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PREFACE

This report was prepared under Contract NAS 1-12008, Expansio
and Extension of the ODIN/RLV Computer Program - Task 2,
Evaluate and Improve the Existing ODIN Program Library. The
contract was funded by the National Aeronautics and Space

Administration, Langley Research Center, Space Systems Divigi
Vehicle Analysis Branch.

The ODIN procedure is a programming concept which allows the 1
of existing computer codes as part of a larger simulation.
Comniunication of information among computer codes is accomplis
by means of a data base repository accessible and managed by
ODIN executive computer code, DIALOG. The ODIN procedure and
the executive program DIALOG were developed by Aerophysics
Research Corporaticn and jointly sponsored by the National
Aeronautics and Space Administration, Langley Research Center
and the United States Air Force Flight Dynamics Laboratory.

The objective of this task was the elimination of unnecessary
computer code and improvement in computatiocnal efficiency of
the ODIN procedure. This was accomplished by development of
a point design weights analysis computer program reported here
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WAATS - A COMPUTER PROGRAM FOR WEIGHTS
ANALYSIS OF ADVANCED TRANSPORTATION SYSTEMS.

by C. R. Glatt

AEROSPACE RESEARCH CORPORATION

1.0 SUMMARY

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

The correlating parameters are described to the computer progra
in terms of gross geometric characteristics and vehicle weight.
Geometric characteristics include such items as wing area, aspe
ratio, body length, etc. The vehicle is initially sized on the
basis ¢f an input gross weight (or landing weight). The progra
accumulates system and subsystem weight elements resulting in
the recalculation of the input vehicle weight. An iteration is
performed to converge on a final estimated weight.
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2.0 INTRODUCTION

The estimation of the mass properties of a vehicle is one of
the most important considerations in the design process and 3
one of the most inexact engineering endeavors. While the cal
lation of aerodynamic, propulsion and mission performance are
based on widely recognized mathematical prediction techniquets
the estimation of weight must be based largely on historical
The art of weight estimation has evolved through the years by
the diligent collection and correlation of compounent weights
previously built vehicles. New design weights are predicted
the basis of the component weights of past designs. Little i
mation is usually available on the other properties such as v
area, center of gravity and inertia of the components. The %
program may be described as a point design weight analysis of
the above type.

2.1 BACKGROUND.

The impetus for development of WAATS was the need of a stand
weight analysis program for use in the ODIN (Optimal Design
Integration) system of references 1 and 2. WAATS is designec
to work as an independent program or within the ODIN framewoi:
as an element of an ODIN design analysis, WAATS accepts vehic
characteristics £ om the data base via its own input stream ¢
generates elemental weights of the systems and subsystems.

Most good weights analy:cis are embodied in larger system synt
such as VSAC, reference 1, SS5SP, references 3 to 5 or ACSYNT,

references 7 and 8. They combine weight analysis with sizinc
mission, propulsion, aercdynamics, etc. In the ODIN system,

these technologies are frequently segregated into individual

functions. For example, the aerodynamics may be estimated ir
a separate program such as TREND, references 9 or 10. Furthe
the mission may be performed in a program such as ATOP, refer
11 to 13. Most technology modules generate data which ultima
influence the weight of the vehicle. 1In the ODIN system, the
data are placed in the design dat> base for use by other prog
such as WAATS.

2.2 APPROACH.

The classical approach 1o weight estimation (i.e. the compone
buildup technique) is used in program WAATS. Each component
weight is based on the weight of the same component of simila
vehicles that have actually heen built or at least designed i
great detail. The similarity law that gives the best correla
for most systems has been shown to be the power law formula.
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wy = 1A,

where A, is the empirical coefficient of the historical equatic

1

X5 is a predominant physical characteristic or combinatic
thereof affecting the weight of the component

Bi is the empirical exponent of the historical weight equ:

The component weight is obtained from the summation of all ph
cal characteristic combinations, Xi which contribute to the we

of the component. The correlation parameters Ai and Bi are

determined empirically from historical data on similar vehicle
systems or subsystems. WAATS is based on a preprogrammed set

Xi’ Ai and Bi are read into the program.

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

W= W,
) J
wj is the weight of the component above.

The program logic assumes the propellant weight and physical
characteristics are known. It performs the weight estimation
based on the above formulations with user supplied correlatio
parameters, ostimated gross weight and estimated landing weig
An internal ‘teration loop cycles through the equations until
convergence on gross weight is achieved. Appendix A presents
listing of W.ATS with the actual flow logic coded in the sub-
routine MASSP.

2.3 CALCULATION OF ¥ ‘IGHT COEFFICIENTS

Component weight estimation in this report is based on the po
law formula:

W= Ax®

This equation form generates a straight line on log-log graph

Consequently most historical data is correlated on this type
paper. All available data is usually plotted against the cor
tion parameter, X. A regression analysis produces a mean lin
(s) through the data. The coefficients A and B are then decte
The data in Section 3 presents the historical data, the trend
from the regression analysis and the coefficients.

Frequently, however, the WAATS user desires to alter the tren
line based on data for a vehicle more like to his ~tudy vehic
This results a change in the coefficients. A method for

[ —— ‘,_,a
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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 e X
A old W old @ X

The B exponent does not change since the "slope" or trend has nc
changed. If the alteration of the "slope" or trend is indicatec
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 W, and W, on the log-log graph paper. The value

1 2
of B for a straight line through the two points is:

B = 1og (W,/W,)
log (X,/X;)

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

B = log (wz/wl)'

N

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

B In (Wz/wl)

2.303 N

The A coefficient can be determined by substitution

=
%

dﬁdv-
dﬁnho

Using the above equation, the WAATS user can establith any weigh
trend line desired based on new or existing data within this
report.
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3.0 WAATS PROGRAM FORMULATION

Program WAATS computes approximate flight vehicle mass properti

based on the statistics of past designs. This technique is bas
on:

1. 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 component level
The subsystem breakdown employed is:

1. Aerodynamic surfaces.

2. Body structure.

3. Induced environment protection.

4, Launch and reccvery.

5. Main propulsion

6. Orientation controls and separation system.
7. Surface coatrols.

8. Power supply, conversion and distribution.
9. Avionics.

10. Crew systems.

11. Design reserve {contingency)

12 Personnel

13. Crew and life support systems and residuals.
14. Propellants.

Each subsystem is broken down into major components. For examj
aerodynamic surfaces are broken down into four components:

1. Wings.

2. Vertical fin.

3. Horizontal stabilizer.

4. Fairings, shrouds and associated structure.

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

The WAATS computer program and the corralation data is present
for most weight components in English Units. The following ta
may be used or can be uced to obtain International (SI) Units:

To Convert To Multiply By
Pounds Kilograms 0.454
Teet Meters 0.3048

Gallons Liters 3.79

J Loy



3.1 AFERODYNAMIC SURFACES

The total weight of the aerodynamic surface group is given by

WSURF = WWING + WVERT + WHORZ + WFAIR

‘where WWING = wing weight
WVERT = vertica' fin weight
WHORZ = horizontal tail weight
WFAIR = aerodynamic fairing weight

Expressions for each of these component weights are presented
below.

3.1.1 Wing
The wing weight equation calculates an installed structural

wing weight including control surfaces and carry through.
The weight is calculated as a function of locad and geometry.

WWING = AC(l) *(WTO*XLF*STSPAN*SWING/TROOT)**AC(78)*1.E-6
+ AC(2) *SWING + AC(3)
4+ AC(117) » (WLAND*XLF*STSPAN*SWING/TROOT*1.E-9)
**AC(118)
where WWING = total structural wing weight, 1lbs.
WTO = gross welght, 1l1bs.
WLAJD = landing weight, 1lb.
XLF = ultimate load factor
STS"AN= structural span (along .5 chord), ft,.
SWING = gross wing area, ft.
TROOT = theoretical root thickness, ft.
AC(l) = wing weight coefficient
AC(78)= wing weight exponent
AC(2) = wing weight coefficient (f(gross area)), lbs/f
AC(3) = fixed wing weight, 1lbs.
AC(117) = wing weight coefficient F(WLAND)
AC(118) = wing weight exponent F(WLAND)

The data in Figures 3.1-1 and 3.1-2 represent wings that are
basically constructed of aluminum and wings that are basically
constructed of high temperature materials (steel and inconel),
respectively. The latter data is also representative of super-
sonic wings with t/c values in the order of 3 to 3 1/2%.

For variable sweep wing designs the various wing input terms
should be based on the fully swept position. The AC(1l)
coefficient should then be increased by 15 to 20 per cent

to account for the structural penalty for sweeping the wing
forward. The user has an option of adding or removing a wing
weight penalty on the basic wing calculation. An example
would be to add a fixed weight per sguare foot for thermal

6
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protection system structure or high temperature resistant
coatings. The conefficient AC(3) ic to input a fixed weight
to the wing calculation. AC(117) and AC(118) provide the
user with the capability of weighing the wing on the basis
of landing weight as is often done for reentry vehicles,
Figure 3.1-3. The Jdata arc bascd on straight, swept and
delta designs, '

3.1.2 Vertical Fin
The vertical fin weight inc’udes the weight of the control
surface. The weight is calr~ulated as a logarithmic furction

of surface area. The cquation for vertical fin weight 1is:

WVERT = AC(4) * SVERT ** AC(89) + AC(5)

where WVERT = total vertical fin weight, 1lbs
SVERT = vertical fin planform area, ft2
AC(4) =-vertical fin wecight coefficient
AC(89)= vertical fin weight exponent (slope)
AC(5) = fixed vertical fin weight, 1lbs.

Correlation curves for vertical fin are shown in Figures
3.1-4 and 3.1-5.

The data of Figure 2.1-4 is based on Mach 2 type airplanes.
They include aluminum, steel and inconel fin materials. It
is assumed to be representative of the best type ccnstruction
fc- the Mach 0.6 to 2.0 range. The data, as showrn, doecs not
include zllowancas for thermal protection system weight.

The data of Figure 3.1-5 are based on low to .ioderate speed
straight and swept-wing aircraft.

3.1.3 Horizontal Stabilizer

The horizontal stabilizer weight includes the weight of the
control surface. The weight is calculated as a function of
weight/wing area, stabilizer planform area and dynamic

pressure. The equation for horizontal stabilizer weight is

WHORZ = AC(6) * (WTO/SWING) ** .6 * SHORZ ** 1.2 *QMAX

**.8) ** AC(90) + AC(7) + AC(119) * ( (WLAND/SWING'

** .6 * SHORZ ** 1.2 * QMAX ** _8) ** AC(120)

where WHORZ tctal horizontal s<abilizer weight, lbs.
WTC = gross weight, 1lbs.

WLAND = landing weight 2

SWING = gross wing arca, ft "
SHORZ = horizontal stabilizer planform area, ft°
QMAX = maximum dynamic pressure, lhs/ft<
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AC(6) = horizontal stabilizer weight coefficient F(WTO)
AC(90) = horizontal staoilizer weight exponent F (WT0)
AC(7) = fixed horizontal stabilizer weight, 1bs

AC(119)= horizontal stabilizer weight cocfficient F(WLAND)

AC(120)= horizontal stabilizer weight exponent F(WLAND)

The horizontal stabilizer weight data is presented in figure
3.1-6 and 3.1-7. The data includes aluminum and inconel
stabilizer materials. The data, as shown, does not include
allowances for thermal protection system weight.

3.1.4 Fairings, Shrouds and Associated Structure

The type of aerodynamic structures included in this section
are aerodynamic shrouds, equipment, dorsal, landing qear and
canopy fairings. The canopy fairing is the structure aft
of the canopy that is required to fair the canopy to the
body. The weight of the canopy proper is included in body
secondary structure. Wing to body fairings are included in
the wing weights. Horizontal or vertical surface to body
fairings are included in either the horizontal or vertical
surface weight. Other types of fairing and shroud weight
may be determined from their surface area and the operating
environment and is given in the program as

WFAIR = AC(8) * SFAIR + AC(9)

where WFAIR = total weight of fairings or shrouds, 1lbs.
SFAIR = total fairing or shroud surface area, ft§
AC(8) = unit weight of fairing or «hroud, lbs/ft°
AC(9) = fixed weight of fairing or shroud, lbs

If the design logds and the fairing geometry is known, the
weilght in 1lbs/ft“ (i.e., the coefficient AC(8) can be found
by calculation. In most cases, however, empirical or
statistical data has to be used. The coefficient AC(8) can
be found by multiplying an empirical unit weight WF by a
factor to account for dynamic pressure and temperature
difrerences. :

AC(8) = WF . KQ- KT

where WF = fairing weight factor, Table 3.1-1
KQ fairing dynamic pressure coefficient, Figure 3.1-8
KT fairinag temperature coefficient, Fiaure 3.1-9

1

The factor KQ is shown plot.ed against dynamic pressure in
Figure 3.158. This factor ‘s 1.0 at a dynamic pressure of
400 lbs/ft". The factor KT is shown plotted versus tempoera-
ture in Figure 3,1-9. The factor is 1.0 at a toemperaturoe

of 400°F.
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The unit weight of typical fairings WF is shown in Table
3.1-1. These unit weights have been normalized to a Q o
400 1bs/ft? and 400°F. 1In addition, this table shows a
recommended AC(8) input for different types of fairings
at a Q of 1000 1bs/ft2 and a temperature of 8000OF,

The coefficient AC(9) is used for those portions of the
fairings that have weight not dependent on fairing sizin
or it may be used either as a contingency or for a fixed
input weight for the fairings.

Table 3.1-1 Typical Fairing Weights

Fairing Type WF at Q =400 lbs/ft2 AC(8) at Q = 1000 1bs/ft
and T = 400°F und T = 800°F
Aerodynamic Shroud 4,80 6.6
Canopy Fairing 4,00 5.5
Equipment Fairing .50 2.06 -
Dorsal Fair.ng 2,00 2,75
Cable Fairing 1.50 2.06
Landing Gear Fairing 2.00 2.75
18



3.2 BODY STRUCTURE

The total weight of the aircraft body group is Jiven by

WBODY = WBASIC + WSECST + WTHRST + WINFUT + WINOXT

where WBASIC = basic body weight
WSECST = secondary structure weight
WTHRST = thrust structure weight
WINFUT = installed fuel tank weight
WINOXT = installed oxydizer tank weight

Expressions for each component weight are given below. The
weight of booster as well as aircraft type body structures
can be estimated.

3.2.1 Basic Body Structure

The vehicle body weight equation is based upon correlating
the actual weight of existing hardware with significant
load, geometry and environmental parameters. For vehicles
of an advanced nature, modifying factors based upon design
studies of cruise vehicles are applied to the basic data to
account for the expected advances in technoloay and more
severe environment. Eguations derived from existing data
includes non-optimum factors which are difficult to justify
by analytical procedures. These non-optimum factors are
importart weight items, as shown by the weight growth of
many vehicles between the initial concept and the finished
hardware.

The equation used for lasic body weight is

WBASIC = AC(14) * SBODY + AC(15)* ( (ELBODY*XL = /HBODY)
*% 15 * QMAX ** .16 * SBODY **1.05) ** AC(81)
+ AC(16)

where WBASIC total weight of basic bodyé 1bs

SBODY = total body wetted area, ft

XLF = ultimate load factor

ELBODY = body length, ft 5

QMAX = maximum dynamic pressure, lbs/ft

HBODY = body height, ft 5

AC(14) = basic body unit weilght, 1lbs/ft”

AC(15) = basi.: body weight coefficient (intercept)
AC(81) - basi: body weight coefficient (slepe)

AC(16) = fixed basic body weiaht, 1lbs

The primary function of the first part of the basic rody
equation, AC{l4) * SBODY allows a welilght penaity based upon
a constant unit weight of structural arca without involving

o e e



the parameters used in the second part of the overall
equation. The second part of the equation obtains the basic
body weight using design and geometry parameters. The basic
body weight data is shown in Figure 3.2-1. Since the data
is for aluminum structure, operating at temperatures of
2500F, a modifying factor must be used with AC(15) for

other materials and temperatures. The modifying factor (MF)
is obtained from Figure 3.2~2. The AC(15) obtained from
Figure 3.2-1 is multiplied by the modifying factor (MF) to
obtain the input for aluminum, titanium or Rene' 41 at
elevated temperatures.

AC(15) = AC(13) Fig. 3.2-2 x MF

actual
3.2.2 Body Secondary Structure

Secondary structure includes wiudshields, canopy, landing
gear doors, flight opening doors and speed brakes. If a
weight estimate based upon analysis is available, it should
be used in lieu of the following data.

The equation for calculating secondary structure is

WSECST = AC(17) * SBODY + AC(18)

where WSECST = weicht of body secondary structure, 1lbs
SBODY = total body wetted area, ft?
AC(l17) = secondary structure unit weight, lbs/ft2
AC(18) = fixed secondary structure weight, 1lbs

The body secnndary weight coefficient AC(l7) varies from

0.58 to 1.38. If specific design detail is not available,

an average value of 0.98 may be used for the AC(17) coefficient
However, if any design detail is available, the coefficient
should be tailored using the data shcwn in Table 3.2-1 as

a guideline.

20
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Table 3.2-1 Guidelines for Estimating AC(17)

I« N R I Yooy
| Nese  Winasateldd ! A ! oy
y Cear ‘ ond v Gerr c o Welted
i I3 -
Yo, l AL .".':.c! Doer Cannpy . Dceors voArc: AC(17)
i ' | v | j 1
1 o33 i 20 266 42 0 53 } 451 533 0.2
2 F-204A l 21 168 197 0 37 403 659 0.60
5 ) XI-se 82 S T 377 0 3 414 ! 715 0.58
1 ] '
4 L ToNa3 41 | 293 40 3s4 402 1150 1030 1.13
[}
{
s F-20D 53 218 169 430 w02 1364 901 1.35
' | !
¢ i F-101C; 27 231 136 437 174 i €5 | 1036 0.6
] ) .
’ )
7 i T.0B 28 376 127 272 10 853 $27 ' 1.15
- | | ,
s i F-162A | 30 | 3502 166 536 35 1039 291 1,07
]
[ i rloca l 20 €62 171 632 72 1657 1222 1.52
10 ! B-0SA l s3 456 235 E 0 0 €06 1273 ! 0.59
‘ l . 1 L

3.2.3 Thrust Structure

The thrust structure weights are a function of the total

vacuum thrust of the engines. The eguation used foxr thrust
structure weight is

WTHR3T = AC(19) * TTOT + AC(20)

where WTHRUST = weight of thrust structure, lbs
TTOT = total stage vacuum thrust, lbs
AC(19) = thrust structurec weight coefficient
AC(20) = f -ad {thrust structure weiaght, 1lbs

The aircraft thrust structures are required to mount air-
breathing engines and rocket engines. The airbreathing
thrust structure weight coefficients AC(19) and AC(20) are
obtained from Fiacure 3.2-3. The input for rocket cnaine
thrust structure weight is obtained from Figure 3.2-4.

The rocket engine thrust structure assumed for this data
is a cone or barrel structure attacled to a bulkhead.

