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FOREWORD

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

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

This report is submitted in three volumes:

I Program Formulation
II Program Description
111 User Manual

This volume contains the definition of the Weight/Sizing Design Synthesis
Computer Program, along with the rationale leading to its development. Included
is a listing of the weight scaling models, the physical description of the

equations, and supporting weight data.
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1. INTRODUCTION

The primary objective of this study was the development of a Weight/Sizing
Design Synthesis Methodology to be used in support of the main line Space Shuttle
Program. This methodology has a minimum number of data inputs and quick turn
around capabilities consistant with the objective of enabling the NASA to rapidly:
(a) make weight comparisons between current Shuttle configurations and proposed
changes, (b) determine the effects of various subsystems trades on total systems
weight, and (c) determine the effects of weight on performance and performance
on weight.

We have used the technology developed during the Space Shuttle Phase B
Program as our starting point, and expanded this technology into a workable
family of weight estimation models tailored to the parallel burn Orbiter with
an external LOX/LH2 tank and a solid rocket motor booster. These models permit
rapid weight and sizing calculations to be made with sufficient accuracy to
measure the load, material, geometry, system configurations, and environmental
parameters of interest to the Shuttle Program.

The study was organized into six tasks conducted in three distinct steps.
The first step was to identify and deliver baseline programs (Task 1), and to
review existing technology to identify each equation and to scope the effort
required to develop each element (Task 2). Our starting point was the existing
CASPER (Configuration Analysis, Sizing and PERformance) program developed for a
fully reusable Space Shuttle, and APSE (Analytical Parametric System Evaluation),
which is an expanded version of CASPER, capable of multiple vehicle baseline
configurations, and the VSP (Vehicle Sensitivities Program), developed to provide
vehicle sensitivities. These baseline programs, along with informal user guides,
were delivered to the NASA at the initial review on 30-31 August 1972.

The second step of this study, Tasks 3, 4, and 5,was to develop the required
weight/sizing equations. We concentrated our efforts on those elements which
contribute a significant fraction of the inert weight, and have a significant inter-
face with the major load, material, and configuration parameters of the Shuttle.
We identified these key elements as the wing and tail torque box, the body
basic structure, the landing gear structure, the external tank, and the
propulsion system inerts. The models for these key elements are developed (Task
3) from analytical relationships to a level consistent with overall input data
requirements and required output accuracy. The remaining elements, such as the

1-1
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Thermal Protection System, Controls, Power, and Avionics, are represented by
empirical relationships developed (Task 4) from existing models, hardware data,
or Shuttle study data. Accuracy is demonstrated (Task 5) at both system and
subsystem levels.

The third step, Task 6, refined the logic of the baseline APSE program,
and oriented it to the current configuration of an external tank orbiter with
a solid rocket motor booster. Additional work consisted of incorporatkng
the developed equation into the refined program and installing it on the
JSC UNIVAC 1108 computer.

The results of this study will provide the NASA with a weight/sizing
computer program that: (a) can analyze the current configuration and ongoing
efforts, (b) provides various vehicle sizing options, including size to payload,
size to gross weight, and size to critical mission. The program will compute
delta payload or delta performance with provision for constant thrust or T/W ratios,
and (c) provide gross weight sensitivity to various system parameters, including

payload weights and volumes, on orbit AV, system inert weights, I and thrust

Sp’
level.

1-2
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2. APPROACH

Step 1, encompassing Task 1, Identify and Deliver Baseline Programs, and
Task 2, Review Existing Technology to Identify Each Equation and Scope the
Effort Required to Develop Each Element, was utilized as the basis for formu-
lating the Weight/Sizing Design Synthesis Computer Program. This step defined
our starting point and depicted our anticipated results.

Step 2, including Task 3, Development of Analytical Models for Key Elements,
Task 4, Refinement of Empirical Models for Remaining Elements, and Task 5, Weight
Model Accuracy, derived the weight-estimation models to be used in defining the
orbiter, booster, and external tank modules.

Step 3 is essentially the culmination of the study. This step (Task 6)
formulates the Weight/Sizing Design Synthesis Computer Program. This is the
Executive S$izing PERformance (ESPER) progran.

The ESPER program is a multioption sizing/synthesis program geared to the
Solid Rocket Motor (SRM) Booster in parallel with an external hydrogen/oxygen
tank orbiter for either the easterly (28-1/2 deg inclination) polar (90 deg
inclination), or resupply (55 deg inclination) missions. The program has two
primary options:

(a) fixed hardware, and

(b) iterative vehicle sizing.

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

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

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

weight options determines the booster engine size,plus the propellant requirements.
2-1
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Each of the vehicles has several modes of analysis available. The orbiter,
external tank, and booster weight can be determined by the option of detail
analysis, detail analysis while maintaining a user input dry weight, or no analy-
sis but simply utilizing an input weight to represent the vehicle. In addition,
the external tank and the booster are represented by simplified equations in
which the parameters of interest are curve-fit to determine the vehicle weight.

In addition to printing out the performance parameters, the option is avail-
able to print out the detail subsystems weights of each vehicle, providing a
line item comparison with the current Shuttle vehicle. Another option would
be a simplified printout, containing only the vehicle dry or burn out weight as
listed in the performance parameters.

Two performance subroutines are tied into the ESPER program to allow the
user to determine growth characteristics or vehicle sensitivities.

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

Inherent with the multivehicle concept are extremely simplified weight rela-
tions, as depicted in the APSE system sizing network (Figure 2-1). The weight
equations in APSE consisted primarily of mass fractions, with the booster being a
function of thrust and propellant load, the orbiter a function of thrust, and the
external tank a function of required propellant. These mass fractions were derived
from study point designs, and required continual updating to meet the ever changing
criteria. With ESPER being based on the current baseline vehicle, and the multi-
vehicle studies dropped, the major emphasis of this study was directed to the
expansion of the weight relationships.

Figure 2-2 presents a simplified flow chart of the ESPER program. The program
consists of three vehicle modules, two functional modules, and three performance
subroutines. The vehicle modules contain the analytical and empirical equations
and relationships required to completely define the orbiter and booster, and the
external tank respectively. As noted in the introduction, these equations will
measure the pacing parameters of load, material, and geometry. The functional

modules describe the vehicle sizing and the trajectory analysis. The output

2-2
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is an analyzed vehicle which, when coupled with the performance subroutines, will
allow the user to derive growth accommodations, sensitivites, and payload
capabilities. These modules and subroutines operate under the logic and direction

of the Control/Assembly program.

:gg{lTLEER SIZING
MODULE MODULE
EXTERNAL TANK ESPER
MODULE — » CONTROL/ASSEMBLY
SIMPLIFIED EQ. PROGRAM
BOOSTER TRAJECTORY
MODULE
MODULE
SIMPLIFIED EQ.
A
GROWTH & FIXED HARDWARE
SENSITIVITY - CQCILJLZEED | & PAYLOAD CAPABILITY
OPTION OPTION
Y
MODULE LEVEL
PRINT OUT
SUBSYSTEM LEVEL
PRINTOUT

FIGURE 2-2 ESPER FLOW CHART
The APSE program was selected as the basic sizing logic after a review of
existing sizing/synthesis programs. The review consisted of all available
Space Shuttle Phase A, Phase B, and Extension Study data. In addition to the
Space Shuttle Study reports, a total of ten additional reports were reviewed
which might have had applicability to the weight/sizing effort of this study.
The reports reviewed are:

(1) '"Space Shuttle Synthesis Program (SSP)", Report No. GDC-DBB70-002,
dated December 1970,submitted under Contract NAS 9-11193 to NASA-MSC
by General Dynamics Convair.

(2) "Improved Scaling Laws for Stage Inert Mass of Space Propulsion
Systems', Report SD 71-534, dated June 1971, submitted under contract
NAS 2-6045 to NASA-ARC by North American Rockwell.

(3) "Weight Analysis of Hypersonic Airbreathing Aircraft", Report
GDA-DCB-64-089, dated December 1964, submitted under contract
NAS 2-1870 to NASA-ARC by General Dynamics/Astronautics.

2-4
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(4) "Hypersonic Aerospace Vehicle Structure Program, Volume II Generalized
Mass Properties Analysis', Report No. AFFDL-TR-68-129,dated
January 1969, submitted under Contract F33615-67-C-1300 to
USAF-FDL-WPAFB by Martin Marietta Corporation.

(5) '"Weight Estimating and Forecasting During Conceptual Design', Report
No. MSC-01259, dated November 1970. Submitted under Contract NAS
9-10326 to NASA-MSC by Martin Marietta Corporation.

(6) Proceedings of Weight Prediction Workshops sponsored by Systems
Engineering Group, Research and Technology Division, Air Force Systems
Command, WPAFB, H. G. Kasten, Organizer for the Years 1965, 1966,
1967, 1968, 1969, and 1970.

(7) "Optimized Cost/Performance Design Methodology", Report No.
MDC E0005, dated 1 September 1969, submitted under Contract NAS 2-5022
to NASA OART by McDonnell Douglas Corporation.

(8) "Structural Systems and Program Decisions', Report No. NAS SP-6008,
Volume I, prepared by the Apollo Program Office, NASA.

(9) "Vehicle Synthesis for High Speed Aircraft", Report No. AFFOL-TR-71-40,
dated June 1971, submitted under Contract F33615-70-C-1109 to FDL, WPAFB
of the USAF by General Dynamics/Convair.

(10) "Parametric Weight Scaling Equations for Solid Propellant Launch Vehicle",

Report SSD-TR-66-85, dated April 1966, prepared by J. E. Kimble,
Aerospace Corporation for Space Systems Division, USAF.

A synopsis of these reports and the rationale for choosing the MDAC-E APSE
program is discussed in depth in the midterm report. (Reference S)

To facillitate rapid turnaround and ease of updating for major configuration
changes, the modualized concept was utilized. As these modules are entirely self-
contained, they may be readily changed or completely replaced at the discretion of
the user.

The Control/Assembly program integrates the vehicle modules and combines them
in an iterative computational sequence for the orbiter, external tank, and booster.
The specific weight relationships developed for each vehicle module and the ascent
trajectory curve fit of velocity losses feed into this Control/Assembly program.
The use of separate modules provide a systematic means of controlling the logic
flow in the program. The ESPER control logic is shown in the flow diagram,

Figure 2-3.
2-5
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FIGURE 2-3 ESPER FLOW DIAGRAM

Vehicle Modules - The vehicle modules are made up of a series of independent

subsystem models. The advantages, from a user standpoint, of this modularized
system are unique. This concept allows the user to make subsystem modifications
without affecting the rest of the module, and provides a means for replacing the
subsystem mpdels or the entire vehicle module with future routines obtained from
the mainline Shuttle program. The user needs only to program the new module fol-
lowing a set of straightforward rules to insure adequate linkage ,and to insure

that every required function is accounted for.

Each vehicle module consists of the analytical and empirical weight equations
so that each model represents a group weight of the NASA functional grouping.
We used the NASA Phase B functional weight grouping (Figure 2-4) to assist in
identifying the weight models to be developed, and in determining whether the
model is analytical or empirical in nature. By defining our weight models
as line items of the functional grouping, we have obtained a direct line-by-line
comparison of our model data with the weight status reports of the main line

Shuttle program. This comparison will identify for the user which areas of the
2-6
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program need updating or which elements of the reported weights require scrutiny.
The major discriminator used to determine whether or not an item should be
analytically or empirically derived was the relative weight of that component as
compared to the total. (Figure 2-5).

As noted in the introduction, Task 3 was the development of analytical
relationship for key elements. Many prediction methods have been developed and
used in aircraft and spacecraft design over the last three decades. These range
from simple weight to area or volume relationships to extremely sophisticated
finite element models. The methods most often encountered in design synthesis
srograms have leaned towards the simple relationships, such as wing weight being

a function of design weight, and some geometry parameters with a curve fit exponent.

WT = f (WT, AR, AREA, ETC.)x

PERCENT WEIGHT ANALYSIS METHOD
WING 9 ANALYTICAL
TAIL 2 ANALYTICAL
BODY 26 ANALYTICAL
TPS 18 EMPIRICAL
LANDING/DOCKING I ANALYTICAL
PROPULSION 21 ANALYTICAL
PRIME POWER 3 EMPIRICAL
ELECTRICAL 3 EMPIRICAL
HYDRAULIC 2 EMPIRICAL
SURFACE CONTROLS 3 EMPIRICAL
AVIONICS 3 EMPIRICAL
ENVIRONMENTAL CONTROL 2 EMPIRICAL
PERSONNEL PROVISIONS 1 EMPIRICAL

FIGURE 2-5 ORBITER MODEL DEFINITION

2-8

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST






DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS REPORTNRC Snte

COMPUTER PROGRAM - FINAL REPORT 28 FEBRUARY 1973

The typical fuselage, due to its complexity, is often treated even more rudimentar-
ily with weight being simply a function of surface area and unit weight. The objec-
tive of our program is to have the capability to measure the major load, material,
geometry, and configuration parameters, while keeping the variable parameters, and
consequently computation time, to a minimum. Our approach to the solution of this
task was to develop analytical weight prediction models for only those elements of
significant weight that are directly affected by the pacing parameters. The analy-
tical model will be at a level of sophistication adequate to accurately measure the
effects of these parameters, yet simple enough that input data and computer run
time are small.

The development of a structural analytical model follows three basic steps as
illustrated by the Wing Weight Prediction Model, Figure 2-6. First, a simplified,
mathematically workable arrangement of elements for the component to be estimated
is developeds and the significant geometric factors which are to be investigated are
established. Next, the external loads are derived and a means of scaling these
loads with the wvehicle characteristics is developed. Finally, the elements of the
component are modeled to carry the internal loads which have been developed from
the external loads.

Any analytical model will have a large number of parameters. Several steps
have been taken to insure actual input data is minimum while consistent with
capability to measure the significant factors. First, a common model is used for

all structural components using shell structure. Second, careful attention is

given to all parameters to insure that parameters that can be derived from other
input data are calculated within the program, and third, in certain cases para-
meters which are unlikely to be varied for the Shuttle program, but may be
required to obtain application to conventional aircraft or other vehicles, will
be ""fixed" in the program.

The models are not intended to yield an optimized structural design, but
rather to provide data adequate to define reasonable weights and their sensitivites
to the design and performance criteria applicable tu each study or configuration
considered.

The analytical relationships were used for the wing and tail torque boxes,
the body basic structure, the landing gear struts, and the propulsion system
of the orbiter module. Additionally, the tank and booster modules are primarily

analytical.
2-9
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Empirical models make up the remaining orbiter dry weight. The emphasis in
these models is on adequate accuracy with a minimum of input data, and use of
simplifying assumptions which will result in significant reductions in computer
storage and run time. The heading of empirical models includes curve fits to
more sophisticated programs, ratioing of Shuttle detail design data points, curves
through data points of comparable existing hardware elements, or a mixture of the
above. Even the inputting of selected constants, such as avionics, has been
categorized as empirical methods for the purposes of this discussion. Background
data available for this task comes from several sources, including McDonnell
Aircraft Company and Douglas Aircraft Company estimation work, and a host of
papers and contracted efforts for weight estimation methods.

This empirical approach is used on secondary structural items of the wing
group, tail group, and body group in order to completely weigh these assemblies.
By combining these secondary items with the analytical weight models, the corre-
lation of the completed body/wing weight (analytical plus empirical methods) can
be made. Similarly, certain subsystems, such as Prime Power, Electrical Conversion
and Distribution, Hydraulic Conversion and Distribution, Surface Controls, Avionics,
Environmental Control, and Personnel Provision, will also be treated empirically.
Current Shuttle work shows that although the total weight for the seven systems
above is approximately 17 percent of the vehicle dry weight, these subsystems are
not highly sensitive to the vehicle configuration. For this reason, we feel an

empirical approach will satisfy the accuracy requirements for these systems.

Additionally, the external tank module and the SRM module include simplified
equations derived by curve fitting the results of the detail equations for specific
parameters and ranges of interest. The simplified equation is an optional usage
of the program, and its purpose is to increase the flexibility of the program by
reducing the input data and computer run time. Included in the program are basic
simplified equations, but the option is available for NASA to replace them with
their own equations, similarly derived, using parameters of their own specific
interests. An example of this simplification would be the external tank mass
fraction as exemplified in the APSE System Sizing Network, Figure 2-1. The data
shown 1s a plot of a simplified equation for an external tank mass fraction as a
function of usable propellant weight. Output, resulting from the utilization of
these simplified equations, would, of course, not be at the detailed level as
are the results of the analytical and empirical methods. The input data in
general is geared to the Design Data Summary of the NASA Group Weight Statement.

2-1
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All modules requiring external data have their own NAMELIST input. The advantage
of this method of input is that the user can modify individual modules without
perturbating the overall input data list.

Sizing Module — The sizing model contains the iteration techniques capable of

scaling the reference configuration to meet the major vehicle parameters of wing
loading and volume. This iteration technique will scale the configuration to a
fixed staging velocity, or to a minimum gross launch weight. Specific scaling
rules in the vehicle modules establish the areas, volumes, lengths, etc., required
to describe the resized configuration without resorting to extensive geometry
analysis routines. The scaling effort of the orbiter includes the following
elements listed in sequential order. The body can be "stretch" sized without
changing body diameter; the body width can be increased or decreased, or there
can be a combination of both. The wing reference area has two main options; a
fixed area or a resized area to hold wing loading at a constant. The vertical
tail can be sized to maintain a constant tail volume coefficient.

The external tank sizing will have three main options; size to propellant
volume by varying length with diameter held constant, varying diameter with length
held constant, or size to volume maintaining a constant length/diameter ratio.

The SRM module iterates on required propellant for the design mission,

sizing the structure for a user input diameter.

Trajectory Module - The trajectory module contains the curve fits of an

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

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

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

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

The equations are empirical relationships derived from parametric ascent
trajectory shaping studies and are intended to be used for ideal staging velocities
in the range of 8000 to 12000 ft/sec. Ascent losses have been shown to be a strong
function of thrust/weight at lift-off (T/Wl), and thrust/weight immediately after

staging, (T/wz). Other significant correlation factors in the velocity loss
2-12
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equation are staging velocity (VS), first stage drag parameter (W/SCD), and launch

site altitude (H). All of the above parameters are self-explanatory with the

D’ The SCD value used is between Mach numbers 1.2 and 1.5, where "S"
is the frontal projected area of the mated configurations and C

exception of SC
D is the drag coeffi-
cient.

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

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

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

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

c) First stage drag parameter is less than 12000 or greater than 1000.

If these limits are exceeded, the program selects the applicable limiting parameter
and outputs a warning that the results are outside the bounds of the curve fit
equations and the validity of the results is questionable.

Table 2-1 and Figures 2-7 through 2-10 represent the results of the parametric
ascent trajectory studies used in deriving the velocity loss curve fits. This data
is presented to be used as check points if it is desirable to change the curve fit
equation to represent modified trajectories as the design progresses.

Performance Subroutines - These subroutines enable the user to compile the

performance data of the reference configuration. These performance routines have
three options; sensitivities, growth, and fixed hardware (payload capability).

The sensitivity data can be generated in two fashions. Rubber vehicle sensi-
tivities can be derived for virtually any parameter by varying the selected param—
eter a specified increment, and making consecutive runs on the ESPER program. Fixed
hardware sensitivities can be developed using a sensitivities subroutine, which is

incorporated into ESPER.

2-13
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ASCENT VELOCITY LOSSES

REPORT MDC E0746
VOLUME |
28 FEBRUARY 1973

(3) w/scD = 4050 lb/FT2 (Glow/SC

v FT/SEC v
1 (IDEAL) (T/W)l (T/W)2 L. FT/SEC
8,000 1.20 0.70 8,620
0.85 7,300
1.10 6,495
1.60 5,970
1.40 0.70 7,520
0.85 6,200
1.10 5,395
1.60 4,870
1.60 0.70 6,910
0.85 5,590
1.10 4,785
1.60 4,260
10,000 1.20 0.70 8,400
0.85 7,080
1.10 6,275
1.60 5,750
1.40 0.70 7,200
0.85 5,880
1.10 5,075
1.60 4,550
1.60 0.70 6,660
0.85 5,340
1.10 4,535
1.60 4,010
12,000 1.20 0.70 8,250
0.85 6,930
1.10 6,125
1.60 5,600
1.40 0.70 6,950
0.85 5,630
1.10 4,825
1.60 4,300
1.60 0.70 6,460
0.85 5,140
1.10 4,335
1.60 3,810
(1) Polar Mission (50 x 100 NMI) 1 = 90°
(2) Series Burn (Solid - I 268/HiPC - ISP = 455)
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Vg, RELATIVE VELOCITY - FT/SEC

Vg, RELATIVE VELOCITY - FT/SEC
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The growth option enables the user to grow the reference configuration in four
ways; increase the orbiter only, increase the booster only, increase the external
tank only, or increase both orbiter and booster. An incremental weight is added
per specified option, and the configuration is resized.

The fixed hardware option enables the user to fix the entire configuration,
thus giving him the capability to investigate changes in payload due to mission
changes (polar, resupply, easterly). Additionally, the user can run a single

fixed hardware sensitivity without using the entire sensitivity subroutine.

2-17

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST






DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS R e |

COMPUTER PROGRAM — FINAL REPORT 28 FEBRUARY 1973

3. ORBITER MODULE

The Orbiter Module contains the analytical and empirical weight estimation
relationships necessary to completely define the vehicle. These relationships are
combined into separate models, each model fully describing a weight group from the
NASA functional coding. As an example, the Wing Group Model contains the analytical
relationships describing the weight of the torque box plus empirical relationships
defining the remaining elements of the wing, such as leading edge, landing gear
provision, and elevon. Each model is checked for accuracy at the group level, i.e.,
the wing model is checked against existing wings (Figure 3.1-5), and again in com-—
bination with the remaining models making up the Orbiter Module against an Orbiter
point design.

3.0.1 The Orbiter Module is set up to analyze a point design vehicle with
minimum data. The NASA weight report and design data, coupled with a three-view
drawing of the Orbiter, supplies all inputs necessary to analyze the configuration.
Volume III, The Users Manual, lists all required input data, and delineates the
interface with the Group Weight Statement and the Design Data Summary. A point
design analysis will give a detail line-item comparison with a contractors weight
report. This comparison will provide insight to variations of payload and perfor-
mance characteristics as well as indicate subsystems that require scrutiny, either
updating the model to a more realistic level or possible errors in the contractor data.

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

3.0.2 The primary purpose of the Orbiter Module is to provide the capability
of analyzing an iterated vehicle to determine performance trades and to lend direction

to the overall design effort by answering such questions as:

3.0-1
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1. What happens if you vary engine characteristics, such as Orbiter
thrust, or specific impulse?

2. 1Is the staging velocity optimized?

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

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

5. How do geometric changes, such as aspect ratio, payload bay length, or
width, effect the configuration?

The inputted parameters start the Orbiter Module iteration for which 1lift
off weight, injected weight, etc., are calculated. These calculated weights,
in turn, modify the aerodynamic surfaces; the wing area changes to maintain a
constant wing loading and landing speed, and the tail changes to maintain control
capability with a constant tail volume coefficient. 1In turn, these modify the
surface controls and the thermal protection system. The auxiliary propulsion system
is affected by injected weight and the landing gear by the landing loads. The body
is modified by reactions from the above systems which, in turn, changes the inter-
stage loads which ripple changes back through the body. The entire module continues
the iteration until a completely balanced system exists.

The following sections, 3.1 through 3.6, explain the derivation of each of the
primary models making up the Orbiter module.

Section 3.1 Wing and Tail Model

Section 3.2 Body Model

Section 3.3 Thermal Protection System Model

Section 3.4 Landing and Docking Model

Section 3.5 Propulsion System Model

Section 3.6 Remaining System Models

These sections contain the individual model subroutine listings along with a
definition of variables. These listings are in FORTRAN V and were written for use
on the XEROX SIGMA-7 conversational computer. They are included with the model
definitions to facilitate the usage of the individual estimation models for compo-
nent weight estimation.

3.0.4 Table 3.0-1 is a listing of a typical input file for the Orbiter
Module. The definition of the input variables is contained in the program users
guide, Volume III, and again in the subsystem models, Sections 3.1 through 3.6.

Table 3.0-2 is a typical output of the module and is for the NR 2 December 1972

3.0-2
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TABLE 3.0-1
ORBITER MODULE DATA FILE )
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4k = W& CON CalP)uennnBaTAUIP 1822320 ¢ TEMP(2) 8704 UNWIR2) 3002 CSRI2)B0A7
47 . 47.C0N TMIN(D) w3 ULELP )1 62 WLF (219010, CLE(P)»¢1sROC®44R,URS®1475
-
-
L]

vehicle easterly mission. The Orbiter Module dry weight is shown as 172,107 1b
and compares to the reported weight of 170,000 1b with a variation of 2107 1b, or
1.2 percent. Table 3.0-3 is a detailed listing of the Orbiter Module.
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS
COMPUTER PROGRAM - FINAL REPORT

JING GROUPCATZA=3220e)
BASIC STAUCTHRE
TORAIF 30X KX Usk
[ 2HR 30X
LEADING
TAATLING FDGE
SECONDARY ITAUCTUXE

L“QLQI;- P’:{U}IDIOf\‘b
CONT=EL 3U=FACE

HHELL
DrIvE RIB
HINGE
ATTACH
JING AEIGHT CONSTANT
TATL GROVP(AREA= 435.)
RASTC STRUCTIURE
TOomaE 30X
LARING EDSE
CLNEaIL SHXTACE
SHELL
DRIVE =18
HINGE
ATTACH
1AL A= TGHT
SODY GRAUP

CUNSTANT

RAasIC STRUCTHRE
SIDFAALLS
LONGBERINS
FRAMES
RULKKEADS
CrFEY CPT1. PRE/S.
JINDSHIFLD -0V
NGSE WL kL
PAYLSAD REACIICN
AJING SHEAR Pxu/.
ITRRUST si=USTIxE

‘ TALL PRO/e.

