=MOTE .7 (DEHOM® 1 . —CHLLOSY
125z YETK=WF Th.- (DEMFLw+ 1, —CULLFLD 3
1282 WTTE=YOTH+VETE

12750

128:C +++ SEOMETRY 4

129:C

130: 10 CONTINUE

1313 DIG=REF. |_DRAT

EED PADIUS=. S+N1R

133: ALEN=RADIUS», FOFN

1324z THOL=1. 333 3P T+RAT I+ ALEH»20
135z TEMP=, F2S4+DIA++2]

1351 TEMP 1=32. »HLEN

1371 LONTE= cYOTR-TYOL: “TEMEY + TEMP1
1382 LELTR=¢ WETE-TYOL - TEMEY + TEMFP1
1393 LPRY=PETLDS AT Do, TET4 T LA e
140z TEMP t=LHOZE+LSKIRT

141z TEMP2=REF-TENPL

1431 TEMPZ=LO-TH+LFL T +LINZ TS

1431 DIFF =TEMPI~-TEMRR

14t FiARECDIFEY (LT, .50050 TO S0
145: REF=PEFE + DIFF+TOL FEF

1453 50 7O 10
0 COMTINUE
143z LREF=TEMP1+TEMP?3

[y
'
u.J
|

1500 e LIHE SEOMETRY b
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S IMG=HLANT. HIPET

=HORIZ=CLHORS#IHING

YERPT=CEVERT+THORSE

CR=0RT v iZMING» TAN "LAMBLE "REDN +THM Y
ST —THRCSH»eZ 2

T=THPER»LH

SWINE CERFCT

2. +RB2

V1=BE2+DY¥1E2

TS RAlN a2

m

‘,lr."l!’"lt:ll*:.ﬂ'lt:ll:r.'ll'“l4r
ﬂllm
u”
_-_El
ﬂ:!

Ya=E2—-D71
F=I 1 +THN LEMBEDFE <RPADS
CE=TY 1+TSM O LAMBLE-RADD
Cad=D¥14+TalM cLAMBTE ~PRIDS
=t CE—-L 52
CoO=CR— T3+ 3
CO=01-2, 0272, +040
CE=LRE, - ORC S IS

CF= TSl =7, TOeE 2+ 4

T e Ao o B

EMC41=mTHH (SF.-D' 1y +230
EEMO3e=aTaNC2 D71 +PRD

SRV =0T +080 2.

CRMEZ= D2+ 0T 2.

P B2 1=ATHNH (LS 7OV 1

LAMCZS=RTHM TS " IV1D

TEMP=CHY 1+ 1 +CRYZDY2

LamEsE=11 BMCS31+08Y 10 1 +L T A2 » 07w 2»DY2r -TEMF
CORL2i=CO= <L AMC212

COIL2e=C0% cLAMCESas

:waﬁ3—fP3” '1+EHH1¢£ 1+ COZL2E+Lave+»DYEr-TEME
TTRUE ;.+T

ATRUE=R»eT :THUE

:MHTDH hn:.*PI*HTEU:‘:" +7ﬂPTf4.+fHTPUEEQETRPE}++E?3?3

Ol AREF=CLATRUS I TRUE S INE
SREF =Bl sTHING

e BERODYVHAMIC TUPFRCEZ eve

ITPAM=E.-COSL2Z

TROOT=CTLPRTHLRE
T’WPl—M:HTQ”+H“ ZZPHH+3?”*'ﬂIiG
dﬂEET—?TEPT*WETEPT++i 11Jr

TERMP 1= CeENTRY SSWMIHES o, SU0 - THIP el | 120 - ORFE e, 2100
WHERZ=CHORISTEMRL

RIURE=HW G+ ERTHIIHOR D

w9 BONY TTRUCTURE +e-



sl T U e 10 T

O Tu fund To M ) o o Mo N Fo 00T (o

ot T Sl o B s T o o O S SO v T e i T e T O o Y i T

BE UN WE MA BN AR NE B8 AW BN RA RN RN AN mj

Mu

DU R R FU N (TR e B Y R 3
1Y

[
.