23
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3.2.4 1ntegral Fuel Tanks

The integ'ral fuel tanks are sized as a function of total
tank volume, including ullaage and residual volume,  'The
input coe:ifficients are bascd on histerical data trom the
Saturn fam ily of LOL/LH/, velhicles. The equation for
integral f.uel tank Weiaght is

WINFUT = AC(130) * VFUTK + AC(131)

where WIN'FUT = weight of integral fuel tank, lbs
VFI'TL total volume of fuel tank, ft-
AC(1 30)= integral fuel tank weiaht coofficient,
lbs/ft3
AC(13'1)= fixed intcaral fuel tank weiaht, 1bs

The intecral fitel tank weight coefficients AC(130) and
AC(131) are obt.ained from Fiagure 3.2-5. When a non=S8atuarn

“type tank conficiuration is utilized, the coetficient AC(130)

should be multiplicd by a configuration factor.
3.2.5 Integral ¢&'xadizer Tanlks

The integral oxidizer tanks are sized as a function of
total tank volume, including ullage and rvestdual volume.
The input coetfficients are based on historical data from
the Saturn tamily ot LO, /LI, veliicles. The cquatieon tor
integral oxidizer tank Weiafit is

WINONT = AC(132) * VOXTK + AC(133)

where WINONT = weoiaht of intearal oxidicer tank, lhs
VOXTK = total volume of oxidiser tank, tt?

'
i

AC(132)= integral oxiddizer tank weight coctficient,
1bhs (1
AC{133)= fixed intearal oxidizer tank weiaht, 1bs

The intearal oxidizer tank weiaht coefficionts AC(13) and
AC(1323) are obtained trom Figure 3.2-6. When a non-taturn
type tank contiguration is util ized, the cootticieont AC(132)
should be multiplicd by a contiguration tactor.
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3.3 INDUCED ENVIRONMENTAL PROTECTION

The total weight of the aircraft induced environmental
protection group is given by
WTPS = WINSUL + WCOVER

where WINSUL insulation weight
WCOVER = cover plate weight

The inputs for a specific design concept are normally
cbtained by a thermal analysis. This method should be used
when specific design conditions are known, as it yields the
mcst accurate results accounting for all the features of a
particular design. When detailed knowledge of a design is
not available, generalized data is given based upon the
results of prior design studies. The data presented is
simplified for use in generalized aircraft weight/sizing.
The results do not replace a detailed thermal analysis.

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.

3.3.1 Insulation

When insulation is used, it assumes that the structural
temperature is held to approximately 200°F. The insulation
must then be protected from the flight conditions by
radiative cover panels. The equation for the insulation
weight is

WINSUL = AC(21) * STPS + AC(76)

where WINSUL total weight of TPS insulation, 1bs
STPS total TPS surface area, ft
AC(21) = insulation unit weight, lbs/ft2
AC(76) fixed insulation weight, 1bs

The coefficient AC(21) is an insulation unit weight that
may be obtained as a function of surface temperature from
Figuvre 3.3-1. The user must estimate the surface temperature
that will be encountered in order to input the coefficient
AC(21). The data shown in Figure 3.3-1 is based on
microguartz insulation for a 1.0 hour time duration. The
three curves represent allowable heating rates ot 100 . 400,
and 700 Btu/ft? with the structural temperature deing held
to approximately 200CF. The area of the aircraft which is
to be covercd by insulation is specified in the input data
as discussed in Section 4. Fioure 3.3-2 presents data for
estimating C(21) basocd on 30-minute time duration.
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; The coefficient AC(76) is a fixed input weight to the

+ insulation calculation. A typical example of the use of
this coefficient would be to add a fixed insulation
weight for localized hot spots.

f@ 3.3.2 Cover Panels

When the design concept utilizes insulation panels to hold
the structural temperature within acceptable limits, the
insulation must be protected from flight conditions. This
protection is provided by cover panels. The equation for
the cover panel weight is

WCOVER = AC(22) *STPS + AC(77)

where WCOVER = total weight of TPS cover panels, lbs
STPS = total TPS surface area, ft2 2
AC(22) = cover panel unit weight, 1lbs/ft
AC(77) = fixed cover panel weight, lbs
; Cover panels used in recent studies have varied greatly in

design features and materials. The generalized equation

used in this program must be input from point design data

if a specific design is to be properly represented. A range
of input values are included to provide the user with a
weight that will be representative of the cover panel designs
used in recent studies.

Lo

IR

The coefficient will vary from AC(22) = 0.8 to 1.5 if
insulation is used in conjunction with the cover panels.
i If insulation panels are not utilized, the input will

A vary from AC{22) = 1.25 to 2.0. The lower values are
.3 representative of efficient attachment capability and
3 the higher value requiring deep frame or standoff's fcor

i attachment. The values shown are average unit weights
-] to be used with the total body wetted area.

ERY
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3.4 LAUNCH AND RECOVERY

The total weight of the launch and recovery gear is given
by :

WGEAR = WLANCH + WLG

where WLANCH = launch system weight (if any)
WLG = landing gear weight

Expressions for these component weights are given below.
3.4.1 Launch Gear

The launch gear equation is used for the support structvre
and devices associated with aircraft that are used to at:ach
to a hover ship. This includes struts, pads, sequencing
devices, controls, etc. The eguation for launch gear is

WLANCH = AC(23) *WTO + AC(24)

where WLANCH = total weight of launch gear, 1lbs
WTO = gross weight, lbs
AC(23) = launch gear weight coefficient
AC(24) = fixed launch gear weight, 1lbs

The weight coefficient AC(23) is a proportion of the computed
gross weight. A typical value for preliminary design pur-

poses, would be AC(23) = 0.0025.

3.4.2 Landing Gear

The landing gear equation :as been developed from data
correlation of existing aircraft. This data included the
nose gear, main gear and controls. The equation for
calculating landing gear (including controls is

WLG = AC(25) *WTO **AC(10l) + AC(26) * WLAND ** AC(1l21)

+ AC(27)
wheke WLG = total weight of landing gear and controls, 1lbs
WTO =~ gross weight, 1lbs
| WLAND = maximum landing weight, 1lbs
AC(25) = landing gear weight coefficient (intercept
£ (WTO)

AC(101)= landing gear weight exponent (slope f(WTO)
AC(26) = landinag gear weiaght coefficient (£ (WLAND))
AC(27) = fixed lending gear weight, 1lbs

AC(121)= landinag gear weiaght exponent {f (WLAND))

The landilng gear weiaht coefficients for take-off desian
gears are shown in Figure 3.4-1. These coefficients should
be used when the landing gear is to be scaled as a function

33
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of gross weight. When the coefficients AC(25) and AC(101)
are used, the coefficients AC(26) and AC(1l21) should be
zZero.

The weights coefficient AC{26) and AC(121) are used for
vehicles whose gear is used only for landing. Gear weight
will then vary with the landing weight instead of gross
weight. Figure 3.4-2 may be used for estimating these
coefficients.
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3.5 MAIN PROPULSION

The total weight of the aircraft main propulsion group is
given by

WPROPU = WABENG + WRENGS + WFUNCT + WOXCNT + WINSFT
+ WINSOT + WFUSYS + WOXSYS + WPRSYS + WINLET

where WABSEG = airbreathing engine weight including
engine mounts

WRENGS = rocket engine weight, including engine mounts:

WFUNCT = fuel tank weight

WOXCNT = oxidizer tank weight, rocket engines only

WINSFT = fuel tenk insulation weight

WINSOT = oxidizer tank weight., rocket engines only

WYUSYS = weight of storable propellant fuel system,
less tanks

WOXSYS = crogenic propellant oxidizer system weight

WPRSYS = propellant pressurization system weight

WINLET = inlet system weight

Expressions for each component weight are presented below.

3.5.1 Main Propulsion Engines

The main engines are used to propel the vehicle. This includes

either airbreathing or rocket propulsion systems. The air-

breathing engines considered in this study are the turboramijet

and ramje-x,
3.5.1.1 "™urboramjet

The turboramjet data is for *he GE 12/J28 engine. The
equation for turboramjet follows.

WABENG = (AC(32) * e ** (AC(33) * WA) * ({(PT2-PHIGH)/
(PLOW-PHIGH) + AC(34) * e ** (AC(35) * WA)
* ((PT2-PLOW)/(PHIGH-PLOW)) * ENGINS + AC(91)
* ENGINS + WENGMT

where WABENG = total weight of airbreathing engines, 1bs

WA = calculated turboramjet engine air tlow
rate, lbs/sec

PT2 = calculated turboramjet engine inlet
pressure, psi

PHIGH = turboramiet cnagine inlet pressure (upper
design curve, psi

PLOW = turboramjet engine inlet pressure (lewer
desiagn curve, psi

ENGINS = total nunber of cngines per stage

WENGMT = weight of engine mounts, lbs (Section 2.65.

2)



AC(32) = turboramjet engine weight coefficient
(lower desiagn point)

AC(33) = turboramjet engine weight coefficient

_ {lower design point)

AC(34) = turboramjet engine weight cocfficient
(upper design point)

AC(35) = turboramjet engine weight coefficient
{(upper design point)

AC(91) = fixed turboramiet enaine weight, 1bs

The weight coefficients, AC(32), AC(33), AC(34) and AC(395)
are used to scale the turbmramjet engine weight as a function
of engine air flow rate and pressure. The input values for
these coefficients may be obtained from Figure 3.5-1. The
data presented is for two design conditions of the GE 14/J28
engine. The data in the lower curve represents an onaine
for Mach 4.5 with a pressure of 46 psia at a cruise altitude
of 90,000 feet. The data in the upper curve represents an
engine for Mach 4.5 with a pressure of 176 psia at a crutise
altitude of 61,600 fect. The ratio of calculated pressure
(PT2) to the pressure for the upper curve (PHIGH = 176 psia)
and the pressure for the lower curve (PLOW = 46 psia) allows
a scaling capability around the two design conditions.

3.5.1.2 Ramjet

The ramjet enaine is sized as a function of thrust. Tho
equation for ramjet engine weight is

WABENG = AC(82) * TTOT + AC(83) + RENGMT

where WABENG = total weciaght of airbreathing enaines, 1lbs
TTOT = total .tage vacuum thrust, lbs (THRUST
* ENGINS * ACTR)
AC(82) = ramjet encine weight coefficient
AC(83) = fixed ramiet enaine weight, 1bs
WENGMT = weicht of engine mounts, lbs; see Section

3.5.2

The input value of AC(82) 0.01 is representative of a low
volume ramjet engine with a thrust to calculated weiaht ratio
equal to 100:1. Figure 3.5-2 shows ramjet engine weight
versus thrust for an AC(82) value of .01,

]

3.5.1.3 Rocket

The rocket enaine data »s based on the LR-129 LOL LY,
engine. The weight is scaled as a function of t&tal stage
vacuum thrust and area ratio. The cguation for rocket
engine weight is

WRENGS = AC(I8) *TTOT + AC(29) * TTOT * ABATIC <+ (30
AC{31) * ENGINS + WENGMT

38
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where WRENGS = to*tal weight of rocket engine installation, lbs
v IoT = total stace vacuum thrust, lbs (THRUST
* ENGINS * ACTR)
ARATIO = reocket engine area ratie
ENGINS = total number of engines per staage
WENGMT = weiaht of engine mounts, 1bs; see Section 3.5.2
AC(28) = rocket engine weight coefficient (f(Thrust))

AC(29) = rocket engine weight coefficient (f(Thrust
and area ratio))

AC(30) rocket engine area ratio exponent

AC(31) = fixed rocket engine weight, 1lbs

The weight coefficients AC(28), AC(29) and AC(30) are obtaired
from Figure 3.5-3. The engine data presented does not

include allowances for PVC ducts or gimbal system. The

gimbal system weight equation is not included. The assumption
has been made that PVC ducts are not required on the type
vehicles used for this study.

3.5.2 Engine Mounts
The weight equation for engine mounts if

WENGMT = AC(102) * TTOT + AC(103)

where WENGMT
TTOT

weiaht of engine mounts, lbs

total stage vacuum thrust, lbs (THRUST
* ENGINS * ACTR)

AC(102)= engine mount weight coefficient
AC(103)= fixed enagine mount weight, lbs

i

[

The expression AC(102) * TTC(T is the penalty for engine
mounts attached to the enaine. The engine mounting penalty
associated with the body is included in basic body structure.
A typical value used in design studies is AC(102) = 0.004

for airbreathing engine installations and AC(102) = 0.0001
for rocket engines.

3.5.3 Fuel and Oxidizer Tanks

The type of fuel and oxidizer tank construction include non
self-sealing (bladder), self-sealing and intearal. The
configuration concert: that utilize airbreathing enaines
with JP-4 and JP-5 type fue. may use any one of the three
type fuel tank constructions discussed. However, when air-
breathing encines are used rith liguid hydrogen fuel the
tanks are asstvmed to be an ‘ntegral design based on the X-15
concept. The configuraticn concepts that utilize a rocket
engine installation are assumed to have an intecral tank
design for both fuel and oxidizer that is bascd on the X-15
design concept.
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3.5.3.1 JP-4 and JP-5 Type Fuel

The non self-sealing and self-sealing fuel tank weights for
JP-4 and JP-5 type fuel are derived by the equation

WFUNCT = AC(36) * (GAL/TANKS) ** .6 * TANKS + AC(37)
where WFUNCT total weight of fuel tank, lbs

GAS = total gallons of fuel

TANKS = number of fusclage fuel tanks

AC(236) = fuel tank weight coefficient (=0, for integral
tanks)

AC(37) = fixed fuel tan weight, lbs (=0, for integral
tanks)

The weight coefficient AC(36) is obtained from Figure 3.5-4.
The weight for these tanks include supports and backing boards.
Existing airplanes that utilize integral fuel tank are the
F-102, F-106 and F-111. The F-4 and A-7 also utilize this
concept in the wings but not in the fuselage.

3.5.3.2 Liquid Hydrogen Fuel and Rockets

The aircraft stages that use either airbreathing engines
with liquid hydrogen fuel or rocket engines are assumed to
have propellant tanks that are integral and based on the X-15
design concept. The eguation for fuel tank weight 1is

WFUNCT = AC(36) * VFUTK + AC(37)

where WFUNCT = total weight of fuel tank, 1lbs
VFUTR = total volume of fuel tank, ft3
AC(36) = fuel tank weight coefficient, lbs/ft3
AC(37) = fixed tuel tank weight, 1lbs

The weight coefficient AC(36) is obtained from Figure 3.5-5.
The equation for oxidizer tank weight 1is

WOXCNT = AC({38) * VOXTK + AC(39)

where WOXCNT = total weight of oxidizer tank, 1lbs
VOXTK = total volume of oxidizer tank, ft
AC(38) = oxidizer tank weight coefficient, lbs/ft3
(=0, for airbreather)
AC(39) = fixed oxidizer tank weight, 1lbs (=0, for

airbreather)
The weight coefficient AC(38) is obtained from Figuve 3.5-5.
3.5.4 Fuel Tank Insulation

This section presents the data to chtain a weiaght penalty
associated with protection required to prevent excessive
boil=0ftf from crvogenic propellant tanks. The insulation
penalty is in terms of 1bs/ftZ of tank area.
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FUEL TANK WEIGHT (lb/tank)
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The equation for fuel tank insulation weight is

WINSFT = AC(40) * SFUTK + AC(41)

where WINSFT = total weight of fuel tank insulation, 1bs
SFUTK = total fuel tank wetted are«a, ft2
AC(40) = fuel tank insulation unit weight, 1bs/ft2
AC(41) = fixed fuel tank insulation weight, 1bs

The weight coeificient AC(40) is obtained from Figure 3.5-6.
The fuel tank insulation unit weight is a function of
radiating temperature. A typical radiating temperature of
500C°F may be assumed for preliminary runs if other data is
not available for making a specific selction.

The AC(40) value obtained from Figure 3.5-6 is for a total
flight duration time of 5000 seconds. When other flight

times are anticipated, the AC(40) value should be modified
by multiplying it by the time correction factor (r )
obtained from Figure 3.5~7. CORR

3.5.5 Oxidizer Tank Insulation

No requirement for the insulation of the main oxidizer

tanks has been necessary in past design studies because
storage times have been relatively low. However, an equation
and input data is provided for cases where oxidizer tank
insulation is required. The equation for oxidizer tank
insulation weight is

WINSOT = AC(42) * SOXTK + AC(43)

where WINSOT = total weight of oxidizer tank insulation, 1lbs
SOXTK = total oxidizer tank wetted area, £t2 2
AC’42) = oxidizer tank insulation unit weigl.:z, lbs/ft
AC(43) = fixed oxidizer tank insulation weight, 1lbs

The weight coefficient AC(42) is obtained from Figures 3.5-6
and 3.5-7. The sclection criteria used to obtain AC(42) is
the same as that used for AC(40).

3.5.6 Storable Propellant Fuel System

The weight of the storable propellant fuel system is given
by the following eguation

WFUSYS = WBPUMP + WDIST1 + WDISTZ2 + WFCONT + WRIFUL +
WDRANS + WSEAL

where WBPUMP = boost and transfer pump weight
WDIST1 = weight of fuel lines, supports, fittings,
etc., from reservoir tank to enginos
WDIST2 = weight of fuel lines, supports, fittinas,
etc., between tanks
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WFCONT = fuel system control weight
WREFUL = tank refueling system weight
WDRANS = dump anrd drain system weight
WSEAL = sealing weight

Expressions for each component weight are provided below.
3.5.6.1 Boost and Transfer Pumps

The weight of the boost and transfer pumps is a function
of the engine thrust and the number of engines. The
equation for boost and transfer pumps is
TTOT
WBPUMP = 1000 *
where WBPUMP
TTOT

(1.75 + 0.266 * ENGINS)

total weight of boost and transfer pumps, lbs
total stage vacuum thrust, lbs (THRUST *
ENGINS * ACTR)

total number of engines per stage

N no

ENGINS

3.5.6.