Sil3 10TAL

SECONDASY STRUCTIIRE
CA~GZE Dux SHELL

Pt

CAMN3Y DO MECH.
MISCELLANE DS D
’ TOTAL

TABLE 3.0-2
TYPICAL OUTPUT

RS B N

AR ER SN

B8E22.
AxTh.
1715,
U

1484,

1179,
1625.
2R
773

1571.
153.

131
137
129.
399,

5124.
1655 .
225

105084,

3.0-4

b

-

13473.

1725,

1994,

Cix

3341.
1U65.
1485 .
173,

1200.
557.

REPORT MDC E0746
VOLUME |
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18822)

3721 )

311689)
AFT

1355,
408 .
1056,

4003,
156
5991

120
111,

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY - EAST
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TABLE 3.0-2
TYPICAL OUTPUT (Continued)

INDGCKED FNJIRON. PROT. T ¢ 31041 .)

JING 9644,
SISTACE PANELS 7375,

LFEADING EDBE 2269,

TAIL 1278 .
SURFACE PANELS 905.

LEADINS FDGE 373.

30DY 18153

RODT PANELS 12125,
Ay 2271
INLERNAL TPS 3476 .

A0DY CNST TPS WTe 275.

¥Is CONLe SURFACE O.

LAND + DECKING 300.

PRAPULSTON 1382,

PLIYE PRAES 89 o

HYDRAULICS 77

SUSFACE CONTRCELS 115,

LANDING 2 DOCKING ¢ 11503.)

NCSE AEZAx 1335
ROLL 3EAR 560
STRUCTURE 275,

CONTROLS 501 .

VAIN GEAS 7591«
SOLL 3RAR 4020
31LCTHRE 2571,

CONTRELS 1000

AUXILIARY SYSTEMS 2576
DECELESRATION SYS 30&.

CEPALATION S5YS 1058
=AaAaniIng 2 vANIP 1200.

VISCKLLANKGHS 0.

CeiiLslon MALN ASCENI ¢ PII14)

FRIINES+ACESSURIES 20847«
FNIINES 15580
SIVRAL SYSTHM 1219
CENTRULS 138
PROPRLLANT HTILIZ 10.

PLUPRLLONT SYSTEM 5267 «
IR 5 DEAIN T713.
PHESSURIZATION 1095,

CHILL Dijvr LINES 133,
PRE VALVES 1085 .
FEED SYSTEM 1941 .
DISCONNECTS 458 .
“ISCELLANECUS 749,

P CPULSION AIR BREATH ¢ e
3.0-5
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TABLE 3.0-2
TYPICAL OUTPUT (Continued)

e or s TN AdXILLIARY ( 51566)
60N 5YSTEM Jyhk3.
PHARN U TR 1310
Poleite o7 LM . 300.
PANK 1443 .
vopile 910,
ORARTISIS S S 4204
R R B 390,
S AT 1 B LR £47
TANK 2095
A | RN
AR B S
LG RICAL
Ly e AL IO
R AT SR B ER] B
SALONTO
ISP SRR R W AR DR DI IR

EEUASEE AN LN DR S BN SATE

3912
464D 4)
22h644)
S0ttt
LD D)
4093 )
1 7426

LSO ELLANS S Jed
S ATHZINCETALNLY 137300 )

VT I N e R A e T T T W}

ey TR G ( 1/721074)) <
Ll b vinsliow Rlbluny

Vi Y 3R T aHT ( 172107 )
SRS UL 125U

A ey Pl e DB D e
pAYLIADL 2 51513,
vk o1 WdETGHT ¢ 2007096
R RESY 2A0F e =
e INFLTGNT LOSnES 3512
A oPaorP U FACRSAS IS
AN P20y Al 23h37 .

Doech o iaapElh e 100U,
oSy AT (U =NLY) ( 252744 )

cLaxy o 2Aay=4002000.)
LoanpINg i Iah ( 212206

(InNJY w1 PaYy=515136)
INJFCTEDL WM ISH] C 2A2144.)

3.0-6
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TABLE 3.0-3
~ DETAIL LISTING

1R148 FFA 13,172 1Dai23F
JOR K554 ,WHTS]2

__té"!TAjORDEBjJlAcgnuNIlJJLBLﬂlLLIle__J:JLﬁ4100~l¢ipg&aﬂ°—lLLISASOOW1&L9tlGL—_—___
L
COPY TXKS12Z3 TR LP{K,NC)
a0t FILE. 1S BUSY & o o et s e e e
COPY JIMARRB Ta LP({K,NC) .
{ e t.00N_SEYXED

2 e 2.00n C S JBRAUTINE arRMaDE(
3. .60 IMPLICIY RrAl (Aal) e
“ . 4000 COMMANZMAIN/Z PRAPB,PRRPO,BRT BCANT,RCANT.OCANTY
§ e _ _ %e00N . 129CANTP,NAFNGB,NBENGA, THESL, THOSL, THAV,TBY,FLBWR R
6 AeQON 2:TFFTW,F1 XD
B 7.00a 9, 1SPRS, 18PRV, 1SPABS, 1SPORV,SCDLBYW
R e A 00N GsH,NVCBRR, NP, STAGY,NVCON,PVENST
9 . Ge00N .. 5eRFL.THATC, THRSI.TsTHRTC, 15PN, 1SPB,PRAPAT .
10 e 10.00nN0 4y PRAPBY ,PRAPAD ,EW{2) ,DVBNC,NVB,DVTATC, WASCD, BINWT, BLANWT
11 « 110000 . 729 INJIWT,BLANT,BGLOW,GLOBW, TATALSS,PsMATCH, TLSSRLFPRP
12 12,000 A, AHALD, ALLPLA,AI BW B,NMETISP, AMSDVT, AMSDVP, B8MR
N i | '___13I000______33LQNGPJTﬁwﬂlTSWBJSFNSJGRBW:”'VGLN.__” i e
14 = 14.000 CHMMRNIQPRH/wl;QE:WL.NTAUX.WYACS.AC;rNG.ACSSYS‘NTACTK
- 15 = _ Y4e0un L2 ALSMBD , WTAMS , AMSENG,PROPSY . WTBMTK, MADULE I
16 = 14080 12SURFC,PPWR,eLFC HYDR,AYIANA ,ECLSB,PPRAV,BUNCWT
17 o _ f4eiPn__ 2,8RRMIS, TARPRB,QURFK -
18 e 1he1AD 1sPFRGON,ARFSN, ARESV,PLBADU,PLAADD, ACSPRA, WOPRAP, SUDLE
19 o 144200 22FI1X8RB,FIXWQR,ADRYWTLBRIFL . . .. .. .
20 = 14.24n0 LaWWT W55, WRSTR,WTBRBF,WTARRC ,LEW, W TF, WATL WAS, WADR,WAH
21 e __ t4ePRD. PIWAP,GPRAY PUINGK)TATLATSG, TRSTR, TTORIBLTLEL WRUD,WRS
P2 . 14,300 S WRNARIWRHLWRP,PTAILK
23 = 1hedRh0 . 126737,51:62,062:G41G7,GR,G69,61n4G11,G12,615:G44 e .
P4 . thebnn 2,G17,U18,619,G72,623,624,525,526,G27,532,0633,G34
75 w__Yhabun___32G35.U34 e e e
P26 » IFILLL] 1+TOTTPS, TWGNT I WOWT JWGLEWT, TWT, TLEWT,BLBTPS
27 e (45PN PsBASFWT, 1BTWT,PTPSON, TTWT,BTPSHT,MCSWT,LDTHY _
7 = 14 5AN 3)PRAWT ,PPPC,PHYCISCHWT
29 e 14s600_ __ {aTAPROP,FENGPLC,ENG, TVC,CONTR,PRPUTL,PRBSYS . I
30 e (hehln 2)FAN,PRES)CHIL,PREVALJFEFNS.NISC,MISC
_ 3 z__“ihoﬁﬂn*_____J:LNBDK:VGI.NGE.HGB.NGEAR‘Mﬁl.MG?.”Ga.HGEA?.AXL‘Axa
2 . 147720 25 AXT, AXSF AR, NONKK
33 e _ 17000 CAMMAN/EXTR/RADGRP, TATPS,FWNTK,FAIRT,FWOBLF,FCCTRS
. 1R4000 12CBNGET, TPSIN,CYLSCT ACYDM, AF TBLF ;WINT,PROSY , AF TNK
3% e 19,000 PsFFNQYS,FWNRI A, PRSYNT,AFTCYL, SUMP,AFTBLA,PNPULTWINTY
36 . 204000 3,NAGFAR, AVIANT, UMPPNL , WRFTRPA, TUNNEL ,M18CT,BAFF,SUBDRY
S, )/ . P1¢000_____ a2GU,PRYYT,REGIDT,UNDRANFFFDTR,PRSURT,FBTAS, INERT _
38 = 22,000 B, GRAGSH, TLAMR, BYRAP, FXTLFXTN,BLKHD ,FXTHB EXTHH,SIMPTK
19 = 23.000 .. CAMMAN/QTRD/ZaB Y, HTIVSLTVaKR,LALLTINX,NZLFS
40 w P4.00N 1oMF HL, Xa XK1 2aF W, VCL,PCoQaSND,ING
41 - ?S5.000 . 2IFALATMTNIR“‘§L1QHBQ‘TAUS,F'FALFS‘DF:LP.FAB:RHSB
42 . P6.000 s TAUBRIRWAF , Ko, SWa K74 K3s K4, ACN,FAF,SawW, FAPS, TAUPR
43 e 27,000 wiOFACIEY,RKATP,RHEPR,KE . R
Ao = PR O0ON CAMMAN/THERND /NCTPS,NCA, FWNTPS,FWDA,CTTPS,CTA,CSTPS
45 = 29,000 . 2,CSA,CBTPS,CRALATTPS,ATA,ASTPS, ASA, ABTPS,ABA,BASTPS
Lo » 30,000 2:BASASTPQCAN, WGTPS, WGPLE , wuLFTPS, TLTPS, TLPLE
47 »  21+000_____ kaTLFTPS,MCSTPS,MCSA, WACON, TACEN, 1RA, 13TPS, IBC,LDALLDTPS
4R w 32.000 SJaRHAIPQﬁTPS.PQRCIppCIHYCoSC‘lsCTpSISNIISNCIWSI
____th_:___SQ.000_______CHMHBN/ASPD/PBGS1SPI‘HHEAD;BHEAD,HULLa0ULL:FTU4RHB —_
50 e 4000 1 MATLAHELEN,RCLFN) RELFNSBFLFN,CPLGY
51,-,”ASB-zon______ﬁcaHMBN/LDGDIIGFYU‘LGVSL:LGLC.LGLS.LGD!A.BRCF [
%2 * 1%.00n NAMELISY ARY,HYV,LYV.HO,LP,LYINX,NZ,FS
3.0-7
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8 4 & ¢ 0 8 3 2 8 8 8 M T s 088 8 a8 8 8 8 T 4 QLS B S KA 68 8 .8 8.0 0 ¢ 0 68 8 8 8 LS 06 58 8 S 8 08 acs

T RL00nT T T OHFHL XK, eFWTVE L PELSBa NI NG

_37.000 ‘3"ALIYM'NIRHHLIQNBQOT‘USJFFILFS‘DELPOFABORHGB R
IRL0NN s TAUBIRUAF ;K2 ,8W,K7,K3, K4, ACN,FAF,SAW,FAPB, TAUPB

394000 SyNFACIET,RMHRYP,RHAPB,Kg e . ~ . —
“000N AsNCTPS,NCALFWDTRSFUDALCTTIPR,.CTAL,CSTPS,CSALCBTPS
41.000 7sC84,ATTPS,ATA,ASTPS,ASA,ARTPS,ABA,RASTPS,BASA, TPSCON .
42 00N RJVGYpSJVGpLE-WLFTpﬁnTLTPSATLPLEJTLETPS
434000 AyMCaTPS,MCSA,WANAN, TACEN, 1R4, 18TPS, 1BC,LDASLDTPS,PRBA ——
IS ofels) 9,PRATFS,PRAC,PPr,HYC,SCA,SCTPS,SHT»SWE,WS!
5,000 4rPEBRISPY MU AD, BHEAD S HULL »AULL s FTU,RHOSMATLLHCLFN,BCLEN _
4haCON Rs=Fl FNyaFLFEN,CPLGT
47.C00 C YaDFNGF L rENGA Qe T, FTUT e
4R 400N 1 PREQEM, RHAP , F TP, RMGENG, PRAPSY, MADUI F,PRESF,PRFSH
49.C0n P2 ACRPRE, aCaNEN, ACSPRS, ACSEFNG, ACSSYS, ACSYRD
RN« 00N 349RRMIS,FIXDWT,AUNCYL,PERSAN,ARESD,,BRFSV,PLOIADU,LPLBADD
1,000 4aFIXARB  FIXVaR,PPWR, WYDRK,E| FCK, AVIANS ,FCLSH ‘_
1,200 52PPRAV,RRIFL,TARPRA, SURFK,ALLPLA,WHPRYP
Bis4n0 . RsLGETU, GVSL, LG5I Cal GLS,LODTA,BRCF,,AXD, AX 3, LNDOKK e .
51600 TsOLANWT (ALANWT,BILAWI B, TRY ,NAFNGO,0MS ISP ,BMSDVT
f1eRNN RsAMENVP,AMR,ATRAP S —
E3.C00 INPUTIY)Y

_B4lc0n JFIF1XWaR 6T, 0.0+8R.FIXBRBGT,0,0)_GA TO 400 ——
RA.GPO LDQ'Q
R4o0un LMGsl GLr S _— .
RE.000 CALL AERA(WSHB.WRCT ,WTHETA,WNZ,WB,S5A 1l s SRUD,VB,PV,WESG
E8..700 15780, 5URFT,LnN,1 MG I
BG4 40N Pa0 AT, WRITR, WTARRE S WTARBC ,LEW, WTE,WATL s WAS, WADR, WA, WAP
BS,H600 3P wINGK,GPRAY o e
K5+ 800 LaTATI 2 TRGTR, YTARGB, TLE , WRLID, WRS,WRDR,, WRK, WRP,PTATLK)
8a 0NN CaLL STRUCTIVA,WBCT,WTHETA, WNZ,WB,SATL,SRUDLPV,IRL,RP,RL s
S6+7200 10637.061,62,52,64:067,6R,069,G10,611,612,G15,G1¢6
SAsb0n P0517.018,0619,6222623.G24,hG25,G2456G27,3324G33,G34 _
RAe AON 2G5, E34)
87.00n__ CaLl THERMA(USG, WFGR,TSG, TRTTRS, THGWT, WiWT, WGLFWT, TWT, TLEWY
57.200 10ALRTPS, PAGE T, 1BTWT ,PTPSCN, TTWT, BTPQWTAMCSWT,LDTRY
S7.40N0 PIPRALT I OFPC,PHYFr,SEWT) —
fa.000 CALL ASCENT(TAPROP,FENGPACLENGITVE,CONTR,PRPUTL
F9.C0N 1,)PRAGYS ,FAN,PRFQ, CHIL,PREVAL ,FEFDS,DISC.MISE) i - —
59,200 CaLl LANSYS () NONK, NGy, NGP,NGIANGEAR, M31,MG2, MG
BOednn  _ 1aMOFAR,AX1,AX?,AX3, AXGEAR, L NNDKK) .
R9,8nn Katsn
S9.400 YE(QVRFYQGTOHOO’ K'3-n
AL 0NN SURFERINAC (44 4S*SATL+K® (AN, +1 ,67*SRID ) +SURFK
A0.02N PPy sPP R e e
60.CL0 HYDRm22hue o ( {WSAEKNTRG ) /4825, ¢+ HYDRK
AOSCAN ELFCRELFCK42R05.+1240, (L 1eX) /747 e _
cC.Can AvINns UeaVIANS
AD 10N ErLan2p 1 Sa . _
ADS 1PN PPRavaPaRgyY
A0 1AND TARPR9wTABPRA o B o S
61,000 C
f2.000 C___ BMS SYSTEM CALCULATIANS — —
43,000 C
AL QDN WTPIBP Rl BWLA* (FXP (BMSOVT/ (394 174%08MSISP ) w0y _ e
A5.000 WaPQnPen| WL a® {FXP(OMSDVP /{221 74%9MGISP) Jut )
AALCON VEUEL "WYPRAP /(¢ ,+8MRy e R
&7.200 WeXeRMRWFF)
ARSCNA___ VEURL *{WFUFL/NENSF)#1,15 _—
A9,0NN VAXa (WBX/DFNGAR ) #1448
70.C0N L FTANK®3, /2, %3HATPREQF e VFUEL /FTUT*{79Re %1428 . _
71.000 BTANK®3, /2, #RHBT*PRESA/FTUTHVAX#1728. #1478

TABLE 3.0-3
DETAIL LISTING (Continued)
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114

115
1154

117

1498
119
1219
171
172
123
174
{125
124
127
129
179
130
131
132
133
134

. 435

134
137
1383
139
140

18]

1427
143
144
145
144
te?
148
149
1680
181
162
183
184
185
186k
187
15K

. 183

143
161
1672
163
164
145
1464
187
161
149
170

171

172
173
174

TABLE 3.0-3
DETAIL LISTING (Continued)

72.C00 VPRrs'tﬂnegaoVﬂx*PnrgFOVFurLSIPRFSOM¢1.37
73.00n. _ PREQTKE2,/2.4RHAPSPRESOMaVPRFS/FTUP #1728 %1428  —
74000 WTAMTKEE TANK+ATANKSPRESTK

_75.CON. WTAMGEWTAMTK4OMSENG+PROPSY +MADULE -
75.00n C ACS QYSTFM CalLCULATIANS
77.C00 . ACSyRL=ACSPRA/ACSDEN#118 e
7R.00N0 ACSTN"?./?.o?HnT'ACSPRSOACSVBL/FTUTii7230'1oQR
79.C00 VRTNKEACGVAL#ACSPRS/PRESBMSY 47 R
ROCON PTNK-B./9.cnun~PPCSHHOVPTNK1FTuP¢172n.01.Za

 B1.000_ . WTACTKe{ACSTANKPTNK)#1e285 o — o —— —_
R2 4000 WTACCSWTACTK+ACSSYS+ACSENG*ACSHAD
R3.000 . WTAUX=WTAMS+WTALS - . . .
R4 00N BrRM1SerndMIQ
RE.CON . SUBDHY'EthYATL¢537¢TBTTP§¢§URFCtTAPRSP#NTAUX#BRBM?S R
RG 50N 1¢PPwQ*HYnR+F|€C¢AV1ﬁNB*ECLse+PPRaV¢L~DDK¢TABPRe
R6+000 . SUDLF*SUBDRYLENG e e e -
R7.000 1F(F1XPWTeGT.0en) AUNCWTSFIXNWTeSUBDRY
88,00 . IF(F1XxDWT«GT,0sn) G& TO 5B
89,000 BUNCWTsatDLEwrUNCY
90,000 _SA. __ BORYWT=sUANRYSAUNCUWT . . e D
91,000 AINKTSANRYWT4PFRSENSARESD+PLAADU
924.C00_ BLANWT=RINWT 4PLAADLU+PLBADD+ARESY . ~ —
93.600 B!NJWT=QLANKT*ACSPQEOWBPqu.ﬁRESV-PLBADD*PLBADU#BRTFL
04 COA ... _ 1Ft8.EQ.0s0) PTRAPSLNOCY v . L _-
95,000 BLAXNTEBINJWTIATRAP
96000, ... BLAWLBEN BUT,WBPREP B . e . o
87.00N0 BLLPI Henl . BWT.WAPRAP-PLBADU

_8R,000A_ .G 1B SAnn0 I B e —
89.00n 4n0 BLLPLP=A{LPLA

. 69.CPn . .. .. KAPoaPsupPRAP o A . . L
9a,.04N PLBARUSR) BADLH

8940A0N . - BLAST*BL L PLB+PLAADU+WAPRAP _ . . _ [ -
1co.con &5n0 Cali BUTPUT

1844000 . STRP _ . e
162,000 END

1c3.CCcn . . SuBRRYUTINE AFRB(NSG‘NBCTJWTHrtAJwNZANBISAJL‘SRUDJVBM — .
1644000 1,0V, WES5,T8G,5URF],LOR,LMG

10ke200 _ . ,7,wwx.WH<TR.wvﬁRBE,WTBRBC.LEw.WTEaNAXL.NAS.NADR‘NAH.NAP R
166400 BPWINGK, GPRAY
1nhaénn~“_ﬁ__1JTA1llTESTR‘TTSQQB.TLE:WRUD;WRS.NRDR;NRH;NRP.PTATLKX._m,__u__
1044800 REAL LAMR,LH M, KsNZ,LE2XFaS,LAMBP,HP ,KP,LENW

104ONA . . 12KMPPIK4CIMPP,LNGst MG

1654800 DIMFNSIAN AR(PYsSG(R),LAMB(2), TBCR(2),TBCT(?)

1r6sC0N0 1:RCT(?’.THFTA(?):NI(9)aDFLPt?)oLH!Z).PTBXC(2) .

157.C0N0 9.PT0XE(:).cnr?).RHa(:),FAcp).CS(z).rAJ(?),rrMP(9)
1F?-COO___,-M3:UWW(2).CSR(?):TMIN(?):ULF(?)‘WLE(Z)ACLE(Z) e
1CREON u:FWWDU(?):wC1(?\:NCErZ):CMitﬂﬁoBLpi(9).BLP2(>).BCH1(2)
110.C00 . caMMaN/RWRC/ AR.SG.LAME.TPCR.TGCT.6CT,1HFYA.NZ.DFLP.LH
111.000 1.PtnxC.vrax€.CB.RHn,FA,Cs.TAU.TrMP,uwa.a.SEXP.SL.RB%

111+500 ,A,W3:FHﬁDU'HS“PKQ)WRRELIWCIIWCRJCHiABLp1-SLPElscnl R
112.000 ?.er.ULr,CSR.TMvN,WANSta?):TANS(ER).§L1.SL2.CLF
11?-OOn<____-_CBHMAN/QMRWIKFAQoAYLP;AICP;UWAXL;WWQQ:NTNGK.TLDQnSMGDB‘TLHG_._
1146000 CQVVWN/QWQVT/DDF,QUOUL:URQ;VTVC;LVT.QPRUDpTA!LK

115,000 ... CeMuaN/valN/ PRePB,PRePB, BRT,BCANT NCANT,BCANTY -
1144000 1:9CANTP.NSFNGR,“SENGHAT“BQL.THBSL-THHV.YBV:FLGNR

117+0Cn0 PaTF,FTW, FIXHRD .