BN kW BN Mu Bg mE WE kN kW RE Ry RE P" B4 k4 pE 0B

e w2 WA ¥

Mo e P T Yo fU0 T T o To Tg T Ta D N fge D Dg o T Tey Ta g Da T
mE mm kB

u
o B r e e DO D0 D0 D Ll L L O TR O T D T Ty T o
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Tu M0 Ta
L i
AN MM wE mg hE mE

Tu T

WIHEUT=CIHELT TR
WINOST=CIHOT»OTR

WTHERET=CTHRZ 1+ TTOT»+1. 15
TEMP=T0RT (FROILUI++2 + LHOZEsH20
WMOZT=CHOLT+EIeRADILIT»TERP
METEET=CETRET+DIA+LMOZESP]
TEMPI=LOTHHIFETE HITHEUTHITHONT

TEMPE=LINZTEe LE+VTEMEP L 2+, SO0
IIMEZTE=TEMRIZ»LLREFS, S+ DIG+1 | Q5% +0OMT e, 1770
TEME=Y IMFUT HIMOS T HIE TG TR I MOV T HITHR T THR INHET S
WIECET=CZECZT»TEMP
MEODY=TEMEHWIECZT

&

T wee INDUCED EMYIPOMMENMTAL PROTECTION w4+

Z
TEMP=2, 21 +REDTUTe LTV +LFLTED
WIMIUL=CTHTUL »TENMP

MM TUL=CMITHIL
WTPIZ=R ITH UL HdMIZUL

5

LaUHCH- 940 RECOYERT #4e

O

HLAHCH=CLaHC HeRBLOM
WLG=CLGerWL SHD»e1 . 250
WL RD=t_GHCH+HIL S

e SROPULTION »ee

IR I A

HENE=TTOT. 'CEMNEHM

TEMRF=HENTRY. - (CLIORGSTHRREB
UABRPR=LAEPRSTEME

WABTE=CRBTK HIGEAD
WMOOTOT=LDOT+ENT
WIOTOE=MR+LDOTOT.” M2+
HIOTEL=WDOTOT~ fFR+1.2
TEMP=LOSTY+L IHITSHLFL T +¢ . 23+l IV IRT)
ST SRR TS DOTI I TEMP
TEMP=, 25+ LILIST"

HMFEL Y I =CELE Y 2 +hDOTEL»TENP
WEEED=WOE IV I +HEL YT
HEHGMT=CENGHT»TTOT
WRREYL=CRPREYZ$MYOTE

IF LS WPEZYE=hPRE Y+ 1 08V ETED
WHEST= P%EHT*;:-ﬁ#*'DIQ++*'

WPROP=HEHEHIAERR+HERRTE HHIFEED IR T D FUHER T HAEMEMT
T s ORIENTATION SONTROLT AHD TERPERATION e

TOEL=CTDEL e+ {THRYAL . PLHAM »»1 . 250

LoTHE=EHG* ¢, G2 1+TOEL ) »e, 7720
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ME AN BN NS RS RN KR B8 BN BN BN BN WM& MY NN MF RS S AN AE NN EE BA WX NS

DTV Y R W AT v LIRS A Vs I (v

w fu
=RV B
= 0
AT

WACESCRCSH WS Thew, 13350
B S TR = RCE THE - WA T
HRERO=C AERO» L AHDee 53T w0 CLPEF RS e, 25T
HYER=IEP+TTE
HNORDUL =W TREHIARC Z-RB0 S TE HIRERDHIZER
bt IVIIMICS -
WA IO =CHAY - S INI T+ RPEF =250 0OM
oo S ECTRICARL IYWETEM %
HMPOWER="ZORCES WY ION»+, 4730 + JCPOMUERP+LFPERY
oo HYDEFILIC AHID PHEUMBTIC TWITEM ++e
TEMP= { ¢S IHGFIHORIFINVERTI RS J015»»] , 21250 +
»>- L LLREF+BY ++i.ﬁh1r
W r'r_.Fh_I“'C’-f LR TERR e 23

e DR WEIGHT #e

TR =W UREHLBODY T D WL RDHLEROP +OR T UL +d8Y TOHHPOMER -+

+++ DEZIGH REIERVE COMTIMGEHCY »e»

HCOMT=WCONT + FCCONHT+TBUMP
IFCONT LT .- O070i00OHT=10.