[ 8]

Fuel Distribution, Reservoir to Engine

The fuel distribution system, Part 1, is the total of all
fuel lines, supports, fittings, etc., to provide fuel flow
from a reservoir tank to the engines. The equation for the
fuel distribution Part 1 weight is

WDISTI = ENGINS * AC(104) * (TTOT/ENGINS) ** .5
where WDITSI

total weight of fuel distribution system
Part 1, 1lks

total number of engines per stage

total stage vacuum thrust, 1lbs (THRUST *
ENGINS * ACTR)

AC(104)= weight coefficient for fuel distribution
system Part 1

ENGINS
TTOT

Won

The weight coefficient AC(104) is used to differentiate
between a non-afterburning and afterburning engine., The
value of AC(104) is obtained from Figure 3.5-8,

3.5.6.3 Fuel Distribution, Inter-Tank

The fuel distribution system, Part II, is the total of all
fuel lines, fittings, supports, etc., to prcevide flow between
! various tanks within the system. The equation for the fuel
3 distribution system Part II weight is

P L TR s

ﬁ WDIST2 = 0.255 * GAL ** .7 * TANKS ** 25

; where WDIST2 total weiaht cf fuel distribution siUstem
) Part I1I, 1lbs

GAL total gallons of fuel

TANKS number of fuselage fuel tanks
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3.5.6.4 Fuel System Controls

The fuel system controls is the total of all valves and
valve operating -~guipment such as wiring, relavs, cables,
etc. The equation for the fuel system controls weiaht 1is

WFCONT = 0,169 * TANKS * GAL ** .5

where WFCONT = total weiaht of fuel system controls, 1lbs
TANKS = number of fuselage fuel tanks
GAL = total gallons of fuel

3.5.6.5 Refueling System

The fuel tank refueling system includes the ducts and valves
necessary to fill the fuel tanks. The equation fer fuel
tank refueling system weight is

WREFUL = TANKS * (3.0 + 0.45 * GAL ** ,333)

where WREFUL = total weight of fuel tank refueling system,
TANKS = number of fuselage fuel tanks
GAL = total gallons of fuel

3.5.6.6 Dump and Drain System

The fuel tank dump and drain system is the total valves and
plumbing necessary to dump and drain the fuel system. The
equation for fuel tank dump and drain system wveicht is

WDRANS = 0.159 * GAlL ** ,65

where WDRANS = total weight of fuel tank dump and drain
system, 1lbs
GAL = total qallons of fuel

3.5.6.7 Sealina

The fuel tank bay sealing is the total weight of sealina
compound and structure reguired to provide a fuel tight
compartment. This sealinag is used with a bladder tank to
prevent fuel leakage and it is used to seal off a structural
compartment to preovide an integral tank cencept. The
equation for fuel tank bay sealing weight is

WSEAL = 0.045 * TANKS £ (GAL/TANKS) ** .75

where WSEAL = total fucl tank bay sealinc weight, lbs
TANES = number of fusclage fuel tanks
GAL = total arllons of fuel

lbs
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3.5.7 Cryeogenic Propellant Fuel System

The equation for cryogenic propellant fuel system weight is
used for airbreathing engines that utilize liguid hydroagen
fuel and with rocket engine installations. This system
weight includes the pumps, lines, valves, supports, etc.
associated with the cryogenic fuel system. It is divided
into the components that are thrust derendent and the com-
ponents that are primarily length dependent. The egquation
for the cryogenic fuel system weight is

WFUSYS = AC(44) * TTOT + AC(45) * ELBODY + AC(45)

where WFUSYS = total weight of fuel system, lbs
TTOT = total stage vacuum thrust, lbs
ELBODY = body length, ft
AC(44) = cryogenic fuel system welght coefficient

(f(Thrust))
AC(45) = cryogenic fuel system weiqht coefficient
(f(Length)), 1lbs/ft

AC(46) fixed cryogenic fuel system weight, lbs

The thrust dependent weight coefficient AC(44) is obtained
from the upper curve in Figure 3.5-9 and the lerath dependent
weight coefficient AC(45) is obtained from the lower curve.

3.5.2 Cryogenic Propellant Oxidizer System

The eguation for cryogenic propellant oxidizer system weight
is .sed with rocket engine installations. This system
weisht includes the pumps, lines, valvues, supports, etc.
associated with the crycgenic oxidizer svstem. It is divided
into the components that are thrust depencuent and the com-
ponents that are primarilv length dependert. The eguation
for the cryogenic oxidizen system weight is

WOXSYS = AC(47) * TTOT + AC(48) * ELRODY + AC(49)

where WOXSYS = total weight ol oxidizer system, 1lbs

TTOT = total stage vacuum thrust, lbs (THRUST *
ENGINS * ACTR)

ELBODY = body length, ft

AC(47) = cryogenic oxidizer system weight ccefficient
(£ (thrust)})

AC(48) = cryogenic oxidizer system weight coefficient
(f(leng:h)), 1lbs/ft

AC(49) = fixed c.:yogenic oxidizer syvstem weicht, lbs

The thrust dependent wejgat coefficient AC(47) is obtained
from the upper curve in F.ogure 3.5-10 and the leonath Jdependent
weight coefficient AC(48) is obtained freorm the lower curve.
When an airbreathing engine installation is usod with liguid
hydrogen fuel the coefficients AC{47), AC{48' anl AC{49) must
be set to zero.
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3.5.9 Storable Propellant Pressurization System

The pressurization system for storable propellaqts includgs
the bottles, valves, plumbing and supports. Thl§ system 1is
used on the aircraft stage with airbreathing engines. Thg
equation for storable propellant pressurization system weight
is

WPRSYS = 0.0009 * TTOT * TANKS

where WPRSYS = weight of pressurization system, 1lbs
TTOT = total stage vacuum thrust, lbs
TANKS = number of fuselage fuel tanks

3.5.10 Cryogenic Propellant Pressurization System

The cryogenic propellant pressurization system is based on
the X-15 concept. The system weight includes the storage
bottles, stored gas and system components. The weight
equation inputs are based on the fuel and oxidizer tank
volumes. The equation for cryogenic propellant pressuriza-
tion system weight is

WPRSYS = AC(50) * VFUTK + AC(51) * VOXTK + AC(52)

where WPRSYS weight of pressurization system, 1bs

VFUTK = total volume of fuel tank, ft3 3

VOXTK = total volume of oxidizer tank, ft

AC(50) = fuel tank pressure syster weight coefficient,
lbs/ft3

AC(51) = oxidizer tank pressure syst=m weight
coefficient, lbs/ft3

AC(52) = fixed pressirization system weight, 1lbs

The coefficients AC(50) and AC(S51) ere fuel and oxidizer
dependent, respectively, for the pressurization system
weights. The input value for these coefficients are obtained
from Figure 3.5-11. When an airbreathing engine is used
with liquid hydrogen fuel, the coefficient AC(51) must be

set to zero. '

3.5.11 Inlet System
The weight of the inlet s'stem is given by

WINLET = WIDUCT + WVRAMP + WSPIKE

where WIDUCT = interna. duct weight
WVRAMP = ramp ana ramp control weight
WSPIKE = spike weight

Expressions for each component weight are given below.
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3.5.11.1 1Internal Duct
The eqguation for inlet internal duct weight is

WIDUCT = AC(53) * ((ELNLET*XINLET) ** .5 *(AICAPT/
XINLET) ** .3334 * PT2 **,6667 * GEOFCT * FCTMOK)
** AC(54) + AC(105)

where WIDUCT = weight of inlet intermnal duct, lbs
ELNLET = length of duct (lip to engine fact), ft
XINLET = number of inlets
AICAPT = total inlet capture area, f£t2
PT2 = calculated engine inlet pressure, psia
GEOFCT = geometrical out of round factor

1.0 for round or one flat side

1.33 for two or more flat sides
FCTMOK = Mach number factor

1.0 for Mach 1.4

1.5 for Mach >1.4

AC(53) = inlet internal duct weight coefficient
(intercept)

AC(54) = inlet internal duct weight coefficient (slope)

AC(105)= fixed internal duct weights, lbs

The inlet internal duct weight coefficients AC(53) and AC(54)
are available from Figure 3.5-12.

3.5.11.2 Ramp

The weight for variable ramps, actuators and controls is

dependent on temperature as the design Mach number increases.
The equation for the temperature correction factor follows.

1.0 Mach number < 3.0
TMPFCT =94 203 * DM + 0.4, Mach number » 3.0
where TMPFCT = temperature correction factor
DM = design Mach number

The design Mach number of 3.0 gives a temperature correction

factor of 1.0 and should be considered as a minimum input.
The equation for variable ramps, actuators and controls is

WVRAMP = AC(106) * (ELRAMP * XINLET * (AICAPT/XIN.LET)
x% 5 * TMPFCT) ** AC(107) + AC(108)

where WVRAMP = weight of inlet variable ramps, actuaators
and controls, lbs
ELRAMP = total length of ramp, £t
XINLET = nunber of inlets 2
AICAPT = total inlet capture area, ft
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INLET INTERNAL DUCT WEIGHT, WIDUCT (lb)
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TMPFCT = temperature correction factor
AC(106) = variable ramps, actuators and controls
weight coefficient (intercept)
AC(107) = variable ramps, actuators and controls
weight coefficient (slope)
AC(108) = fixed weight for variable ramps, actuators

and controls, 1lbs

The variable ramps, actuators and controls weight coefficients,
AC(106) and AC(107) are given in Figure 3.5-13.

3.5.11.3 Spike

The weight of the spike is a fixed input which depends on

the type of spike used. The equation for total spike weight

is :
WSPIKE = AC(109) * XINLET

total weight of spikes, lbs

number of inlets
spike weight coefficient, 1lbs

where WSPIKE
XINLET
AC(109)

The weicht coefficient AC(109) is obtained from Table 3.5-1

TV LE O 523057 AC(0Y)
1/2 ROUND - FIXED 35
FULL RCUAD ~ TRANSIATING 70
TULL TIANSLATING ARD ENDPARNDING 200

TABLE 3.5-1. TYPICAL SPIKE WEIGHTS
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3.6 ORIENTATION CONTROLS AND SEPARATION

The total weight of the aircraft orientation controls and
separation group is given by
WORNT = WGIMBL + WACS + WACSTK + WAERO + WSEP

where WGIMBL gimbal system weight

WACS = attitude control system weight
WACSTK = attitude control system tank weight
WAERO = aerodynamic control system weight
WSEP = separation system weight

Expressions for each component weight are given below.

3.6.1 Gimbal System

The gimbal (thrust-vector-control) actuation system is
utilized on the aircraft configuration when a rocket engine
is used for main impulse. The data in Figures 3.6-1 and
3.6-2 is for 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.
Reference 1 also discussed a pneumatic actuation system.
Both systems were competitive from a weight standpoint with
a slight advantage for electrical systems for the longer
operating times (=1200 seconds) and for all torque levels
greater than 1000 lb-in.

raojivered Torgue 6,000 to 3,000,000 Ih-in
Nozzle Deflection 2 {0 20 d¢pres

Nozzle Deflection Ra 2 5 10 25 dear es/sceond
Operating Thine 50 {o 1200 sceonds
Therms) Buvironment —43010'P“Nfﬁ?
Acccleration ) 2.5 {o 15¢ . B

TABLE 3.6~1 GIMBAL SYSTEM PARAMETERS

The system weight is expressed in parametric form as a
function of delivered torque, maximum deflection rate of
nozzle and operating tim2. The range of significant
operational requirements and conditions for the data

presented are given in Table 3.6-1. The system assumes

pitch and yaw control for single engine and pitch, yaw and
roll control for multiple engines. The equation for delivered
torque 1is

TDEL = 750 * (TTOT/ENGINS/PCHAM) ** 1.25
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gimbal system delivered torque, lb-in
total stage vacuum thrust, lbs (THRUST *
ENGINS * ACTR)

ENGINS=total number of engines per stage

PCHAM= rocket engine chamber pressure, psia

The del%vered torque calculation assumes a maximum nozzle
Qeflectlon of.lo degrees. The calculated delivcred torque
is then used in the gimbal system weight equation which is

WGIMBL = AC(55) * TDEL ** AC(110) + AC(S6)

where TDEL
TTOT

nwon

where WGIMBL = weight of engine gimbal system, lbs
TDEL = gimbal system delivered torque, lb-in
AC(55) = gimbal system weight coefficien% (intercept)
AC(110)= gimbal system weight coefficient (slope)
AC(56) = fixed gimbal system weight, lbs

The weight coefficients AC(55) and AC(110) are obtained from
Figures 3.6-1 and 3.6-2. The data in Figure 3.6-1 represents

a gimbal system with a maximum nozzle deflection rate of 20
degrees per second and Figure 3.6-2 is for five deagrees per
second. Both figures are for maximum deflections of 10

degrees and operating times of 100 and 1200 seconds. When

the airplane configuration utilizes airbreathing engines

for main impulse, a gimbal system is not required. Directional
control will be accomplished through the use of aerodynamic
surfaces.

3.6.2 Spatial Attitude Control System

This subsystem includes the weight of the attitude control
system which includes engines, valves, pressurant and
residual propellants. It does not inc..ude the propellants
and their associated tankage.

The system includes 4-pitch, 4-yaw and 4-roll engines with
each of the pitch and yaw engines having identical thrust
levels, the thrust of the roll engines being half that of

a pitch or yaw engine. All the engines are radiation cooled
with a pitch and yaw thrust range from 30 to 100 1lbs. The
equation for attitude control system weight is

WACS=AC (57) *WTO**AC (58) +AC(59) +AC (114) *WENTRY **AC (125)

where WACS = weight of attitude control system, 1lbs
WTO = greoss weight, 1bs
AC(57) ,AC(11.)=ACS weight intercept.
AC(58) ,AC(11!)=ACS weight slope
AC(59)= fixe< ACS system weight, lbs

The weight coefficienis AC(57) and AC(58) represents the
intercept and slope, respectively, for the data shown in
Figure 3.6-3. The curves in Figure 3.6-3 represent three
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different size systems with total impulse ranges of 100,900:
200,000 and 300,000 1lb/sec. when design data is not avgll- ‘
able to base a total impulse estimate on, the user may input i
AC(57) and AC(58) on the 200,000 lb-sec., curve. The X-15
had 235,000 lb-sec as a comparative bases.

3.6.3 Attitude Control System Tankage

The attitude control system tankage weight includes the
bladders, insulation, mounting, etc., but does not include
the propellants. The tankage system assumes storable
monopropellants, helium pressurization and titanium tank

material. The equation for attitude control system tankage i

weight is

L e v e

WACSTK = AC(64) * (WACSFU + WACSOX) + AC(65) ;

where WACSTK weight of attitude control system tankage, lbs
JACSFU weight of ACS fuel, lbs
WACSOX weight of ACS oxidizer, 1lbs
AC({65) fixed ACS tank weight, 1lbs
AC (64) ACS tank weight coefficient

[T T A

The weight coefficient AC(64) is a ratio of tankace weight
to propellant weight. A typical predesign value for AC(64)

is 0.10.
3.6.4 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

staticn up to but not including the aerodynamic surfaces.

It will also include the avtopilot if it is not integral

with the navigation system. This weight does rnot include

the hydraulic/pneumatic system weight. The aerodynamic

controls data for straight and swept wing aircraft has been ‘

separated from the delta wing aircraft data. The basic )

equation for aerodynamic controls system weight is .
B

WAERO=AC(60)*WTO**.667*(ELBODY*GSPAN)**.25)**AC(111)+AC(61)
+AC(122)*(WENTRY**.GG?*(ELBODY+GSPAN)**.25)**AC(123)

where WAERO = weight of aerodynamic controls, lbs
WTO = gross weight, 1lbs (WTOIN)
ELBODY = body lenath, ft
GSPAN = geometri: wing span, ft

AC(60) ,AC(122) = aerodynamic control system weight
coefficient (intevcept)
AC(111) ,AC(123)= aerodynamic control system weight
coefficient (slope)
AC(61) = fixed aerodynamic control system weiaht, 1lbs
The weight coefficients AC(60) and AC(11l1l) are obttained from
Figure 3.6-4.
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3.6.5 Separation Systen

The separation system weight inclndes the system and attach-
ments on the airplane for separating the two stages from
each other. The eguation for the secparation system welaght

is

WSEP = AC(62) * WTO + AC(63)

where WSEP = weight of separation system, 1lbs
WTO = gross weight, lbs (WTOIN)
AC(62)= separation system weight coefficient

AC(63)= fixed ccparation system weight, 1lbs

The coefficient AC(62) is a constant that will scale the
separation system weight as a function of gross weight.
If design data is not available, and it is assumed that
the ma_ or loads are reacted by the booster, a preliminary
design value of AC(62) = 0.003 may be used.
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3.7 POWER SUPPLY, CONVERSION AND DISTRIBUTION
The total weight of the aircraft power supply, conversion
and distribution group is given by

WPWRSY = WELECT + WHYPNU

where WELECT
WHYPNU

electrical system weight
hydraulic/pneumatic system weight

Expressions for each component weight are given below.
3.7.1 Electrical System

This subsystem includes the weight for the items required

to generate, convert and distribute electrical power required
to operate the various vehicle subsystems. Subsystems
requiring electrical power are mainly electronics equipment,
life support, envircnmental control equipment, lights,
heaters and blower motors. The electrical load varies with
flight conditions and flight phase depending upon the

demands of each subsystem. The electrical system data
presented provides a preliminary weight representative of
high speed fighter aircraft.

Major components represented in the system weight are
batteries and AC cenerators, transformer rectifier units,
control equipment and power aistribution system. The
equation for electrical system weight is

WELECT==AC {66) * (SQRT (W 'O) *ELBODY**,25) "*AC(112)+AC(67)
+AC (126) * (SQRT (WENTRY) *ELBODY **, 25) **AC (127)

where WELECT = weight of electrical system, 1lbs
WTO = gross weight, lbs (WTOIN)
ELBODY = body length, ft.
AC(66) ,AC(126) = electrical system weight coefficient
(intercept)
AC(112) ,AC(127)= electrical system weight coefficient
AC(67) = fixed electrical system weight, lbs (slope)

The weight coefficients AC(66) and AC(1l12) are obtained from
Figure 3.7-1.
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3.7.2 Hydraulic/Pneumatic System

The hydraulic/pneumatic system is comprised of the system
components to produce fluid or pneumatic pressure, control
equipment, storage vessels, hydraulic fluid and a distribution
system up to but not including the various functional branches
actuators, etc. The eguation for hydraulic/pneumatic system
weight is

WHYPNU = AC(68) * ( (SWING+SHORZ+SVERT) * QMAX/1000)
** 0.334 + (ELBODY + STSPAN) ** (.5 * TYTAIL)
** AC(113) + AC(69) + AC(128) *WTO + AC(129)

* WENTRY
where WHYPNU = weight of hydraulic/pneumatic system, lbs
SWING = gross wing area, ft2 5
SHORZ = horizontal stabilizer planformﬁarea, ft
SVERT = vertical fin planform area, ft<4 >
QMAX = maximum dynamic pressure, lbs/ft
ELEODY = body length, ft >
STSPAN = structural span (along .5 chord, ft
TYTAIL = type tail ccefficient
1.0 for conventional tail
1.25 for delta planform
1.5 for all moving horizontal and/or
vertical
WTO = gross takeoff weight (WTOIN)
WENTRY = entry weight (calculated)
AC(68) = hydraulic/pneumatic system weight
coefficient (intercept)
AC(113) = hydraulic/pneumatic system weight
coefficient (slope)
AC(69) = fixed hydraulic/pneumatic system weight, lbs
AC(128) = hydraulic/pneumatic system weight
coefficient (F(WTO))
AC(129) = hydraulic/pneumatic system weight

coefficient ((F(WENTRY))

The weight coefficients AC(68) and AC({113) are obtained from
Figure 3.7-2.
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3.8 AVIONICS

The avionic system includes the guidance and navigation
system, the instrumentation and the communications system.