11R. 00N ?l'SFES)YSpRV.ispOBQJ'SpeaV)QCDJBTW

119,000 waHsDVEBRR INCLSTAGY,DVCONLCVENST . e e
120.000 F‘RFL.TuaTC.TuHSLT.rHaTC.rqpq.ysPB,PRnDGT

121,000 61°p“991.FRPPﬂ?:fW(9).DVBNC;ﬁVB:DVTBTCnWHSCDAGINWTAGLANWT
122,000 7.ﬂrNJWY.ﬁLewv.aGLBw.GLew.v"rAL.s,P‘MATCN.TLSSR.FPRP
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TABLE 3.0-3
DETAIL LISTING (Continued)
175 « 123.00n RsBHALD,ALLPLA,B8LBWLE,8MS18P, AMSDVYT, AMSDVP, BMR
176 =  1P4400n  _ 9,LANGP, TRWA,YBWA,SENS,GROW,MINGLW
177 « 125,000 NAMEL IST
178 = q24.000 1 aR,8G,1 AMB, T8CR,THCT,BCTLTHETALNZIDELP, LM, PTBXC .
179 = 127000 PIPTAXE,CRIRNAIFASCE, TAUITFMP, UWW,CSR, TMIN
1RO = 12R.00Nn . ULF,KEAS2 AP, UWATIL,CLEAILP R
1R1 = 1729,00n L2,R0C,RUNUL,URS, WLE
1R7 « 130.C0N S, WWAGIVIVE,LVT,5PRUD,,WINGK, TAILK e R
183 « 177,500 4sFMANU, UCY, WER,CM1,BLPI1JELP2,BCME, SMGOR
. R4 = 137.8pn __ TLDR=LDn
1RR = 21540 o TLMAsLMS
1R& = 132,200 S iYL A S B
1R7 = 133.CCnN CALL WING(WSG,WRCT.J, QLANWT.GAIL:LEWnNAS.WAOR.NAH:WAP;WAIL
TRAR = 1344000 1) WATF,WWT,WBSTR,GPRAV) . _ _
189 « 135,000 Ny IANE
197 =« 136.C0N WiaR .
T 191 « 137.000 WTHETAsTRETA L J)
192 = {13R,. 00N _ . WehagGy{)y e . e —_
193 « {139,000 W3CTsBCr(J)
194 & 139,200 = WFS53«SFYP T .
195 e  139.40n0 WTBRRE=yANS({20)
: _ 196 = 139,400 . WrARNCewANS (1)
197 =« 139,80n PAINGK =W tNGK
198 « 140,000 CALL VYATL({J,ALANWT,  WSG,WB,SRUD, TLE, WRS,WRDR,WRH _ .
199 « 141.000 14 4RP, TAYLAVB,P,TBSTR,WRUD)
200 « 142.00n0 , ViR I e o A
201 e 1L2.700 Pvae|
207 e {4P b TSGacl())
203 =  1&P460N0 SURF 1 sSPRUN
P04 = {42,800 TraRnHevaANS (o2 o . S SO
0% = 147,900 PTat| Karall K
2046 =  1u3.C0N0 RFET{ RN L . R S
207 * 144400N0 END
_ P08 o 145,000 SURGRUTINE WING(WSG, WRCT ) JaBLANWT 1 SATLaLEWIWAS,WADR, WAH, WAP
09 &« 14ACON 14 %At 2WTFsWWT, WASTR GPRBY)
P10 = tuh.?Pnn O REAL LAMBALH M,KNZ,LE,KFAS,LAMBP ,MP ,KP,LEW - .
P11 »  14Adb4nN 1aKMPPIK ey MPP, NG, 1L MG
212 « 147.Cen  DIMENSTIAN AR(2)ISGUIP)SLAMR(2)STBCR(2),TBCT(2) .
213 e  14R.CON 108CT(2) s THETALPYANZ(2)sDFLP(2))LH(2),PTBXC(2)
- Plb s 148.C0n ___ 2aPTRXE(sYaCR(2),RHA{2),FAL2),C8(2), TAU(2)2TEMP {2}
P15 « 150,000 FpUWILE) LSRR, TMINI2) ,ULF L2, WLE(2),CLE(2)
P16« {KABCN LaFMARULEDY »WC(P2YaWE2(2)2CML(2)2BLPL(2),BLP2(2),BEM (2}
217 « 1852.00n7 CaMMaN/QuRC/ AR,SG,LAMB, TACR, TOCT,BCT, THFTALNZ,OELP,LH
P1R « 183,000 14PTRXC,PT8XF,CR,RHA,FA,CS, TAULTEMP, UWw,B,SEXP, 5L ,REBM
219 = 157,800 2 FMANRU, WAWPKR , WBRE| +WC1 2 WE2,CM1,BLP1.BLP2,8CMy
PPN = 154,00n . 2aslT,ULr,C8R, TMIN, WANS(2P) s TANS(22) 58015802 CLF .
PPl =« 155.CCN CAMMAN/RWRW/KFE AT, ATLP, ATCP,UWATL ,WWag, WINGK, TLOQ, SMGDR, T LMG
PP2 e« 154.00N0 Jui
773 =« 157,000 TF(WKA5.6T 404,03 SGJIBBLANWT /WWOS
PP4 = 158,000 CALL. TRTROX{J,)BLANWT) — I
P25 «  1RR, 20N LNC=TLD?
_ PP4 o 1RR.4NA _ LMGaTLMS e o
227 « 1R59,0n0n BsCsRCTI I /B
PPR = 1A0CON . CRe(psecaGlIYy/(BRe( ¢ AMB(J))) | S
277 e 1A1.0PN ResRaBCT(J)
230 « 142,000 STRFraPTIXE(JY#SEXP . _ i} S —
231 &« 143.00N0 CEark*(1,«RGrs(qemp AMB(J)Y)
_ 232 e thA4.CAN____ CKCFeCR/CF .
233 «  1A%.00N0 SAYL-‘ItP'BFIATCP'rF/9o'(>-clln-LAHB(J))'CRCF’(!.-BSC)’(A!LP’)
24 = LAALCON CASTaCORITHRTALUN/RT4295RY —
235 e  1K7.00N0 CRa(2esgAlL)/(Br*(1s«LAMBJYY)
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TABLE 3.0-3
DETAIL LISTING (Continued)
236 o  14R.00N CTscR*LAMB (U
- 237 & 169.000 .. . TReLR*TRCR(JY - ——- . e —
» P38 =« 1704000 TTeCT*TACT(JY |
279 &« 171,000 CMRa(CR+CTY/2, ——
240 =  172.00N0 SAUNESATIL
P41 & 173.000 . RHMacRUN®1u4&.%KPAS#12,#CMR# B8e00L - — - - o —- -
242 = 1744000 HLTQUIE-’(TR#TT)/?-
243 = 178,000 . HLLRaBE/CBSY e e =
Phbh e 1TAOON WASS|JNAT| *SATL .
L ... 245 « 177200 WADRS(C R (RWM/WLTR) ans7RI42
2u6 =«  17R.00N WAHB { s4net LR*RIMes D) 22,
247 =« 179.00n0 . WAPS .25 (WASSYANRGWAR) . .. e
PuR e  1R0,00N WAT| aWAGQ4WADQIWAHSWAP
249 ¢  1R1.00N0 .. SLFaCLF(J)#*SeXP U PPN S
2597 e  1R1.20N0 WLETu2,28S FerLF{J)
251 = 18P.r00.____ LEWewhETHULF(JY oo —
P52 « 1R?.70N FuGarLANWT «3IR0ONCE /215115,
253 & {AP 40N . . GPQ%V'.u?'tDQ*O.S'RHGDR‘-O77Q(-001’PHGOLMG)'Qn9~
284 « 183,000 STFucFXPaSTAraSall«SLE
255 « {R4CON . WYFmt10878STER{NOLeBLANWTONZ (J)/SG(JY)#w.2 e
254 & 1RS.00N IF(Q] 2¢75TeqLY) WTERL1 R78STFu(40014DELP(J)) 00,2
- _ 2587 e 1RA.CON_ W TOWANG (2D 1 4LFWeWATL+WTF+WINGK4GPRAY
P58 o {RA.HON WRSTRSWANS (2N} eWANS{ D1 ) +LFWeWTE
257 e 1R7.000 . _  RFTURN .
260 = 1RR.CON END
261 « 1R9.000  GUBRAUTINE VTAIL (J.BLANWT,WSG,WB,SRUD, TLFaWRS, WRDR. - -
Phe 190.CON 1“4RHDNRDJTA’| AVR;P‘TBSTR.NPUO)
. 263 = 190,200 CREAL LAMBILH,M,XsNZsLEsKEAS.LAMBPMPLXP,LEN
A4 = 190,300 1 KMPPKME ) MPP, AR MG
245 & 191.C0n ... D1MeENSIaN ARLIPYsSGIPYaLAMB(2),TBCR{2).T8CT (D)
266 = 192,C0N 123CT(2), THFTAL2)AN2(2)aDFLP(2),LH(2).PTBXC(2)
267 =  193.000n . _. 2,PTRXE({2)2CR P RHALP2)AFAL2),CS(2)aTAJtR),TEMP(D) .
P8 & 194,000 FoUWWL2),CORI2Y, THIN(R),ULF (23, WLEF12).CLE(2)
_ . . 2A9 = __194.500. AoEMant;);wC1(aa.wcata)ACM1t2);aLP1(:).BLPZ(E).BcntLal.___
270 = 134.C0N0 CAMMAN/RWRC/ AR,SG,LAMA,TACR,TBCT,BCT, THETASNZ,OFLP,LH
271 = 197.C0N __~‘,,.i‘pTEXclstxEpcB‘RHHIF‘JCSIT‘U‘TEMPIUNNJBAsExP‘SLlRBH
272 e« 197.50n 2, EMORU, nGWPKR, WAREL , 4C1sWE2,0M1,BLP Y, 3LPR,BCMy
273 = 18R.00N . 2,WLFsULF,CQR, TMIN, WANS(22), TANS(22).5L1,SL2.CLF
P74 = 139.CCN COMMAN/RWRVT /RDC s RUDUL JURS, VIVC,LVT,SPRUDI TALILK
- _ P75 = 2C0sC0N_. _Js2 . . - R e -
274 = 2254000 1F(VIVE.GTe0.0) SGLSININGG®WReVTIVC)Y /L VT
277 »  Pr2.00" - . CALL TRIRAX{.JALANKT) .
27% o  2073.00N CACTaCBG(THFTA(.J)/R7.295R)
279 o 2044000 CRaf{pensGiJ))/(Bel1eeLAMBLIIYY
2R0 = 208,000 CrarR*LaMP(J)
21 . Zﬂﬂnﬁnn.ﬁ____IF'(QF‘RUD.GT-n.O.AND.P.GT.C.O) Gp 18. 5 _ —— s
287 ® 2074000 TF(CPRUNGTeneNY TACRIJICTACR(J)I#45
PRI e 208,000 1P (SPRUNGT.A.0) TACT(JISTOCT(J) %45 B
PR4 e« 20%.00n B TRaCR*TACR(S)
2RS =« 210.C0ON TTaCT*TACT(J) e
PRE6E =« 211000 B eaBCT(J)
287 o 212,000 .. CRaRDCe{CR+CTI 20 o0 o e —
PRR e 213.00N0 SRUDEROC*SGLU)
PRT & 2144000 RiMacRUN® 144, #RUDUL #12+ #CMR* §#,00! - R
290 = 215.000 HLTR=17.#(TR4TT)/ 2.
791 e PiALCON HLLasHF2C00SY : : T
P97 = 217,000 WRQaliRGasRYD
293 « 21R.C00 e WRDARE LA ®CMRA{RNM/NLTR)I* 1,28 — C
P94 @ 219.C0N WRHa s 40sHLI. ReRHMe s, 2
. 295 = 2726.C0N . IF{ePRURLECsne0Y GA T8 10 . e
794 @ 221.CON WRSsWHS P
i
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2387
291
293
300
ant
307
303
304
3ns
ank
n7
ans
0
310
311
312
213
314
318
14
317
318
319
3?0
321
372
3723
324
k-l
Pk
377
328
ars3
33N
33t
33?7
333
3346
335
34
337
333
339
340
341
k1Y
3
bk
345
346
347
348
43
3523
351
15?2
3s3
3Iss
355
356
sy

REPORT MDC E0746
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TABLE 3.0-3
DETAIL LISTING (Continued)
w 222.00n  WRDRsWRNR#*p,
« 221,000  _ WRHaWRWHe2, . e 8 -
e« 2744000 1C WRP e, 254 { WRG 4 WRARSWRH)
s P24.10n0. WRUNaWRG4WRNO+WRHGWRP
e« 2P4.20n0 WLETa2¢2#CLE(J)#SGIUISWLF Y)Y
= P?5,00N _ TLFsULE(J)eWLET _ , __ -
= P2PA.00N TAYL-TAVQ(??!#WQUD#TLE*TAYLK
= PPhS0N TRETRETANS (22 )+ TLE e [
= 2274800 RF TURN
s PIPRLCON . _END. —
« 229,000 SURRAUTINE T37BAX{J,ALANWT)
« 279.20N0 C RFAL LAMRSLH.MIKINZILESREASLAMBP MP.XKPLLEW . o
« 229%.30N {2 KMDP KM, MPP, LOQ:[ MG
« 230,000 DIMENSINN G(2?) e
= 2,000 CIMFNSTAN An(?)aSG(?)ALANB(?I;TBCRt?)oTBCT(?)
o PRP.00A ____ NRCT(2),THETA(RYINZI(?)) DELP(2),LH(2),PTBXC(2)
« 273,000 o, PIRXE(2),CRIPYLRHALP) SFALRYLCSI2I,TAJIR) s TEMP (D)
e 234,000 UWWIRY) ,CORID),TMIN(R) SULF(2)WLE(2).CLF(2) -
s 2% .50n u;FN4PU(=)oWC1(P).NC2(P)4CH1f9);BL91t?).BLPZI?)pacﬂi(2)
s 234,000 CAMMAN/RWRE/ AR,SG,LAMB, TRCR,TACT BCT, THETALNZ,DFLP,LH L
e 277,000 1aPTRXC,PYRXE,CR,RHN,FAICS, TAUSTFHMP UWWLB,SEXP, SL,RBM
e« 237500 1.:Mnnu,4swpkn.waR21,wci;wca.cﬂz,ELP1.BLP?IBCMi e e e
s 273,000 2sulF,ULE,CQR, TMIN, WANS(22) s TANS(22),SL12SL2,CLF
= 279,000 CoG6TaCRQITHEYALUI/57.2558) o
s 240,00N Ha(aR(JY#SGL ) ) ewer
= 241.00Nn CRe(PoecGUIY /(AR ({aeLAMB(JY)) - -
e 242.000 CTsCR*LaMB(UJ)
e 243,000 _ CCTsrR* {1, e (1, eLAMBGY Y OBCY /Y
»  P444.00N TR=TRCR (Y)Y #1020, #CR
= 245.C00 TTaTRCT () winenCT S SR
« Pubka0CN IF(LAMBIU) WFNeDL) TTeTBCT ()
- 247,000 MaTT/TR _ - —
- PuR.CON TERTR*(1,+(Mal)*BCTJ)/BY
. 249,000 ___ MPeTT/TF
- 249.10n0 RAGPLITE Sl JReoDOMP)
- 249,700 IR (IRSPR LT 12,) RBSPCeL2, . . . e e
= 283.C00 1f (MPeiTee39) MPa,.99
« 251,000 LaMaps amH )/ t1em{teeLAMBLYY)RBCTON/BY .
- PR2,00N KPs3e#| AMBR/ (Y, ‘LA%BP!“((1.-3-~HP)~(1.-MP)-?.'HP'~20ALQG!MP)i
- ?Q?.Cr‘.n,__'_____KD-(P/(q..Mp)co'a . _
= 254.000 Kpl“?‘(!o'LAMBP)/(1|¢LAMBP’0f(2.-7-¢M°*110‘MP'0P)
e« PRR,,CCON Xe{1eaMPleb, P un3ea AG(MPY)I/3¢/{1eoMP) %0y IO, o -
e 25A4C0N SCYsRCT(J)®(rReCF) /2,
-« 257,000 SFXPeSG(J)eSCT . ) e o
« 2RR.,000 STBCePTaAXC(JY*SCT
= P59,00n _ SYBraPYAXE(JysSEXP_ e o
« 240,000 Was WAL ))*cG ()
s 2A0.:07N BrasRaBCT(Jd) —— - -
e 2A0.04N TANY:SI\(THPTA(J)/ﬁ?-?SSR!/CHQT
e 2A0.Crn0 TANLFSTANT 2,8 (oo AMB(J)I/Z(AR(JII®(Le+LAMB(JY))Y . _
e« PADORD TANTFRTANLEwae®(10alLAMBIJI)/ZLARCJI® (e a+LAMB(U)))
e 2AG100 _ANGLF®57.295R%ATANITANLE)
s 2404175 ETAMNGS ( ,Ou*aR(J) #0049+, ONAO4ESANGLE ) ) #LAMB( J)
e P&AJt1LN ETAMNGRETANNGw D¢ (LAMB(U)usb) ®e? e
« 2A0,1A0 ETAWNUSETAWNGE al® 1,4, ooo3=-AwGLEl.tao.-ANqu)/aooo.
= 2AN1RN Fad, 3% Ko sF TAUNG
e 2604200 GFFewAR(J)Y*TANTF oo, 014LB4)
e 240270 Ha{aG{J)eblu(4,+3,5#TANTF)¢,003.
- PAO,Pun 1F(ARIJY LT} Man,n
. 2404250 CAARCLar+GreE+H . e
e 280780 ETAFaldCY(J) /R
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TABLE 3.0-3
DETAIL LISTING (Continued)
358 « 2404300 FEaFa(l,.aETAr #8200 54 (20, *F TAWNGeB4RRISETAFReD
359 « 2404370 . 1% (1.aETAF*42)%0,5 ~—
IR0 = 2AN34N Grrr:h€r0(1n-A.A66OFTAF‘7.31A.FTAF"Q!'f100FTAF'.2)‘.l5
— K1 - ,265.36&____~_~H7l“'(1.-1u.=‘fYAFI'?*21.’ETAf"A)'l14'ETAF"21!'45
362 =  PAN3IRN CRARFSFr4GFEr eHF
363 = 2ANe40N _ SLRATIm(CBARCL4CBARFISETAF /2, o —
364 « PANHPN EYA;XP-(rYAduu.qLRATYOETAF-.R.(1.-SLRAT!I'ETAF)
IAE e PAALALN . . 1/01,=5L3ATT) . . — o e e
366 &  2ANCHAN EYAFXParYAFRXPeR/BE
R 67 v 2A04RO.— ETAUNFa(Dep aMBO+1 ) /(3enlLaMBP#La))
AR = PANCSON RLCPzETAFXP /e TAUNF
269 *  2ANBPN SLTRTR{(ALANWTw.S*LWIENZ (JY4l HEJY) . . } e T
370 & 2A0.854n S_1sSLTAT*(1,sSIL RAT!)
371 o 2605AN - SLPanNELP(J)agEXP . I U e
377 o 243,000 Steal 1
- 373 e 264000 . IF tsL2.6T.S1 1) SLaSL2
274 = 2AA.C0NN R%“-PLCPO(QL/&.)‘BF/(?-‘CHST)O(Po'LAMBP*lo)/(LAHBP¢10)
975 e 267.000 . 1F (JsFT.2) RBMmbLeOSRBM L - e o -
A764 = 247,070 TCRaCH( JV*RARaPL/20,
377 = 2A7.04N . PF-:R”/:TF-CF~PYBXC(J)ﬁ.n) ) S,
7R & 2A7..CAN TCEVERTCR/ (RUAL ) %14 )*PF/F ALY
_ 279 e PA7.0RA_____ RANNEZ.¢PFess4rRaASPC/tEMBDULIYTCOVERTF #aA)
R0 « 2A7.100 TRIARFETCR/(RHA(I) 144, ) *RRNN/FAL)
38y e 2A70170 . TRSTFA7.58RAMK1 20 /(s 141a0e2sEMBDULIISPTBXE (J)aCFa12,4RBSPC) .
qR2 « 247N IF{TRSTF«GTTRIBF) TRIBFeYRRTF
IRF ¢ 2674440 . _ __ TRIBTETCR/Z(ANA(I)*4444) i e e L ———
R4 « 267.18N0 WQT“F'RHH(J)GTQTBFOTF'CFOPTBXF(J)’i?o
- 3RS « 247,200 WRIRTSRLA () e TRIETaTT«CTePTAXF(J)*12. R
ARG & 2AT22N WQAPKQ'.0>ROtA“C(S|o-OOllQXNfTHETA(Jl/ﬁ7-295!)OBF/
IRT e Ph74240 ____ 1(CBSTPTF/14R)))e%eq? R R
IR8 = 2ARL00N Gi{1)w2euCB(JyuSTRE
- IRT e« 249.00n . Gi2)e2euCBLIY*STEC —
390 «  270.060 6(11l”HnlJ)'KpinEOQHM'(1.*LAMBP)/(FA(J)’-8’??0(?0'LAHBP’10’)'19“-
o 291 « 2714000 Gla)sRHA{JIsRAMe2 e #CASTORCTIJ)*144e/IFALLIRaROTF )
392 &« 277.00N YCaTR*¥((,u(l,aMY®B Pr(J)un,/BF)
393 « 2724070 MPPatYC/7F .
394 e 277,040 KMPPa2s6(1e/(10aMPP)+MPPoALAG(MPP)/ (14aMPP)ae2)
95 o 272.0h0 . KMCwALBI(MPPY/(MPPal.) . ORI R
136 « 272.570 BL1a(BLP((J)PCY(JY /24 )/CASY
- 397 e 277.0RA_— KWREL1®RHA(JISYWCI(JISARZIJINBL 14900 144 ¢KMPP/(FALU)® ReTF)
298 «  2772.10N0 WQFL1'~Q:L1*QH8(J)#“C1!J)'NZIJ)'BL1¢\buo¢CBST'BCT(J)/
299 ® 2724170 . _U({FALJ)I®RETF) . s
40N = P72.14n0 WQFL1'w=rL1*nH&(J)«wC1(J)GNZ(J)OBL1012./TAU(J)
401 = 2774180 TCRTR*{ 1,0 (1,sM)*B| PP (J)*424+/BE) . . ——
402 =  2772.1RN0 MPPatTC/TF
... . 403 = 277.200. KPP a2es{1e/(LealPPI«MPPRALAGIMPRIZ {4 wMPP)2s2] o
404 = 2772.2%N BLPs(BLP2(JYaRCT(JY/2,)/CAST
405 o 2724220 . _ . WREL2®RuA(I)#WCo(JISNZ(J) B 2ue28 144 #KMPP/(FALJ)*, [ X3 4 25 IV
40K o PYPePuN NRFIp'W?FL:tQHH(J)QNC?CJ)uNZ(J)GBL2'1bh.oCﬁQT'BCT(J)/
407 « 272:260 . . {(FALJ)®LRETF) _ —
LOR = 272,280 WRFLPOSWIFL24RHA(JYSWEALJISNZ (J)#BL2#12./TAU(J)
403 e« 2772.30n L WCMELeeRHA () RCM () SPCMI LR SKMC/ (FALS o oReTFY
430 = 272.32n0 WRRFLs{aWRFL 4 aWRELP+WCM)
411 = 27724340 Gis)el2,¥RHAIJISBE/CAST*(PeeCS(U) %, AOTFO(&.#HP)/Z.!"E — B
412 = 272,360 FoTMINI(JY o ReTFa (Y, eMP)))
4131 s 272.38n GlaYu2owBIJY®er¥TFeRCT(J)/ 1P
4i4 e 272,400 G(7)s2esRHAL JI25bMe 2, /TAULYY
. 815 e 27240 IF(JEGL2) Gt7)elG(7)®05 e —
bib =  272.4AN :(A)'(nQIRF+WRvBTxlt?.~r=¢°C¢Cs§T108501P-
wi7 w 272480 _. . G({9)sWRIBF/{R842C)«BCT(J)u12, P, L
418 = 279.00N0 GLInY®(5(114G(I+G(R1+G(7)+T(A)1#0
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TABLE 3.0-3
DETAIL LISTING (Continued)