+e- SHPTY WEIGHT we+
WEMBTY =WIRY HdCOMT
+e¢- STRGE LIFTOFE WEISHT WITH PAYLIOSRD e
WELOW=HENET Y +PAY LI+IMA T N+ T RS+ FPR -+ AP +UL O T
e DTAGE WEIGHT LIFTOFF WEIGHT HINUID PEVLADD ++
WEBLOW=WELOW—PELD
*e LEIGHT AT INJIESCTION +ee
R TE=BLOWN-HTTEST—WMEIH-WLOE =
- SHMTRY HSIGHT BT ATHOSRPHERIC IHTZRFALE +eae

WEMHTRY=MELOW—WETOIT PR FLIINR TH-WMLOZ E—E G TRE— rTENT R W80

e LETEHT ST LEHDING see



2R
a02: ML D= BL Q-2 TE TP LD -6l T M- 0% 24P - MEGTFRP-HERT PR -0
=TRP
az: o
Q40 s MRTD ERAGETION COMYERE LOOP e
05 C
IS HLAM=WEBR M CYBLOW-PHRYYL D
7= IFOELA JLE. hadMIMayed T 110
H TRUMP=1101.
H S0 789 1440
110 COMTIMIE
: TRUMP=0.

COMVERSENCE CHEDR e

L e |

WD ITEF=WEBLOMNP—4BL TN

IF vAB=dwRIFFY (LT, 1.230 TO 200
IF CICOUNT JLT. SaE8 T3 51
WRITErse 30000

CONTIMIE

ICHIMT=ICOUNTH

HERLOuWP=WEL O

S0 T 140

]
[Sy

SO0 CONTIMUE

WEISHT PERLEMTREE: +ev

Sl el M g 00 O e Lo PO D ) T O e O

PO Mo D0 T8t T Tde T T 0 e - b vk e R 20 0
[ I ]

TEMP=1 01, ~ HELOW-PHYLIN
PLT 01 =HILURF+TERP
PCTOZ=WBODY +TEMP
POTOI=4TP T +TEMF
PLT D4=ulL RD+TSHP
SCTDS=WPROP+TEMP
SCT 0S=h0R UL +TENR
OCT U7 =hifty TON+TEMP
FCT03=LPOLER+TEMR
FLT 0S=iWHYCADSTENR
SLT 1 O=UDPY $TEMP
POT11=WCONT »TERP
FLT12=WEMPTY+TENP-
POT12=TRPPSTEMR

Lot Lk a0 0 et g g G Dol GO0 o S D o ndr et b e £ g Do et G Ll L0 £ nd G g L o L

T TR TR TN TR Ve I 5 €3 QRO VU

= kil ¥ AN ME WY KA KN RE KU FE BN N§ KN bA NN S WA RE RF MW MR NF BR Rk xd R WA MY WA MR AF R

= BT d=ldFPR+TEME
e PCTIS=LOZS+TEMP
e PLT1s= P+ TEME

1 fe L0 02 = o 00 ) Y e DO e Y

(LR
s
A

3 PCTIF=HMBIN+TEND

345:L
2370 e GEOMETRIC LEMGTH: FORP- PROGFAM OUTPUT e

333:C
ERFEH LEMILY =0,
350z e eZai=LHOIE

79


http:17=t.IM.4I

LEMI Y =LEH I

LEM 3 =LHOZE+RLEN

LEMIS =L e ol FLOKTH -2, w3l EH
LEM 30 =LEM Ty +ALEN

LEM Ty =LEM OS5+ IHETE

LEH M) =LEH T +aLED

LEM g =LER 3 +LFLTH—{2 . »rLai.
LEM L0 SUEM U3 +RLEN

LEH 1L =L EN IO +LEHIRPT
LEMo12y=LREF

FORMAT IZTHTHMEMTI +we

]

O P x I T T N Q) ' R o W I W

S Qe O B QT o o0 00 ) a0 Ty

md W W4 WY W RN FA WF O NT RN KR RF HA NI AN WR R

Lt Lt Lt D D Dl D v e Gl D0 D L 1 Lo B g
i

1T

o s Ll
AW NN U BN NN NS NN RN HN NN KR NB WE RN

n C0 Q0 EO D0 00 G0 D0 QU O3 00 = =) = s S s S s s @G
We %R w3 a3 N4 EW

I o R T I Y e SO I O U I S R 1 VR B VR | R A EA I N

OB R

RFY IR i

O

md NN pd W H¥W MM KR ER AR NR

)
R [ O ) R 8

L5
v
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S
»

b D0 fu Do Do D 0 £ nd v ko DLt o L B o s B0 D0 G nd D0l ol G0

L]l

—

1004 FORMAT i -7 STASE 2 WEIGHT ZTATEMEMT: &

SO0 FORMBT 07 —"% 0

U000 FORMAT tr s ITHIEE SEOMETRIC THRREACTERITTICTI

3000 FORMABT - -7 ZVETEM BHD ZURTYITEM WSIGHT PERPLCENTHZES:D X5

13

Soae FORMET O FUzzLhGE: "