The guidance and navigation system includes those items
necessary to insure that the vehicle position and its
trajectory is known at all times. This system also generates
commands for the flight control system for changing or
correcting the vehicle heading.

The instrumentation system provides for a weight allocation
assigned to the basic instruments normally required for
sensing and readout of the normal flight parameters needed
for monitoring a flight program. In addition to this basic
system there are many possible missicn oriented instrumenta-
tion functions that may be required. Weight allocation for
the instrumentation System is ncrmalliy part of a design study
for a particular vehicle design and mission regquirement.

The communication system weight allccation is for all equip-
ment necessary to provide for the communication between
vehicle and air or ground staticns including communication
within the vehicle itself.

The equation for avionic system weight is

WAVONC = AC(70) * wWro *» AC{114) + AC(71)

where WAVONC = weig! of avionics system, lbs
WTO = gross weiaht, lbs
AC(70) = aviecnic system weight coefficient
(intercept)
AC(114) = avionic system weight coefficient (slope)
AC(71) = fixed zvionic system weight, 1bs

The weight coefficients AC(70) and AC(114) are obtained from
Figure 3.8-1., This Qata represents systems of advanced
capability with significant fire control capability (F-111
and B-58 type).
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3.9 AIRCRAFT CREW SYSTEMS

The crew provisions include the equipment and personnel
environment control System, crew compartment insulation,
personnel accommodations, fixed life support equipment,
emergency equipment, crew station controls and panels.

The equipment environmental control system is used to

maintain the correct operating conditions for vehicle

system equipment. The fur.ction of the personnel environmental
control system is to provide an acceptable environmental
condition for the crew. This includes temperature, atwmosphere
and pressurization equipment and supports. The compartment
insulation is required for controlling environment in con-
junction with the overall active environmental system., The
accommodations for personnel includes seats, supports,
restraints, shock absorbers, ejection mechanisms, etc. The
fixed life support system includes food containers, waste
management, hygiene equipment, etc. The fixed emergency
equipment includes a built-in fire extinguishing system,

life rafts, etc. The crew station control and panels is

for installation of crew station flight controls, instrument
panels, control pedestals and stands.

The crew provisions are a combined function of gross weight,
crew size and fixed weights. Therefore, the weight penalty
may be represented by one equation and the various inputs
collected and summed from Table 3.9-1. The equation for
Crew provisions weight is

WCPROV = AC(74) * WTO + AC(80) * CREW + AC(75)

where WCPROV = weight of crew provisions, 1bs
WTO = gross weight, lbs (WTOIN)
CREW = number of crew members
AC(74) = equipment ECS weight coefficient
AC(80) = crew provisions weight coefficient
AC(75) = fixed crew provisions weight, lbs
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EYSIUN PLsc i IeN ACTs) AC(E0) AC(IY)
R T(:\':;g\::)-.'::l Favivernueatz] Cantrol 0.0005 - 100
Persennel Fnvitenieental Cantrol - 10 250
Coimpartieat Insulation - 50 -

Acoomivairtions for Personnel

T1-2¢ Yy Tae snandated Seat - 570 -
X-15 L,ection 8 - 00 -
Gemwial Eicctioa Seat - 220 -
Lightwei Ljeclion Scat . - 100 -
Conventional Crow Seat - 50-320 -
Fixed Life Support - 10 -
Tixed Ynergency Eguipment - 50 -
Crew Station Conirols znd Pancls - 40 S0

TABLE 3.9-1. TYPICAL CREW PROVISION INPUTS
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3.10 DRY WEIGHT

The dry weight consists of all the previous components as
estimated but does not include design resexrve oX contingency.

The equation used is

WDRY = WSURF + WBODY + WTPS + WGEAR + WPROPU + WORNT
+ WPWRSY + WAVONC + WCPROV

where WSURF = Aerodynamic surface weight (3.1)
WBODY = body structure weight (3.2)
WTPS = induced environmental protection (3.3)
= launch and recovery gear weight (3.4)
WPROPU= propulsion system weight (3.5)
WORNT = orientation system weight (3.6)
WPWREi= power supply weight (3.7)
WAVONC= avionics system weight (3.8)
WCPROV= crew provisions weight (3.9)
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3.11 DESIGN RESERVE (CONTINGENCY)

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.

This value for dry weight is then used in the equation for
contingency and growth which is

WCONT = AC(98) * WDRY + AC(99)

where WCONT = weight of contingency and growth, lbs
WDRY = stage dry weight, 1lbs
AC(98) = contingency and growth coefficient
AC(99) =

fixed contingency and growth weight, 1bs

3.12 EMPTY WEIGHT

The empty weight of the aircraft is the estimated dry
weight plus the design contingency.

" WEMPTY = WDRY + WCONT

where WEMPTY = empty weight
WDRY = dry weight (3.10)
WCONT = design contingency (3.11)

3.13 PAYLOAD
This is the payload or cargo component. It is a fixed input
to the program. -

WPAYLD = payload or cargo {input)
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3.14 CREW AND CKEW LIFE SUPPORT

This section includes the crew, gear and accesscries as

well as the crew life support. The crew, gear and accessories
include crew, constant wear and protection garments, pressure
suits, head gear, belt packs, personal parachutes, portable
hygienic equipment, maps, manuals, log books, portable fire
extinguishers, maintenance tools, etc. The crew life support
includes food, water, portable containers, medical equipment,
survival kits, etc. The equation for crew and crew life
support weight is

WCREW = AC(72) * CREW + AC(73)

where WCREW = weight of crew, gear, and crew life
support, lbs.
CREW = number of crew numbers

AC(72)= crew weicht confficient
AC(73)= fixed crew weight, 1lbs

Typical values for the crew dependent weight is shown in
Table 3.14-1. The input coefficient AC(73) is used for
fixed crew life support weight. A typical input for AC(73)
is shown in Table 3.14-1. This ccefficient may alsc be
used to input a fixed weight for crew and crew life support.
When AC(73) is used for this purpose the coefficient AC(72)
may be set to zero.

} AT THEIN l AC2) ' AC(TY)

Crew Life Uojort 2-5

Crew, Coar and Accesrorins l 220-209 l —

TABLE 3.14-1. TYPICAL INPUTS FOR CREW AND CREW
LIFE SUPPORT




3.15 RESIDUAL PROPELLANTS

The residual propellant includes the trapped fuel ang
oxidizer.

WRESID = WFTRAP + WOTRAP

where WRESID = residual propellant weight
WETRAP = trapped fuel weight
WOTRAP = trapped oxidizer weight

3.15.1 Trapped Fuel
The equation for trapped fuel weight is

WEFTRAP = AC(92) * WFUEL + AC(93)
where WFTRAP = weight of fuel trapped in tank and lines, 1lb:

WFUEL = weight of main impulse plus reserve fuel, 1b:
(calculatedq)
AC(92) trapped fuel weight coefficient

it n

AC(93) fixed trapped fuel weight, 1lbs

A typical input value for AC(92) will vary from 0.605 to 0.03.

3.15.2 Trapped Oxidizer
The equation for trapped oxidizer welight is

WOTRAP = AC(94) * WOXID + AC(95)

where WOTRAP = weight of oxidizer trapped in tank ang
lines, 1lbs

WOXID = weight of main impulse plus reserve
oxidizer, 1lbks

AC{94) = trapped oxidicer weight coefficient

AC(95) = fixed trapped oxidizer welght, 1lbs

A typical input value for AC(24) will vary from 0.005 to 0.03,
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3.16 LANDING WEIGHT
The landing weicht is calculated as

WLAND = WEMPTY + WPAYLD + WCREW + WREID + WACSRE

where WEMPTY = empty weight (3.12) ;
WPAYLD = paylcad (3.13) :
WCREW = crew and crew life support (3.14) ;
WRESID = main propellant residuals (3.15) :
WACSRE = attitude control system propellant

residuals (3.16.1)

3.16.1 Attirtude Control System Residuals

The attitude control system residuals are assumed to be a
i fraction of the total attitude control propellant.

WACSRE = AC(115S) * WACSP

WHERE WACSRE
WACSP
AC (115)

attitude control system propellant residuals
attitude control system propellant (3.17)
ACS propellant coefficient

L

3.17 ATTITUDE CONTROL SYSTEM (ACS) PROPELLANTS

The attitude control system is based on a monopropellant system.
The eguations for ACS fuel and oxidizer weight are

5~ WL By 20 ¢ X1, sl

WACSFU - AT(9¢) * WENTRY + AC(97)
WACSOX = WACSIU * OFACS
WACSZ = WACSFU + WACSOX

where WACSP = ACS prorellant
WACSFU = ACS fuel
WACSCX = ACS oxidizer
OFACS = mixture rating
WENTRY entry weight

W

AC{96) entry weight coefficient
AC(97) = fixed ACS fuel weight

) 3.18 ENTRY WEIGHT

Tha entry weight is defined as the landing weight plus the
atzitudes contrel preopellant :
WENTRY = WLAXND + WACST
where WLAND = landinag weight (3.16)
WACSE = ACS propellant (3.17)

8l




3.19 MAIN PROPELLANTS

The main propellant is input to the proaram (WPMAIN).

The main impulse propellant components are

WFUELM = WPMAIN/(l. + QF)
WOXIDM = WFUELM * OF
where WFUELM = weight of main impulse fuel, 1lbs
WEMAIN = weight of main impulse propellant, lbs.
OF = main oxidizer to fuel mixture ratio by
weight
WOXIDM = weight of main impulse oxidizer, 1lbs

3.20 RESERVE PROPELLANT

Total reserves are the sum of reserve f{uel and reserve
oxidizer

WPRESV = WFRESV + WORESV
The equation for reserve fuel weight is

WFRESV = AC(84) * WFUELM + AC(85)

where WFRESV = weight of fuel reserve, lbs
WFUELM = weight of main impulse fuel, lbs
AC(8d) = reserve fuel weight coefficient

AC (85)

fixed reserve fuel weight, lbs
The equation for reserve oxidizer weight is

WORESV = AC(86) * WOXIDM + AC(87)

where WORESV = weight of oxidizer reserve, lhs
WOXIDM = weight of main impulse =xidizer, 1bs
AC(8b) = reserve oxidizer weicut coefficiont
AC\B7) = fixed reserve oxidicer welght, 1lbs

A typical input value for AC(84) and AC(86) will vary from

0.01 to 0.20.

3.21 INFLIGHT LOSSES

The infliaht losses are a function of the main rrovellant

WPLOSS = AC(116) * WPMAIN

where WPMAIN = mawn impulse propellant
ACUll6v= vropellant coetficient

R e R DT

N a b



3.22 TAKECOFF GROSS WEIGHT

The takeoff gross weight is calculated in the following

manner

WTO = WENTRY

where WTO =
WENTRY=
WPMAIN=
WPRESV=
WPLOSS=

+ WPMAIN + WPRESV + WPLOSS

takeoff gross weight

entry weight (3.18)

main impulse propellant (32.19)
reserve propellant (3.20)
inflight propellant losses (3.21)
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4.0 USER INSTRUCTIONS

This section provides instructions for using the WAATS
program. It includes deck setup and a description of
input and output. WAATS can be used in a stand alone
manner or within the ODIN system. In the stand alone
mode the user provides all weight coefficients and
exponents, geometric data, areas, volumes and propellant
requirements. The program computes the component weights
in an iterative manner to satisfy the propellant require-
ment. When used within the ODIN system, the geometric
characteristics as well as weight coefficients may be
computed in other programs and passed to WAATS through
the ODIN design data base.

4.1 DECK SETUP

The program is stored on data cell and can be retrleved
and executed in the following manner.

JOB, «--
USER, =-=--
FETCH, A3983, SPRAOZ2¥% BINARY,
BNFILE.
7-8-9
SINWAP
(namelist data)

The vedge number * is subject to change. The current number
may be okbtained from the ODIN data base manager.,

The namelist data includes the weight coefficients and the
geometric characteristics described in Section 4.2.

WAATS may also be used in the ODIN system. Any input may
come from the data base and all component weights and
summations are available to the data base. The deck setup
for WAATS within an ODIN simulation is

'EXECUTE WAATS'
SINWAP

(namelist data)
$
7-35-9

The use of WAATS within the ODIN system assures the use of
the most current production version of the program.
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4.2 PROGRAM INPUT

WAATS 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:

SINWAP (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) in column 2 or
greater.

Table 4.2-1 defines the input variables and the computed values.
The user need specify only these variables which require values

different than shown in Table 4.2-1.

Every input variable is not necessarily required for all vehicles.

For example, a vehicle not having a turbo ramjet engine does
not require input values for PHIGH and PLOW.

A good procedure to follow in setting up a WAATS input deck
is:

1. Read through Section 3 to determine which component

weights are going to be considered. The equations for
each component are specified in detail. In most cases,

the input requirements are given along with the equa-
tion. The one exception is TTOT, total thrust, which
is computed from input variables as follows:

TTOT = ENGINES * THRUST * ACTR

2. Specify the weight coefficients for the component
welght equations selected. See Section 2.3 for using
coefrficients other than those presented in Section 3.

AC(I) = XXX,

3. Note which input variables are required for the selected
welght components. The cguations are given in Section

3.



INPUT
NAME

ACTR -
AILCAPT
ARAT U
CREw
DH

oM
eLaduvy
ELNLET
ELRAMP
ENGINS
FLTMUK
GEUFCT
LVSPAN
GO
HBOUDY
ICRY

) G110

I5HAPE

OF

UFALS
PCHAM
PHIOH

PLUN

WJMAX
RE
S80buy
SFAIR
SFUTK
SHOK ¢
SUXTK
STPS

86

WwAATS INPUT DEFINATILIUN

COMPILED UEFINATION
VALUE
il. THRUST SCALING FACTCR
Ue TUTAL CAPTURE AREA OF INLETS (sS4 ¢T)
80. RUCKETY ENGINE AREA RATIO (ALRCRAFT)
2e NUMBER QF CREW MEMBERS
60000 DESIGN ALTITUDE LFT
4.5 DESIGN MACH NUMBER
350. BOUY REFERPENCE LENGTHy FT.
Qe TUTAL INLET LENGTHy FTa
O TOTAL LENGTH OF RAMP,FT
22 NUMBER DF ENGINES
l. MACH NUMBER FACTOR
le GEUMETRICAL QUT OF ROUND FACTUK
lél. GEUMFETRIC WING SPAN oFT
32.17« ScA LEVEL GRAVITY, FPSS
20. MAATMUM 8ODY HEIGHT, FT.
2 PROPELLANT TYPE INDICATOR,

ICxkY = Y NON - CRYCGENIC

Ity = 2 CRYOGENIC
1 = | FOR ROCKET ENGINES

= 2 FOR TURBORAMJET ENGINES

= 2z 2 FOR AIRGBREATHINGy NON-TURBURAMJET ENUI
2 SHAPE FLAG

= 1 FCR BACSTER-TYPE (NDO wiINuLS UK TAIL)

= 2 FOP AIRCRAFTY

= 5 FOR LYFTING BODY

= 4 FOR LIFTING t00Y + wINu
be UAIDYZER TO FUEL MIXTURE RATiu oY wtlonl
Ve ALS DXTDIZER TO FUEL MIXTURE waTlU BY wblOHT
1000. NJCKET ENGINE CHAMBER PRESSuUKt
176. TUABORAMJET ENGINE INLET PRESSuUKE

(UPPER DESIGN CURVE)
46. TUKBORAMJIET ENGINE INLET PRESSUKE
(LCWER DESIGN CURVE]}

2500. MAATIMUY DYNAMIC PRESSUREs LB/7OFT
20.92 Eto EAKTE CTADIUS, FT
32800, TUTAL BODY WETTED AREAy SWeFT.
0. YVOTAL FAIRING CR ELEVON SURFalLL PLanbunm
O Fubl TANK WETTED AREA, SWe FT.
le TuTAL HORI ZONTAL SURFACE PLANFURM AKEA, Sue
Oe JAKIDIZER TANK WETTEC AREAs dSwe +T.
4230C. VP> AREA, SFTY

TABLE

4.

2-1 WAATS INPUT DEFINITION

T



STSPAN

SVERT

Snluu

Tanks

THRUST
TAUJT

TyTalL
VEUuTl K

VOATK

wLANDI]
wPAYLU
wPMAIN
wlulN

KINLET
ALF

* wAREF

ACll)}
AC(21)
ac(3?
AC{«)
ati{s3)
AClo])
ACLT)
Aaciv)
AL (9)
ALL10)
AC(ll)
AC(12)
AL (13)
aC (1)
aC (15}
ACllo)
AC(LT)
ACL1B)
ACtL 1Y)
AL 120}
ALiZ21)
ALL22)
ACL23)
AL{24)
acies)

93.71

1580.
11579
2.
4703CO.
ll.%46
Lacd
145200,
33100,
3.0 td
4000V,
de4 kO
1.5 to
Ue

3.15
alel

wING STRUCTURAL SPAN PER AIKPLANE (ALUNG V)
PtRCENT CHCORD )y FT

TuTAL VERTICAL SURFACE PLANFURM AKtay SuatT o
THEDRETICAL WING AREA PEF AunkLANCY SweFTa
NUMBER NF FUSELAGE FUEL TANKS

TRAUST OF ONE ENGINE

wING THICKNESS AT THEORETICAL wUOT

TYPE TATL CORFFICIENT

VULUME OF FUEL TANK, CU. FT.

VULUME OF OXIDIZEK TANKe CU. FT.

LANDING WEIGHT, LB (ESTIMATeJ

we IGHT NF PAYLCAD, LB.