419 = PROODN GU11)%(G(2)1+6(4I+G(4)I+G(a))Iwnel
8P0 = 2P1,000 . GU1PY%W1u%*STRE o e e
421 = 2R2,00N G(13)®%s14*8TRC i
_ L WP2 e 223,000 Gelu)®e1n®G(2)+,200(G{2)+G(R}]) - —
423 & 234.000 GI18)%Se11*G(u)*G(9)8,2
424 & 285,000  GU1AIBG(1)+6t3)+G(5)4G{7)1+GIRI*G(10)45(12)+5(14)___
4P5 @ PRARLHAN 1+ SWPKR4WBRF
4P6 = PRALCON GUi71%G(P)+htu)«GlA)SG(DYaB(11)46(L1)+GlL5)
4”7 e PR7.C0ON GliR)IB4OR*G(14)
. 4PR e 2RALOCN __ G(19)m.2R*GU(7) ____ -
477 =  ?257.00N0 GtPAYRGl16)Y+504R)
4397 = 29%.00n0 GtP1Y®=G(17)+6(13) [,
431 =« P91,.00N0 G(r2)9G(20)4+n(21)
432 =  2P232.,CN0N Dg 200 tKm1,;»2 e . 2
433 = ?93.000 IF(J.EQL 1) WANS(IK)RG(IK)
_ 436 = P94.00N __ _ 1F(JLER.P) _TANSIIK)=G( 1K) —_—
) 435 « 295.000 2n0 CANTINUE
436 & 23A000 RFETURN L . .
437 « ?97.000 END
43R « 27R.CrA . . SUSERAUTINE STRUCT (VB.WBCT,dTHETA,WNZ,WB,SAIL,SRUD,PY.
437 « ?239.000 11?1uE?:?l1617101IGPAGBAGING?»GB:G‘NGQ00‘311151?;5150516
_ L&D = 2994200 ______71717,Y12,619,622,6P3,024.025,G261627.G324633,G36__ I
44kl = Z299.40n0 3:G3%,034)
442 o 390,000 _  IMPLICIT RrAL (Ael)
443 = 301.00N caMvaN/MAIN/ PRAPB,PRAPB,BRY,BCANT,ACANT ,8CANTY
dbh e 3372.C00 129CANTP (NAFNGR L NBENGA, THBSL, THBSL, THAV,.TOV, FLAWR
445 =  377.000 2, TF,FTW,FIXHRD
LA = 304,000 . _31587RS, 1ePRY, 15P0Ba, 1GPOARY,,SEDSBTW. . .
447 = 30RLCON u,u AVCBRR, INC:STAGY,DVCEN,DVENST .
L4R e 30A.0C0 REL,THATC, TUBSL T, THATC, 18PA, 1SPB,PRAPAT
449 = 387.CON ,qupﬂi PRAPRD,FW(2),DVONC, DVR,DVTATCs WASCD, BINWT, BLANWT
480 =  308,C0N 748 INJNT,ALAWT, AGLOW,GLBW, TPTALSS,PsMATCH, TLSSR,FPRP
451 = 309.0CH RJQHGLD:ﬁLLPLH.ﬁLSNLB.HMSISP.HMSDVT;BMSDVP:BHR
B 452 « 3104000 B, URNGP, TeNA, TRWA,,SENG, GRBW,MINGLYW _ .
453 = 311.,C0n CavmaN/qYRNY/
4S4 = 317,000 1 ABY,HTV,LTY,HA,LB,LT1,NX,NZ,FS _ ~
455 e 313.C0n PrniF g mibea X
45h e 31h00N 3241, 8FW,VE,PE,Q,8NDING L . e
457 = 315.C00 4sF AL, TMINIRHAL ,RHOS, TAUS
. 458 =  3AOON _____ SaFF,| FS,DELRP,FAR,RN8,TALR — — e
459 =« 317,000 hIRHAF PKD,SWeK7
Lhn - 31”000 7s¥3, ¥4, ACC,FaF X I e —
461 = 319.00N RsSAV,FAPR, TAIPB
462 = 320,000 DR A E T RHATP  RROPB e
463 = 321,000 KRiK6&
LA4 = 322,000 € MaMenT calCUt ATIONS DUE TA_INTERSTAGF. REACTIENS I
465 =  327.000 SMAR s (FR¥ALANTsNXsHA I+ (ALLATeNZ#(L1aLB)*FS)
Lhh =  32LCEN (= (FexTOVENPENGRYCASIAR]I/S742958)%HTV) i
4h7 = 325,000 P+ ({FQeTOVANAFNGR*SINIARI/R7.2958) %L 1+LTV))
468 = 32A,.0C0N SUARP* (FR*TAVENAENGRSLBS (AR /§7 ¢ PO5RI#HTV) I .
4A7 =  327.C0N e {TAVEMNAPNGR ST {ART /57 ¢ P9RA 8L TVF R}
_. k70 - 3?ﬂ-onn_w¢,W_2-(GlHWT*MX*HH‘FQ)‘(BLBWT'NZ'LB’FS) S
471 = 3729,.Cnn Rp=qMAT /L1t
472 =«  330.C00 RisqmARa /LY e
473 = 371,000 RL*TQV'APEVPR'FQ'CBS(AB!/R?-PQSB)-BLGNT'NXOFS
476 « 337.00n C SuFaS CALCULATIANS
475 « 333.00N0 SR1TI =Ry
- O k7A = 3.00N_ SLT?23R1=RLANTeNIsFS - e
477 = 335.C00 C MamMenT ralCUl ATIONS
478 = 374,000 MRIT[.®Ry X e o
479 e« 337.C0n MLTQ?'R\.(LT-LB)‘E[HNTGNXoHHQFS
3.0-14
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TABLE 3.0-3
DETAIL LISTING (Continued)
4R0 = 32R.000 14(R12LAWTENYeFG) 0l B
4R1 =« 319.C0n C.___ TARAUE €CALCUI ATIONS e ] i
4R? «  340.000 TQ?TRI'PV'(au'Vn'19-+HF-(HL'HL/(an’HLOWBCT'l?o)))
423 o 341.00A .0 FAD_SECTION_WEIGHT- CALCULATIANS
LR4 e« 342,000 Gtk *SFEW
RS »  343.008 —-—.. GPs2,0RsVCen,7Ra(1.4p,¢PC)¥e,35 - - - e — . —
LRA = 3440000 WEWesRON.
4RT7 «  3uR.000 .~ . RHAWa=02 e R S
LRAR & 34k.CON Gw-:.*((.75-1.~°C'1uu.OSW)/tA.OwFN~7.51))OO.SOSNORHQH'luh.
. 4R w__3u7.00n - GG R¥{ak/Ae)#e 54288+ C———
890 «  34R.CON G3eGu*Gq
491 - 349.CON0 . . Gas s AR* 8%, 388NN [ P I
49?2 e 3u49.50N FNGasPLAVWT#11980n00 /215115,
493 » 350.080 - .. GSx.r394(FNGasOnL#ING)®##aq - .. - - - \
494 =  351,00N0 GaAsHu*Gy
- 495 = 352,000 . Gyex? . _ - —
494 e 353.00N0 GaArlBI+GneGI+BA
497 = 3%4.000 .. .. G73Ga*Gy . e
493 « 385,000 C CFNTER crCTIAN WEIGHTY CALCULAYIBNS
499 e 3%A0ON .. PLXaMRITL/HL e = -
A0 «  357.000 PLYsMLTI2/HL
- 801 e 38R.00N —AXePLX/FAL _ . —
507 = 3R3.00N0 AYaFy Y/€al
503 = 360.CCO ..  GiOwiAX+AY)#y 2R RHOLS(LTeXY . e
B04 =  3A1.000 TAYTe(TRATRIZ(WACT# 12, #HL) ) (4e/TAUS)
ENS e 3472.00N0  IFUTBYT.LE.TMINY T8YTeTMIN o e e
B0A =« 3A3.C0N TAYs(SLTR2/H Je(1e/TAUS)
- €07 =« 364.C0N _ IF(TRY . FeTBYTY THYwTIYT
A08 e 345,000 TAXs (SRITL/RI Ye(14/TAUS)
A9 o 356,000 .. IFLTBX FaTHIY) TBXsTMIN . e e
K10 & 347.000 TRAVGT(TRY+TAX) /20
511 = 36R.00N . Gil1sTHAVGS (L1ex)*{PasHL*WBCTA12,)%RHAS®L 28 . . . —— -
6§12 « 3A3.80n C CENTER =pCT1aN FRAMF CALCULATION
613 « 370.000.__ CFat1e/140C0e . .. .-
814 = 371.C0ON DFe&.C
515 « 37P.C0ON .. . Xcsrc-(s.o-Cr'HlTR?~tNBCT~12.$'*2.)/tLFs~EF~DF~~z.l
81 =« 373.C0N WM XCSEC* {WRCTe 12,42, #HF ) *QuBF/LFS
8§17 « 374.C0n sxc:rC-(a.-UrLPuHL-uL-LFs)/(nFOFAFOA.! . -
S48 « 375.C0N SXCRFC'(1“u'hFL°‘WRCT'N8CT'LFS)/(ucnnFOFAF)
519 = 37ﬁ'000_~____ﬂqp-(RXCREC‘ao'HL*EXCSEC'W“CT'izo)'RHSFILFS______.___.4
21 e 377,000 IF(WBPel FeWiM) WBPaWBM
521 « 378,000 . Gi2swBPe(lLrex)e1s2R S
5§22 « 373.60n C CENTFR &rCTtAN RULKWFAD CALCULATIBN
523 e 3R0.000 . . Gi3aﬁ“ﬁ?bl(91/(?"FAB))'!u.'HF*E-'WQCTii?n) e
G224 = 3R1.C0N N+ (RI%WBFT*92,/(2¢#TAUS) ))e1,.28
_ 525 «  3RP.CON m.ﬁwn_ﬁih!PHﬁal((°9lf?n'FAB))’(k.’HF*E.'WBCY)_”____________
8§26 « 323,000 {1+ (RpeWBrT/(2,4TaUBY) 1 #1428
§27 = 384,000 Gi{sG13+G14 . _.
E2R = 3F5,.CON GibekZ2#30C,
E52 e« 335.C0n C CENTFR orCTTAN WING PRBVISIAN CALCULATIAN
5830 = 3R7.000 G\7--3’(ﬂLANNYO.GO\'WVZ)'(WB/CBS(WTHFYA/57c?95A))'-01
§31 = 38R.CON o G1RsG10+G11+G1P+G1a*GLE4GL? .. . e —
5§37 ¢ 3R9.(0n C CFMTFR arCTrAN NBOR CALCULATIAN
£33 « 390.C00 . G1981:588%ACNH T
R34 = 391.20N0 Gr0s 'OR'(LY.X!"(a
&35 « 352,000 Gr1ehb0,
436 @« 393,000 GrPaG20+G21
- . 837 = 3%4.CCN. _G23eK4 L e . —
£3% « 395.C0N GrusGl8+G19eG22+4G23
599 & 33A.C0n C. . . COVFR CaLCULATINNS - . :
540 » 3972.00n0 C CAVER SwFLL CALCULATYIAN
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LTS
542
543
Sul
545
546
547
54R
549
889
551
552
553
S54
555
556
557
558
559
LT
561
562
5613
LTI
545
566
547
SAR
587
570
871
5772
573
574
875
574
577
578
573
529
5R1
582
513
584
5R3
5R6
%37
SR8
5R3
540
891
592
593
594
595
5394
597
598
5973
400
601

39a.C0n
399.00n
400.000
401,000
402,000
403, 00N
4C4400N0
LCRyCON
LCALCON

4n7.00n0

4nR.CCN
479,000
10, 0NN
“411.C00
k12,000

413.00n_

htu,0nn
418,000
d1A.000
417.00n0
418.C00

Lta,con

472%.C0N
421.C0N0
422000
422,200
4224400

423,000

4P4.C0ON
425.C00
472A.CONO
427.00n
2R, 0NN
4729,00N
430.CO0

431,000

432.00N
433.C0ON
434.00N

435,000 _

435.C000
437.000
43R.CON
439.00n
LL0,CoN
4u14C0N
442,000
443.:C0ON
bus.C0N
445,000
bah SO0
467000
bUuR.CNN
449,000
LR0.00N
&7 ,00N
452.C0N
452000
4540000
4R5.CNN
LRSS 850N

TABLE 3.0-3
DETAIL LISTING (Continued)

T T EPRecAWSTBAVGERMBS A1 LA # 1  2aw e
€ CmVFR FRAMF mALCULATION

c Caver LANGFRAN CALCULATIBN
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G2huP20,¢WBP e (2, SHF+D  SWBET# 120} /(2,oHL+WBCTHI2,)%1,28081,3

GP7u110,#AYSRHA*#2,%1,2841,7
_ GPRe(GCB+L24+G27 . I
o THRUST QTRUCTURE CaALCULATIANG
C .. THRUST PAST
LFa(LTV#a24HTVSE2) 04,5
FTP=p T4 ,n030%

GP9u({TAVENRENGR) /FTP)RLF4RIATPADFACH2,
c THRUST GIMRAI PLANE BULKKEAD

GINSRHEPR®((TAVANBENGR*STIN(ANT/S7+295R) /(24 #FAPB)

PENBCT*IN /(P *TAUPBY )Y ) 2,
GBI aNOFNGOER2A0,

1#NFAC*F )R (4 sHE+2, ¢ WBCTH12, )4 {TEVENRFENGA*SIN{ADL/S7,2958)

G37e5294GI0+5R
_ BG33xKé L
GAbehe7e(PVa,001)%uek
_ GRRaGZReGRA+GP 746324634
GI6aG354533
G37sG9+504+024

RETURN
END

SUBRARUTINE TWERMB (WSG,WESG, TQG;TETTPQ.TNGWT.WGNT,WGLEWT,TNT,TLENT

PIPRAYT,PPPL,PHYL,SCWT)
14PL 1C1y Rral (Aal)

PrTF,FTW, FIXHRN

A 1SPRS, 16PAV, 16PABS, 1SPBBRY,SCD,BTW
4s-,NVERRRI INC,STAGY, DVCON, DVENST
____SsRFL, THATC, THRS T, THRTC, 18P4, 1SPR,PRAPOT

6,99qnﬁ1.P?ppq?.rwlzz.OVBNC,DVB.DVTOTC.wasCD‘BINWTaBLANNT
L 7aRINJWT  ALAWTY,RGLBW, GLBW, TATAL,S»PsMATCH,TLSSR,FPRP

COMMAN/MATN/PRAPH, PRAPESBAT,BCANT, BCANT, BCANTY
152CaNTP NBENGB,NBENGE, THBSL, THBSL, THAV, 1BV, FLOWR

_1aRLETPS, FARFWT.fBTwT.PTPGCN:TTWY;BTPQWT.MCSWT LOTWT.

RsAH2L D, ALLPLA, 81 OWLI,AMS ISP, AMSDVT, BMSDVP, BMR

9, LANGP TRWAR, YAWR,SENG, GRAW, M INGLW

CAMUEN/YRERD /NCTPS NCASFWNTPS,FWDA,CTTPS,CTALCSTPS

12CSA,CBYPS,CRALJATTPS,ATA,ASTPS,ASA,; ABTPS,ABA,BASTPS

Pr3ACASITOSCAN,WATPS, WGPLE, WL FTPS, TLTPS, TLPLE
B TLETPS,MCSTPS,“CSA. WACEN, TACAN, 184, 13TPS, IBC,LDA

4sLDTPS, PRAA, PRATPS,PRAC,) PPC, HYC s SCA,SCTPSsSWT, SWCa WaT

SWC=WSQ
o WS CAORRFCTIAN
WACsRrLANWT /(oW TaSWE)

DUWTs (WQC/WSt)uwelp5

o Bapy TPg WEIGHT
NCWTasNCTYPSeNrARRUWT
FuOWTeF unTPGaFWNA®NUWT

CTWYsLTTPSeCrA#nUWY
SHTsCSTPSeCqAsnUWT

cawT-CBTFSOCnAinUW?
CTATASCTA+CSA+CRA -
CTATWTarTWT+CSATHCAWY

ATWTRATTPSwATA#NUWT
ASWTEASTPS#AQAWRUWT
ABWT=ABTPS#ARAWNUNT

ATATASATA+AGA+ARA
ATRTWTaATWTASNTSARWT
BLETPSanCWT+EADNT4CTRTWTCATATWT
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602
603
A0G
«ns
&04
407
408
09
A17
R
A1
613
AV L
415
h1h
A7
418
419
470
621
&22
6213
rem
#25
~Ph
%27
6P
429
430
471
437
413
434
435
834
637
433
439
ALT
bit
b2
643
bhb
645
Kk
hu?
KuR
449
650
651
AR2
£57
ASL
655
454
K57
K53
459
660
hRY
662

O 8 &8 ¢ ¢ 6 2 8 8 8 & 8 8 4 2 8 2 g8 &5

TABLE 3.0-3
DETAIL LISTING (Continued)

4542000 BASFWTEaRASTPQ#RASASDUNWTY
487000 1RTNTE12#1BYPG4 1B |
4GSR, 00N BTP:wT-ucwr+rwowT*CTaTwT¢ATﬂ7w7¢BASer¢7PSCBN~!BTNT
459,000 €L WING TPS WFIGHT __.
bANOON WGWASWEQG#WARNN
4A10NN . WOLFA"W3WAWWARPLE R [
LaP2 00N WETPRARWGWAWELFA
443.0010 CWANTsWGTPSASUGTPSHANUWY . R
LhbL0ON WHLFWTsuGlLrasWL e TPReDUNWT
LAS.ONA THONTOWIWT 4 WGLEWT.
4thenn C TAIL TPS WelGHT
LL74C0N0 _ TAAeTSGeTACAN e e
4R 0NN TLFAsTWAST P F
4A9.C0N TTPSASTWA=TLEA e —
470000 TiTaTTPRA®T . TPS«OUWT
47t.00n0 TLEWTSTLFATLETPSSDUWT
L72.000 TTWTeTWT+TIEWT
473600 .. MCSWTMAGTPSwMCRASRUWY . . e e -
4744600 LYTwTslravLN?PS
475.C0NM PRANTOPRAASPRATPS4PRAC e
474sC0ON CWTaSCA#SCTPS

. 477.C00 CTATTPSsRATPENT+TWGWT+TTWT$MOQWY
47R.C0N 14 DTWT+PRBWT4PPL4NYC+SCHY
47R.200 . PTYPSCN»YPSCAN S
47R4400N PePraPPr
L7R460N0 PHYCeHYE e e
479.00n0 RFETURN
LADLCON_ END . —
LR CON SBRAUT INE AqunT(YAPnBP.rNGPAC.rNG TVC,CBNTR, PRPUTL
482.00N 14PRA8YS,FAN,PRE],CHIL,PRFVALLFEEDS,DISC,MISL) . _
4a3,C0n Ry At MlaCsMIQCF,JAC,NAENGA v
4R4CON caruaN/uaINny PRAPB,PRAPC,BRY, BCANT:BCANYaDCANTY R
LRK. 00N 1,8CaNTP ,NBENGRNBENGA, THBAL , THBSL, THAY, TBV,FLBWR
URALONN ____ PaTF,FTW,FIXHRD o i
4R7.000 1:T§°RS.1¢PHV 1SPRBa, YQPBBV,QCD.QTN
LRR ¢ C0A 42y NVEIRE ) INFSSTAGY,DVEAN,PVENST el
429,000 GaRFL »THATC, THRGI T2 THATC, 16PA, ISPR,PRAPETY
430,000 4;PRAPBY ,FRAPAD,FX(2),DVENC,IVI,DVTITC, WBSCD, AINWT, OLANWT
451,000 75 INUNT  ALON T, B85L8W, GLAW, T TAL,5, P, MATCR, TLSSRLFPRP
4ae2,C00 A ANA D, LPLA,RLBWL B PMSIGP,RPUSDVTAEMEDVYPSOMR .
483.000 GsLANGP, TRWA, TAWR ) SENG, GRAW ,MINGLW
4944000 CaMaN/AsPD /PO G G:SPI.HHLAﬁ,ﬁHEAD‘HULL:BULL:FTU.RHB
498,00 LOMATL A HOLENSARCLENSRELENIRFLEN,CPLG!
4964CON BENGAA®3,0 oo
L97.C0N BarnGegsarb.
438.000 . ESLPslenpt [,
4a9,.0nn BFTHQT=472000
500200 BRPUTL®1n,
801.C0N BFANDR7 774
S0P .C0nN BPRFS®1Ng7, _ . - I
S563.000 BIHT #1373
Sru Srn . BRFCIR=RRS - - -
S05.C0N BotatNs 2.
5Ca.CON BPE39%100 : e : _
S507.C00 Bntansir.
SCR.CON GFSe3e o - o L. .
Se3.C0N SUPTFE?PR,
510000 ___ __ HDPAR®SN, .
511.00n0 8nAqnesA, -
512,000 MISCFE®In, . . o
543.00n C CALCULATE MAYN ENGINF wT.

3.0-17

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST
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X
ARG
AR5
Y
667
468
463
£70
474
K72
673
A74
&75
675
477
A78
679
62N
LY. B!
AR
4R3

kAL
ARG
&R6
“R7
AR
483
490
491
692
6973
494
435
494
#97
£93
699
700
701
2
703
704
705
704
707
704
709
710
711
712
713
714
718
714
717
718
719
770
771
yEF
723

S14400M

8185.00n
B1A+CON

517.C0N

548,000
Bi19.CON
520000
BE21.000
5272+000

523,000

BPu.C0N
525000
S2A«CON
S527.000
528,000

BP9.000

S30.300
531.00n0
R3P.C0N
573.00n0
5424.CON

_853%.c0n

53A.00n0
537.C0n0
538000
517.000
S40.000
B4t 400N
542.CNN
S43.,000
Suu.l0n
S5u45.C0N0
QSehOCN

SL7.000

542007
S494.20N
ERaeC0ON
551000
EnPel Pﬁ
583.00

Sqe.cnn
SR5.0nN
ER&: 20N
557..CNN
55Kk 0C0ON

559,000 _

S&000N
5K81.C0N
K&2,000
5A3.000
hAaskCON

8545.0600

Bak 00N
547000
BAR«CON
54%.0500
57C.CCO

. 571-Crn_
R72.800

E73.00nN
5744000

c

-

c

T ECSTaBArNG/BrTHeTHwESLP
_ENGUsECST#TAVserSLP

__TFMape

_ HPRegEHi LeHuraAnN*GrCenek/1728,

CIF(VATL.FQ.2) TADMe nG3ISNTANA+COLO.

TABLE 3.0-3
DETAIL LISTING (Continued)

ENGsNBENGD «ENGU
CALCULATE _TVE WTe
TVCLm e QNN4P28TAV+20R
TVCeTVCL#NPFNGSE

CALCULATE 1GNTTION AND CANTRAL WTe
CANTRE23779+A7. 2 BENGARSPAGAYNAFNGA*S53, 34

Cal.CcULATF PRAPFILANT UTILTZATION SYS WT,
FrpPurLerpUTL

CALCULATE FrLL AND DRAIN WT,
FadesFaAn
CalLrULATE PRESSIRIZATIBN QY5 WT,
PREgaBPRFSe ((TAVANRENGE ) /{ReTHSTEBENGNB) &, 8
CALCULATE CHILLCOWN DUMP SYg WrT,
CCHTL R tBeHT JRENSNB Y@ (TAV/RETRST ) %4 SeNBENGE
CALCULATF REFIREL SYS WT
RECTIR®BFCIRe((TOVaAENGR)/(BETHST#AFNGNR) Jas,ge5PY
1F(SPI+3TeNe) CNILED,
CALCULATYFE PR VALVE WToe
DIAINSBNTIAING{TAV/BETHST )a®, 8
VALVE Sy ,RED¥NTAIN®® 7R

REPORT MDC E0746
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B2PVeNArNGA® (VAL VF+PRGI*BPAGA)
H2PVveNBENGR#VALVE

CaLruLAre FXT TANK DISCENNFCY NY
DYA“-UDYADU(lTBV'NﬂFMGB)/l“FTHSTOBENGNG))"05
DIANRI( ,12R%n AN D, (84,5

D1ANASSEI#( (ReDtAD®eD, ) *u &

IF(SPlerRe0s) DYADRSRTAD
HPDValeARZEDNTANS®L 7R
BoCVaSP1I#2, 44,522 N1ANBY*,7R
1F(cP]erRene) 2DVarpNV
CaLcULATE FFED nUCT WY,

BPRIcaG L+ AUFANeGES#T74 e /4 T7PR
THReRFREGeMIAN/FTU

THOMe (o

IF(MATLLFGaly TRCMu, n2*D1ADS008 _
IF(MATL .F,R.a2) THOMesn0I*DTIANG.010
1F(MATLLFO,.3) TuDMe 034N 1AN4,030
IF(YaTL . FQ.4) THDMuenD2%D1AN+.024
IF(TaOM 0T, TWRY THASTHDM