S000 FORMAT Y MIME: -0

FOon FOPMET O YERTICHRL THIL: "%

2000 FORMAT ¢ HORIZONTAL ZTHBILIZEP: “:

SOA0 FORPMAT Y. 1P CONYERGEMEES CHeCKs RECHEDK IMPUTIT ¥R:h

HRITECS, 10002

WRITELS 20000

CHRLL WTOUT - aEFODYNAMIL SURERCET "y 1ouzU2E-110, 0
CHLL ATOUTC WIME +ZabidIMGs 10,0

cRUL WTOUT O VERTICRL TRIL »2:WYERT-1 0.9

CHLL WTOUT C7HORIZONTAL =TABILIZER «S-WHORZ- 100
CHLL WTOUT 7 RODRY ZTRUCTURPE »1-WEBODYs 10,0

CRLL WTOUT - INTEGRAL LON TAME T «ZsWIMO=T 10,20
CRLL WTOUT o7 INTEERARL FUEL TAME "« ESsWIMFUT 1000
CHLL WTOUT o THRUST EZTRUCTURE S s 2Z«hTHEET 10

CRLL WTOUT O IMTERTAME ZTRUCTURE » 22 uINITEs 10,0
COLL WTOUTL-MOZE ETRUCTURE: + Z«WMHOZTs 21000

CRLL WTOUT o7 IMTERITHEE FTRUCTURE s 2+ WETHET. 10.0
CHLL WTOUT - SECOMDARY ZTRUCTURE s S« WIECITs1 0.0
cARLE WTOUT o IMDULED EMYIRONMENTAL PROTECTION »1sWTPZ 1000
CALL WTOUT 7 TEME IMILHLATION » 2 WINTUH 10,0

CALL WTOUT  "MIZCELLAMEOUZ "2 2 WMIZUL. 10,0

CALL WTOUT < "LRUMCH BMD RECOVERY TWITEM »1«LEDa10.0
SHUL WTOUT C'LAUNCH SERR- sZohiaMCHY 10, 3

CHLL WTOUT - LANDING SEAR «2«WLE« 10,0

DALL WTOUT 7 PROPULZION« 1. WPROP10.

CRLL WTOUT v MBI EMOINED s Z2uiEMEY 10,0

CHRLL WTOUT 7" RIPEREATHIMNG EMGINMNET 2 22MABPF 100 -
TALL WTOUT ““RIPBPERTHIMG TRMEASE s 2+ HABTE < 10,
CREL WTOUT C"PROPELLAMNT FEED IYZETEM »ZabiFEEDX10.%
CRLL WTOUT Y MAIN EMHSIMNE MOUNHTE W« CaWEMEMT 10,0
CRLL WTOUT: "PREEZTURIZATION IVITEM  «2+WPPEYIH 10,0
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445z

45
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=

f43:C

EECE
450z

CRLL WTHUT O HERT ZHIELD- sZxbiHERT»10.2
CHLL WTOUT o DQPIENTARTION. CONTROLT & TEPRRATION *-13HDP L s

CRLL WTOUT O MAIN ENFIME BIMBRL IYETEM. «ZxWaTRES 140,
CALL WTOUT (CACT 2 WACT: 1100

CRUL WTOUT O ACD TAMKAGE » 2 WALZTE» 110,

CRLL WTOUT o /RERODYMNAMIC 'DHTPDL"'rthHEPﬂslﬂ

CRALL WTOUT - SEPARATION BYITEM  : SyWIER« 10,

CARLL WTOUT " RVIONICT  « Lo T0OM. 1005

CRLL WTOUT( ELECTRICAL FOWER ZVITEM »1.WROWERs10.0
CRLL WMTOUT CHYDRAULIC 2 PMEUMATIC TVITEM <1 +WHYCHD«10.0
MPITE(S-2000

CHLL WTOUT «"TRY WMEIGHT s 1:4DPYs10.0

CRLL WTOUT( DESIGN REZSERYE »1WCOMTy 1005

CHRLL WTOUT Y EMPTY WMEIGHT s 1+WEMPTYs 10,7

WRITE ‘G-20007

CELL WTOUT (" PRYLOAD  «L«PATFLD: 10,20 -

WRITEr&»20003

CALL WTOUT »"MAIN PROPELLAMTE "« 1 WMAIN10.3

CREL WTOUT Y ONIDIZER - «CxWOMAIM 10,0

CARALL WTOUT O FUEL "«Z«WFMRIMs 1 0.7 .