WELGHT OF MAIN IMPULSE PRCPrlLanT,y Lo

TUTAL WEIGHT AT TAKE-CFF, Lo (edTIMATE)
MUMBER OF TINLETS

wING ULTIMATE LUAD FACTUR

KRLFERENCE ENGINE AIR FLOW {lLo/>cl)

wEIGHT TARES, COEFFiCIENTS, ANO EAPUNENT >

wWinG WEIGHT COEFFICIENT

UNIT WING WEIGHT

FIXED WYNG WEIGHT

UNIT VERTICAL WEIGHT -

FIKED VERTICAL WEIGHT

UNIY HOP TZONTAL wk IGHT

FIKED *PRJIZONTAL WEIGHT

UniT FAIRING OR ELEVON WEIGHT

FIXED FAIRING OR VERTICAL ntatnld

NuT USED

NUT USED

NUT USED

NuT USED :

UnIT RODY WFIGHT COEFFICIENT ( ridolUoY) )
UnIT B0DY WETGHT CUOEFFICIENT ( F(SsUUY) )
+.XED 8NDY WEIGHT

UNIT SECONDARY STRUCTURE wElunl

FI1AEQ SECONDARY STRUCTURE wmcaonld

THRUST STRUCTURE WEIGHT CCerrlicliENT

FIXED THRUST STRUCTURE wEIGHT

UNIT INSULATION wE IGHT

UNIT COVER PANEL WEIGHY

LAUNCH GFAR WETGHT CCEFFICIENT

FIANED LAUNCH GEAR WEIGHT

LANOING GEAR WEIGHT CCEFFICIEnT | rinlul )

TABLE 4.2-1 WAATS INPUT DEFINITION (Cont'd)
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AC{cb)
aAct27)
ACL128)
AC(29)
ALi30)
AC(zZ 1)
AC(32)

AC(23)
AC(34)
ACL35)

AC(30)
ACL37)
AC(38)
AC(39)
AC(40)
AC(41)
AC(42)
AC(43)
AC(44)
ACl45)
ACL46)
AC(4&T)
AC(438)
AC(49)
AC(50)
AC{>o1)
ACL52)
AC(53)
ACL5%)
AC(S5)
AC(50)
ALLST)
AC(58)
AC(59)
AC{00)
AC(61)
ACls62)
AC(63)
AC{64)
AC(o05)
AC(o0b)
AL(6T)

88

Oe
Qe
O.
Je
Je
Ve

Ve

Je
O.
O.
Je
Oe
Ve
Ue
Je
Ve
O.
Ve
Q.
Ve
Ve
Ve
Oe
Ve
O.
Ve
Je
Je
Oe
Ve
O.
Ve
Je
Ue
0.
O.
Ve
Ve
Je

LANDING GEAR WEIGHT CCOEFFICicnd { FimLANU) )
FIXED LANDING GEAR wEIGHT
RUCKET ENGINE WEIGHT COBFFILIENT ( o/T )
RUUKET ENGINE wWelIGHT CCEFFIGatiT
NOLZZILE EXPCNENT
riXS0D COCKET ENGINE wEIGHT
TURBOP AM JET ENGINE mBEIGHT CutbbloaoNT

{(LOWER DESIGN POINT)
TURBORAMJET ENGINE =EIGHT CubtbFICIENT

(LOWER DESIGN PUINT)
TURBCRAMJET ENGINE mEIOLHT Cuctblllcind

{UPPER DESIGN POINT)
TURBORAMSET ENGINE wEIGHT CutkraCicNT

(uppre DESIGN POINT)
FUEL TANK WEIGHT COEFFICIENT (inuN=>ThuLTURAL)
FIXED FUEL TANK WEIGHY (NCN=SThULTURALI
OXIDIZER TANK WEIGHT CCEFFILLIEnwT LON=D>TRULTURAIL
FIAED OXIDIZER TANK WEIOGHT {NuN->TnUCTUKAL}
UNIT FUSL TARK INSULATION wcion?
FIAED FUEL TANK INSULATION ntlunT
UNIT OXIDIZER TANK INSULATIUN nclonT
FIXED OXIDIZER TANK INSULATIULL ablouHT
Fucl SYSTEM WEIGHT COEFFICIENT ( F(THRUST) 3
FUEL SYSTEM WEIGHT CUOEFFICIenT ( FewP) )
FIXED FUEL SYSTEM wEIGHT
OALOTZER SYSTEM wELIGHT COEFFLICIENT ( ELTHRUST) |
WAl N TZED SYSTEM WEIGHT COEFFaCleNT ( Fiwkd )
FLA0 OXIDIZER SYSTEM wEIGHT
FutlL TANK PRESSURE SYSTEM mtlounT (CubFFICIENT
UAIDIZER TANK PRESSURE SYSTeM wle CucFrICIENT
FIXED PRESSURE SYSTEM WEIGHT
INLET WEIGHT COEFFICIENT
FIXED INLEY WEIGHT
GIMBAL SYSTEM WEIGHT COEFFICltivY
FIXED GIMBAL SYSTEM WEIGHT
ALS SYSTEM WEIGHT COEFFICIENT
ACS SYSTEM WEIGHT EXPCONENT
FIXFD ACS SYSTEM WEIGHT
AEROCYNAMIC CONTROL SYSTSM whioRT CUEFFIUIENT
FIAED AFRODYNAMIC CCNTROL Sy>TeM welond
SEPARATTION SYSTEN WEIGHT COctEHIUCIENT
FLXED SEPARATION SYSTEM WEIuHT
ACS TANK WEIGHY COEFFICIENT
FIXED ACS TANK WEIGHT
ELECTRICAL SYSTEM wEIGHT COEFFCIENT
+IAEC ELECYRICAL SYSTEM wElunT

TABLE 4.2-1 WAATS INPUT DEFINITION (Con‘.'d)



AC(68)
AC(62)
AC(T70)
ACITL)
AC(72)
AC(73)
AC(74)
AC(T5)
AC (706}
ACLT7)
AC(T3B)
AC(79}
AC (80}
AC(81)
AC(os2)
AC({b3)
AC(84)
ACLES)
AC(86)
ACL87)
ACL B8)
AC(B9)
AC(20)
AC({91}
aC(92)
Al(93)
AC(94)
AL (S5}
WL (96)
ACL97)
AC(»28)
aC199)
AC (100}
AC(101)
aCl1021
AC(103)
AC{13+)
AC(L103)
wlL (106}
ACi107)
wC(106)
AL(109)
AC(L10)
ALLLLL)
AL(1121)
aCill3)

HYDRAULIC SYSTEM WEIGHT COEFFICIENT

FIXED HWYDRAULIC SYSTEM HEIGHT

AVIONIC SYSTEM wEIGHT COEFFLILIENT

F1XED AVIONIC SYSTEW wWEIGHT

CREW WEIGHT COEFFICIENT

FLIXED CREW WEIGHT

CREW P2OVISIONS WEIGHT COEFFICLENT

FIXED CREW PROVISICAS wEIGHT

FIXED VEHICLE INSULATION wWE lunT

FIXED VEHMICLE COVER PANEL wtiLHT

WwING WEIGHT COEFFICIENT

UNUSED _

CREW PROVISION WEIGHT COEFFILIENT

BASIC BODY WEIGHT COEFFICIENT

RAMJET ENGINE WEIGHT COEFFICIENT

FIXED RAMJET ENGINC WEIGHT

KESEQVE FUEL WEIGHT CCEFFICIcNT

FIXED RESERPVE FUEL WEIGHT

RESERVE OXIDVZER wEIGHT COEFFICIENT

FIXED NESERVE OXIvlZtR WE1GAT

UNUSED

VERTICAL FIN WEIGHT CCEFFICIENT

HUKTZONTAL STABILIZER WEIGHT LUEFFICIENT
FIAED TURBORAMJET ENGINE wEiLGHT

TRAPPED FUEL WEIGHT COEFFICIENT

FIAED TRAPPED FUEL WEIGHT

TRAPPED OXIDIZER WEIGHT COEFFICIENT

FIKED TRAPPED OXIDIZER wEIGHT

ACS FUEL WEIGHTY COEFFICIENT

FIXEC ACS FUEL WEIGHT

CUNTINGENCY WEIGHT COEFFICIENT

FIXED 7ONTINGENCY wWEIGHT

NOT uS:D

LANDING GFAR WEIGHT CGEFFICIENT F(wTU)

ENGYNE MOUNT WELIGHT CCERFICLENT

FIKEC ENGINE MOUNT wEIGHT

wl COEF FNR FUEL OISTKIBUTIuUN SYSTEM

FIXED INTERNAL OUCT welGnT

wl COEF FJF VBRIABLE RAMPSy acTunTuk> ¢ CUNTRUL
wT COEF FOR VARIABLE RAMPSs ALTUATURS + CUNTRUL
FIAED ~T OF VARIABLE RAMFS, aALIUATUR> + CUNTRUL
SPIKE WEIGHT CCEFFICIENT

LIMBAL SYSTEM we [GHT CLEFFILIENT

ALRNE INAMIC CONTRUOL SYSTEM wcluhT wueFFiulENT
ELcCT2ICAL SYSTEM WELGHY COckraCLlENT
HYURAULTC/PNEUMATIC SYSTEM welounT GUEFFILIENT

TABLE 4.2-1 WAATS INPUT DEFINITICN !(Cont'd)
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o

4. Set up the input deck according to Section 4.1.

he data setup is exactly as

is used t
y be replaced with

Tf the ODIN procedure
t the input data ma

described above excep
ODIN data base names.

name = 'ODIN name',

or

name (I) = 'ODIN name',

e the thermal protection
system unit weig another program and

stored in the data Further the yetted area
for thermal protection may have been computed in a second
base as AWTPS. In this

program and stored in the data
example the input to WAATS for induced environmental

protection, Section 3.3 would be

be the case wher
ht was computed by
base as TPSUW.

An example might

STPS = 'AWTPS',
AC(21) = 'TPSUW',
e weight of the TPS is entirely

In a similar example where th
WTPS, the WAATS input would

evaluated elsewhere and stored as
be
AC(22) = 'WTPS', (see Section 3.3)

This permits weight components computed elsewhere to be

summed in WAATS.
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4.3 PROGRAM OUTPUT

The program has several forms of output. An example namelist
input is printed as shown in Table 4.3-1. The non-zero weight
coefficients are printed as exemplified in Table 4.3-2. Some
pertinent design data is printed as shown in Table 4.3-3. A
output weight statement is exemplified in Table 4.3-4. Finally,
the ODIN output list of all the component weights is available
on a file called NMLIST. This file is used by the ODIN system
to communicate information to the data base. The GDIN names

and descriptions are presented in Figure 4.3-5.
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$ INWAP
THRUST
1SHAPE
CREW
ACTR
1ENG
PCHAM
oM

DH
WAREF
PHIGH
PLOK
TANKS
AINLET
WPMAIN
OF
WTOIN
OFACS
XLF
STSPAN
SWING
TROOT
SVERT
SHORZ

QMAX

TABLE 4.3-1

1]

NAMELIST INPUT PRINTOUT

0. 47E+06,
2y

0.2E+01,

0. LE+01,

1

O« lE+Q 4,

Q. 456401,
0.6E405,

0., 1227E+03,
0.176E+03,
0o 46E+02,
0.2E+01,
0.0

0. 6GE+0 T,
0.6E401
0.7E40 7,
0.0,
0.37564+01.
0.9371F+02,
N.11579E+05,
0.11467+02,
0.138F¢0%,

D.1E+401,

0.25E+0h,



SFA[R = 0-0!

ARAT IO D.8€ +02,

VFAJTK

Cela32E+06,

VOXTK = 0.531F+05,

SFUTK = 9.0,
SOXTK = o,0,
ELBODY = 0.35g403,
ELRAMP = 0,0,
AICAPT = 0,0,
ELNLET = 0,0,
FCTMOK = 0.1€401,
GEOFCT = 0,1f+01,
GSPAN = 0.141F+03,
TYTAIL = o.125k401,
n STPS = 3.423F405,
i SBODY = 0.328F+05,
g WPAYLD = 0.4E+0S5,
} HBODY =  0,.2e402,
ﬂ ENGINS =  0,22F402,
:i GO = 0432174049€+02,
3 RE = 0.20920024E+08,
3 [CcRY =,

 % WLANDI = 0,9€+06,

TABLE 4.3-] NAMELIST INPUT PRINTOUT (Cont'd)
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NON-ZERD

ACL
ACH
ACH{
ACH
ACH
ACH(
AC{
ACH
ACt
ACH
LY
ACt
AC{
ACt
ACt
AC{
ACt
AC(
ACl
AC(
ACt
ACH
ACt
AC(1
AC(1
AC(1
AC(1
AC(1L
AC(1
AC(L
ACT1
AC(1
AC(1
AC(l
AC(1L
ACtL
AC(1
AC(1
ACEL

TABLE 4.3-2

WEIGHT COFFFICIENTS

4) = 4.20003000

14) = 1.2378000

19) = 4.,00000000€E-03
211 = 2.3000000

260 = 9,16700000€-03
2R) = 7.60000000E-03
29) = 3,30000000E-04
30) = «50000000
31 = 700.00007
44) = 2.20000000€E-03
45) = 50000200
47) = 4.,30000000E-03
481 = 50000000

71) = 6600.0000

73) = 1330.03000

154V = 2675.0000
84) = 4.0000000%E-03
85) = .50000000

86) = 4.07000J00E-03
B9) = 1.1000000

92) = T.52000000E-03
94) = 7.50000000€-03
98y = .120000090

02} = 1.00000000E-04%
150 = 1.50000000€-02
16) = 4.00000000€E-03
17y = 2400.00090

181 = +«58400000

21Y = 1.1240000

22) = 33400000

23y = 1.2000003

24) = 1.37500000E-02
25) = 1.0000000

26) = .10950000

27y = 1.4425200

29} = 1.14000000E-02
30) = .63700C00

32) = +53400000

34) = S.00000000E-02

NONZERO WEIGHT COEFFICIENTS
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DESIGN DATA

WETTED AREAS
3ROSS RODY
FUEL TANKS
OXIDIZER TANKS

PLAN AREAS
WING
VERTICAL SURFACES
HORT ZONTAL SURFACES
FAIRING OR ELEVON
TPS SURFACE AREA

DIMENSIONAL DATA
WING GEOMETRIC SPAN
WING STRUCTURAL SPAN
WING THICKNESS AT THEORET ICAL ROOQOT
TOTAL INLET CAPTURE AREA
TOTAL INLET LENGTH
BODY LENGTH
BODY HEIGHT

TABLE 4.3-3 DESIGN DATA

96

32800.00
0.00
0.00

11579.00
1380.00
1.00
0.20
42300.00

141.00
93.T1
11.46

0.00
0.00

350.00

20.00




AERDDYNAM!C'SURFACES 18483

W ING 66540
VERTICAL SURFACFS 11943
HORY ZONTAL SURFACES 0
EALRINGS 0
g8o0Y STRUCTURE 201534
BAS 1C BODY STRUC TURE 40600
S ECONDARY STRUC TURE 0
THRUST STRUCTURE 41360
INTEGRAL FUEL TANKS 91218
INTEGRAL OXYDIZER TANKS 28355
I NDUCED ENV[RONMENTAL PROTECTION 97290
; VEHICLE INSULATION 97290
; COVER PANELS 0
3
3 LAUNCH AND RECOVERY 41361
] LAUNCH GEAR 0
LANDING GEAR 41341
)
k PROPULSION 193098
3 ROCKET ENGINES 125538
; AIRBREATHING FNGINFES 0
‘ NON-STRUC TURAL FUEL CONTAINER "
L NON-STRUCTURAL OxXINIZER CONTAINER 0
3 FUEL TANK INSULATION 0
: OX101 ZER TANK INSULATION 0
% FUEL SYSTEM 22923
E OXIDLZER SYSTEM 44637
PRESSUR IZATION SYSTEM 0
5 INLETS )

TABLE 4.3-4 WEICHTS STATEMENT
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ORIENTATEION CONTROL SYSTEM 26457

ENGINE GIMBAL SYSTEM 0
ATTI TUDE CONTROL SYSTEM 12055
AERODYNAMIC CONYROLS 14402
SEPARATION SYSTEM 0
ATT ITUDE CONTROL SYSTEM TANKAGE 0
POMER SUPPLY 27499
© ELECTRICAL SYSTEM 17505
HYDRAUL I C/PNEUMAT IC SYSTEM 9995
AVIONICS SYSTEM 6610
CREW PROVISIONS , 2675
VEHICLE DRY WEIGHT 674976
DESIGN RESERVE (CONTINGENCY) 80997
EMPTY WEIGHT 755973
PAYLOAD 40000
CREW 1330
RESIDUAL PROPELLANT 33132
TRAPPED FUEL 4733
TRAPPEDO OXIDIZER ’ 28399
LANDING WEIGHT 831093
ACS PROPELLANT 43336
FUFL %3836
OXIDIZER 0
ENTRY WEIGHT 874928
MAIN PROPELLANTS 4400000
FUEL 628571
OXIDIZER 3771429
RESERVE PROPELLANY : 17600
FUEL 2515
OXIDIZER 15086
INFLIGHT LOSSES 17600
GROSS WE IGHT 5310129

TABLE 4.3-4 WEIGHTS STATEMENT (Cont'ad)
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Ju l N curTpPurx ODEFINATI UN

L TR

z C
b ww NG 0. TUTAL WING WEIGHT, LB
b wSURF J. TUTAL AERONDYNAMIC SURFACE hesonTy L8
P wVErT Je VEXTICAL STABILIZER WwEIGHTy Lo
£o wHUR L Je HUKT ZONTAL STABILIZER wEIGHT, LB
1 wFAlR De TUTAL AERODYNAMIC FAIRING welunTy oo
13 wBOLY O. TUTAL BNOOY wWEIGHT, L8
% ackhSIC 0. pASIC BODY STRUCTURAL mEIGHTe vo
wSECST Je 8LLY SECCNDARY STRUCTURE wkilohly Lo
WTHARST Je BULY THRUST STRUCTUKE, LB
wTPS Oe INUUCED ENVIRONMENTAL PRCDECTIUN >Y>TeM whkliGHTeLB
wINSUL Oe ePS INSULATION WEIGHT, LB
wCUVER 0. EPS COVER WEIGHT, LB
wUEAR VIR LAJUNCH AND RECOVERY GEAR wEiuHT, Lo
wLANCH Jde LAUNCH GEAR WEIGHT (F{wTO))y Lo
wLG 0. LANDING GEAR WEIGHT (F{wLANU)I, Lb
£ wPkUPU O TUTAL PROPULSION SYSTEM wEIGLnie Lo
& WRENGS O. RULKET ENGINE WEIGHT, LB
5 WABENG Ve Al RPREATHIANG ENGINE wEIGHT, Lb
i wFUNCT O. NUN-STRUCTURAL FUEL CCANTAINchewtlonTy LS
8 WUXCNT Ve NUN=-STRUCTURAL OXIDIZER CCNTAlNER wElbRT, Lo
v wINSFT De FUEL TANKX INSULATION wEIGHT, Lo
. wINSOT Oe OXIDIZER TANK INSULATICN wEionT Lb
T wFU3Y3S O. Futl SYSTEM WEIGHT, LB
2 WUXSYS Oe OXIDIZER SYSTEM wWEIGHT, LB
P WPASYS Oe PRESSURTZATION SYSTEM WEIGHTy Lo
¢ wiNRLET Je INLEY WE IGHT, L8
, WURNT Jd. URIENTATION CONTROL SYSTEM aciunTsio
woIMBL O« ENGTNE GIMBAL SYSTEM WEIGHT, Lo
wACS 0 ATTITUDE CCNTROL SYSTEM WEILHT, Lo
WAERO 0. AcxNCYNAMIC CONTROLS WEIGHTsLbD
wSEP 0. SEPERATION SYSTEM wEIGRTy Lo
wACSTK J. ATTITUDE CCNTROL SYSTEM TANRALL wkiuhT, LD
wPnRSY J. PUWNER SUPPLY WEIGHT, LB
wELECT 0. ELECTRICAL SYSTEM wEIGHT, Lb
WH Y P INU O HYURAULIC/PNEUMATIC SYSTEM mnciuvhl, LB
aAVONC 0. AVIONITS SYSTEM wEIGHT, LB
wCPROUV 0. CREW PROVISIONS WEIGHT, LB
WDRY O. VERICLE DRY WEIGHT, LB
wlUNT 0. Ots> TGN RESERVE (CONTIMGENCY) milbnly Lb
wWCREW Je CREW WEIGHT, LB
WPAYLD 0. PAYLOAD WEIGHT, LB
WwRESID 0. ReSTDUAL PROPELLANT wWEIGHT, Lo
nFTRAP O. THAPPED FUEL WEIGHT, LB
WUTR AP O« TKAPPED OXIDIZER wEIGHT, LB