TRt aAPRoG*NTIADS/FTY

TaD a0, i
TF(MaTL.FRW Yy TADMa (AN2*DTANA+«N0A

IF(MATL.FR.3) TACMa D3 *DT1ADR+«030
I1F(FATLFTe) TADME 4 NO2*DTADA+ 024
IF(YRUM,GT.TAD)Y TBNsTADM

THE PRGBS IAIN/FTY
TAr=nPReQenT A IN/FTY

IF(MATL,.FQ.ty TFMe,0n2%D1aIN+,008
1F(MATL.FGE.2Y) ToMe,ON3*DTAING QI
IF(MATL.FR.3) TeMe,0n3¢D1AINS.030
1T(MATL.FU Uy TFMe, nn2eDTATN 024
TFLTHE o ToTFM) THESTFEM
1F(TPE el TeTF™M) TRESYFM
HOUCTSHOLEN#®2 14160 1AD*TRNURNME
 R+HFLFN#ANAENGRA*#3, 144 AaD]AIN®THESRHE
JACsCLEN®(3.14167/P¢)¢{2.401AD) 8301 a14®,082
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TABLE 3.0-3
DETAIL LISTING (Continued)
724 « 57%.000 K# o PRAYHELENSNOENGO®3, 143472, (244D1ATNI R0t M14
775 = 574000 _ - K*e012%e 286+ (WCLEN®(1.+DIADI#AcL41A% 1. p—
774 e 577.00n ReHFL ENONAENGAS {1 o#NTAD)I*2,1416%10)*5:/1778,
727 = 872,000 — __ HOUCTOHYUCTHUAC - — ——— I
778 = §79,00n B§UCT'BFLEN01-1&16«01ADG«?ﬂ5»RHSo(10¢§P1)
729 = BRCODN .  K+OFLFN®NPENGA®3, 141 44DIAIN*TAE*RKS - —
710 - 5‘1000” YI.C"E
731 o SRA.C0ON .. . 1mr.098 o BN
732 « KR3I.C0N 1IF(CPLGTEQet1a) Yo ,.124
. 733 e _BR4sCCO —_  IFULCPLGI EQete) 10%hR a2k
734 e SR3.00N HCRIIPLE2 ,#nACNGas (YeDIAINGZ®,193801A1N)
735 =  SRALONN L EMNAPNGB e (YSDIATNCZal JPRESARHAINDIAIN/DGY L .
734 =« BR7.C0D ReNAENGAs (YaDpATN+ZeRKI#DTIAIN)
737 « SRA,CAN . . E+(YeDIAn+Za( 1400 eDT1AD /2. el
733 « BRICON Xe(YaDIAIN+Z8( 2RESRHAISCIAIN/Z ¢ ) *NBFNGS
739 e RIG.CNA ____ _1F(RKBITeePa) HCBUPLSHCBUPLRX
740 =« 591,00N0 BCAUPLES . #NAENGA® (YADTAING7 S, 193'DIATV)
T4 e 532,000 . K+NOENGIa(YeNPAIN+Ze{ ,286+RHAVODIAIN/DYY L
742 » 593,000 ReNAENGBe (YaNTATNSZoRNA#DIATY)
743 =« 594,0cn L E*{1e4SPrYs(YuDTADB+Zule1eRHA)#DIADB /P .
Toe e BIR.CON Xo (YoDTAINSZa( «DRE+RHAIEDIAIN/2 ) *NAFNGE
745 e  E96,000...__ _ 1F(RHIe5Tea2r) . ACALPLEACAUPLAX -
746 « 597,000 X INTIHELEN/200. )
747 = S9R.CAA . . HACLASsXesnk17ReD1ADu#241+MAENGS i
748 = 599,000 x‘(-nal?ntD?A'VtﬁE-1*9-“-018&«001AI\0'?ol)
749 =  6CO.CCN . XsINT(BCLEN/200.) i
750 s 601,000 BRELHS-XO-1h7%0§IAnBOO2-0R*VHENGB
781 =  £072.000 CE# (e 1475 «NIAINS D CReP %2 04T 1#0IAINER24RA)
752 « 603,000 HSUP TR A1 "SUPTF # (HCAUPL #H2PVeRADV+HNUCT+HBELAS )
757 o LCL.CAA . .. BSUPTR n1*cUPTF#(8CBUPL+A2PV+a2DVeODUCT+BBELBS). —
754 « 605,000 HORsMDARR
755 e &0AL0CH ____ BORanL9AR [
756 =  &07,0CNH BaFNeACaPL+ADUCT+ABFLBS+ASUPT+ADR
757 =  L2R.COO . HRFNsRCAUPL+HDUCT+HBFLAS+HSUPT#HDR . -
788 « 403,000 C CALCULATE MIGC WT.
759 « £10.C00 _ _ _ M1SCee01aMISCF(TVC+CANTR4PRPUTL4FAD S
760 ®  K11.,000 K*PRCG‘CHYL¢QEC7Q¢8?PV*HEPV*HPDV¢6?DV
761 « 612000  ___K*92FC*HIFD) e
74A2 « A13,.000 C SJM BRY w7,
7R3« B1LeCON o ATRTeMIGE/(201841SrFI¢MISC4ENG..
764 o &thReCCn C MAIN ASEENT ARUTRUT
765 =« 417,000 __ ENGPaACspNG+TVC+CENTR+PRPUTL I
766 = AYRLCON PIFVaAL®asPVenPPyY
747 &« A13.80n  FEFNS®A2FDeH2FD o . -
TRR e 6204000 C1SCa82 y+H2NY
769 = £21.000 . PRAGYSerAD+PRES4CHIL+PREVALSFEEDS+DISL+MISC
770 = &72.00N TAPIRPseNGPAF+PRASYS
771 = 673000 RFTURN
772 « 624,000 END
773 = £2%.000 - - SUBRAUTINE LADSYS (L NRCKaNG1aNG2,NGI,NGEARIMG 1, MG, MG
774 = APALOON 12MGFAR) AX L1 AX2,AX3, AXGEAR,LNNDKK )
775 e 627,000 _1MPLICIY RFAl tAl) e
774 = A2R.CON ceMunN/aIN/ PRaPB, PROPS, ﬂ“T.BCANTaHCANYaBCANTY
777 = 629.CA0 . . $2PCANTP NSENAB,NIENGR, THRGL, THASL, THAV, TBY,FLAWR .
773 =  A30.CON 22TFL,FTW,FIXHRD
773 1 BINERR - A3 MSRUCAIRSTVAlaTRETIAVBARYAIEREFTV -
781 = 833,000 ___ BsREL,THATC, THBSLT ) THATCA15P8, ISPBLPRAPEY . _ . . .
782 « A3UuLCON &)PRAPBY, PQHD&?.rwt:i.Dvﬁhc.ova.ovrﬁtc.weqCD.ax~wT,aLAwa
783 =«  £35.C00 220 INJWT ,ALAWT8GLBW, GLAW, TATALSG,P,MATCH, TLSSRLFPRP
784 @ A£3ACON R,8~a1 Drat.LPLA,AILBW A,AMSISP,AMSDOVT, PMSDVP, 3MR
r
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785
784
787
_ 788
7R9
790
791
797
793
794
795
794
797
798
793
ROD
_Rn1
RO2
/N3
04
205
R0OA
RO7
- Yok:1
/09
R1N
Rt
A2
a13
Ri4
R195
R14
R17
R18
R19
R?20
a4
RP2
R?3
RP4
/25
RPA
827
RPR
879
830
831
R332
R33
R34
/35
RiA
R37
"33
R33
Aun
ARal
Ry2
R43
Réu
A4S

4 & ¢ 8 & & 8 ¢ 3 &8 6 8 3 53 8 40 B 4 48 88 4 8 ¢ 5 G &0 S 88 B 3 E A8 88 DA B e S I % AN G &S EE SN S OS

TABLE 3.0-3
DETAIL LISTING (Continued)

637.000 9, LBNGP, TAWA, YOWR ,, SENS, GRAW,MINGLW ™
638.C0n ____ _CoMMAN/IRGD/ LGFTULLGVSL,LGLE,LGLS,LGDTA,BRCF X
6414000 MGRuRLANWT 8225000 /215000,

BuPeCON__ N3ReALANWT 72000+ /215000

643,000 PHlsns

644,000 THFTASLG, S e
6u8.C00 THETAZTHFTA#Q:34159/4R0

fuALQ0N PHI=PHl83¢14159/180 el

647,000 NJMNT=2,

RURLCOAN ___  NUMwaebk,

643.C00 Li=t.GLC

650 C0N Lom,p* 5L C . [ - o
651.C0N L3s.n* 518

652,000 Lygmer* 5. C S e o

6%3.00N L5s2RK+5
_&R4eCON___ Lama,

655000 LRaL4*TaN(PHY)

ABA.00N  L7sLa*LAa/TANITYHETAYSLR

£57 00N Dasg,

652000 BIKWT & (BLANWT/12ReR)¥((10ARTBSLGVSL ##p¢)/BRCF
653400N SPeMGR
CRATLGON __ _TATT % SR ONARY/E. S
6A1.00N0 TUHaGP/ (PbReAAKRETH2,)

6A2.CON __ _ AXLFQ = TWH® L4226
647,000 VRs.5*A) ANWT w1 e b

AL 00D . DR=s u*B) ANWTw1 el A
645,000 VI = e4syR

ERADOA Vo m eg » YR o o
667 C0ON VE o (1./L7)%(VA*{1 S+ L B)aVI#(LEal8))

AAR, 00N . SC = VC/TAN(THFTA) , ~ _
63000 VA 5 (1./L1)8(LGLS#*DRu((VReVEI®(L1/Pe)))

£70400N0 ) v 8 VReyCavy -
671.CON MAAR 5% 1#(VaeVR ) mi 4eDR

£72.000 __ __  AC w 1ena¥((MAA/LeaRe GFTY))us(2,0/3.0))

673000 RC = SRIT(AC /45269024 0414K)

6740000 . WC m ACe(LGLCeLP)I®,283 - _ i -
675,200 BRACF & ,lewr

6744000 ) B s DenxCea,aSINI{PHTY - R
£727.00N BETA ® ATAM((LP+LBY/11)

A72,0C0 LA & [y5el1«RCY/(CASIRETAY*CASIPRIYY. . R
6794000 MGIDF & (VBerRASIPHTI)I+SC*SIN(PHT))*CRS(BETA)®LA

&ROLOON . MFRABNT & (VRWSINI{PHI JaSCoCAS(PHI) e 4 L -
621,000 Dt o (7994alussMSINEI/{LGETUS(24%RCeGe#SINIPHI) ) as{10e/30)
622,000 Dy m AeeMFRANT /{44 aLGF TUSRCHRE)

4R3.000 AF s (Da(fCiens))*Be(N1eDy)

634,000 WFA = 1.0DeARE A% sDRANE e e
AR5 .0800 MGINEP & ((VRACAS(PHI)I+SCeSINIPHI) ) #CBS{BETA)OR*SIN(BETA) )L A
ARA&«0ON _ B1P 2 (7094w (BU4e*MRINEP) /(LGFTUS{2e¢%RC=Fs*SINIPHI))))®%{(4/3¢}
fR7.C00 Ad s (DetDI1PLNG))ORG(N1Pany)

BRR4OON . . WAA ® {,O5#AAS[A#¢pRN,5 _ }
409,000 MP s DR#(LGLgaLALC)

AA0OON __ AP 3 1e2&%(MP/LAFTU) #%(24/74) — S
91 . 000N WP s 1.58AP®| GLr*,0RY

692000 . TWSSC = WAA+WFA+WC+RRACE e . o el
693000 ATF ® 4ng*TWQSCH*1,

AL CON WY & TwggC 4 LPIBQWT+TWTITEAXLES+ATF +TWH

&95.000 MEANTM « e2PRs (W Tawes5)

69AO0N __  WT = WT & MCANT™ e

697.000 THFTAZ » THFTA#180./3:141K89

A9R.CNN PHI? ® PHI®#1AD/3114159 S . . -
699,000 SPN s NGR/NUMNT
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TABLE 3.0-3
DETAIL LISTING (Continued)

R4k = 700000 WNT s SPN*,0nKR75
R47 « 7C1.000. . . __TANT.® WNTeNUMNT? . o . . . — e
&48 =  702.000 WuN = SPN/?6&-65667
RuQ e 7034000 AXLN B HHN® s L4206
RS0 e I04.00N0 STN = T“sSCi.uo
RRL @ INR.000 _ .. ATFN ® . MACTWSSC®#®4¢et . e
RG22 e 70AL00N WTNG ® TUNTWHNSAXI  N+STNGATFEN
A3 e 707.CON NCBNTN m (WTNGwweSB)weB850 - o oo o i e
RR4 e« 70R.CCN WTNG ® 4WTNG+NCANTN
- . RRS e _729.0CN — WC » WCete28 .
REA &  710.C00 WEA = WEA®(,455
AB7 =« 711.000 . WAA = WAA ¢ 3478 e -
RER « 712,00n0 BRACF s RRACF » 142§
R8I e 713.C0N . TWSA[L s TWSS, w 10285 . oo .. S, -
R&D = 714.00N0 AXLFSWAYLES®14725
. _BRY e TIS.00N WP s WP_# ta2% . _
R6?2 =  T71Ae00N MCenNT™ & MCANTM#1e25
R&3 = 717.C0N ATF » ATF*1,25 el o .
Rhi = 71R.00N BRKWT s RRKWT & 14285
RAS =  719.80n . . TWTT & TWTTsq .2 I . - L
RhE e  720.C00 TAH 3 TWH%*q (25
RRY v 7214000 WT m TWagC+WP+BRKWT_+ TWTT+AXLES+ATESTWHeMCANYM
RAR e 772.00N TWNTY & TWUNT#,R0
/69 = 723,000 . WHN & WKN®,Rn sl .
R70 =«  774,00n0 AXLN ® aAXLN® R0
871 = 7725.00N0 . STN & STN®*.AN e U I
a72 =  72A.C0N ATFN ® ATFNs, 20
R73 = 7727.000______ NCBNTN a NCAYTNse8BNn . - -
A74 = 7PR.CON WING ® TUNTHWHNSAXLN+STNGATFNSNCANTN
7Y - 779,000 NS TWNTSWHN L - B S e —
R76 =  73C.C0N NAPsQTNGAXLNSATFN
877 « 731.C0n .. __ N33snNCBNTN e o
R73 = 732.C0N0 NIFARBNG I +*NGDeNG3
_B72 = 733.000 . M31e{TWHeTUTT4+BRYXWT YN e
RRN =  734.C0N MAP e (TAGGC+AXLFG*ATF WP ) a2, )
RR1 « 73%.000 L MG (MCANTM)Y w2, _ L o — [, _
RRZ = 73A.CON MIFAREMIL*MNo+MAT
RRY ®  7717.000 _ ... AX1et1eGs(1,R28(,00744{0s0752R/2(2.%32.2)14(108RTRAS GVSLI®®2)%e,57
KR4 = 738,000 KetLOnTASLGNIA+3.#LGDTA)*10.))
RAS e 70.00A____ _ AX2aaX2 e _
RRA e  T740,C0ON AX33AX3 :
RR7 = 741000 . ... AXGraRaaX1+AXP+AX3 L . A o
RRA e  T47 00N Lwnnx-n,rAn+HnrAR¢AXGrAR+LNnnKK
RR9 = 743400n _ ... . RFETURN e . S
R9D e  TukeCON END
ORIy e 7484000 _ . SURRUTINE 3UTPUT - e
R972 &  74k.00N0 IMPLICIT Real (aml)
R93 s  747.C00 CAMMAN/MAIN/ PRAFB,PRRPO,BRY,BCANT,BCANTBCANTY . —
894 = 7u4R.C0N 2 RCANTP , NBENGR,NBENGR, THBSL . THASL s THRV, TBY,FLAWR
R9% =  749.C0N P2 TFLFTW, P I XHRD P
R94 =  750.C0N 3, 15PHS, 16PRY, 18PARS, 1SPBABY,SCD,BTW
. BY7? e 7R14C00 .. . _usHsDVCARRYINCLSTAGV,DVCONLDVENSTY . — —
A98 e 7G2.C0N BsRFLTHRATC, THRSL T2 TH4ATC 2 16PA, !SPB.DRnPer
R9I « T7KRILCON 62 PRAPEL ,FRAPAD,FW(2),DVENC,NVB,DVTBTC, WOSCD, B INWTALANNT
902 e« TEL.CON 7, INJUWT ALAWT  RALB Y, GLBW, TRYAL,S,PIMATCH,TLSSR,FPRP
931 = 755.C000 R, 2HALD, nLLPLALAL AW A,72518P,AMSDVT, AMSDVP,L OMR
902 e  7%A400N 9, LANGP, TRWA, TAWR,, SFNG, GRAW
e ... 903 e_ 757.000_ _CeMvAN/SRMS/BERNTIZDRYWT,,AGLAWSLAMY ,,PuB] . . S
904 =  7HR.CON 1.3Aqq“M WEASE sWIBINT,WNOBZZ, #TTER,WINKT, wiGN.BGRMC
905 e 7853.C0N P1SRMISS,PHFS,PWASLG,PWAS, PWMFAPATklPNAVnNNCTPQ:SRHTC
arnk =  TADLCONO I WRECAV,PHPAR PP, PWRR ) PWRP,PWWR, SRMRC
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T4 UNECFRT,FXPINS,RBSIUN, SRML , 8RMD

TABLE 3.0-3
DETAIL LISTING (Continued)

907 = 741.00N0
90R = 7424000 5,PGRASS,PBRALT,PPRAPR,PDRYWTY,PBASLY _ e —
g 909 = 743.CO0 42T IXBEB,SIMPRY
L. 810 =__7%4e00n______ CAMMAN/ARBA/R1,R2,RL,WTAUXANTACS,ACSFNG2ACSSYSANTACTK
11 = Th4«04n 1,ACaMBD, 1 TAMe, BMSENG,PROPSY, WTBMTK,MADULE
91? « 744080 1,SURFL, PPURLCLFC,HYDR, AVIANA , ECLSE, PPRBV,BUNCWT
913 e  Th4eiPn 2s9R3AMIS, TABRRRA, QURFK
Q4 o  TEULERD 1,PFRCOAN,RRENRN, ARESY,PLRAACL, PLRADD, ACSPRO, WEPRIP, SUDLE
915 = T7h4eP0ON PIF IXRRB,FIXWAR,aDRYWT,8RIFL
91b6 = TAu4L1P4N0 _ 19 4AT WSS, WRG R, WTRRRE , WTRRBE (LEW ) WTF WAIL)WAS, WADR WAH .
947 w  T7ALe2RN PywAR,GPRAV,PRINAK, TATL,TSG, TRSTR, TTARGB, TLE s WRUD , WRS
348 o ThLe3IPN 2, YRATLWTHI WRP,PYAILK
913 e Tha 34N 1,637,01,62,62,54467,6R8,69,610,611,G12,G15,G14
920 = Thbabl0ON 215G17,012,518,572,623,G24,625,526,52705332,533,G34
921 = Tebhobbn 035,834
_ . 9P2 e Jékeben L2 TOTTPS  TWGAT WGHT , WGLEWT,» TWT, TLEWT,,BLBTPS S
923 e JALSPN PIBASFAT  IBTWT s PTPSCNLTTWT ,BTPSWT ,MCSWT,LDTWY
954 e  7h4eBAN 2 PRANT, PPPL,PuYE, SCWT .
925 @« 7h446N0D 1) TAPROP,ENGPAC,FNG, TVC,CANTR,PRPUTL ,PROSYS
97k @  ThLsbun L PaFANLPRES,CHILIPREVALLFEFENDS.NISC,MISE S
927 e 7hbebRA 12LNDDK,NGLANGP,NGS, NG:AR.NG1.MG:,MG?.%GEARani.Axe
. 928 e TAR4eTPA __ 2 AXAXGFAR, L NDNKK
629 « 7808000 CAM¥AN/EXTA/ARDARP, TATPS,FWOTK,FATRYT,FadBLF,FCCTPS
93N « 7R1,0C0 _. 15CPNaCT, TIPS INLCYLSCT ACYDM  AFYBLF s WINTLPROASYSAFTNK
931 « 7&2.C0D0 " 2,FFNSYS, FNQQIA.DRSVMY,AFYCVL SUMP;AFYBLA.pVPU.TN!NY
937 e TR, CAN . . FINASEAR,AVIANT,UMRPN| ,WRE TR, TUNNEL ,MISCT,BAFF, SURDRY
937 & 7R4.000 4 GULNRY VT, REQIDTIUNDRANSFEFNTR,)PRSURTFBTAS, INFRT
934 a  FRS.ONAN 5, 3RAGSW, TLAMA, ATRAP  EXTL,, FXTRBLXHD, FXTHAJEXTHHASIMPTK
935 « 7RAL0NN CamuaN/RVE DyT,"VEBN,DVR,DVRQ,CVBRP, X2, X3
934 =  7R7.00N 12DVFPRITRTI.SSNVANRNDVALTY
8937 « 7R8.CON WRITE(LARIPCNG)
938 = 7R9,00N WRITF(1MR22N10) WSGHWWT
939 = 790.000 WRITF(1~Rs72C020) WBSTR,WTRRRE ,WTBRBC,I EwsWTE,GPREV.GPREBY
94N = 7. O0N 1S WATLIWAKIWARD,,WAH, WAP,PHINGK
941 e  792.000 WRITF(10Rs2030) TSGyTAlIL
quz « 7a3,Cen WRITF(1A82,204N) TBGTR2TTHRIAA, TLE, WRUND ) WRSs WRDR , WRHK
943 =  794.00n0 {2WRP,PTAILK
Q44 e 798,000 CwRITElLrRI20R0) G37
94T =« 734000 WRITE(1nRsP0A0)
qbh «  777.00n0 WRTTIF{1nRs2070) G1.G11,GPR,610,G274G12,G26,6G1%,G2,6G3__
947 « 793.00n 1556,0616.017:632.63LsG6RsG18,5375,619,622,67,623,633.6G9
4R = 799,C0N0 PsG2u,034
949 =  KCN.00N WRITE (1R 20R0) TOTTPS
950 « /N1 ,.C0N WRITEL1rRIP0a0) TWGHT  WEWT ;WGLEWT ) TTWT s TWT» TLEWT,BYPSWT
951 e RDP.00N 1,BLNTPS,RASFUT, 1BTWT,.PTPSAN, MCSWT,LDTWT,PRBWT, PPPC,PRYC
952 «  BN3.00Nn _ ___PsCCWT =
953 e BO4.CON bP!YF(i Rs2100) LNODK
a4 e RLS5.000 WOTTF(1rgsP14N0) NGFARSNGL,NGP,NGI,MGFARIMGL S MG2,MG3
955 e BCALCON 10 AXGE AR, AX1t,AX2, AX3, LNDDKK
955 = AQ7.C0N WRTTF (118, 2120) TAPRAP
957 « AN0R.00N WRITE(1rRs2120) ENGPAC,ENG, TVC,CANTR, PRPUTL,PRASYS, FAD
953 e RN9.CNN _ 1aRRFQsCHILL,PREVALJFEFNSLDISCLMISC . o
9593 »  R10.C0N WRIYE(1~R,2140) TABPRA
9460 « Ri1.CNHN WRITFIINR2P180) WTAUX
\ 961 &«  Ri12.000 WRTre(1~s2t6) WTACS,ACSENG, ACSSYS,WTACTK, ACSMBD, WTBMS
942 o R13.000 {1 ,nVepr NG, PRAPRY, yTANTK ,,MADLLE
963 = RKi4.00N0 WRITFLINRIP170) PPUR
) _ 9hL e RIB,ONN. _WRiTF(1rRs218D) ELFC
945 e  R1ke20N WRITF{10R2187) KYNR
™ 9hh =  B17.000 WRITE(1~R22A0) SURFC
947 « K1R8,00N WRTTFL1NRI2240D) AVIONG
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94 R

949
970
9714
972
973
874
975
974
977
378
979
3RO
981
9K ?
_9R3
SRk
9R%
8R4
9R7?
SRR

- 983

999
a9
992
9913
894
995
994
997
9913
399
1002
1c01
1002
1003
1004
1005
1005
10607
1008
1609
jc1s
1011
1012
1017
1014
{615
1016
1017
1018

1019

§020
1021
1022
1073
P el

. tn2s

1€24
1627

1029
.

819.00n0

821,000
827000
R23,00n0
824 ¢CON
RPS.C0ON
R72AeL0ON
827.00N0
_82R.000
H29,.,000
RIANsCCH
R3It.CON
RIP.CON
RITCON
834,00
R3IRCON
R34 CON
837.00N0
R3I3,C0N
837,000

AR41+CON
gu2.L0N
RuLICON
RuseCOD
845000
R460000
8u7,00N0
RBuR«00AN
Ru%CON
RuC Q0N
R=1.COO
A5P2.CON
R53.CON
RALCON
R55.,00N
KR4+ 00N
R=7«C0ON

&%9.000
840+ CNNO
RAh1sCON
RA?P. 000
BA4CNN
844 CNAO
EAS«CON
RAACCON
Re7.00N0
RRR, 00N
R&Q.CPN
RI2.00N0
R71.0CN
R772.00N
R73.00N
8744000
875,000

R77.000
B87R+00NN
R79.CeN

B20.000 ..

CBa0e.CON

RER.20N ..

876+CC0N..

TABLE 3.0-3
DETAIL LISTING (Continued)

"WRITF(1aRs2720) ECLSE

CWRITF(iaRa2Pa0Y PPRAV e
WRI1TF(1nRs2P25) BRAMIS

e WRITE(10Rs2240) BUNCWTLBORYNWY
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WRITF(1nRsPPL5)

WRITF(1nRs2780) BDRYWT,PFPSAN,BRESD,PLEADU,BINWT,BRESY

1,%RIFL, ACSPRA, WAPRAP,8TRARP, AL OWT,PLAADDIBLANKT, PLBADU;B!NJNT

20C0 FARMAT(11Y, ?uX.vBQB!TrR WEIGHT SUMMARY ')
210 FRRMATI//24X,"WING GRAUP(ARF AR, F5e0s ') 1,23X,
IS O I 2 PRCPIL IS 1 L T S,

2n20 F“R“AT(AX:'FAQTC STQUCTURF'pilXpFQoO-
1/,9%,'TarfJE BAX EXPASE!',2X,F940, - --
2/:9%, 'TARWUE AAX CARRY1»3XsF 940,
3/,9%, 'LFADING FNGE1.7XsF 9,0, . -
479X 'TRATLING FOGF1,4X2F0e0,
L B/Z16Xs'SFCANDARY STRUCTURE 1, 3uXaF 304

£7:9%, M. ¢Ge PRAVIGIANS!,2X,F9e 0. ‘
776X, 'CANTRR SURFACF ', 1RX,F840, N e
R/ 9%, 'SHELL Y, 14XaFaen,

9/+49%, 'DRIVF R1B'10X.F9¢0, [P

R7+9%, 'HMINGF Y, tuksF a0y
K72:9%e 'ATTACH 15 1X2F2e0a ..

K/16Xs 'WING WEIGHT CANSTANTY!,13X,F9.0)

2A30 FARMAT(uX,'Tall GRAUP(ARFAS!.F540a')0a23Xs. . . .-

1V (1L,F9enu )ty

2040 FIRVAT(AXs'8451C STRUCTURF "2 18XaF9e0s - .o — —
1/,9%, 'TarRFUF RAX',aX,FS94¢0,

________ 2/.9%, 'LEANING ENGEt,7XaF 9.0,

/06X ' CANTRA) QHRFACr'linx,Fq.oo
4/19%s 'SFLLY L 1uXaF G, . R e e e e -
5/,9%, 'DRIVF 1B, X, 79001

L & 29Xs HINGE Y iy XaF Qs o _ .