CARLL WTOUT (- RETIDUAL PROPELLAMTI »1sWTRP~110.3

CALL WTOUT ¢ TRAPPED GASEEZ . r2yWSRZPR 10,

CALL WTOUT <" TPARPFED ONIDIZER " »2«WONTREP. 10,0

CALL WTOUT O TRPARFFED FUEL S WFUTPP1 0.2

CALL WTOUT ¢ TPRAPFED EMGIME PROPELLANT s2sMESTPF+10..
CRLL WTOUT r"PEZERVE PROPELLAMTEZ "« 12WFFR=10.2

CALL MTOUT < O-IDIZER- rEsMDKEES:iﬂ.}

CRLL WTOUT o FUEL " »2s WFLREZ 1 0.

CALL WTOUT Y IMFLIGHT LUEEEE"»ivMLUff ia,2

CARLL WTOUT O IDIZER. »2- Wl L. 1000

CRLL WTOUT ' FUEL =2 WFLLOZ- 110,

CALL HTOUT ¢ "RUNKILIARY PROPELLAMNTIT w1 7P 10,0
CRLL WTOUT Y ACS PROPELLAMT Y « 2« WANACT 1000

CRLEL WTOUTY " RIRBPEATHIMNG EMGIME FUEL- »2»WHAARBs 10,

HRITECS: 20000

CALL MTOUT " ITREE LIFTOFF WEIGHT MIMUE PAYLOAD: « 1-WPELOW.1

MR ITE S 2000
CRLL WTOUT Y 2TRGEE LIFTORF MEIGHT WITH PAYLOALDC 1 WBLOM. 1 0.

WMREITEYG20000
CRALL WTOUT ¢ MAZS FRACTION JBASED OM IMHERT MEIGHT: <+ 1:HLAM.

MRITE G2 0000
CHLL WTOUT - WEIGHT ST IMJECTION ¢YIMCL PHYLOARD “»1-WITE.114.

MRITE(G»2 000N .
CALL WTOUT «“EMTPY MEIGHT “ATMOYPHERIC IMTERFACE" 7 1y WEMTRY

NMEPTTE ths 2000
CALL WMTOUTC-STAGSE LANDIMG WEIGHT  » 1+ WLANDs 1 0.
WMEITE vss 2000

WRITE Sy SO0

BRITE SO0 81
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CARLL WTOUT «"REPODYMAMIC SURFRCEZ +2+FOTO01«10.9:

CARLL WTOUT o BODY STRUCTURE «2-PCTO2<10.4%

CHRLL WPOUT T EMYIRONMENTAL PPOTECTIOM s2»PCTOT~10.:30
CALL WTOUT < LAUNCH AMD RECOVERY - 2-PLTO4-110. 4%

CARLL WTOUT . "PROPULIIOM 2. PLCTOS3. 1 0. 45

CALL LITOUT - ORIENTATION-LONTROLI-IEPERATION: »2PCTOS.110. 40
CRLL WTOUT: "AYIOMICE "»2-FPCTOV2 10, 4

CALL WTOUT O ELECTRICRL POMER ZVITEM 12«PCTOZx110, 42

CHLL WTOUT L HYIDRAULIL & PHEUMATIC SYETEM: S PETO% 110,40
CHLL WTOUT ¢ ORY WEIGHT  »1:PCT10.10, 40

CRLL WTOUT <"BEZIGM REZERPWE- :2-PCT1i-10.4

CRLL WTOUT C"EMPTY MEISHT 2 1PCTiZ« 10040

CALL MTOUT Y "MAIM FPROPELLAMTT s2«FCT1V» 10040

CALL WTOUT © " TRAPPED PROFPELLEMTI 7+ 2«PLT1Z3-1 0.4

CALL WTOUT O REZERYE PROPELLAMTIZ »2sPCT14s10.30

CALL WMTBUT " INFLIGHT LOTIEE »ZPLT1IS 1043

CRLL WTOUT O AUSILIARY PROPELLAMNTZ «2sPCT1Gs 10, 30

WPITE(S 20000

MEITE S 20000

WRITEYSS0000

CALL WTOUT " TOTRL LEMGTH “FTr s 1«LFEF: 10,10

CRULL WTOUT s "TTHGE DIAMETER tFTr " s1.DI8«10.10

CALL WTOUT Y LEMGTHCTDIAMETER FRATIOC » 1.LDPAT. 1020
CALL WTOUT Y "AFT TFKIRT LEMETH (FTx s 2-LEFIRT- 10,10
CRLL WTOUT: “PRYLORD ZHROUD FTy ~1.LPAYs10.1.