TABLE 4.3-5 ODIN OUTPUT INFORMATION
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WACSP Jae ACS PROPELIANT wEIGFT, LB

WACSFu Ue AL> FUEL WEIGHT, Ls
wACSOX Oe ALS COXIDIZER WEIGHT, La
WPRESVY VR ReSERVE PROPELLANT, LB
WEKESV 0. KESFRVE FUFL WEIGHT, Lg
WURESYV 0. RESERVE OXIDIZER wEIGHT, LB
WPMA iy Je MAIN PROPELLANT WwEIGHT, L8
wFUELM O, MAIN FUEL wWEIGHT, (8
WUXIOM Je MAIN OXIDIZER wEIGKT, LB
wlo 0. CALCULATED TAKE-GFF wEIGHT, 1o
WINFUT Jd. INTEGRAL FUEL TANK wWwE®3HT, (g
WINUXT Je INTEGRAL OXIDIZER TaNk WEIGHT, wb
WENUMT 0. ENGINE MOUNT WEIGHT, Lo
wPPUMP 0. Fucl. PUMP WEIGHT, LB
wDIST1 Ve FUEL DISTRTBUTIGN, RESERVCIn To ENGINE, LB
WSPIKE 0. INLET SPIKE wWwE 'GHT, L
wFUEL Oe MAIN PLUS RESERVE FUEL, LB
wOX40 0. MAIN PLUS RESERVE OXIGIZER, Lo
; wFuUTJaT J. TOTAL FUEL (INCL. wFTRAPJ, Lo
P wOXTOT 0. TUTAL OXTDIZER (INCL. WOTRAV ) LB
Loy WP 0. TUTAL PROPELLANT (INCL WPKESy ANV wRES LUy Lb
: wolsT2 0. FUEL DTISTRIBUTIGN, INTEATANR, Lo
; : wFCONT 0. FUEL SYSTEM CONTROLS Wt IGHT, b
S WREF UL O. REFUEL ING SYSTEM mEIGHT, LB
oo WURANS 0, DUNMP AND DRAIN SYSTEM WEIGHT, .o
P WACSRE 0. ATTITUDE CONTROL SYSTEM PROPELLANT KESEKVES, o
: WPLLSS O. INFLUIGHT PRCOPELLANT LUSSESy Lo
: RENTRY 0. KZeNTRY WE . GHT, L3
: WSEAL Je SEALY- 5 WE'GHT, Lo
L wIouct Ja INTERNAL DUCT WEIGHT, L3
b WVRAMP 0. INLEY VARIABLE RAMP WEIGHT, b
b WEMPTY Jde EMPTY WEIGHT, Ls
P 1q WUPMTY d. UPcRATING WEIGHT tMPTY, L@
3 Wl any Oe LANCING WEIGHT, Lp

TABLE 4.3-5 OQODIN CUTPUT INFORMATION (Cont 'd)
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APPENDIX A - WAATS PROGRAM LISTING

PROGRAM A3983 (INPUT=1001, JUTPUT=1001, NMLIST=1001,

* TAPES=INPUIT, TAPES=DUTPUT, TAPET8=NMLISTH
COMMNN JCOMON/ C{1200)

COMMON /WTS/ Wl LOO?

COMMON ZACOFEF/ AC(150)

WETGHTS ANALYSIS FOR 2DVANCED TRANSPORTAT [ON SYSTEM

CALL BLKDATI]
catlL NPUT
CALL MASS
CALL PRIINTA
caLL EXI(T

END
SUBROUT INE ATMOS(IMYV)

1962 ATMOSPHERE

ALTITUNE MUSY BRE LESS THAN 299500 FT.

etk kb kdkkkk START COMMN RSk kb bk r e rk kbbb kut ki
COMMON /7 COMON /7 CI(1}
EQUIVALENCE (CC 5, GO )
FQUIVALENCE (C{ 54), RF )
EQUIVALENCE (C( 511, CMT )
EQUIVALENCE (C( S2), CHT )
COMMONZATMIOUT/TALT ,PALT ,DTDH,
1 JRENT,AMU

Sk Rk hRkkx FEND COMMON Sk bttt atkdkrknbokhRchgRkidn

Q0¢G+yRHO,THETA ,RTHETA,L,DELTA

DATA AK /.3048 /
DATA CHTl, VLI, CMTL /7 3%-1, /
DATA Cl1 / .08389492331 /
Cl = 28.9664 * 144./(1545.31 * GO)

ALM = MOLECULAR SCALE TEMPERATURE GEJDPDTENTIAL GRADIENT
RH = GEJIPOTENTIAL ALTITUDE

P = PRESSURE (METRIC UNITS)

PB = PRESSURE (METRIC UNITS) AT BASE OF LAYER

PSL = SEA LEVEL PRESSURE {METRIC)

TMR = TEMPERATURE AT BASE OF LAYER

TMPB = TEMPERATURE (METRIC UNITS)

TSL = SFA LEVEL TEMPERATURF (METRIC UNITS)
INPUTS TO THIS SURXKIUTINE

CMY = MACH NUMBER

CHT = ALTITURE, FEET

gUTPUTS FRDM THIS SUBROUTINE
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A

DELTA = PRESSURE RATIO

NYOH =

GO = ACCELERATION DUE TO GRAVITY

PALY = PRESSURE (ENGLISH UNITS)

Q0 = DYNAMIC PRESSURE

RHO = DNENSITY

RTHETA = SQUARE ROOT OF TEMPERATURE RATIO
TALT = TFMPERATURF (ENGLISH UNITS)

THETA = TEMPERATURE RATIOD

V = VELOCITY

*kexx [My=1 V KNOWN, NETERMINE MACH [N ATMQOS
*kekx [My=2 MACH KNOWN, DETERMINE V [N ATMQS

aNalnlalslaNeNalnlaNesNalgNel

TF(CHT-CHT1160.:20,6)
20 GO TO (30,40),Ivv
30 TF{V=-V11)60,310,69
40 IF(CMY~CMTL160,310,60
60 CONTINUFE
vt =
cMT1
CHT1

CMT

CHT

1

G = GO * {RE /(RE +CHT))*%2
s AK & CHT

MR BH = REMTREHK/{REMTR+HK )
IF (BH+3000. ) 3004300,90
O S0 IF(BH~11099.) 230,130,100
= 100 IF{RH=-20000.1210,110,110
.1 110 [F{BH-32000.1220+120,120
120 IF{B4=4T7000.1225,130,130
130 IF{A4=5230041230,140,140

WUy <

I
P
LI

o

P
LA

140 TF(RH-61000.)240,150:150
150 IF{BH-7920".)245,250,250
200 HB = 0.

ALM = -,0065

PB = 760.

T™MA = 288.15

GO TN 260
210 HB = 11000,

ALM = 0.

PB = 169.79
THB = 216.65

JSWA = 2
GO YO 260
o 220 HA = 20200.
?' PB = 41.06%9
;. TMB = 216.(5
-é‘ GO TO 260
E? 225 HB = 32000.
£ 104
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ALM = ,0028
P8 = 6.51064
T™M3 = 228,65

B A ot IV P

GO Y0 260
230 HB = 47100,

ALM = 0.

JSHA = 2

PR = .831859
TMB = 270.65

I
b
b

£
Fo

GO TD 260
0 240 HB = S2000.
1y ALM = -,002
o PR = ,44254
L TMB = 270.65
: GO TO 260
§ 245 HB = 51000.
ALM = -,004

PB = ,136585
TMB = 252.65

GO Y0 269
250 HB = T79)300.
AtM = O,
JSWA = 2
PB = 0077834
TMR = 180.65
260 PSL = 760,
TSL = 288,15

TMPR = T™MB + ALM & (BH-HR)
GN TO (270,280) 4 JSWA

f 270 EX = ,034163195/ALM

E P = PR % (THMB/TMPR)&%EY

. 60 TY 290

g 280 EX = (-.034163195 * (BH-HB) ) / TMS

P = PB*EXP(EX)
290 DELTA = P/PSL
THETA = TMPB/TSL
RTYHFTA = SQRY(THETA?
TMPA = ALM& ((REMTR»%2%AK) / (REMTR#+HK) o%2)
DTOH = TMPA/(2.%TMPR)
GC TO (291,292),1My
291 CHT = V/{1116.89 » RTHETA}
GO T2 293
292 V = 1116.89% RTHETA =#=CMT
293 CONTINUE
00 = 148 .4NE_TA®CMT%%)
PALY = P%,17193385
TALT = TMP3 % 1.3
PHO = CL&PALY/TALT
AMU = 1.456E-06 % TMDR & SQRTY(T¥PR)/(TMPR + 110.4) * 7.2330137
RENO = RHN * vy / AM
GO Y0 1310

7 b s e
o "
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300 TERR = 1
PRINT L0O00,CHT
310 RETURN

C
1000 FORMAT {13HOO1S ALTITUDE,E15.7y17THFT., IS NEGATIVE
END
SUBROUTINE BLKDATI1
c
c .
c axksbatastass START COMMON FERsk st xafkdassssesssss aadbisss

COMMON /WTS/ W(1)
COMMON /ACDEF/ AC (150)
COMMON /COMON/ C (1)
EQUIVALENCF (C( 1)y NR )
EQUIVALENCE (C( 21, THRUST )
EQUIVALENCE (C( 31, I[SHAPE )
EQUIVALENCE (C( &), CREW '
EQUIVALENCE (CC 5)y NW '
EQUIVALENCE (C( 6131, ACTR )
EQUIVALENCE (Lt T7), IENG )
EQUIVALENCE (C{ 8), PCHAM )
EQUIVALENCE (C( 99, DM !
EQUIVALENCE (CC 10, DH }
EQUIVALENCE (C( 11), WAREF )
EQUIVALENCE (C( 131, C23 )
ENQUIVALENCE (C{ 14), PHIGH )
EQUIVALENCE (C{ 151, PLOW )
EQUIVALENCE (C( 161, VANKS )
EQUIVALENCE (C( 17V, XINLET )
FQUIVALENCE (C( 1R}, WPMAIN )
EQUIVALENCE {(Ct 193, OF )
EQUIVALENCE (C( 20), WTCIN )
}
]
}
}
)
)
)
}
)
)
)
)
}
)
)
)
}
¥
)

EQUIVALENCE (Ct 21), OFACS
FQUIVALENCE (C( 22), XLF
EQUIVALENCE (Ct 23), STSPAN
EQUIVALENCE (C( 241, SWING
ENUIVALENCE (C( 25), TROOT
EQUIVAL ENCF (Gl 260, SVERT
EQUIVALENCE (C{ 27), SHORZ
FQUIVALENCE (Ct 281, QMAX
EQUIVALENCE (C( 293, SFAIR
EQUIVALENCE (C{ 30}, ARATIO
EQUIVALENCE (C( 31), VFUTK
EQUIVALENCF (€t 32), VIXTK
EQUIVALENCE (C{ 331, SFUTK
EQUIVALENCE (Cl 341, SOXTK
EGUIVALENCE (C( 35), FLBQDY
FOUIVALENCE (C{ 361, ELRAMP
EQUIVALENCE (C( 271, ALCAPT
FOUIVALENCE (C{ 3P), ELNLET
EQUIVALENCE (C( 29), C173

i 4
i

[
[
“ 4
v
t ;'.1
1A ',‘«
£
g
5
g
[
i 3
v

l'."
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EQUIVALENCE (C{ 40), FCTMOK
FQUIVALFNCE (C( 41}, GEQFCT 1}
FQUIVALENCF (C{ 42), GSPAN
FQUIVALENCE (Cl 43), TYTAIL )
EQUIVALENCE (C( 44), STPS )
FQUIVALENCE (Cl 45), SAQDY )
FQUIVALENCE (C( 461, WPAYLD
EQUIVALENCE (C( &T), HBADY ).
EQUIVALENCE (Cl 491, ENGINS )
FQUI VAL ENCE (C( 53}, GO }
FQUIVALENCE (Cl S54), RE )
FQUIVALENCE (CU 553, ICRY )
EQUIVALENCF (0t 56), NODIN )

FQUIVALENCE (C( 571, WLANDI
sokssasskrrhs END COMMON S eS8 XS ¢ 0RArSrRERTE SRR EREE XL R E00D

DATA STATEMENTS

oOOMO0

DATA PI+RTOD,FPNM, G0/ 3.14159265, 57.29578, 6076.1033, 32.174049/
DATA C13, C23 / .333333333 , «6666K666T /

OATA RAD / .01745329 /

DAYA RE / 20920024. /

DATA PHIGH, PLOW / 17640 46, / :

DATA TANKS, GFOFCT, FCTMOK, ELRAMP, DM, PCHAM, TYTAIL. I[ENG/
1 les ler leo Qe G5 1000 e 1.25+ 2 /

NATA WAREF, DH / 122.7, 603020, /

DATA CREW, WPMAIN, OF, OFACS, XLF, TROOT, APRAYIO /

1 les Oer Oer 2o Goo 1.5 O. /

DATA HBODY, ELBONY, VOXTK, SOXTK, VFUTK, SFUTK /7 5%0. /
DATA GSPAN, STSPAN / 0.y 0o /

DATA AICAPT, ELNLFT, XINLFT / Jer Do 0. /

DATA ISHfCE /7 L /

ACTR = 1.

ENGINS = .

[CRY = 2

T THRST = 3

NODIN = 78

NR S

NW 6

PT2 = 3000,

QMAX = 1500.

[

S80DY = O
SFAIR = Q.
SHORZ = 0.
STPS = 0.
SVERT = 0.
SWING = 500,
TANKS = 1.
THRUST = O.
WLANDT = O.
WPAYLD = 0.



WYOIN = 0.
nJ 110 1=1,150
AC(1)=D.
110 CONTINUE
00 13929 1=1,10)
Wity = 0.
130 CONTINUE
RETURN
END
SURRQUT INE MASS

AIRPLANE MASS PROPERTIES SUBRNUTINE

s NaNaXel

stk keneex STAIT ( OMMQON SR AR A A EAGS NGRS E R R SRk keI 2
COMMON /ACOFEF/ AC (1501
COMMON /COMON/ CHL1)
EQUIVALENCE (Ct 2), THRUST )}
EQUIVALENCE (CH{ 31y ISHAPE )
FQUIVALENCE (C( 4)y, CREW ]
EQUIVALENCE (C( 51, NW )
EQUIVALENCF (CH( 61, ACTR )
EQUIVALENCE (C( T)e 1ENG }
4 EQUIVAL ENCE (CH 8)y, PCHAM )
oy EQUIVALENCE (CH )y, DM )
ro FAQUIVALFNCE (C( 10), OH )
‘ EQUIVALENCE (C{ 11}, WAREF )
EQUIVALENCE (C( 13), C23 )
: EQUIVALENCE tCt l14), PHIGH )
FO FQUIVALENCE (C( 15), PLOW }
) EQUIVALENCE (C( 1613, TANKS )
EQUIVALENCE (C( 17), XINLET )}
EQUIVALENCE (CC 18), WPMAIN )}
EQUIVALENCE (C( 19}, OF )
EQUIVALENCE (C( 20), WTOIN )
EQUIVALENCE (CC 213, OFACS )
)
)
L}
)
)
)
)
)
]
}
)
)
)
}
)
)

s g Bt

EQUIVAL ENCE (CL 221, XLF
EQUIVALENCE (C( 23), STSPAN
EQUIVALENCF (C( 24), SWING
EQUIVALENCE (C(t 25), TROOT
FQUIVALENCE (C( 26), SVERTY
EQUIVALENCE (C({ 27). SHORZ
FQUIVALENCE (C( 281, QMAX
EQUIVALENCF (C{ 2vi) 4 SFAIR
EQUIVALENCE (Ct 30}, ARATIO
EQUIVALENCE (C{ 31), VFUTK
FQUIVALENCE (C{ 32, VOXTK
FQUIVALENCE (CU 33}, SFUTK
EQUIVALENCF (C( 34), SOXTK
EQUIVALENCE (C( 35), ELBODY
EQUIVALENCE (C{ 36), ELRAMP
EQUIVALENCE (C( 37}, AICAPT

los

PPN s




FQUIVALENCE
FQUIVALENCE
FEGUIVALENCF
EQUI VAL ENCF
EQUIVALENCE
EQUIVALENCE
EQUIVALFNCF
EQUI VAL ENCE
EQUIVALFENCE
EQUIVALFNCE
EQUIVALENCE
EQUIVAL FNCE
EQUIVALENCE
EQUIVALENCE
FQUIVALENCE
FAQUIVALENCE
EQUIVALENCE

(ct
(ct(
(Cct
(C(
(C(
(ct
(Ct
tct
(Ct
(C(
(Ct
(Ct
(ct
{(c¢
(Ct
(ct
{ct

38),
319),
401},
41,
421,
42,
44),
451,
4614,
47140,
481",
[N
S0,
S,
S2t,
S5,
57,

COMMON /WTS/Z wW(1l)

EQUIVALENCE
FQUIVALENCE
EQUIVAL ENCE
EQUIVALENCE
EQUIVALENCF
FQUIVALENCE
EQUIVALENCE
FQUIVALENCE
EQUIVAL ENCE
FQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUI VAL ENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVAL ENCE
EQUIVALENCF
EQUTVALENCF
EQUIVALENCE
EQUIVALENCE
EQUIVALCENCE
FOUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVAL ENCF
EQUIVALFNCF
EQUIVALENCE
EQUIVALENCE
FQUIVALENCE
EQUIVALENCFE
FQUI VALENCE
FOUIVALENCF

(Wi
(W
Wi
(w(
(Wi
(W¢
twi(
(Wi
(W
(W
(Wi
(Wi
(W
(Wi
(W{
(v
(Wi
(W
(Wi
(W (
(Wi
(W
(Wl
{WI(
{wf
Wy
(Wi
fw
(nit
Cud
(W
(e (
(Wl

1),
2%,
31,
&),
5,
6},
T)y
8),
9y,
10)
1114,
121,
139,
14},
1¢1,
16),
17),
18},
19y,
201%V,
2110,
22),

231,

24,
2514,
261,
271,
2919,
30,
i),
321,
33y,

ELNLFEY
cl3

FC TYOK
GEOQOFCT
GSPaAN
TYTAIL
STPS
SBany
WPAYLD
HBNNY
TTOT
ENGINS
PT2
CMT
CHT
[CRY
WLANDI

WCREW
WABENG
WGIMBL
WOXCNT
WINSFT
WINSAT
WRENGS
WINLET
WOXSYS
WTHRST
WENGMT
WRPUMP
WDiST1
WSP IKE
WFUELM
WOXTIDM
WFRESYV
WRE SV
WPRESV
WFUEL
WOXID
WFTRAP
WITRAP
WFUTOTY
wWoxyar
Wwe
WRES D
WACSFU
WACSOX
WAC SP
WWING
WVFERT
WH{ORZ