Y/,9X, "ATTACH 1, 1 2XaF T4 00
e RZsBX s TTATL WEIGUT CANSTANT !, ¢aXaF e 0)

2AE0 FORMAT{uXs tRANY GRAUP ' 36X, t(12F9¢0,111)

2060 FARMAT(I1X, 'FWD 1 aBXs1CTRY S AXLPAFT!) S

2070 FARMAT{&X» 84St STRUCTURFY,

1/739%, 'SINEVAI LS 210X.F3e0.2Xs FOeOsiXaF9e0s .. .

2/29%, 'LarGFRANG 1, 21X, F 940, 1X.F3¢0s
S 3/19Xn'F':AHFS'I?AXIFQ-OJlx:r"-Ol A

479X, "Bl KHEADS 13 21X.F 93¢0,

©/,9%. 'CREY CPTe PRAV.1,4X,F9.0, P

&/59%, "WINDSHIELD PRAVe ! 23%X2F9404

7/59%, "NAGE WHL WWEL PRAV!Y,2X,F9e0a . [,

£/:9%, 'PayLean REACTIAN! 2 1uX,F940,
o BZ229%,"WING SUFAR PRAVe Y2 1uXaF 940,

1709%, 'TRRUST STRUCTURF 128X, F940,
2/,9%, 'Tall P2V, 31X.F940,
/,6%X, "SR TATAL1513X%,F900:2X.F940,2Xs F9.o.
W/ 26X 'SECONDARY STRUCTURFY, . -
8/,9%, 'CARGH nNO8R SWFLL'214X,F9¢0,
o AZ49%, 'CARGR N9RR] MECHa'21uXaF 900, e

7/:6%, "MIGCFLI ANFAUS WTSe 1, 4X, F9-o.2x FQIQlax'FQIOO
R/, 6%, "TATAL ', 17XsF8.012XsFa0,22X0F 900

2A80 FARMAT(11',3%, ' INDUCFD ENVIRANS PRIT.1,23X,
TN, F e, 1O 1Y

2090 FARMAT(aAXs '"WING1229X,F 948,

2/:9%, 'LeaDING FNGE1,7XsF 9.0,

3/16Xa'TAYL‘)PQXnF9-OA
&729%, 'SURFACE PANFLS',5X,F9.0,
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10729

1030
10314
1032
1033
1034
1035
1036
in3?
1038
1039
104D
10414
104P
1043
1044
1043
1044
1047
184R
1049
10R0
18681
10R2
1cK83
1054
10RS
11754
1087
1088
10533
1060
1061
1042
1Ch3
1064
1ess
104k56
1067
1naR
10673
1n72
1074
1072
1073
1074
1075
1074
1077
1678
1679
108N
1CR1
1LR?
{9R3
{aR4
1ngs
1084
1087
10R8
10R3

8RN 000

RR1.00N

BR2.00N0

RR3.00N _

RR&4 0NN
885.,0NN
RRRsONN
RR7.C0ON
RRAR.CON

RRY.00N

A830+.00N
2a1.C0ON
852,200
RA3,CNN
834,000

83%.,00n0

RIA¢C00

RA7.800

B3R 00N
R99.00N0
9nN.CCN
9r1. 000N
arz2.000

903.00n0

904.000
8. 000
9ok CON

ecr.00n

9CcRrR. 000

909,000

910.C0N
911.CPN
9172.00n
g913.C0MN
3144200
91/%.00N0
914A.C0N

917.C00

91R.,CNON
919,000
920000
8921.000
S272.C0ON
923.CON
924.C0ON

925.000

826000
927.Con
928.CON
9P3,L0N
a3n.ten
931.CrN
937.C0N
933.CNN
934+C0ON
933.C0'n
94 .00N
937.,00nNn
938, 00N0
949.C00
Se0eCON

TABLE 3.0-3
DETAIL LISTING (Continued)

TR, 9%, VEEADING T FNGE , IXGF 9.0,
676X, 'BanY 1,09, F 940, _
7/quA'BPDY ”ANF[S'.&X:PS-O:

g/.QX.jBAQE',qﬁx F9e0s___
9/,9%, 'INTERNAL TPS1,7X,F9,0,

K/19%X,'BanY CNST TPS WT o' 2XeF9e 00 . . .
1/56%X,'M1Q CANMT. SURFACE ', 16XsF940.
C P/ Xs "LAND + DBCKINGY, 19X.F9,0,
/26X, 'PRAPULQIAN23XsF 9.0

4/ kX, TPEIME pPAWERY,P2X,F 9,0,
B/16X, 'HRYNRAU 1Ca1223XaF 940,

A/ 5AX, 'SURFACE CANTRBLS'217XsF940) _ .
2100 FORYAT(4X, 1LANDING X DBCKINGY,2RX, 1 {1,F9e0s1)1)

2110 FORMAT(AXs 'NAGE GEAR1 424X, F9e00
1/729%, 'RALL GrAR,10XsF 900
P/i9X, 'STRUCTURF 1 10X,F920Q,
3/7,9%, 'CANTRAL S, 1IX,F940,

4/,6%, "MAIN GEARY S 24X,F 500,
&/7,9%, 'RalLl GFARY,LI1OX,F940,
A749X, 'STRUCTURF 2 10XsF 900,
37:9%, 'CANTRA St i1x,F940,

R/ 6% "AUXTLLTARY SYSTEMSY, 446X,F9,40,

a/,9%, 'OFCELERATION SYS!153X,Fq40,
 4/49X%, 'SEPARATIAN SYSVL,EX,F9404
2/,9%, "HANDLING K MANTIP!1,3X,Fa940,
3/ 6% IMIcCELL ANFBUG! , 20X, F0,0) -
2420 FARMAT{4Xs1PRAPULSIAN MAIN A:CENT'.?1X.|¢'nF9.o.!)'l
2130 FAaRMAT(aXs 1FNGINES+ACFSSARIFS Y 15X, F9e¢ 04

1/29X, "ENGINFEQY 12X, FasCo
P/59%,'GrMBal SYSTEME ,6XaFQen,
/59X, 'CNTRB S LIXaFD40,
6/59%, "PRAPELL ANT UTILIZ',2XeF940s . e
5/56X%, 'PRAPELI ANY SYSTEM!, 16X.F940,

6£729% 'FrLL X nRAXN'I7XIFQch_

779X, 'PRESSURTZATIAN I, SX,FQ,.0,
R/Z+9X, 'CHILL RUMP LINFS?!3XF 040,
9/,9%, 'PUF VAL VFQ1,09X,F940,
87:,9%X, 'FEFED SYSTEM' ,RX,F 940,
$/:9%, 'DISCANNFCTS 'L RXF S0
P/729%, 'MYaCFL) ANEFOUS Y, 48X Faen )y
TP140 FRRMATILXs 'PRAPULSTION ALR HREATHI,24Xs 1(12FQa0, 1) 1)
2150 FORMAT (4 X2 'PRIPILSIAN AUXTLIARY ', 25X,
19{1,FTen, ')ty
P1A0 FARMAT(AX, 'ALCS QYSTEMI,23X,F940,
1/729%, "TARUSTERS Y 10X, F 9D,
2/49X%,'P3nP. qYSTEMI,IX,F 9.0 _

3/59%, "TANK 115X, F 9.0,

W/59%, "™ManULF1,12%X,F340s

5/.5!.'BAVS qYSYFM'J??XlFQQOA

ﬁ/.QX.’TuEUGTrﬁﬁ'olnan9lO. -

7/359%X, '"PEAP. QYSTEMY,7X,F 9,0,
L R/9Y, YTANK 1 43X, F9.0,

9/:9%, "MAnULF 1, 13X2F9,0) :

2470 FARMAT(uXs 1PRIME PAWER! ) 3uX, v {V,F9e0s 1) 1),
21RO FARMAT(4Xs 'FI ECTRICAI Y5 38X, 1 {1)F9e0,0) 1)
P40 FaRYaT(uXs 'HYNRAULIC 38X, "(12FQa0s "))
7200 FAR“AT(4Xs 1SiFACE CANTRRLGY, 20X, 10 1,F9,0,1)1)

2210 FARMAT(4Xa 'AVIRNTICS 37X, 1 (1,F940, ")V _ o
2220 FARMAT(4Xs tFNVINABNMENTAL CANTROBL1,24Xs 1 {1)F9.0,1)1)
2230 FoRMAT(4Xs tPERSANNEL PRGV]’!ﬁNS';ESX:'('JFQQOA')',
2235 FARMAT(uXs "™MyQLPLLANFRUS ! 32Xa 1 (1,F5.0,1))
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1090
1691
1082
10913
1094
1n9s
1n9%
1097
1034
{n92
1169
{1nd
1{n?
1103
1106
1105
1104
1107
1108
1109
1110

941.000

S4?.00N0
943.C0N

G4 00N

G45.000
QukCON
947.C00
GuRCON
943.000

G viPRelofe IR

S51.000
8=2.00n0
3532000
Q5L OO0
95R7+.CON
a4, L0N
957.800
gL C0N
GrR3.C0N
9460 00N
SAht 00N

TABLE 3.0-3
DETAIL LISTING (Continued)

10/7149%5 00 & = = @ wl /24X,
SINRY WEIGHT!,34X2 ' ((1aFSs0s 1)) ")

2550 FARMAT(/Zs4Xs tDRY WEIGHT ', 13X, 1 1F9.00 1) 1

1/1h%X,
?/46Xs
3/:6%,
W/ 24X,

_B/Z16X,

A/ s 86X,
/46X
R/ +hX,
976X
&/ 4¥%,

A/7:6XeVELAND WT PAYw 1 F6eCst Y te

2/ 14X,

/56X VUINJE WT PAYs',F6e0n ') 1y R,

YRS ¥

'PERSANNEL 12 13X,F 900, -

AR REQD PRBP WTe'aRX, 7900:

'PAYLAAR UP1212XaF 340,

YINFRT waGHTv,11X;!('.F9oo.')!.

1858 RFSY PRAP WTe',RX.F9els.. _—

5560 FARMAT (aXs ' GRBWTH/UNCERTAINTY1,27%, (1,F9e0s 1)1
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P45 F““”AT(//l'l':akxl'“RRITER _MISSIAN WISTARY')

1anR INFLIAMT LRSSES'.aansoo:

'ACS PRaP WT'.11X:F 9.0, DT

19AMS PRRP WTI1,10XsF%e0,
18gR YRAPFN PRAP WTI1,4X,F3:0s
1G7A5SS WT{ARBaANLY)1.8X, 111, F9enat) 1

TLANDING WEIGHT1,9%X, 1 (1,F9,0,1)1,

VINJECTED wEIFHT':BX:'!':FQ.OJ'!')

RF TURN - e

END
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3.1 Wing and Tail Torque Box Model - The wing of any aircraft consists

of a torque box which carries the primary bending, shear,and torsion loads,

and leading and trailing edges to form the proper airfoil contour. Each
individual aircraft has a variety of control-surface types and sizes, provisions
for engines, fuel systems,and landing gearsdependent on overall configuration,as
well as special features,such as wing folds, fairings, stores provisions, etc.
Of the total weight of the wing, between 45 and 75 percent consists of fhe
torque box.

An aerodynamic surface weight (AEROSURF) prediction method,based on the concept
of a basic wing plus increments for special design features,has been developed and
shows good correlation with existing wing and tail surfaces. The major element is
the torque box model which consists of:

(a) an airload model for load on exposed surfaces,and root bending moment,

based on the method outlined in RAE transonic data Memorandum 6403 (Reference E).

(b) the structural arrangement is a closed,two-spar multirib box subjected
to vertical shear and bending moments. A straight ,constant-section body carry
through is also computed.

(c) cover skins are analyzed for bending load, spar webs for vertical shear
load,and ribs for flexure-induced crushing load or cover skin stiffness.

(d) the unit weight-to-load relationship for the cover skins and ribs is
developed from a beam column analysis of a single-face corrugated panel. A straight
line approximation of the calculated curves is used as suggested by Shanley,

Reference (D).

(e) the loading and section areas along the span are integrated into total
wing weight by analytical expressions. If significant geometry breaks exist, a
tabulated multistation analysis is employed.

(f) allowances are included for specific factors that are known but not
easily quantified. An overall torque box contingency factor of 25 percent is developed
from correlations to some 19 existing aircraft. These aircraft include a variety
of fighters, transports, and bombers assuring the model is valid for a wide range
of loading, geometry, and structural arrangements.

AEROSURF is a significant first generation effort at prediction of a wing
(or tail) weight with minimum turn around time and effort. It contains a realistic
representation for the significant elements of a traditional design cycle, and with
the correlation factors, gives accurate quantitative answers as well as correct

trends. It is recognized that the model is not truly representative of structural

3.1-1
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suggests the overall weight is valid.
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Yet the correlation with
existing deltas and apparent agreement with preliminary analysis of Shuttle wings

The following work develops the analytical relationships used in the derivation

of the model with a summary of the equations listed in Table 3-1.

TABLE 3-1
SUMMARY EQUATIONS

Exposed Surface

Bending
Shell vy 1 - CB ktb Sex
, pL 2
Bending y = ex Am Rcp bex
3 8
3 F,0.8h, \2 cos
Shear
Intercept/ yg = P Py Coiogn myny2
Min gage Cos 0 32 f
¥
t i .8 hf (lFm )
o k.Qcp L_ b _ @'+ 1
Shear Yy = eX ex
6TanfTA cos 6 (A' + 1)
Ribs b/,
Strength Vg = 2p Er h, C ai d
0 X X i X
3.1-2

Carrythrough

2 Cp kg Cp by
K
o ¥rep Loy Doy 2N+ 1) b,
6 F,0.8 b, T D
2 c,0.8n, b,
2P -
— &t bhe G
a X
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TABLE 3-1
SUMMARY EQUATIONS (Continued)

where t _ = larger of
rx

Cp By SN 675 M
- - —7__-__—
(.10) (144) F_ T EC_al

where me is the flexure induced crushing load on the rib.

JOINTS

Yi0 = (yy + Y3+ Y5+ ¥y + ¥g) .10 Yy = (g + 7, ¥ ¥+ ¥g) 10

STANDARD GAGE

Y12 = -4 Sexp ktb Y13 7 14 Sct ktb
MODEL
Yi4 = .10 Y3 + .20 Y, + Yg Yi5 = .10 Y, + .20 Yg
RELIEF
2 "
WREL = WC NZ Ll k +
FA .8 h
f
0 WC NZ L1 BCT . cos 6 +
FA .8 hf
p We NZ 11
T
KICK RIB 92
W= .058( SL sin © bex )
hf cos O
Subtotal Y16 = Y17 =
Non Optimum Y18 = .25 Y16 Y19 = .25 Y17
Subtotal Yoq = Yo1 =
Total Torque Box
Y2
3.1-3
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Symbols used in the equations

&

a0 o o
wn

Lo T T o T

tb

= & o

2cp

~

Am

= £f e ! 2:xz " Z 8 2 =

i S 0]

- rib spacing

- aspect ratio

- span

- chord length

- intercept of bending shell

-~ intercept of shear allow-
able curve

- modulus

- stress

- allowable stress

- artificial allowable stress
~ depth

~ % of chord torque box

~ correction factor to airload
distribution

- Integration factor for plan-
form and thickness taper

- surface load
= length
- moment

~ thickness ratio

- normal load factor times
factor of safety

- load (1b)
~ unit axial loading (1b/in)
- unit normal loading

~ equivalent or "smeared"
skin thickness

- skin thickness
- unit weight

- weight

- density

- fraction of span, exposed
semispan

- Area

3|

JSF

te
Le

3.1-4
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c.p. location as fraction of
length

joints, splices, fasteners
planform taper ratio
sweep angle

sweep angle of structural axis
(normally 0.50 c)

allowable shear stress

Superscripts

reference to exposed surface

Subscripts
trailing edge

leading edge

fuselage intersection
tip

Centerline

exposed surface
arbitrary station

rib

over
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3.1.1 Basic Analysis Model - The basic analysis wmodel for the torque box
is a simple bending beam.

/)
'
/
LR
: AP
/ s &
/ - h
ja >dx:-O{+t X - {i
N2 -
/
The weight of the beam is the sum of the section weight (pr dx )
1
W= 2{: pr dx
o

Assuming both caps are equal,and applied stress is equal to allowable stress, the
cross sectional area of the beam at x is:

2
A = 2 P, = 2 Mx = Ap x

£ fh fh

The total beam weight can then be obtained by tabular setup and summation,
the multistation analysis method proposed by Kirkpatrick of Boeing in 1952
(Reference F). For surfaces with no discontinuities,the summations are per-
formed analytically since they are quickly solved and lend themselves to use in

parametric studies. The beam weight equation is:

=
It
I
>
4
[a Ny
s

[
[
©
>
o
=
w

letting A p% equal the total load L),

W= PL;LZ

3f h

3.1-5
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The development of the weight equation for a wing follows the same steps as
that of the simple beam.
o from the load model, calculate the shear and bending material at a section
o determine the unit cap or web loading
o from the structural model determine the allowable and calculate the section
area
0 integrate the section areas over the span to obtain total weight
0 add factors for unanalyzed material and correlate to existing vehicles
o develop expressions for a geometric break at the wing-fuselage attachment.
3.1.2 Airload Distribution -

Spanwise c.p. - The variation in spanwise location of the center of

pressure with planform taper ratio (X ), sweepback angle (A ), and aspect ratio
(AR), is derived from the method of RAE Transonic Data Memorandum 6403, Reference
(E),which is based on Multhopp's subsonic lifting surface theory. Planforms with
curved leading edges and arbitrary trailing edges can be estimated by data pre-
sented in Reference (E). Figure 3.1-1 presents the spanwise c.p{n) of surfaces
with straight leading and trailing edges as a function of A, A, and AR.

A single equation can be written for M in terms of A re? A, and AR. The
equation is generally accurate to within one percent. This empirical equation was

derived knowing the partial derivatives of the variables with-respect to n .

n = [0.04 + AR (0.0049 + 0.000045 ( A ,_ )J A

) _ 2 _ 60 - fe
0.05 (A 0.4)" + 0.41(1. + .000333 Ale ) ( 3000 )

Surface Load - The wing in conventional airplane mode flight must have

a 1lift equal to the aircraft weight times its load factor plus the balancing tail

load, normally a down load.

Ly = W, N, £ Ly

The wing weight provides an inertia relief load,reducing the bending moments
on the wing. An inertia relief factor is introduced since the load distribution
and the wing weight distribution are not identical. Using the basic beam analysis
model with a uniform load distribution and a triangular bending material weight
distribution,an inertia relief integration factor of 1/2 is obtained for the wing

weight.

3.1-6
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0.49 T T
Ag = 0° Ae = 20°
= 047
5 AR - 8
= AR = 7
5045 ﬂ;:? /éﬁ%%
s = AR - 4
5 % AR5 éé AR - 3
= 043 V/// a%% //;Z’H
[ / /
S g4 -~
=
=
=
“ 0.39
| =
0.37
" 40 500
/\Ie = /\|e = / AR-8
AR -7
0.50 //4AR - 6
= ///§AR .5
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o
T
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0.38
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

»— PLANFORM TAPER

FIGURE 3.1-1 SPANWISE LOADING (RAE NO. 6403)
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The wing load is therefore:

Ly = 0, = 1/2 W) N, + L

Tail, gust, or ascent loads on the wing are input. If ascent loads
are critical, as may be the case for Shuttle, the surface load may be input
in one of three ways:

(1) the total wing load,as calculated outside the program,may be input in
place of (Wg NZ + LH).

(2) an equivalent pressure over the wing (A pSw) may be input in place

of (N N, L.

(3) an equivalent load factor (NZ) may be generated outside the program and

used.

Body Lift - The method presented applies only to wings without fuselages,
nacelles or tip tanks. At 1low angles of attack,the effect of the fuselage or

nacelle is probably not critical. Thus, body 1lift is calculated directly from the
method outlined in Reference (F). The loading at the centerline (no) and at the

wing/fuselage attachment (77f) is calculated as follows:

CCL=FnE+G()+H()

ch

where

FMm=3.395-5m V1-124+ 207 - 8.488) 0 2\/1 -2
G (T)) = (AR TanA te) [—0.01484 (1 - 6.666 M + 7.316 772) 1 —7)2]

H (M) = (AR - 4) (1 + 3.5 TanA te) ﬁ.003 (1 - 14.57)2 + 21M 4) 1-m ]
Note if AR< 4,H (M) = 0

The load carried on the body is calculated as the average loading times body span.

C.P. of Exposed Surface Lift - The body 1lift c.p. is calculated assuming

a straight line variation between 1ift at WO and Wf. Knowing the c.p. of the total

lift, the c.p. of the exposed surface 1lift (ﬁex) can be calculated. Solving and

referencing ;;x to the exposed span.

7 _[LT’_Lfnf_Lex "f] b
ex = b
ex

L
ex

3.1-8

MCDONNELL DOUGILAS ASTRONAUTICS COMPANY = EAST



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS oL

COMPUTER PROGRAM - FINAL REPORT 28 FEBRUARY 1973

The bending moment at the wing fuselége attachment is:

Load Distribution on Exposed Surface - The calculatjon of loading across

the exposed span by the method of Reference (E) does not lend itself to simple
equations. Sufficient accuracy for preliminary estimates is obtained by a uniform
distribution times a factor (klcp) that produces the same root bending moment as
calculated above. The c.p. of the uniform distribution airload is:
'T,un' -1 (2 Al 1)
3 AT 1
where X' is the planform taper ratio of the exposed surface - Ct/cf

The load distribution factor, klcp is simply

- M
kJch _ex

MNun

The bending moment across the exposed span is derived as follows:

. Dex/2 —

The loading at x =AP [CtX + (Cf - Ct) x2 ]

where: Ap = Lex 2 Lex
1
Sex bex Cf a+3")

The moment along the span is:

M =k AP (C x'z_z_ +1(c.-cC x3
cp 2 2 3b
ex/2
= 1
S epoex Cer'2 4% o
b C. (1 +2M 2 3b
ex f ex
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expressing the distance along the span as a fraction:

n = X
bex/2
where N= 0 at the tip
Nn=1 at the wing fuselage attachment
1.0
M o=k Tex Pex 1 e+ @ =Ny o
kep 7 2 3 T +x"
0
The moment at the root is:
Loy Pey 1 (2x'+1)
= ——— ——t — '
M= kz. 2 2 3 A+ 1
cp

Sweepback and Carrythrough - A swept surface is evaluated in the same

manner as a straight wing except,that structural span replaces aerodynamic span
in the calculation of bending moment and the integration is performed along the
structural span. Unless known, use the 0.30 chord line(§) as the structural
axis. The structural span is b Cos 6 .
ex/?2

The carrythrough is assumed to be a straight, constant-thickness section
through the body. The vertical shear is reacted at the wing fuselage attachment,
thus, the carrythrough bending moment is constant and is based on aerodynamic span.

3.1.3 Section Bending Loads

Surface Thickness - The thickness along a span with a straight taper is:

h = hf [m' bex + (1 -m") ;}
/

where:

h, =2 [mb+ (1 -m b
f E;_ f

Effective Thickness - The analysis model assumes all bending loads are

carried in the cover skins. The wing structure is considered a two flange beam

with the centroids of the flanges separated by the distance, he.

3.1-10
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REPRESENTATION OF WING BY EQUIVALENT TWO FLANGE BEAM

The ratio between the effective depth (he) and the maximum depth (h) is ke.

Shanley has investigated the effective depth factor variation with length and

location of the box,and the thickness of the flange material for several airfoils

(Reference (D)).

1-0 l I T T
NACA 66-218
— NACA 66-206 NACA 66~212
0.8 ;ﬂ? [ ——
/ 7‘ NACA 66-203 o
0.6 /s TI NACA 23012
Ke |t 0 2 4 & 8 10 7
0.4 | —]
| =/
0.2 — 1
l e /
— 31—
0.0 -
0 0.2 0.04 0.06 0.08 0.10 0.12 0.02 0.04 0.06 0.08 0.10 0.12
Th MAX Vh MAX
A nominal ke value of 0.8 is used. This should be reevaluated for any new

class of surfaces being examined and modified as required.
Cap Loads - The cap load (Px) at any section is obtained by dividing the

moment (Mx) by the thickness (hx)‘

Px = 1v[x
h
X
Pﬂ = kSZ, Lex bex {L[ 2A ' n 2 + (1 —)\.')] n3}
CP ) 2 cosg 3 1+ )\
he [m'+ (1 -m')n ]
At the wing-fuselage intersection,
k
P, = bep Lex  Pex 1 (1 + 2X%"°
hf 2 2 cos @ 3 1 +x!

31-1
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J.l.4 Structural Model Bending Material
Cover Loads - The cover skins of an aerodynamic surface are usually sub-

jected to longitudinal compression from spanwise bending, lateral compression from
chordwise bending,and shear from torque. A rapid and logical method of obtaining
and interacting the failure stresses from the three loadings is not known. |
AEROSURF assumes the spanwise bending stresses are critical and the effects of
torque and chordwise bending can be neglected in establishing the weight equations.

Cover Skin Allowable - For the weight equations,the cover skin allowable

Stress is determined from the analysis of a single skin, open-face corrugation
shell discussed in the appendix. This concept is chosen for ease of analysis and
for the belief that the desired thickness—-to-load relationship is reasonably

typical for most structural configurations.