CRLL WTOUT S7PAYLORD DEMTITY (LESCL FTY s S« OPAYLIN 10,10
CALL WTOUT 7 IMTERTANE IPARCIME FTH 7«2, LIMITE-10, 10
CRLL WTOUT» “MOZE LEMETH <FT) s2.LMOZE.10.10

CALL WTOUTOLOM TAME LENMGTH FTY 722« L08TrR2 10,15

CALL WTOUT Y "FUEL TAMK LEMSTH "FTr - a2sLFLTE=10.1%
CALL WTOUT " TOTAL TANK YOLUME » 1-%TTk 10,2

CRLL WTOUT ¢ LOw TAke YOLUME 2« WOTE-10.7

CRLL WTOUT o FUEL TaAME YOLUME- 22 %WFTE-10.2

GIRITE "Sxo 000X N

CRUL WTOUT o WING ARER <28 FT2 - 1-TWIMG10.12

CALL WTOUTL WIME LOSDIME «LRBI-70 FTY + 1«MIPAT L0, 13
CRLL MTOUT O WING ZPAM JFTx s12EB-10.1%

CRLL WTOUT . "STRUCTUREAL BIMNG ZPAMN. 2 1« TTFAMY 10.10

CALL MTOUT ~ROOT CHORD «FT2 s 1-0Rx10.12

CALL WTOUT " THEORPETICHAL ROOT THICKMETI "= 1-TROOT=10.15
CRLL WTQUT " TIF CHORD (FT2“+1<CTs10.17

CRLL WTOUT o TRPER PATIO- 1. TRPEP.10. 30

CRLL WHTOUT @ AIPECT ERTIO «1sAPEF.10G.1%

CHLL WTOUT O ZMEEP OF FILLET (DERY "« 1LAMEDF-102.10
CHLL WTOUT - LERDINMG EDBE SMEEP fDEGY -« 1.LAMELE-10.1%
CRUL WTOUT»- TRRILING EDSE ZMEEP CDEGY ~- 1«LAMETES 10,17
CALL WTOUT < TPRMHWIZE DIZTANCE - 1-0Y1BSs10.12

CALL WTOUT«"DY¥1- " »1-D%1+10.10

CARLL WMTOUT ¢ DYE 7 =1-D%2s10.17
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cabL
CHLL
CRLL
ALl
CHLL
RLL
CRLL
CRLL
CRLE
CARLL
CRLL
CaLL
CHLL
CRLL
ALl
CRLL

WTOUT r"CF -« 1xCFs10. 10
WTOUT ¢ 1 e 1eC1e 10,10
WTOUT ¢ 02 s 122810, 10

WTOUT o C3

s 10351010

WTOUT O " Cd "« 1e0da 10, 10
WTOUT v LS 218910, 10
WTOUT (" Ca sy 125210, 13
HTOUTC Y s 12E7Fs 10,10
MTEUT 037 s 10810, 170

WTELT ¢ TLAM

CoEal- s 1-LAMCETIs L0010

WTOUT " CLAM Coge2 s 1 LAMO2Ex10.1

ATOWT r ~ L%
HTOUT "~ COz
YTOUT - COs
WMTOUT C CLF
WTOUT “ LA

MRITE (5« FONMN
CaELL NMTOUTCVERTICAL TRIL AFER vZ8 FTh R 1«IWERTH10.10
WRITE Ca-20000
CRLL WTOLT« HORIZOMTAL ETABRILISER ARER I/ FTx 21s%HORPZ.10