}
)
)
}
J
)
}
}
)
}
}
)
)
)
)
)
}

)
)
)
)
)
\
!
)
H
'
'
)
)
)
)
}
)

}
}
!
}
)

)
}
)

}

)

)
}

)

}

}
)
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ot

EQUIVALENCF (Wl 364), WFAIR )
FQUIVALENCFE (Wl 153, WFUNCTY )
FQUIVALFNCF (Wl 36131, WRASIT
FQUIVALENCF (Wl 37), WSFCST )
EQUIVALENCE (W({ 37291, wRAONY )
FQUIVALENCE (W( 29), WKFUSYS 1}
EQUI VAL ENCE (W( 40), WSURF )
FQUIVALENCE {(W( 41), WPRSYS 1}
FQUIVALENCF (W( &«2), WNISTZ2 )
FQUIVALFMCE (Wl 43}, WFCOANT )
FQUIVALFNCFE (Wl 44), WRFFUL
FQUIVALENCE (W( 45), WNCANS )
FQUIVALENCE (W( 46), WSFAL )
FQUIVALENCE (W( 47), WINSUL
EQUIVALENCE (W( 48), WIDUCT 1
FQUIVALENCF (W{ 49), WVRAMP |
EQUIVALENCE (wW( 501, WPRQOPU )
FQUIVALENCE (Wl S1), WAERD )
FQUIVALENCE (Wl 52), WORNT )
EQUIVALENCE (W( S53), WLEP )
FQUIVALENCE (W( 54}, WACS ’
FQUIVAL ENCE (Wl S51, WACSTK 1
EQUIVALENCE (wW( S6), WELFCT 1}
)
}
]
)
)
)
?
}
}
)
H
)
1
}
)
)
)
]
}
]
]

S R S ar ey v o

EQUIVALFNCE {(W( 571, WHYPNU
EQUIVALENCF (W( 581, WPWRSY
EQUI VAL ENCF (W( 591, WAVONC
EQUIVALENCE (W( 60}, WCPROV
FQUIVALENCE (wW( 611, WDRY
CQUIVALENCE (W{ 62}, WCINT
EQUIVALENCE (W( 63), WEMPTY
EQUI VALENCE (W( 64), WOPMTY
EQU VALENCE (W( 65!, WIRQOFU
EQUIVALFNCE (wW( 661, WLAND
EQUIVALFNCF (W( &67), WCOVER
EQUIVALENCE (wW( 681, WTPS
FQUIVALFNCE (wW({ 69), WLANCH
EQUIVALENCE (W{ 70}, WLG
EQUIVALENCE (wW( 71}, WGEAR
EQUIVALENCF (Wl 723, WTO
EQUIVALENCE (W( 73), WACSRE
EQUIVALENCE (W T&), WPLOSS
EQUIVALENCE (W( 751, WENTRY
EQUIVALENCE (Wl 76!, WINFUT
FQUIVALFNCE (Wl 77}, WINOXT

R A T WL MUY o O AW SR PP o3

COMMON/ATMNOUT/TALT,PALT yDTDH, QO+G+RHO, THETA (RTHET A, DELTA
1 +RFENO,AMJ

E;
. ¢
P (o [E XSRS TS 3 END COMMON *Xxetd kXX bdsh bbbt RbteerhNyg
LES P C B
P WTD = WYO (N
= WLAND = WLANDI
Ea 110

R R R R s e

* .
3




g tes it mhsir Tasis mer enem s AT e e e e s e
. . v g RPN

. . coT . . T P gy sy, ol

L TR G L e e AT

s L S i i R Sl ot & " ey

aoOoO

M

WENTRY= WL AND
IH = 1 FOR NON-CRYNGENIC, 2 FOR CRYDGENIC
IH = [CRY
1 =1
TTAT = THRUST * ENGINS * ACTR
I SHAPX = |SHAPE
WCRFW = AC(T72)®CREW + AC(T7T)

WAJENG = 0.

WGIMRL = O,

WOXCNTY = 0,

WINSFT = O,

WINSOT = o,

WRENGS = 0.

WINLE T=0.,

WOXSYS = Q.

WTHRST = AC(19) = TTOT *AC(201
WENGMT = AC(102) *TTDT + AC(103)

GO 17 (10+20,30),1ENG
ROCKEY ENGINE
i0 TNEL = 750, = [TYOT/ENGINS/ PCHAM) %2, 25
WGIMAL = AC(S55) * TDEL %% AC({110) + AC(S54)
GO T0 49
TURBORAMJET ENGINE

20 GO YO (22,28),L

22 L =2
CMT = ™M
CHT = DH

CALL ATMOS(2)
X = 1o & ,2%CMTR%
PTD = PALY & x&%3 &« SQRT(X)
PR = 1.
IF(CMT-1,127,27,23
23 TFICMY=5,024,24,26
26 PR = 1. - 075 * {CMT=1,)ea],_ 125
GO 13 27
26 PR = BOO./(CMT®%4 + 935,
2T PT2 = PR &« PTQ
26 WA = WARFE *« ACTR
HARENG = (AC(22) « EXP{AC(233})swA) LIPT2=-PHIGHIZ(PLOW=-PHIS
L ¢ AC(34) * EXP(AC(3ISI%WA)} % ((PT2-PLOW /{PHIGH-PLOW ) ) !
2 *ENGINS + AC(9]1) = ENGINS ¢ WwENGMT
GO 0 32

AIRROFATHING ENGINF

30 WARENG = AC(B2) %= TTOT « AC(f1) + WENGM:
32 1F(1H.EQ.2) GO TO 4D
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WBPUMP = TTOT * (1.75 + 2266 * ENGINS) @ 001
WPRSYS = 0009 * TTOT = TANKKS
WDISTL = ENGINS % AC(104) » SORT(TTOT/ENGINS)
TMPFCY = ,203 « pM o
WSPIKE = AC(109) = XINLFTY
c
c CALCULATE PROPELLANT WFIGHTS
c
40 WFUELM = WPMAINZ(].¢DF)
WOXINM = WFUELM & QOF
WFRESY = AC(84)*WFUELM + AC(H5)
WORESV = AC(863% WOXIDM + AC(87)
WPRESV = WFRESY + WORE Sv
WFUEL = WFUELY + WFRESV
WOXID = wOXIOM™ + WORESV
WFTRAP = AC(92) =& WFUEL + AC(913)
WOTRAP = AC(94) * wOX[D ¢ AC{95)
WEUTOT = WFUEL + WFTRAP
WOXTOT = WOXID + WOTRAP
WP = WFUTOTY + waxror
c
c WRESID = TOTAL WEIGHY OF RESIDUALS
c
WRESIN = WETRAP + WOTRAP
c

WRITE (NW,1001)
1001 FORMAT (1Hl,y 14HMASS [TERATION /)

C
c ITERATF ON TAKE-QOFF WE IGHT
c
50 CONTINUE
c
WACSFU = AC(96) * wr] + AC(9T)
3 + AC(1.9) * WENTRY
WACSOX = WACSFy = OFACS

WACSP = wWACSOX + WACSFU
C ACPS RESERVES
WACSRE =AC(115) = WACSP

c
c INFLIGHT {nsses
WPLNSS =AC{116) * WwpMA[N
G0 10 (lbOpllOclOO.llOi.ISHAPX
c
C LIFTING RNODY
C
100 WWING = 0,
WVERT = 0,
WHOR? = 0,
GO T3 1¢0
C
C WINGED CRAFT
112
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11D WHWING = AC({L1)*(ATO&XLF & STSPAN * SWING /7 TRNQOT )Y «*xAC(T78)*1
1 ¢ AC(2) ® SWING + AC(3)
2+ AC(LLT) * (WLANDEXLFESTSPANESWING/TROOT*]L ,E-Qle*xAC{118)
130 WHVERYT = AC{4)%( SVERTI®XAC (39) & AC(S)
WHNRZ = AC(6) *{{ATO/SWING) xx,6%SHTIQZ%® ] 2¢QMAX *% 81 ¢*AC(90)
1 + AC(T)Y
2 ¢ ACILL19)Y * ((WLAND/SWING)®20,65SHNRZ®%] ,2.)MAXe*0 8} e&AC( 12
160 WFAIR = AC(8) * SFAIR + AC(9})

C
C WSURF = TOTAL WEIGHT OF AERNDYNAMIC SURFACES
C
WSURF = WWING ¢ WVERT ¢ WHORZ + WFAIR
c
WRASIC = AC{14) * SRODY + AC(15) * ((ELBODY*XLF/HBIDY)**,15
1 *QUAX* &, 16%SRODY®*L ,05)%2AC(81) + AC(16}
WSECST = AC(17) = SBODY + AC(18)
WINFUT = AC(130) * VFUTK + AC(131)
WINOXT = AC({132) &= VOXYK + AC(133)
C
c 800y
c
WBODY = WBASIC + WSFCST ¢ WTHRST + WINFUT + WINOXT
c
WINSUL = AC(21) * STPS ¢ AC(76)
WCOVER = AC(22)* SYPS + AC(T7T)
c
c WTPS = TOTAL WFIGHY QF THERMAL PROTECTTION SYSTEM
c
WTPS = WINSUL ¢+ WCOVER
WLANCH = AC(23) %= WTQ ¢+ AC{24)
WLG = AC(25) * dATO*x*AC(LO01) + AC(26) * WLAND*®AC(121) ¢ AC(27
c
c WGEAR = TOTAL WEIGHT OF LAUNCH AND RECOVERY SYSTEM
C
WGEAR = WLANCH + WLG
GO TO (250,190}, 1IH
192 GO 10O (200,250,2501,1ENG
C
c ROCKET ENGINE
C
200 WRENGS = AC(2B) * TYVOT + AC(29) * TTOT * ARATIO**AC(30)

1 AC(31) * ENGINS + WENGMT

210 WFUNCT = AC(36) * VFUTK + AC(37)
WOXCNT = AC{38) * VOXTK + AC(39)
WINSFY = AC(40) *= SFUTK + AC({41l)
WINSOT = AC{42) * SOXTK + AC(43)
WFUSYS = AC(44) * TTOT + AC(4S5S)*ELBODY + AC(46)
WOXSYS = AC(47) « TID7 + AC(48) = ELBODY + AC(49)
WPRSYS = AC(50) # VFUTK + AC(S1) = VOXTK + AC(52)
GO T2 300
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c B
c AIRRREATHING ENGINE
c

250 GAL = 7.481 = VFUTK

WFUNCT = AC(36) *® (GAL/TANKS)®®x_.6 & TANKS ¢ AC(37}
WNIST2 = 255%GAL**, 7 & TANKS*%,2S5

WECONT = 169 = TANKS = SQRT(GAL)

WREFUL = TANKS*(3, ¢ .45 # GAL¢%C13)

WDORANS = 159 * GAL®%,6S

) WSFAL = ,045 * TANKS & (GAL/TANKS )&% _ 75
ﬁ WFUSYS = WAPUMP + WDIST1 + WDIST2 ¢ WFCONT + WREFUL + WORANS

i 1 WSEAL
b ¢
Lo WID = XINLET # SORT(AICAPT/XINLET)
i WIDUCT = AC{S53) & (SQRT(ELNLET®XINLET)I*{AICAPT/XINLET)®&C13

b L *PT2#%C23%GEQOFCT*FCTMOK)*#AC(54) ¢ AC(105)
i WVRAMP = AC(106) * (ELRAMP*WID®TMPFCTI*#AC(107) ¢ AC(108)

B WINLET = WIDUCT + WVRAMP + WSPIKF
PO C
Lo 300 CONTINUE
. c WPROPYU = TOTAL WEIGHT DF MAIN PROPULSION
c
4
WPROPU = WRENGS + WABENG + WFUNCT + WOXCNT ¢ WINSET

FREL o

1 WINSOY + WFUSYS 4 WIXSYS ¢ WPRSYS ¢ WINLET
400 WTOX = WTO
. WAFRD = AC{60) * (WTD*=C23%{FLADDY+GSPANI*=_,25)%%AC (111} ¢AC
3 1 ¢ AC(L122) * (WENTRY*%C23%(FLBODY+GSPAN) **) 25)%¢AC{123)
3 WSEP = AC(62) * WTD + AC{63)
WACS = AC(ST)®WTO*%AC(58) + AC(59}
1L ¢ ACL124) * WENTRY#*%AC(125)
WACSTK = AC(64) *« WACSP + AC(65)

C WORNT = TOTAL WEIGHT OF ORIFNTATION CONTROL SYSTEM

WORNT = WGIMBL + WACS + WAFRO + WSFP ¢ WASTK
WELECT = AC(66) * (SQRT({WTOI*ELBONY#*%,25)«%AC(112)¢AC(6T)
] 1+ AC(126) * (SQRT{WENTRY)*ELBODY**).25)%%AC(127)

- WHYPNU= AC(68) * ((SWING#SHORZ+SVERT)®,0010%QMAX) «*,3340 =
b 1 (SQRT(ELBODY + STSPAN) # TYTAIL)I**AC(1133 + AC(69)

P 2 ¢ ACU128) * WTOQ + AC(129)*%WENTRY

A
b c
roA c WPWRSY = TOTAL WEIGHT OF POWER SUPPLY
| c
. ﬁ’ WPWRSY = WELECT + WHYPNU
P HAVONC = AC{T70) * WTQ®**AC(114) ¢ AC(71)

1 WCPROV = AC(741«WTN + AC(B80) & CREW ¢+ AC(75)

S WDRY = WSURF ¢ WAJDY + WTIPS + WGEAR + WPKIPU ¢ WORNT 4+ WPWRS
C 1 + WAVONC ¢ WRPROV

© WCONT = AC(98) * WODRY ¢ AC(99)

P WEMPTY = WNRY + WCONT

WOPMTY = WEMPTY ¢ WRESID + WCRFW ¢ WACSP




WIROFY = WOPMTY ¢ WPAYLD
WLAND = WEMPTY ¢ WPAYLD + WCRFEW + WRESID ¢ WACSRE
WENTRY = WLAND ¢ WACSP
WTO = WENTRY ¢ WPMAIN + WPRESV ¢ WPLOSS
WRITE (NW,1005) WTO, WENTRY, WLAND, WORY
1005 FORMAT(10X,7H WTQ = F10.2, 10H WENTRY = Fl10.2,
1 9H WLAND = F10.2, 8H WDRY = F10,2)
TF(ABS((WTOX-WTI)/WTD ) .LE. .001 } GO YO 915
GO 70 S50

915 CONTINUE

999 CONTINUE
RETURN
END
SUBROUTINE NPUT

COMMDN /ACOFEF/ AC (150)
CCMMON /COMON/ CH{ 1)
FQUIVALENCE (C( 1), NR )
EQUIVALENCF (C({ 2), THRUST )
EQUIVALENCE (C{ 3), ISHAPE }
EQUIVALENCE (C{ 4), CREW
EQUIVALENCF {C{ 51, MW
EQUIVALENCE {C!{ 6}, ACTR
EQUIVALENCE (C{ T}, IENG
EQUIVALENCE (C( 8}, PCHAM
EQUIVALENCE (C( 913, DM
EQUIVALFENCE (C( 10}, OH
EQUIVALENCE (C( 11), WAREF
EQUIVALENCE (CUl 14, PHIGH
EQUIVALENCE (C({ 151, PLOW
FQUIVALFNCF (C{ 16), TANKS
EQUIVALENCE (( L7), XINLFY

W T 7T, S T Ty

)

)

)

)

)

)

)

)

)

)

)

. )
EQUIVALENCE (Ct 18), WPMAIN )

3 EQUIVALENCE (C( 19), OF )

© oy EQUIVALENCE (C( 201, WTOIN )
e EQUIVALENCE (C( 21}, QFACS )
' EQUIVALENCE (C{ 221, XLF )
EQUIVALENCE (C( 23), STSPAN

FQUIVALFNCE (C( 24), SWING )

FQUIVALENCE (C( 25), TRONT )

EQUIVALENCF (C( 26), SVERT )

EQUIVALENCE (C( 27), SHORZ )

EQUIVALENCE (C( 28), QMAX )

FQUIVALENCF 1C( 291, SFAIR )

EQUIVALENCF (C( 30), APATIO )

FOUIVALENCE (C( 31), VFUTK

FOUIVALENGCF (2( 32), VOXTK )

EQUIVALENCE (5( 33), SFUTK )

EQUIVALENCF (C( 34), SOXTK )
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EQUIVALENCE (C({ 35), ELAODY )
EQUIVALENCE (C( 36), ELRAMP |}
FQUIVALENCE (C( 371}, 2ICAPT )
EQUIVALENCE (C( 381, ELNLET )
EQUIVALENCE (C{ 40), FCYHMOK )
EQUIVALENCE (C( 4111, GEOFCT )
EQUIVALENCE (C{ 42), GSPAN }
EQUIVALENCE (C( 43), TYTAIL }
EQUIVALENCE (Ct 44), STPS )
FQUIVALENCE (C( 45), SRODY )
EQUIVAL ENCE (C( 461, WPAYLD )
EQUIVALENCE (C( 47}, HRODY )
EQUIVALENCE (C{ 491, ENGINS }
FQUIVALENCE (C( 533, GO )
EQUIVALENCE (C( 54), RE )
EQUIVALENCE (C( 55), ICRY )
EQUIVALENCE (C( 57), WLANDI

C
NAMELISY /INWAP/ THRUST, ISHAPF, CREW , ACTR y IENG o PCH!
* r TM « DH » WAREF , PHIGH 4, PLOW , TANKS , XINt
& ¢+ WPMAIN, OF v WTOIN , OFACS , XLF v STSPAN, SWI}
* vy YTROOT 4 SVERY 4, SHORZ , QAMAX . SFAIR , ARATIO, VFU
« s VOXTK , SFUTK , SOXTK , FLAQOY, ELRAMP, AICAPT, EUNI
* ¢« FCTMOK, GEOFCY, GSPAN , TYTAIL, STPS e SRODY ¢ WPA®
* + HRODY 4 ENGINS, GO » RE ¢+ ICRY , WLANDI, AC
o

REAN (NR,INWAPY)
WRITE (NW, I[NWAP}
WRITE (Nw, 1000)
1003 FORMAT (LlHl, 5X, 30H NON-ZERO WEIGHT COEFFICIENTS //)
00 100 I = 1, 150
It { AC(f) o EO » 0. 1} GO TO 100
WRITE (NW, 10011 I, AC(D)
1001 FOGRMAT (1H 4 LOX, 3HAC( 13, &4H) = 3515.8)
100 CONTINUE