The smearec skin thickness (t) or unit weight (w) is computed for various unit
loading intensities (Nx),and plotted for the specific material and temperature under
consideration. Straight-line approximations o: the curves are developed following

the approach of Shanley, Relerence (D). The equations have the form of:

w =E=CB+N_X
plad FA

where: Cy is the intercept value or "shell" weight,
FA is an artificial allowable stress for the unit load, and
N_ is the load intensity in 1b/in.
The CB term has a direct relationship to column length (rib spacing for

cover skins), as shown in Figure 3.1-2. For a typical aluminum alloy and a reference
rib spacing of 20 inches:

v =0.684 a +_x  (0.10) (144)
where w is expressed in lb/ftz. 26500

Note that a good fit is obtained for loadings from 1000 to 15000 lb/in,
and rib spacing from 10 to 60 in. In developing the equations, consideration
is given to insuring that C

B is equal to or greater than minimum gage, and that F

A
does not exceed Ftu In correlations with existing aircraft where the particular

alloy is not known, values of CB = 0.70 ay and FA = 60,000 are used for

aluminum, and CB = 1,05 a; and FA = 128,000 are nominal values for titanium.
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2014~T6 ALUM, TEMP = 200°F Fy, = 59,800 AP = 5 PSI

5.0 60"
o
45"
4.0 40" A GOOD APPROXIMATION IS
35"
o ? /ggjj w = 0.0342 ai+56‘;90 (0.10) (144)
i ¥ .
3; 3.0 / / 7 \zigii
'* / / %/ N5
= Cg vs RIB SPACING
Y ,/ /A/// ,/ 5"
: ////%/
=
1.0
///// SLOPE = —— -
/ 56,500 / Cg = 0.0342 3;
0 L |

(=)
~N
=

6
p~LOAD LBAN ~ 103

8 100 0

20 40
RIB SPACING - a;

60

FIGURE 3.1-2 SHELL MODEL UNIT WEIGHT VS RUNNING LOAD AND RIB SPACING
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Compression vs. Tension Cover - The beam model places the upper cover in

compression and the lower cover in temnsion. It could be anticipated that the lower
cover with the higher tension allowables would be lighter than the compression
cover. The detail weight statements of a variety of aircraft fail to show this
trend. 1In fact, the covers are similar in weight with no consistent pattern as to
which is the heavier.

COMPARISON OF WING BOX COVER WEIGHTS

FIGHTERS UPPER COVER LOWER COVER REFERENCE
F-105F 943 839 (d)
A3J-1 1,577 1,526 (d)
F-5A 216 226 (d)
F-101B 954 1,044 (d)
F-104F 258 252 (d)
F-100D 876 854 (d)
F-4D 935 1,006 (d)
BOMBERS/CARGO/TRANSPORTS

B-47B 4,610 4,698 (d)
B-52A 11,123 11,251 (d)
B-58A 3,038 2,841 (d)
C-135A 6,314 5,849 (d)
C-133B 6,682 7,053 (d)
C-130F 2,654 2,441 (d)
BAC-747 17,514 21,472

C-5A 15,560 17,215

Reasons why the cover weights are similar may be:

o fasteners and other cutouts reduce the effective area on the tension
surface.

o gust, inverted flight, taxi,and other loadings not considered by the
model place compression loads in the lower surface.

o manufacturing considerations.

AEROSURF considers the weight of the lower "tension'" cover equal to the

upper ''compression' cover.

3.1-14
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-
3.1.5 Equations for Bending Material -
Basic Beam Model — Section 3.1.1 shows the weight of a basic beam is:
_ L
W= i/r AX dX
o
1 o 182
3 f h
Combined Planform and Thickness Taper - A conventional aerodynamic surface
is tapered in both planform and thickness. The integration factor for the combined
effect is derived as follows:
) W= 2p . Mx d
f h X
o the moment is: © X
M= b Cf[}\")ﬁ sE = A x
2 6 L
o the thickness is:
h ' '
hx= f [m' 24+ (1 - m')x]
L
solving:
2
pL &
o The integration factor, kkm , is presented in Figure 3.1-3.
Equation Development - The structural model unit weight is:
W=t (0.10)(144) = Cp + _B_ (0.10)(144)
FA
The shell portion (CB) is independent of load and a function only of rib
spacing (ai)_ The second term, load/allowable, is the same as the Ax term of the basic
beam model. The t of the second term is simply Ax/cx'
The shell portion is a function of rib spacing. Some studies, including
References G and H, suggest the optimum rib placement 1is near a, = hx,and
that the total weight is relatively insensitive to rib spacing. AEROSURF uses
N
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rib spacing as constant along the structural axis with spacing equal to h at
0.2 P} . 12 . .
bex/Z and minimum spacing of in

The carrythrough weight equation is:

_ _ 20 M
W=o Abe = = b
where: L b
M= Kk ex | ex 1 (2*2+1)
rep 2 720 3 (A¥1)
15 M=0
M= uNiForm Loap
L3 BT DISTRIBUTION
/ M=03
M-=05  t= TIP THICKNESS

11 / // // ———u- s tr = ROOT THICKNESS

e < L — '7: 03 Cy/C
= U A= I
i //,///' "”,’,—"—"——’—,—-M: 08 t
= / //M 10 Ct= TIP CHORD
; Cr = ROOT CHORD
= 0.9 / ./(:: Aff::EEA44:=====
-
) /
K_( 3A) (1=3m) (1 - m) - 2n? LOG e nm| (I-A) 2-Tm+11nd) (1-m+6m LOGe nm
1+ (1-m3 1-2/1 31-mt
0.5 n .

0 0.2 0.4 0.6 0.8 1.0
PLANFORM TAPER RATIO

FIGURE 3.1-3 PLANFORM & THICKNESS RATIO INTEGRATION FACTOR - K

3.1.6 Shear Material
Structural Model - The structural model has the vertical shear carried

by two spars. Torque is not considered,and the spars do not contribute to cover
stability.

Shanley (Reference D) has developed a model for shear resistant webs
similar to that developed for the cover skins.

A = 0.003 h2 + §/21,500

where:

vertical shear

w
il
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A similar expression is developed for AEROSURF,using the tension field
analysis of Reference (I). The allowable web shear stress (t1) is expressed as

a function of a structural index.

o= EA00) 5T Tz

At low load values,T approaches 0.383 Ftu'
The stiffener area (Astiff) to web area ratio is a function of the index (S/h),

with a range of 0.3 to 0.6, representing the most efficient stiffener/web ratio for
typical loadings. The weight/load curves developed from Reference I for typical

aluminum and titanium webs are shown in Figure 3.1-4.

0.020
SHANLEY-SHEAR WEBS WITH
= | BEADED HOLES
0.016 —7 = | 0003+ /21 500
L~
A 0.0005 + /hZ /24,200
L= =~ 1075-T6, MAC 338

oy 0.012 —= ’%,?4
= A = GAL-4V (fy, = 130K)

0.008 |~ SZ — 0.0002 + $/hZ /38,000

0.004 //1

—f””‘
0 80 120 T60 200 240 280 320

$/h2 = gg/h, LB/INZ

FIGURE 3.1-4° UNIT WEIGHT OF SHEAR WEBS

The intercept of the shear curve does not reflect a minimum gage web. If the

specific t/h = Cs + §jhi relationship has not been developedsuse:

AA
titanium ¢ =0.0002, T, = 0.29 F , t . = 0.02
s A tu’ min
aluminum ¢ =0.0005, 1, = 0.29 F_ , t_ . = 0.03
s A tu min
Loading - The area of two shear webs at a section is:

AX =2 tmin (0.8 hx) + 2 CS(O.8 hx) + SX/TA

3.1-17
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where:

b
hx=b £ Im' X +(l-m')xl
ex/2
S, Ap Cf[A x+ (1 X)x/bex]
2 L
ex
\
b C. L+ ")

Ap =

The load distribution factor klcp is introduced to provide an artificial measure

of the actual load distribution.

Equation Development - Shear material equations are developed in the

same manner as the bending material equations.
b

ex
2 cos B
W= 2p o Ax dx

o the minimum gage term is:

b '
o) tmino's hf( ex )(m + 1)
cos 6
o the shell material (shear curve intercept) term is:

2 p € (0.8h )2 bex (m'2 +m' + 1)
3 s f ——
cos O
o the shear material term is:
k '
p Rep Lex beX 2x+1)

6tr, cosg (Ar+ 1)

The model considers only vertical shear loads. Thus, there is no shear load in

the carrythrough. An arbitrary closure web,equal to the bending shell (CB),pro-

vides an allowance for torque and loads not accounted for in the model.
3.1.7 Ribs -

Structural Model - The bending and vertical shear loads are taken in the

cover and two spar webs of the multirib torque box. The ribs in an actual surface
may be designed by one or more of many conditions. Reference G is used as a
guide for the rib model. Full depth ribs are assumed.

Two loads are considered in rib sizing:

o flexure induced crushing load from spanwise bending curvature, and

o stiffness to develop the column strength of the cover.

The flexure—induced crushing load on the rib is:

3.1-18
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The stiffness required to attain the column strength of the panel

obtained from Reference (G) as:

Er t.
- r ri
lPrib h,
i
Required stiffness is
CR Ec Ic
v T C a. 3
req . i

Where CR’ a stiffness parameter, equals 67.5 when upper and lower panel rigidity

is equal.

2E T
P = C C
CR a2
1
but
MX
PR T H
X

Equation Development - The rib weight equation is:

b/
_ "2 cos 8
wR =2 j/. t h ¢ L dx
A r a,

X X
X 1

where E;x = the larger of the stiffness or the load requirement. The total

rib weight is calculated as the average unit rib weight per inch times the span.
The rib weight at the fuselage intersection is calculated from the derived

?rx The tip rib t is considered equal to CB of the shell material.
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3.1.8 Concentrated Loads

Bending Relief - A concentrated weight will normally provide a relieving

load to the surface. The weight increment is derived using the basic bending beam

ex/2 cos @ __"l

hc(ﬂch —

model.

The weight, per side, is:

2 Wx
A c
X f hf m" 2+ (1 -n") x
Y
where:
ll
hc = hf 1 - 5 o5 © (1 - m)]
x/2
"o
m hc/hf
Solving: W 2
W - pCR' k"
m
rel FA .8 hf
where:
Wc is the weight for both sides thus Wrel = both surfaces

_ 1 ) m '¢n_m"
kmn - 2[( 1 - mn) + - n)

The 10 percent factor for joints (JSF) is included as are the increments in the
carrythrough and shear material. The effect on ribs and other allowances are
considered small. The total relief term is:

Weight = (bending exposed + bending carrythrough + shear) JSF

t ]
W - wc Zk + ch L cosabf+ p Wc L1 1.10
"
rel FAO .8 h ¢ FA 0.8 hf T A
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Concentrated Moment - The weight increment for a surface including the

added moment (fin) 1is determined as follows:

R.l
2(1/P A d
X X
0

.8 h k’mc

=
]

= " "n_
where kmc In m"/(m"-1)

The carrythrough weight increment is:

2 P MC bf

W= e
rel EA .8 hf

3.1.9 Allowances - The total wing structural weight will be different than
the "optimum" weight defined by the prediction model. This difference is accounted
for by two methods, (a) assessing reasonable values for known items that cannot be
quantified by analysis, and (b) including an overall nonoptimum or contingency
factor for the remaining weight difference, this factor being based on correlations
to existing surfaces.

Joints - On any built-up structure weight penalties are incurred for joints.
Aircraft detail weight statements breakout the identifiable elements of joints,
splices, and fasteners (JSF). Reference (J) data and other detall weight statements

show the following percentage of torque box weight for JSF.

Aircraft Percent Aircraft Percent Aircraft Percent
B47B 6.3 C-135A 22.1 F-104F 5.9
B-52A 7.9 C-133B 6.8 F-100D 13.1
B-58A 8.8 F-105F 6.2 F-4D 7.9
B-36A 8.9 A3J-1 8.8 A-3D-2 9.3
F-8E 7.8 X-15A 6.3 C-5A 8.6
C-119H 13.4 F-5A 10.0 DC-8-63 10.1
KC-130F 8.9 F-101B 15.7 DC-10-10 7.3

No logical trend with any geometry or loading parameters was found. Note that
differences in weight grouping may be significant and the values listed may be

biased, to some degree, to the low side since elements not readily identifiable,
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such as integral doublers, thicker skins or webs, "nonoptimum" load paths, overlaps,
etc., are not normally included in the JSF grouping. Ten percent is added to the
torque box weight for joints.

Standard Gages - Modern aircraft use extensive machining methods, therefore,

only a small factor is anticipated for the use of standard gages and not tapéring
all elements to absolute strength requirements. A thickness of 0.005 in. per surface
appears reasonable for aluminum structure to account for this manufacturing problem.
Since titanium and steel will be subjected to even more exotic machining
a unit weight of 0.14 lb/in2 is included for all materials,

Simplified Model - The loading condition assumed in the analysis model considers

only one flight condition. The multiple loadings on an actual surface, HAA, LAA,
Landing, torque, etc., will increase the loads derived by the analysis model on some
or all structural elements. Bending material will be affected somewhat, shear

webs and ribs to a greater extent. An arbitrary 10 percent in bending structure,
and 20 percent in shear structure and ribs is included to reflect the multiple

load conditions.

Contingency - Correlation with contemporary aircraft data shows the prediction
model defined a weight that is 25 percent less than actual surface weight. A
contingency factor is added to the manual to account for this weight, Comparison of
the contingency factor to various geometric and loading parameter falled to show
any logical trends. Thus there is confidence that the model does reflect actual
variations and that realistic data is obtained for designs and loadings that may
represent significant extrapolation from the contemporary aircraft.

The correlation data are presented graphically in Figure 3.1-5. Table 3.1-1
presents the weight data and basic geometric data. For the correlation to aircraft

the Leading Edge Structure and Trailing Edge Structure are estimated from the

following empirical equations: 0.3
leading edge WLE = 3.38(0'001 Wg Nz ) SLE
SG
002
trailing edge WIE = 1,87(0-001 Wg Nz ) <TE
SG

These equations yield unit weights (pounds/projected areas) of 2.5 to 3.5 psf for
leading edges, 1.5 to 2 psf for trailing edges. For materials other than aluminum,
these structures are assumed to be lightly loaded structure and ratioed by the

unit weight of the new material to unit weight of aluminum at a 500 pounds per inch

loading as determined by the SHELL program.
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&
C-5A
B52H
XB70A

ACTUAL WING WEIGHT - LB
=
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B-58D)
A3D-2
OA-5A
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a2 o @ OF-10C
Fah-1 g5 Fa-1
F-102
104 109

ESTIMATED WING WEIGHT - LB

FIGURE 3.1-5 AEROSURF PREDICTED WEIGHT VS ACTUAL WEIGHT
(Wing Less Control Surfaces)

Table 3.1-2 lists the actual and estimated weights of 19 airplane wings used
in the correlations. Table 3.1-3 is the input file for the NR Orbite wing and
Table 3.1-4 is the resulting output wing weight. Table 3.1-5 is a detail listing

of the AEROSURF program.
The following is a listing of the fortran symbols along with their correspond~

ing units and description.
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SYMBOL

AICP

AILP

CLE
Cli
CR
Cs

DELP

EMODU
oTA WNG

FA

UNIT

ND

D

Feet

28 FEBRUARY 1973

DESCRIPTION

Control Surface HL Fraction of Chord
Control Surface Fraction of Lxposcd Span
If AICP = D

Area of Control Surface

Aspect Ratioc (Wing)

Span

Location of Concen*rated Momen*t Input *o
Orbiter Centerline

Span of Carrythrcugh

Location of Concentrated Weight Input (1)
to Orbiter Centerline

Location of Concentrated Weight Input (2)
to Orbiter Centerline

Shell Material Intercept

Chord at Fuselage intersection

Leading Edge Fraction of Chord
Concentrated Moment Input

Chord at Root

Shear Web Material Intercept
fguivalent & p of Critical Loading
(Either WG*NZ or DELP, or both, must be
entered for wing)

Modulus of Elasticity of Torque Box Material
CP of Surface Load

Artificial Allowable Covers

Flap Chord/Wing Chord

Main Gear Vertical Reaction
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SYMBOL UNIT DESCRIPTION

FLP ND Flap hinge line length/Exposed Span

SLM Inches Length Main Gear

KEAS Lb/Ft2 Unit Pressure on Elevon

KP ND Integration factor - planform and thickness

taper

LAMB ND Planform Taper Ratio

LAMP ND Planform Taper Ratio - exposed

LE Lb Weight of Leading Edge

L1 Lt Horizontal Tail Load

M ND Tip Thickness/Root Thickness

MP PSF Tip Thickness/Thickness at fuselage

NZ ND Ultimate Vertical Lcad Factor

PTBXC % Area of Carrythrough/Area Buried (THEOR.)

PTBXE % Area of Torque Box/Area Exposed

Q Lb/Ft2 Orbiter dynamic pressure

REM Ft Lb Root Bending Moment

RHO Lb/In3 Density Material, torque box

SEXP Fte Exposed Surface Area

SFLPLE Ft° Area Leading Edge Flap

SFLPTE Ft° Area Trailing Edge Flap

SG Ft2 Aero Ref. Wing Area

SL Lb Bxposed Surface Load

SLRATI ND Praction of Load on Body

SMGDR Ft2 Area of Main Landing Gear Doors
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SYMBOL UNIT
SSB Ft
SSLAT Ft2
STE i 2
TAU Lb/In®
TEMP o
THETA Deg
TMIN In
TOCR ND
TOCT ND
UFLPLE Lb/Ft2
UFLPTE Lb/Ft2
ULE Lb/Fte
USB Lb/Ft2
USLAT Lb/Ft2
UWAIL Lb/Ft2
UWW Lb/ pt2
WAILDR Lb
WAILH Lb
WAILS Lb
WBREL Lb
Wel Lb
We2 Lb
WLE Ft2
WSWPKR Lb

REPORT MDC E0746

VOLUME |

28 FEBRUARY 1973

DESCRIPTION

Area Speed Brakes - Spoilers
Area, Slats

Area of Trailing Edge (Calculated if
0. Input)

Shear Allowable

Design Temperature, torgue tox
(Ref. info. Not used in calc.)

Sweepback Angle @ 50% Chord
Minimum Thickness of Spar Webs
Thickness Ratic at Root

Thickness Ratio at Tip

Unit Welght, Leading Edge Flap
Unit Weight, Trailing Edge Flap
Unit Weight of Leading Edge

Unit Weight Speed Brakes - Spoilers
Unit Weight of Slats

Unit Weight, control surface shell
If AICP = O

Unit Weight of Control Surface
Unit Wing Weight

Weight Aileron Drive Rib

Weight Aileron Hinges

Welght Aileron Shell

Weight Bending Relief

Concentrated Weight Input (2)
Concentrated Weight Input (2)

Wetted Area of Leading Edge

Weight Sweepback Kick Rib
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TABLE 3.1-3
- WING INPUT

1000 NRSHUTTLE

2000  AR=2,19,BCT=17.5,LAMB=z,21,T@CR=,09,TACT=.12,WLE=484,
3000 S$G=3220,,TYETA=10,,PTBXC=,43 ,PTBXE=,594,CLE=,100,5TF=0,
4000  WG:=215000,,NZ=3,75,LH=0,,UWW=0,,BLP1=0,,WC1=0.,BLP2=0.,
5000  wWc2=0,,BCMI=0,,CMI=0,,DFLP=296,.,KFAS=,68
6000  RHP=,10,cR=,67,C52.,0005,FA=64394,,EMADU=10,E+6,
7000  TAlI=22320,,TMIN=,03,TFMP=70.,
3000  AILP=1,0,UWAIL=l,75,AICP=,306,FLP=0, FCP=0, SFLPTE=0.,
9000  UFLPTE:z0,,SFLPLE=0.,UFLPLF=0,,SSR=0,,USB=0,,SSLAT=0,
9500  ULE=z1,60,USLAT=0.
10000  Fn=235000,,6GLM=95,,0=650,,SMGDPR=190,,
11000 =
TABLE 3.1-4
WING WEIGHT
ASPECT RATIZ = 2,2 EXPASED AREA = 2202, FT2
AREA, GRASS = 3220, FT?2 GRASS WEIGHT = 215000, L3
TAPER RATIA = ,2100 LPAD FACTAR = 3,750
ROCT T/C = .0900 PRESSURE 2296,000 PSF
TIP T/C = L1200 RANY SPAN E 17.5 FT
SPAN - g4,0 FT SWEFP ANGLE  =10,0000 NEG
SURFACE LPAD = 651837.9 LB MATERIAL = NRSHUTTLE
R7OT 3,.M, = 4515091,FT-L7 TEMPERATIRE = 70.  DEG.F
ELEMENT FXPPSED CARPY-THRU
REMDING
SHFLL 1753, 586,
EUNING 1020, 748,
KICK PI3 44,
REYD REL 0.
SHFAR
SHELL 228, sl1,
SHEAR 4p5,
P13S 2243, 1074,
JUINTS 573, 250,
STN.GAGE 193, &1,
MINEL 48, 290,
SU3TOTAL 7178, 3101,
NPN-TPT, 1794, 775.
SUBTATAL 2972, 3876,
TCTAL TORRUE R7X 128482,
LEADING FDGE 774,
MAIN GEAR PRV 1202,
SURF CANT PRIV 588,
FLAPS 0.
ATLERCNS 2352,
TRAILING EDGE -0,
T2TAL WING 17764,
3.1-29
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TABLE 3.1-5
AEROSURF LISTING

#LIST AERPFEBIC

AFROFERID

22:02 FER 27,773

I10008FIXED

2000

DIMENSIZN AC3)

3000 REAL LAM3,LH,M,K,NZ,LE,KEAS, LAMSP, MP KP KMPP  KMC,MPP
4000 COMMIN AR SG,LAMR, T7CR, TACT,BCT, THETA, W6, NZ, DELP (LN
5000 1,PT3XC, PTAXE, CB,RU7,FA . CS, TAU, TEMP, Ul 3. SEXP , SL RM
6000 1, ENTDU, USWPKR  WBREL,WCI,WG2 ,cM1 BLP1, RLPS . Acmi
7600 2,WLE, ULE, GSR, TMIN, 6(30)

9060 CMAN/RURW/FLP  FCP, KEAS,AILP,AICP ,UMAIL, CLE

2100 1,FG,GLM, Q, SMGDR, GPRAV, STE, CSPRAV

5200 2,SFLPTE, UFLPTE, SFLPLE, UFLPLE, SSLAT,USLAT, SSB, USB
9000 CrmmeN/RWRNT/ELSE, FLAG, UEL, UES, FLS

100090 (‘ 1M[’°V/P\JPVT/P\DP RH')'IL HPq

11000 AMELIST

12000 . A“ ,S6,LAMR TCT, T?CT,BCT, THETA, WG, NZ ,DELP, LI, PTRXC
13000 ?,PT“KV CY,RUT FA, 08, TAU, TEMP, Uwir, cSR, TMIN

14000 3,ULE,FLP, FCP, kras alLp,AIce,(WAIl, oLE

15000 4,7LSC, ELEC, UEL, URS, FLR | RDS, RUDUL, (IRS, WLE, RDC
16000 5,"wﬂnu WCL,ue2 . cil L aLP],BLP2  3CM

15100 6, F, nL,,o &¥AnR, STF

18200 70 SFLPTE. UFLPTF, SFLPLF, HFLPLE, SSLAT,USLAT,SSB, ISR
1700010 WRITT (10°,900)

12000 READ (105,901, %NN=9999)

19000 IF (J.72.0) 6% T7 9999

20000 READ (J,€99)(ACI),I=1,3)

21000 G T (30,30,40) )

22000420 TPUTCLY

23000 CALL WING (D)

24000 6" TT =9

25000 30 IWPUT(D)

26000 CALL NTATLCD)

27000 GF T A0

22000 40 IUPHT(R)

22000 CALL VTAIL(.D

30000 G7 T7 70

31000~5C UITE (109,502)

32000 AT T =0

33000450 UITT (107,803)

324000 37 T7 7

35000470 WEITE (10R,904)

3500070 ULITE (108,905) AR, SEXP

37000 URITS (109,508) SG, WG

37000 URITE (102,907) LAM3,NZ

37000 URITE (108,908) TOCR, DELP

40000 YRITE (108,909 TACT,BCT

41000 URITE (108,910) B, THETA
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A2000
£43C00
L4000
25000
A5090N
27000
£0900
48000
cCoan
%1‘0Q
’3 OO
54000
25000
55000
57000
5cn0N
57100
EC5C0
500C0
HO000
61000
&2C00
530900
54000
55000
55000
837000
67000
8§eC00
700C0
710890
72500
73000
74000
75000
74000
77C00
72000
7<000C
7o0G60
21000
72000201
83000 +%02
400049503
50007904
°5000~505
.0

27008

V>QG“?06

‘QO

~100

~110

RIS

900

an000

1
2
3

3

TABLE 3.1-5
AEROSURF LISTING (Continued)