UMIT

CRLL
CalLL
CRLL
CRLL
CRLL
CHRLL
CaLL
CHELL
CALL.
ZaLL
ALl
CALL

CALL

CHRLL
CRLL
CHLL
CALL
CRiL
CELL
CARLL
catl
TRLL
CRLL
CHRLL
CRLL
caLL
CcALL

LAM Co17 10Oy 10,40
LAM 2.2 x 100202210, 40
LAM 2 EFF "« 1«LAMEFF-10,40
TRUE "+ 1-CLATRU«10, 20

FEF s 1~CLRAPEF=10.2%

OUTRUT e+

ACTREL ci43HLEMs 11 s LLEN>
ADDREL 13- SHUMOMAIM- 1 «LOMATHY
ALGREL Cids SHUMFMRIMN I s WFMAIMY
ADDREL r1ds aHYOMAIN. 1o WOMAINY
ALODREL Yids HYFMAIM 1 e WFMAINY
AODFEL V13- SsHYTHARIM 1 «WTHAIMNY
BOOREL v 14 sBMERPR= 1 s GHIPFY
AODREL vids SHWMFUTEF: 1 xMFUTRFPY
AODREL Vi3« SHIIETREP L« HOSTHP
ADDREL 134« SHLMEGTRP 1 s WESTRP
AUDREL 14« 5HWTRP  « 1 WTRPPD
ADDPEL f1ds SsHHOXREED » 1 s WO RE DS
RODREL {13 »sHWEFLPES 1« WFLREETY
ADDREL 14 5HWMFPR  « 1 «WFFRY
ABOREL 14 aHMAESACZ: 1 MAMALC S
ARODREL ©14»oHUAXAR s 1«W7:HE?
RODDFEL vidssHUESR o 1« WRHEPS
AODREL « 14« SHWMFLLDG + 1« WFLLOZY
AEDFEL vids oHWMOELOL = L WOSLO =D
ADIFPEL C1gdsSHMLEED «1sWLOSD
RODPEL V14 5HMOTE  « 12W0O7TR
ADDREL v1d=aHUWFTE  » 1sbiFTE
ADDPEL “14«.sHYOTYE » 1 WOTH
AODPEL 134 aHYFTE e 1aWFTED
FADOREL rld« &HYTTE < 1aWTTHD
AODPEL c1d-sHDIR «1«TIAN
ADOREL 14 aHFRITIUT 1 RPROTILIT
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AL
CRLL
CHRLL
CRLL
TRLL
CaLL
AL
sALL
CRLL
cHLL
CRLL
sRLL
CH_L
CRLL
CRLL
CRLL
CRLL
CARLL
CALL
CaLL
CaLL
CRLL
Rl
CHRLL
CRULL
CRLL
CRLL
CRLL
CHLL
CALL
CALL
CHRLL
CALL
CRLL
CALL
Rl
R
CRLL
cRLL
CARLL
CRLL
LRLL
CcaLL
CHLL
CALL
CRLLL
CRLL
b
cRLL
cRLL

ADIPEL vi1dssHALEM = 12RLEND

ATDDREL v 14« SHIWIME » 15 ZWMINED
ADOFEL V14 SHIVERT 1+ TWEPT?
ATGRREL rid-sHIFOOT «1CR2

AODRPEL c1-34+oHCT 1T
ADTREL 714«5HRBS s L BED
ARIODREL v14+cHE =1+ B
SODREL t14»aHDY1 » 1«10
RODFEL C1d=-&HTYE 1+ B% 2
HODREL 714 5HOF + 1 wDFs
ADDREL C1d.5HC1 p1ls210
FRODREL 14« 5HCE rls225
HODRPEL C14»5HC2 » 12030
RRDREL cldyoHTS LRI N
RDDREL <14s5HCS » 1250
SODREL <14y nH0S +1aCR
ADDREL (14soHOT 2 1xI2Vs
ADRDREL <14-5HCE = 1000

AODREL e ldesHLAML 41 1 «LAMCE T
SDOPEL ¢idssHLAMCS2. 1 LAMC4ES
FODFEL wid+aHORYT < 10RY 1
BDDREL v 14+s5HCAYE 1 CRMEY
BONPEL v1dsSsHLAMI 21 1L AMCZ2 10
HODPEL “igdssHLAMI22 1 LAMCZED
ADIREL v 1d4»=HLAMEFF r i s LAMEFFS
ADOREL v14+=HRAREF » 1xRPEF
ADGREL f1d«sHRWING ¢ 1 «WWIMGED
ADDREL 71 4= oHMYERT « 1 WVEFRTS
SDIREL £ 14 »sHHORS « 1 - WHORES
AODREL Sld«sBUMTURF s 1 +WIZURFY
AODEEL P14+ sHBMIMFUT» 12 WINFUT™
ARDREL v 14 aHWMIMOSET» L ldINONT
AODREL {14+ oHWTHRET 1 s WTHRET?
AODREL €14+ SHMIMETE L WINCZTS
RODRELE 14 SHWMMOET » 1+ WHOZTR
AODPEL c 1 G+ sHWETET T« L« WETERITH
PBOIREL {1 4xeHUZED ST 1 s MEECEZTY
ATDREL “14»sHWEODY « 1 »WBODY Y
BODRPEL "1ds sHEINEU « T W IMIULY
FODREL C1$roHEMIZ UL 1M I SULS
ROTRPEL M1t sHUMTRPE  » 3 sWTPER
AODREL C1 4« oHdLAMCHs 1 2 WLAMCH
RODFEL r1de s MHULE » 1 s WLEY
AODFEL c1 4 S5HUMLED  »1sBLRD
BODFPEL d1d«aRWEMNT  « 1ablEMEGD
HODREL £ 14« AHEABFR « 1 s WREBPEY
ATDPEL r 14 SHURABTE » 1sBARTEY
ADDREL 14»sHWFEED 21 «WFEEDR
AODFPEL v 142 SHIHENGMT» 1+ WEMNEMT s
AODRPEL f1d« aHWPRSY S 1aWPRIY D
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CHLL
CALL
TRLL
CRLL
CALL
CRLL
CHLL
CREL
ChRLL
CRLL
CHRLL
CRLL
CHLL
CALL
THLL
CRLL
AL
CHLL
cRLL
ChiL