PRINT NESIGN DATA

aNaNel

WRITE (NW,13601}
1360 FORMAT (1Hl, S5Xy 23H D F S I G N N AT A // L3H WETTEN ARE
WRITE (NW,1365) SANDY
WRITE (NW,1372) SFUTK
WRITE (NW,1375) SIXTK
WRITFE (NW,1380)
WRITE (NW,1385) SAING
WRITE [MW,1420) SVERT
WRITE (NW,1405) SHORZ
WRITE (NW,1410) SFAIR
WRITE (NW,1460) STPS
WRITE (NW,1455)
1455 FORMAT (1 7THONIMFNSIONAL NATA )
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WRITE (NW,1450) GSPAN
WRITE (NW,1490) STSPAN
WRITE (NW,1500) TRNOT
WRITE {(NW,1585) AlCAPT
WRITE (NW,1590) EUNLET
WRITF (NWe1475) ELBOOY
WRITE {(NW,1480) HBODY

P e pvp— _—

SPPECIRI VU O PR T o V- W

1365 FORMAT {SX,10HGROSS BODY,27X,F9.2)

1370 FORMAT (5Xs1OHFUFL TANKS,27X,F9.21

1375 FORMAT (5X,14HOXIDIZER TANKS,23X,F9,2)

1380 FORMAT (1LlHOPLAN AREASH

1385 FORMAT (S5Xo4HWINGy33X,FG,2)

1400 FORMAT(S5X,L7HVERTICAL SURFACFS,20X,F9.21)

1405 FORMAT (SX,19HHORIZONTAL SURFACES,18X,F9,2)

1410 FORMAT (5X,LTHFAIRING (R ELEVON,20X ,F9, 2)

1460 FORMAT (5X, 16HTPS SURFACE AREA,21X,F9.2)

1450 FORMAT (S5X, L9HWING GEOMETRIC SPAN,1R8X,F9.2)

1490 FORMAT (SX,20HWING STRUCTURAL SPAN,17X,F9.2]
1500 FORMAT (SX,34HWING THICKNFSS AT THEARETICAL RONT,3X,F9,2)
1585 FORMAT (S5X,24HTITAL INLET CAPTIIRF AREA,12X,F9,2)
1590 FORMAT (65X, 19HTOTAL INLET LENGTH,19X,F9.2)

1475 FORMAT (SX,11HRODY LENGTH,26X,F 9,2}

1480 FORMAT (5X,1LHBIDY HEIGHT ,26X,F9,21

T+ e o T . e g <o

N e

TR T

P c

: E RETURN

: SURROUTINE PRINTA

‘ C AIRCRAFT UWFIGHTS AND VOLUME PRINT ROUTINF

i o

f o TEEAEREEXXERE START COMMON St s b Xkt A e AR AR G e R A RA KU KRT
! C

COMMON /COMON/ C(1)
Lo EQUIVALENCE (Ct 51, NW )
LY EQUIVALENCE (C{ 18), WPMAIM }
EQUIVALENCE (C{ 46), WPAYLD )
1 EQUIVALENCE (Cl S6), NODIN )

o COMMIN /WTS/ Wil)

LR FAUIVALENCE (W( 1), WCREW )
b EQUIVALENCE (W{ 2), WARENG )
‘ EQUIVALENCF (W{ 33}, WGIMuL I
FQUIVALENCE (W( 41, WOXCNT )
FQUIVALENCE (W( 51, WINSFT )
. EQUIVALENCE (Wi 61, WINSOT )
. EQUIVALENCE (W( 71, WPFNGS
s ECUIVALENCE (W( 8), WINLET )
: FOUIVALENCE (Wl 931, WOXSYS
EQUIVALENCF (Wl 10%, WTHRST )
EQUI VAL ENCE (Wl L1V, WENGMT
EQUIVALENCF (wW( 12), WaPIMp
EQUIVALENGE (Wl 1301, WDISTL
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AR
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EQUIVAL ENCE
EQUI VAL ENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUI VAL ENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCFE
EQUIVALENCE
FQUIVALENCE
EQUIVALENCE
EQUIVAL ENCE
€ QUI VAL ENCE
EQUIVALENCE
EQUIVALENCE
FQUIVALENCE
EQUIVALENCE
FQUIVALFNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUI VAL ENCE
EQUEVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCF
EQUIVALENCE
FQUIVALENCE
EQUIVALFNCE
EQUIVALFENCE
FQUIVALENCE
EQUIVAL ENCE
EQUIVALENCF
EQUIVALFNCE
EQUIVALENCE
EQUIVAL ENCE
EQUIVALENCE
FEQUIVALENCE
EQUIVALENCE
EQUI VAL ENCF
EQUIVALENCF
EQUIVALENCE
FQUIVALENCE
EQUIVAL ENCE
EQUIVALENCE
EQUIVALFNCE
EQUIVALENCST
EQUI VAL ENCF

(Wi
(wi(
(W(
(Wi
(Wi
{ we
(o
(Wt
(W(
(W(
(W
{w(
(w{
(W{(
¢ w(
(Wi
(W(
(Wt
(W
(Wi
(wi
(W
(Wi
(Wl
(W
(w(
(Wl
(Wl
( wi
(W
(Wt
(W(
(v
(Wi
(W
(Wi
(wi
(WY
(W
(Wl
(wW(
(W
(Wl
(=
(W
(Wi
{wl
(I
(Wi
(W
(W

14),
1514,
16)
17),
181,
19.'
201,
211,
22 ),
23y,
2410
251,
261,
27)
28),
29,
30},
31)
32),
31),
35),
361,
37y,
381,
29),
401,
413,
421,
431,
44,
45),
4619,
IQT"
481,
49},
50),
510,
52 ),
523,
541,
551,
56 ),
ST)
581,
5914,
601,
61i,
621,
631,
~G),

WSPIKF
WFUELM
WOX [DM
WFRESY
WORESYV
WPRESYV
WFUEL
WOXID
WFTRAP
WOTRAP
WFUTCT
WOXTOT
we
WRESID
WACSFU
WAC SOX
WACSP
WWING
WVERT
WHORZ
WFA IR
WFLUNCT
WBASIC
WSFCST
WBODY
WFUSYS
WSURF
WPRSYS
WOIST?2
WFCONT
WREFUL
WO RANS
WSEAL
WINSUL
WwiDUCT
WY RAMP
WeRQPLU
WAERQ
WORNT
WSEP
WACS
WACSTK
WELECT
WHYPNU
WO WRSY
WAVONC
WC PRQV
WNRY
WCNANT
WEMP TY
WOPMTY

)
)
)
)
L
)
)
'
)
'
)
)
)
)
)
)
!
)
}
)
)
)
)
)
)
)
)
}
)
)
)
)
)
)
}
}
)
)
)
)
)
}
'
}
}
)
)
)
)
)
)




EQUIVALENCF (W[ ©5), WIROFU )
EQUIVALENCE (W( 661, WLAND )
EQUIVALENCF (W( 671, WCOVFR )
EQUIVALENCE (W( 68), wTPS )
EQUIVALENCF (W( 69}, WLANCH
EQUIVALENCFE (W( 701, WLG }
FOQUIVALENCE (W( 71), WGEAR )
)
)
)
)
)
)

A AT ARSIy e et AT

FQUIVALENCE (W( 72), WTO

EQUIVALENCE (W( 73), WACSRE
EQUIVALENCE (Wl T4), wWPLNSS
EQUIVALENCE (W{ 75}, WFENTRY
EQUIVALENCE (¥W({ 76), WINFUT
FQUIVALFNCE (W( 771, WINOXT

OoONe

LRSS RS S22 TS 3] END COMMNN EORE R R R R E AR NN AR T AR A ARG E R AR kT

NAMELIST /VSACPA/ WSURF, WWING, WVERT, WHORZ, WFAIR, WBODY, Wi
+WSECST, WTHRST, WTPS, WINSUL, WCOVER, WGFAR, WLANCH, W(LG, W!
' WRENGS, WABENG, WFUNCT, WOXCNT, WINSFT, wWINSOT, WFUSYS, WOX:
+WPRSYS, WINLEY, WORNT, WGIMRL,WACS, WAERQO, WSEP, WACSTK, WP\
¢+WELECT, WHYPNU, WAVONC, WCPRQOV, WORY, WCONT , WCREW, WPAYLD
yWRESIND, WFTRAP, WNTRAP, WACSP, WACSFU,. WACSOX, WZRFU, WPRES)
tWFRESY, WORESV, WPMAIN, WEUELM, WOXINM, WTQ v WINFUT, wWIN(
+WENGMT, WBPUMP, WDISTl, WSPIKE, WFUEL v WOXID o WFUTDT, wWOX®
1 WP v WOIST2, WFCONT, WRFFUL, WNRANS, WACSRE, dPLOSS, WEN®
+WSEAL , WIDUCT, WVRAMP, WEMPTY, WIPMTY, WLAND

LB R R BE NP BE BE WP 3

O0IN DATA BASE OQUTPUT

[ el

WRITE (NODIN,YSACPA)

PRINT WEIGHTS

el Nl

WRITF (NW,1000)
1000 FCIMAT (IH1l, SX, 354 W € T G H T STATEMENT ¢ 35X,
1 22H NOIN NAME AND FQRMULA 77/ )
o
WRITE (NW,1005}) WSURF, WWING, WVERT, WHOPZ, WFA IR
1005 FORMAT (21H AERDDYNAMIC SURFACES, 41X, F9.0, S5X,
40H WSURF = WWING + WVERT + WHORZ + WFAIR //
5Xy 4HWING, 44X, F9.0, 14X, :
53H WWING = AC(1}) = (WTO*XXLF=STYSPANKSWING/TRIOT 1 «%AC( 78!
B2Xy 32H & 1,F6 ¢+ AC(2) * SWING + AC(3) /
B2X, 43H ¢ AC(117) % (WLAND®XLF*STSPAN®SWING/TROQT 7/
82X, 18H * 1 ,E-9)¥xAC(118) /7
5Xy1THVERTICAL SURFACFES, 31Xy F9,2, 14X,
40H WVERT = AC(4) % (SVFRTI%%AC(89) + AC(LSY 7/
5Xy 19440RI ZONTAL SURFACES, 29X 4F9.0, laX.
4TH WHNRZ = AC(6) % (IWTN/SWINGI*%] .6 * SHNRZ ®x%x1,2 /
B2X,y 29H % QOMAXX%*),Q3*&AC(90) + AC(T)Y /
82Xy 42H ¢ AC(L19) * ((WLAND/SWING)*%, 6% SHURZ &% ] ,2 /
82Xy 21H % QMAX®AX R)e®AC(]120) //

R ODNDINR R D WN -

B T T ronyp—
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- 5X, BHFAIRINGS, 40X, F9.0, laXx,
1 309H WFAIR = ACI3) * SFAIR + A&C(9) //)
(o}
WRITE (NwW,1039) WBOOY, WEBEASIC, WSFCST, WTHRST, WINFUT, WINOXT
1030 FORMAT (15H 80nY STRUCTURE, 647X, F9.0, 55X,
SIH WBODY = WBASIC . WSEZST + WTHRST ¢ WINFUT ¢ WINOXT
5Xe¢ 20HBASIC ®0DY STRUCTURE, 28Xy F9,0, 14X,
29H WBASIC = AC({14)SRODY+AC(16)Y /
82X, L2H ¢+ A((lSl*((FLBODY*XLF/HROOYt‘.lS*Q"Axt*.lb /
B2X, 234 * SBNDY®*]  O5)%«%AC(8]1) //
5Xe LIHSECONNARY ST2ROCTYRE, 29X, F9.0, lax,
31H WSECSY = AZ(17)%SRONLY + AC(18) 7/
5Xy 16HTHRUST STRUC TURF, 32X, F9.0, 14X,
30H WTHRST = AC(1SISTTIT + AC(29) 7/
Xy LOHINTECOAL FUEL TANKS, 29X, F9.0, 14X,
33H WINFUT = AC(132)2VFUTX + AC(131) //
5Xy 23HINTEGRAL OXYNDIZFR TANKS, 25X,y F2,0, léX,
33H WINOXT = AC{132i%VOXTK + AC1]133) /7)

WN&- BODyo NS N -

WRITE (NW,1060) WTPS
WRITE (NW,1065%) WINSUL
HRITE (NW,1070) WCNVER
WRITE (NW.LO7S) WGE AR
WRITE (NW,1080) WLANZH
WRITE (NW,1085) WLG
WRITE {NW,1090) WPROPU
WRITE (NW,1095) WRENG'S
WRITE (NW,1100) WABENG
WRITE (NW,L110) WFUNCT
WRITFE (NW,1115) WOXCNT
WRITE (NW,1120) WINSFT
WRITE (NW,1125) WINSOT
WRITE (NW,1130) WFUSYS
WRITF (NW,1135) WOXSYS
WRITE (NW,1140) WPRSYS
WRITE (NW,1145) wWINt ~
WRIiTE {NW,1150) WORN:
WRITE (NW,1155) WGIMBL
WRITE (NW,1160% WaACS
WRITE (NW:116%) WAERD
WRITE (NW,1170) WSEP
WRITF (NW,1175) WACSTK
WRITE (NW,118B5) WPWRSY
WRITE (NW,1190) WCLECT
HRITE (NW,1195) WHYPNL)
WRITE (NW,1200) WAVONC
WRITE (NW,1205) WCPRQOV

WRITE (NW,1210) wDRY

1210 FORMAT (19H VEHICLFE NRY WEIGHT, 43X, F9,0, SX,
1 53H WDRY = WSURF ¢ WBODY + WTPS o WGEAR + WPROPU + WORN

120



2 B2Xy 27TH + WPWRSY ¢ WAVONC ¢ WCPROV /7 )

WRITE (NW,12195)

WCONT

1215 FORMAT {2940DESIGN RESEPVE {CONTINGENCY},33X,F9.0)

c

WRITE (NwW,1220)

WEMPTY

1320 FORMAY (124 EMPTY WEIGHT, 49X, 9.0, 5Xy
1 22H WEMPTY = WDRY + WCONT //)

c

c

WRITE (NwW,1225)
WRITE (NW,1220)
WRITE (NW,1230)
WRITE (NW,12351
WRITE (NW,1240)

WRITE (NW,1300)

WPAYLD
WCREW

WRESID
WFTRAP
WOTRAD

WLAND

1200 FORMAT (L5H LANDING WEIGHT, 47X, F9,0, 5X,
1 SOH WLAND

c

c

C

c

c

c

WRITE (NW,1575)
WRITE (NW,12851
WRITE (NW,1290)

= WEMPTY + WPAYLD + WCREW + WRESID + WACSRE

wacse
WACSFU
WACSNX

1575 FORMAT (15HOACS PROPELLANT ,47X,F9,01

1285 FORMAT (5X,
1290 FORMAT (5X,

HRITE (NW,1310)

4HFJEL 44 X, F9.0}
BHNOXIDIZER,40X,F9,0)

WENTRY

1310 FORMAT {134 ENTRY WEIGHT, 49X, F9.0, 5X»

1580

1

WRITE (NwW,12890)
WRITE (NW,1285)
WRITE (NW,129))

WRIFE {(NW,1580)
WRITE (NW,1285)
WRITE [(NW,1290)
FORMAT (19HORESE

WRITE (NW,1330)

L1330 FORMAT ([18H INFL

1

2TH APLOSS

WRITE (NW,1295}

1295 FORMAY (134 GRCS

1060
1065
1070
1075

1

40H WTD =

FORMAT (33HOINDU
FORMAT (5X,]18HVE

24H WENTRY = WLAND + WACSP //)

WPMAIN
WFUCLM
WOXIDM

WPRESV
WFRESY
WORESYV
RVE PROPELLANT,43X,F5,0)

WPLOSS
IGHY LOSSES o+ 44X, F9.D, 59X,
= AC(l16) & WOMAIN 7/ )

WTn
S WELGHT, 49X, F9.0, 5X,
WENTRY ¢+ WOMAIN + wWPRESV + WPLOSS 7/}

CEG ENVIRONMENTAL PROTECTION, 29X ,¥9.01
HICLE TNSULATION,2DX,F9,0)

FORMAT (5X,I2HCOVER PANELS,36X,F9.0)
FORMAT {?20HMOLAUNGCH AND RECOVERY, 42X,F9,0)




1080 FORMAT (5X,LIHLAUNCH GEAR,37X,F9.0)
1085 FORMAT (5X,12HLANDING GEAR,26X,F9.0)
L0900 FNRMAT (LIHOPROPULSION,SLX,F9.0)
1095 FORMAT (5X414HRICKET ENGINES,34X,F0.0)
1100 FORMAT (SX,20MATRBREATHING FNGINES,28X,F9.0)
1110 FORMAT (5X, 29HNON-STRUCTURAL FUEL CNNTAINER,19X,F9.0)
1115 FORMAT {5X,33HNIN-STRUC TURAL OXIDIZER CONTAINER,15X,F9.0)
1120 FORMAT (5X,20HFUFL TANK INSULATION,28X,F9.0)
1125 FORMAT (5X,24HOXIDIZER TANK [NSULAT [ON,24X,F9.0)
1130 FORMAT (5X,11HFUEL SYSTEM,37X,F9.0)
L135 FORMAT (SX,L5HIXINTZER SYSTEM,33X,F9.0)
1140 FORMAT (5X, 21HPRESSUR IZATINN SYSTEM,27X,F9.0)
1145 FORMAT {SXx, 6MINLETS,42X,F9,0)
1150 FORMAT(?THONDRIFNTATION CONTROL SYSTEM,35X,F9,.0)
1155 FORMAT {S5X,20HENGINF GIMRAL SYSTEM, 28X,F9,0)
1160 FGRMAT (5X,23HATTITHUDE CUNTROL SYSTFM,25X,F9.0)
1165 FORMAT {5X,20AFRODYNAMIC CONTROLS + 28X, F9.21
1170 FORMAT (S5X,17HSEPARATION SYSTFEM,31X,F9,0)
R 1175 FORMAT (6X,31HATTITUDE CONTROL SYSTEM TANKAGE.17X,F9.01
Lo 1185 FORMAT (13HOPOWER SUPPLY ,49X,F9.0)
'% 1199 FORMAT {(SX,17HFLECTRICAL SYSTEM,31%,F3.01

B e R S———

e

1195 FORMAT (5X, 26HHYDRAUL IC/PNEUMATIC SYSTEM,22X,%9.0)
1200 FOMA T (L16HOAVIINICS SYSTEM,46X,F9.0)

1205 FORMAT (16HOCREW PRIOVISIONS,46X,F9.9])

1220 FORMAT { SHOCREY,57TX,F9.0}

1225 FORMAYT ( BHOPAYLOAD,54X,F9.0)

1230 FORMAT {20HORESIDUAL PROPELLANT 142X ,F9.0}

1235 FORMAT (SX,12HYPAPPFD FUEL, 26X, F9.0}

1240 FORMAT (5X, L6HTRAPPED OXINIZ2ER,32»,F9,0)

1280 FORMAT (17HOMAIN PRAOPFLLANTS,45%X,FQ,0)

e d a3

c
o 900 RETURN
L END
E
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