END

AODREL C14« SHMHERT » 1 sWHERT?
RIDFEL 714> SHUPROP « 1+LFRPOPY
ADDREL 14> aHWETAE v 1+ WETHE?
HODREL P14 oHWATE w12 WRCTZ0
RODREL (13 SHUYRCZTR x 12 WRCIZ TR
RODDREL (14 oHLRERD 5 1 WREPT"
ROOREL V14« 5HMITEP 2 1»BIEPY
HEDREL (14« oHEORZUL» 1 «WORZLILY
RDOPEL rid~ aHWAY IOMY 1« WY I0OMN2
AOOREL 014 - oHHPOWMER Y 1« WPOWER
RODREL rids oHWHYCHD» 1 WHYCRD2
RODREL v 132 sHHDRY  » 1= WORY™
RDIREL (14 5HWCONT » 1 «00OMT
ADDREL C14» sHHEMPTY » I «HEMPTY 1
RODDREL €14»>5HWBLOW = 1sWBLON
AODREL {14 AHMPELOW 1 s MPBLOK
ADDREEL "1 4« cHITE  + 1-WETH
RLDREEL {134+ 5HEEMTRY « 1+ MEMTRY
AOOFPEL v I3 oHMLEMTD ¢ 1 2l RHDS
RDDPEL KidssHALAM - 1y HLARM2
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APPENDIX B

INIT AL\ &
DATA

Read
Uit S

CompuTe
Matn Preors wiasaT
KEQUIRE MENTS

S

-

I CotapuTe Vorumes

l

CombpuTE
Resinusl PeoroiLlANnTS

CoMpPuTE
ESERVs (\;za PELLAMNTS

CompuTe

N ELL T Loss L

Compure
TAMKAGE Requieey .

v

Compute
Fostumee GoMETRiC
CRARBRLYERAS TILS

CompuTe
TAMK  GQEOCMETEIg
CHRAPACTER 1S Tl =

GEOMETRY
ConvERegnNCE

Nes

ABBREVIATED PROGRAM FLOW DIAGRAM.

COMPUTE A
RETSRAMLE LENGTY

CompuTe GIOMETEZY For
ASro DYNAMIC SURFACES

{(Whing, Vemr £ Hoes 6‘!‘::‘\‘3-)__

Compura  AEBRODMNAMI

SVREACE WeaierHT ANUD
Heat Sk Fonawaye

COMPUTE THE RWAKL TRo-
TecTion Svyatos Woigury

I

Compute L AvnCH =
ReEcougey Shgrsiv
WIENGEWT S
OJDMPUTE ?EQPULs|om
SMsTeEM WEILIEWT

Computes ORISOTATION
Comtrora AmD SeEpARATION

ST EW WeEle s

QDMPU’TE A\J\gm\c,cg,
Syuremy WeiowT
ComMpuTt ECLECTIRICAL
Poweere SvateEm UEvgnaT
Compures  Hynraniic

SwaTEM WSEieuT

QoM POUTE
RN WEILRT

k

Y




Compore Deators
Respgve

QOMPUT\: TeT k.
Wweer Weiewt .

fompure Lirrorer
Were1aT

CompuTe Srass WT
AT Lavoine Sraging

Compute Mincs
TRALTIO N

CoMpuT e Cowvers.
DTSR BT A

58
ConyeErmeBMCE

WIT RN
TelERAMLE

Qompure  SysremM
WelewT Perishvace

Treener CGeoomeTey
FoR QuTeyr

[

WRITE utat &

STAGE WEIGHRT S
REPORT

WeITE Vvt &
STAGE GEOMETRY
BepopT

7

WRATE STA&T DATA
To Ut Y Fae
DATA. BASLE  INTERLEPRT

ENT
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