URITE(102,911) SL,A
WRITE (10%,512) RBM, TEMP
YRITE (10%,513) G613, ae2)
WRITE (108.914) G(3),GCA)
URITF (108.950) WSWPKR
WRITE (108,960)WBREL
WRITFE (108,915) G(5),G(6)
WRITE (108,916 G(D
WRITE (108,917) G(8),G(9)
WRITE (108,918) GC10),GC11)
WRITE (108,919 G(12),6¢13)
URITS (108,920) GC14),G(15)
WRITE (10%,S21) G(16),G(ID
WRITE (108,922) G(18),G(19)
WRITE (108,923) G(20),G(21)
WRITE (102,924) G(22)
URITE (102,925) G(23)
WRITE (108,965) GPRAV
URITE (108,970) CSPREV
Gr TZ €90,100,110),J
WRITE (10%,926) G(24)
URITE (10%,927) G(25)
WRITE (10%,928) G(26)
WRITE (108,925) G(27)
GZ T 20

WRITE (108,930) G(24)
WRITE €109,5931) G(25)
WRITE (108,932) G(26)
WRITE (108.933) G(2T)
WRITE (108,934) G(28)
GO T 30

WRITE (108,935) G(24)
WRITE (108,936) G(25)
YRITE (108,937) G(26)
WRITE (108,938 G(27)
WRITE (108,939) G(2R)
G TF 40

FARMAT(3A2)

FARMATCIHI 10X,

, “(0=8T0P, [zWING, 2=HPRIZON,

, THE INPUT FILE MUST BE ASSIGNED T
710X, “CEX. WING - Fzl=VAME _IN) ™)
FARMATCIDD

FPRMATCIHI,30X, WIVG WEIGHT °/)

FARMATCINI, 25X, ~
FARMAT (1M1 26X,

FERMATCLHO,5X, ASPFCT RATIM ="Fl0.1
COFT2 D ) )
FARMATC(1Y ,5X, ARFA, GRASS  ="F10,0,
F10,0, ° LBD
3.1-31
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TABLE 3.1-5

AEROSURF LISTING (Continued)
Z00CC*207  FPRMATC(IH ,5X, 'TAPFR RATI?  =°F7.4,13X, "LOAD FACTER ="F7.
3) .
©1000+308  FORMATC(IH ,5X, REAT T/C =“F7.2,13X, "PRESSURE = F7.
3,5X, . .
2000 C 'PSF" . . ) )
235004909  FPARMATCIH ,5X, ‘TIP T/C ="F7.4,13X, 'BADY SPAN = ‘Flo
.
94900 D ° FID ] S . . )
©5000+910  FPRMATCIY ,5X, "SPAN"10X, = "F10,1, FT '5X, "SWEEP ANGLE
F7.4, ..
96000 E 5%, DEGD ) . L. .
870007511 FZRMATC(IH ,5X, "SURFACE L?AD =°F10,1,3X, ‘LB “5X, "MATERIAL
©2000 16X, =7 3A4) )
550007912 FORMATCIH ,5X R2AT B.M, "5X, "= "F10,0, "FT-LB “5X
100000 2 ‘TEMPERATURE =~ F7.0 3x DVG.F ) ) .
101000°913  EORMAT(INO,8X, rLFmrNr 20X, “EXPPSED “13X, ‘CARRY=THRII *//7X
102000 A “BENDING “/{0X| "SHELL “16X,F10,0, 12X, 710,03

103000°S14  FERMATCIH , SX, ‘RENDING ‘14X ,F10.0,12x,F10,0)
104000915  FORMAT(1Y , 6X, “SHEAR ~/10X, “SHFLL*16X,F10.0,12X,F10,0)
105000°916  FARMATCIH , 9X, "SHFAR " 16X.F10,0,12X,F10,0)"
106000+817  FARMAT(IYH , 6X, ‘RIRS” 20X F10,0,12X,F10,0)
107000918  FARMATCIH , 6X, JJCINTS “18X,F10,0,12%,F10.0)
102000919 FORMATCINW , 6X, “STN.GAGE “16X F10.0, 12X, F10,0)
1000007520  FORMATCIN , 6X, “¥aneL’ 19X,%10,0,12%, #10.0)
110000521  FORMATCIH . 8X, ‘SUPT?TAL’ 14X, FI0.0,18X F10.0/)
1110307922  FARMATCIY 10X, M“w CPT. “12X,F10.0, 12X, F10.0/)
112000923 FORMATCIN , BX, "SURTPTAL® 14X, F10.0,18X,%10,0/)
1130004924  FORMATCIH . 12X, ‘TATAL TPRQUF arX 7 18X, FI1.0)
114000925  FORMAT (11 ,12X, [LEADING ENGE° 20X, F11.0)
115600726  FIRMAT (1W ,12X, "FLAPS 27X, F1i.0)

1160007027  FARMAT (1M 12X, JAILER"NS ", 24X FI1,0)

117000~023  FIRMAT (1M 12X, “TRAILING £NGE" 19X,F11.0/)

L4
A4
1
14
’
’
?
14
’
L
4

. \ L T T Y Y W Y \

- ®w w @ % e e

118000929 FARMAT (IH ,12X, TOTAL WIMP 22X Fll )]
1150007930 FARMAT (1Y 12X, VLFUVV /ISK SHELL " ,24X,F11,0)
1200007231 FZRMAT (11 ,15X, IU* RIR ?OX Fil, B
12106007332 FORMAT (IH ,15X, WI ?4X Fil. 20)

122000833 FARMAT (1Y I‘K ATTAFH °3X Fi11.0/)
1230007534 FARMAT (1Y 12\ ‘“TATAL W“DI7 TAIL LISX FI1,0)
1240007335 FORDATCLH IZK NUDDER /lfK “SHELL ZAK Fll 0

1250004536  FRRMATCIH 15X, WPIUF RIR’ 20X,FI1.0)
1260004237  FORMATCIH 15X, “HINGE® 24X, F11,0)
127000933 rﬂnMArcln 15X) CaTTACH”, 23X, FL1.0/)
1290004938 FTRMATCIN 12X, “T"TAL VERTICAL TAIL®,13X,F11,0)
1230004550 F RMAT (10, 9%, “KICK RIB ., 13X,F10,0)
1300004960 FPRWAT (1 ,9X, “3END REL ", 13X, F10.0)
130500 965 FIRMAT (1H,12%, MAIN GEAR PRZV’.[8X,Fl1,0)
130700 970 FORMAT (1M, 12X, "SURF CONT PRAV’ ISX.F11,0)
13100049996 GP T2 10
13200078987  STOP 2222
13300040982  ST7P 3333
13400028958 STTP 0000
135000 FMD
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TABLE 3.1-5

1350006
137000
13200C
132600
140000

41000
1£2000
142500
1423800
123600
1£4000
145000
145100
145220
145300
1454090
145500
145800

A ataTs
4

147500
147100
14 000
1 "r“f‘

14 ,100
144205
129206
14540C
14410
1435412
145414
1454158
149420
142450
145440
140450
149480
143470
145450
149420
1455350
142600
153000
150100
150500
180800
15070C
151000
121100
121500
151600

L1

AEROSURF LISTING (Continued)

SUBRCUTINE WING(D

REAL LAMB,LH M, K,NZ LE, KEAS,LAMBP MP _XP , KMPP KMC ,MPP
CaMMIY AP SG, LAMR TﬂFR TACT QCT THVTA WP NZ DFLP LH
1 ,PT3XC, PTQKF C3, RH” FA Cq TAU TFMP wa 2] QFXP , oL, RRM
1, EManu, wQWPKR WBRFL WCl WCZ PMI RLPI QLPZ BCMI
2, MLE, ULV CSR, TMIN P(22) Lr WFLAP NAIL WTF WWT
C"Mi"ﬂ/RWRU/FLP FPP KFAG AILP AICP UWAIL FLF
1,F5,GLM, 5, SMGDR, GPRWU QTF CqPR7V
2,H LPLF UFLPT FLPLF UFLPLF SSLAT,ISLAT,SS8,USB
caLL TRQQ?X(J)
35C=3CT/3
CR=(2,%SG)/(B*x (] ,+LAMB))
TR:CR*TﬂCR
CT=CR*xLAMR
TT-uT*T TCT
IF (LAMB.FR.0.) TT=TACT
H:TT/TR
TF=TPx (] .+ (M=1,)*BCT/B)
T =3=30
STRE:PT?XE*SEXP

HTPHTC(IO0R)STRE
u.-uP*(l -38C*(1,.~LAMBY)
SACF=CR/CF
T (AICP.,EQ,0,) G TA 39
wAILl‘AILD*QF*AICP*PF
SATL=SAILI/2 %(2,-(] .-LAMBYXCRCF*(],=-BSCI*(2,%¥FLP+AILP))
CMATL=SAIL/CAILPX3E)
ATLHM=SATIL*] 44 % KEASKk] 2 ,%CMAIL*,5%,001
CX=CMAIL/AILCP
WK:(CX-CT)*BE/(CF-CT)
TX=TT+(TF-TT)*B3X/0E
MLTR=Z (2, *xTX/3.)%12
ASETIVATLRSATIL
UADPZ (GUAIL*CAILHM/HLTR)Y %%, 75) %2,
TAYZ(LLO%ATLP*BEXATLH MK, 2) %2,
VATL=WAS+WADR+WAH
Hq T’1 41
SAILzZAILP
"HTPHT (102) SAIL
UATL=IWATL*SATL
COMTINUE
UFLPTE=SFLPTEXUFLPTE
TUTPUTCIOR)SFLPTE
v'"1_"1}7 SFLPLExUJFLPLE

SFLAP=SFLPTE+SFLPLE+SSLAT+SSB

ITPHT(IOF)QFLPLF
USLAT:?SLAT*USLAT
SHTPUTC108) SSLAT
WSR3z S58R*[1S3
TUTPUTC(108)SSE

0

N
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152000
152500
153900
153500
154000
154500
155000
| ESENSATOY
156100
157700
157500
157500
152200
157500
152000
152100
170200
151000
172000
153000
142000
135000
166000
177000
155000
152000
179000
171000
172000
173000
174000
175000
175000
177000
177000
175000
127000
191000
172000
133000
174000
175000
76000
157000
155000
122000
190000
191000
192000
123000
194000

TABLE 3.1-5
AEROSURF LISTING (Continued)

WFLAP-UFLPTE+UFLPLE+WSLAT+WSS
Plz,25%xUATIL
P2zl JI*WFLPTEk%x, 8
P3:.55*MFLPLE**.8
Pa=, POXUSLAT*x, 7
P52 ,5%558
CSPRTYZP ] +P2+P3+P4+P5S
SLE=CLEXSFEXP
fHTPUT(lOS)SLF
L=zWLEXULE
Nz (03+(500,/FAY*RHP*144,)/(,7T+(500,/61000)%,1%144,)
STUTPUTCIORYTK
IFQILE,FN,0,.) LE=3,38%(,001%WGKkNZ/SG)%%,3%kSLEXTK
GPRIVz .43k Q%% ,3xSMGNR+ 077 (FG*GLM*,00])%*,S0
IF(STE.LT.l.) STEzSEXP-STBE-SFLAP-SAIL=-SLE
PUTPUTC(IORYSTE
WTE=Z]1 8 7TkSTEXx (001 %WGkNZ/SG)Y*% ,2%TK
IF(UG,FERe0 e PR N7Z.EQ,0.) WTE=! ,87%STEX(,00]%NDELPY*% 2%TK
WUT=G(22)+LE+GPROVACSPRAVHUWFLAP+WAIL+WTE
RETURN
EMD
SUBRZNIUTINE HTIAILC(D ,

REAL LAMB,LH,M,K,NZ,LE, LAMBP MP, KP,6KMPP KMC, 6 MPP
CAMMEN AR,SG,LAMB,T?CR,TPCT,BCT,THETA ,WG,NZ ,DELP,LH
1,PTBXC, PTQXV CR, RHF FA ,CS, TAU TEMP wa % qFXD , 5L, RBN

1 EM i, WGWPKR VBQFL Jrl WCZ CMI RLP] RLPZ QPMI
2 wLE ULr CSR TMIV G(29) LT WFQ WFDR WEH WFP ,TAIL
C%MM&N/RWRHT/FLQ £Lee, UFL UEQ FLB
CALL TRRIAX(D
CEST=CAS(THETA/57.295%)
3E=B=-BCT
SEL=zFELSC*SG
CMEzSEL/(R* (]l .,-FELB))
HLTE=12 ., xCMEX(T?CR+TCTY /2,
HLLE=3%(l ,~ELB)Y/C2ST
FEHM=GFEL*] 44 ,%UFEL*] 2 ,*CME*,5%,00]1
LE=WLEXIILE
WES=zIES*xSELL
WEDP =z 48k CMEX (FHM/HLT ) %% , 75
WEHz , 40%HLLF*EH Mk x , 2
WEP = ,25% (WES+WEDR+WEHD
TAII.=G(22)+LE+WESH+UEDR+WEH+WEP
RFETHRN
EMD
SUBNTHTIMNE VTAILC(D
NEAL LAMR,LH, M, K, N7 LE LAMBP MP KP
CAmYIN AP QG LAM’ T“PP TACT RCT THVTA WG, N7 ,DELP,LH
1,PT3XC, DTRKV CR, RHP VA CSs, TAU TEMP wa ? GFKP , oL, PRM
1,Emeni, ”QUPKH WRREL,WPI UC2 PWI QLPI ?LDZ QPMI
2 YLE H1~ ,CSR TWIU,G(Z?),LE,WPS,WRDR,wRH,WRP,TAIL

o1 N/ RURVT ZRDE, RUDIIL , (IRS

3.1-34
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TABLE 3.1-5
AEROSURF LISTING (Continued)
155000 CALL TRABAX(D
196000 CIST=CTS(THETA/57.2958)
127000 CRZ(24%SGY/ (3% (] ,+LAMRY)
122090 rl_r“*LAv
1729000 kT OOR
200000 1T_CT*T7rT
201000 RE=R=-3CT
202000 CHN=RNC*(CR+CTY /2.
203000 SRIIN=RNCXSG
204000 ?‘mquun*laa *RUDIL*12 ,%CMR* ,5*,001
20500 HLTR=12 & (TR+TTY /2,
206000 MLLA:RL/FIQT
207000 U S=URS®SRUN
2030300 wywh-.as*r MR% ( RHM/HLTR) %%, 75
202000 Wz o A0KHLLRKkRHM*k % 2
210000 w”D-.QS*cw S+WRDR+WRH)
211000 L“_HLF*WLE
212000 TAIL=G(22)+WRS+WRNR+WRH+WRP+LE
213000 NCTURY
n14000 obtia)
215000 SURRTUTING TROBRAX (D
215000 RTAL LAM3, LM, M, K, N7, LAMBP MP KP KMPP KMC, MPP
217000 qAMMON AR "r LAMR TWCR Tﬂcr BCT THETA wr NZ ,DELP,LH
21°000 1,PT2XC, ”TQXF CB, RH" FA Cq TAU TEMP wa B qFXP ,SL,RBM
219000 1 Fﬂﬂnu YSWPKR quFL,wrl wrz oMl qLPl %LPz scMi
220000 2 ULT ULF CSR, TﬂIN G(22)
221000 GoeTE CASCTHETA/57. 12958)
202000 N= (APXSB)Y%*%,5
223000 CR=(2.%SG) /(R (! +LAMB))
o0 ANNN CT=CR*LAMB
20ENNN CF=CR*(1,=-(1,-LAMBY*BCT/B)
2285000 TR=T7CR*|2,%CPR
227000 TT=T7CT*12,%CT
200000 IFCLAMB . 50,0,) TT=TACT
onenen “=TT/TDN
230000 TF=TR* (! ,+(M=1,)%RCT/B)
231000 P=TT/TF
232900 NRGPCzTF*(, R+0,2%MP)
233000 1F(R3SPC,LT.12.) RBSPC=12,
234000 I7 (P.GT..99) lMP=,.9S
235000 LAMRP=LAMR/(l,=(l.-LAMB)YXBCT/B)
235000 KP=3 ,%LAMBP /(1 +LAMBPY*( (1 =3, %MP)*(1,-MP)-2, *MPx%k2%AL[ G (MP
))
237200 KP=¥P/ (] o=MP)%*x3
232000 KP=KP+ (1 ,~LAMIP) /(1 +4LAMBPI*((2,-T.,%MP+11, *MP%*2 )
232000 Pk (] ,=TP)+6 o kMPRRIKALAG(MP)I) /3 4/ (1 o =NMP)I**4
240000 SCT=3CT*(CR+CF)/2,
241000 QEXP=G6G-SCT
241100 AUTPUTCI08)SEXP
223000 STBGC=PT3XC*xSCT
243100 TUTPUTC102)STBC
244000 STRFR=PTIXEXSEXP
245000 Wz UWWRSG
248000 3FE=R3-3CT 3.1_35
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247000
247300
245000
251100
251200
253100

S55100
r\r-—7(\f)

LZC-"/\I
255000
©o5000
251390
233000
253000
- tR00
075200
2\)00(‘(\

”7“99F
270000
NS et eNs!
STIZO000

7510
~30070
TLG00
5000
55000
_7C00
o000

[ SV V]

FYTO LV DD DD

W0
0o

TABLE 3.1-5
AEROSURF LISTING (Continued)

TAMT=SINCTHETA/57.2958) /CAST
TAMLE=TANT+2% (1 -LAMB) /CARKCI+LAMS))
TA]Tf TANLE-4%(1 ,~LAM3) /CARK (1 +LAMR))
ANGLE=57,2958%ATANCTANLED

ETAWNG= (.0 4+ARKC.0045+.000045%ANGLE) Y *LAMS
ETAUNGZ ETAWNG= o 05% CLAMR= . 4)%%2
ETAVUGZETAWNG+ ,41% (1 .+ ,00033%ANGLE) = (60, ~ANGLF) /73000
F=3,395-5,%ETAWNG
ATz ADKTANTF% (=, 014R4)

Z(AR-2,)%(1 ,+3,5%TANTE)*0, 003

IF C(ARLLT.4,) H=0
CRARCLZF+GET4+Y

STAF=RCT/B
FR=F%(1=ETAF*%2) %k 5+ (20 ,kETAWNG~8 , 4BB) k CTAF*kk 2%k (| - ETAF**2) %

GEEFZGEFRX(] 4 ~6,666%FTAF+7,31 GXxFTAF**2)% (| -ETAF*%2) %% ,5
HEz* (] o= 14,5%ETAF %242 ,kETAF*k4)% (] ,~ETAF%%2)%%,5
CBARF=FF+GEEF+HF
SLRATI=(CRARCL+CBARF)I*ETAF/2
ETAEXPz(ETAWNG-SLRATIX*ETAF*,5-(1 ,-SLRATI)%*FTAF) /(]| ,~SLRATI)
ETAEXP=ETAEXP*R/BE
ETAUNF=(2,%LAMBP+],) /(3 ., %x(LAMBP+1))
NLCPzETAREXP/ETAUNF
SLTOT= (G- o S R NZ+LID
SLIZSLTTT* (1 .-SLRATD)
S1L2=DELP*SEXP
SL=SL!
IF (SL2.GT.SLI)Y SL=S5L2
RAMZRLCP* (SL/6)¥BE/(2,%CASTIX (2 ,%xLAMBP+] ,) /CLAMBP+1,)
IF (JJERL,3) PAMz4%xRRBN
TC3=C2%xR3SPC/20
PFzROM/(TF*CFXxPTRXF*, 8)
cr V"-TP?/(RH k] 44 Y+PF/FA
NRNMzZ =P EL*x2*xNNOSPA/(EMANURTC 2VEkT F%k, 8)
FI?T:TP3/( JHT*] 44,) +RRNN/FA
TRRTF=ET,5%RAMKI2/(3,1 4] 6x%k2%xEMPN(I*xPTRXEXxCF*] 2%RBSPC)
I (TROTFLGTLTRITFY TRIRFzTRSTF
TRIRT TCR/(RUT*144)
ITF-“” XTRINF*TFXCFRPTRYFXx |2
AI3T=N TN IRTHTT.CT*PTRXEX]2
”CVP D-.P’”*(ARC(QL*.OOI*§IN(THRTA/57.2958)*RE/(CRST*TF/IZ.)

f‘(l):{",*("?*QT?r

R(2) =z *”?*CT?\

GC3) = V MHPRIEARRMK (] o +LAMBP) /(FAX BT Fx (2 ,xLAMBP+1.,)) %] 44,
ﬂ(&):x .*““'*2.*CQST*3CT*144./(FA*.8*TF)
TC=T2x(1=(1=-")%3LPI %2 /1)
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TABLE 3.1-5
AEROSURF LISTING (Continued)
298000 MPP=TC/TF
2995000 KMPP:Z*((I./(l.°MPP))+MPP*ALMG(MPP)/(l-MPP)**Z.)
300100 KMCz ALNGC(MPP) /(MPP=-1.)
300500 nL1=¢3LP1=-BCT/2)/C28T
301000 WRELI:RHﬂ*WCl*NZ*BLl**Z*l44.*KMPP/(FA*.8*TF)
302000 WREL1=WREL 1+RHE*WC1*NZ*3L1%]1 44 ,*CBSTHBCT/(FA% B*TF)
303000 WREL] =WRELI4+RHUZ*WC] xN7kBL1*12,/TAl
304100 TC=TR*x(1-(1=M)*NRLP2%*2/BE)
304500 MPP=TC/TF
305000 KMPP=2 . %(1./C1=MPP)+MPP*ALTG(MPP) /(1 ,~MPP)*%2)
305500 BL2=(¢BLP2-3CT/2)/CAST
306000 NRELZ:RHQ*UCZ*NZ*BLZ**Z*I44.*KMPP/(FA*.8*TF)
308000 WRELZ:WRELZ+RH3*WCZ*NZ*BL2*144.*CHST*BCT/(FA*.8*TF)
309000 WRELZ:UREL2+RHG*WCZ*NZ*BLZ*l2./TAU
309500 HOM= A  kRHPRCMI*3CM] k] 44%KMC / (FA%  GXTF)
310000 WRRFL=z (-WURFELI=-WREL2+UWCM)
311000 G(S):lZ.*RHG*BE/CﬂST*(Z.*CS*(.R*TF*(!.+MP)/2.)**2
312000 LATMINKC, ZXkTFx(] ,+MP) D))
313000 G(6) =2 . %CB%, BxTF*NCT/12,
314000 GCTY=2 ARH*ROMx 12, /TAU
315000 1F ¢J.LE.2) G2 TP 150
316000 GCM=G(TI*,5
317000150 G(S):(WRIBF+NRIBT)/(2*RBSPC*CGST)*BE*12
318000 GC9)=WRIBF/CRBSPC)Y*BCT*]2
320000 GCI0Y = (GCI)+G(II+G(SI+G(TI+G(8YI*0, 1]
321000 GCL11)2¢GC2Y+BCAI+G(E)I+G(9)I*0,1
322000 GC12)=,1 AxSTBRE
323000 G(13)=,.1A%STBC
324000 GCl1AY=z,10%6(3)+,20%(G(7)+G(R))
325000 GC15)=,10%GCAY+,20%G(S)
326000 G(16)=G(l)+G(3)+G(5)+G(7)+G(8)+G(10)+G(12)+G(l4)+WBREL+WSWPK
327000 GC1T7)=G(2)+GCAY+G(EI+G(+G(I1I+GI3I+G(I3)
323000 GC18Y=.,25%G(16)
325000 GCI=,25%GC1 T
330000 GC20Y=G(18)+G(IB)
331000 GC21Y=GCH+GU D
332000 GC22)=0(20)Y+4G(21)
333000 RETURY
334000 END
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3.2 Develop Body Basic Structure Model - The body is the largest individual

weight group in the Orbiter, contributing between 20 and 30 percent of the inert
weight. It is also the group requiring the greatest development. Although con-
structed with conventional materials and techniques, the cargo door, running the
full length of the center fuselage, precludes a normal monocoque approach and
increases the seriousness of torsion.

3.2.1 External Loads - The first subtask was to set up a viable loads model

capable of predicting the critical cases. This model duplicates, as accurately as
possible, the design loads for the Orbiter fuselage. The primary constraint in
setting up the model was to minimize the input parameters. To accomplish this,

three basic assumptions were made:

1. statically determinant reaction between the Orbiter and the tank.

2. single-condition critical loading with the exception of torsionmn.

3. torsion decreases from the maximum,at the aft reaction point,to zero

at the forward reaction point.

The following work develops the load model used in sizing the body basic
structure.

Figure 3.2-1 depicts the basic load model set up to derive the interstage
reaction between the Orbiter and the external tank. Vertical loads only are
assumed taken at the forward attach point,and both vertical and longitudinal
loads at the aft attach point. With these basic reactions known, "simple beam'
shear and moment equations are written for the center fuselage.

Variables considered in this evaluation are:

1. Orbiter ascent thrust,including number of engines, thrust level, factor

of safety, and thrust vector angle.

2. basic Orbiter geometry, including fuselage lengths and width, along

with the location of the interstage reactioms.
3. an estimated Orbiter lifteff weight (OLOW) and its cg location with
the vertical and axial load factors corresponding to the design condition.

Figure 3.2-2 illustrates a typical design load envelope for an Orbiter as
compared to the approximated envelope as defined by the load model. As noted in
the design envelope, the post-SRM burnout condition is the designing factor for a
large portion of the fuselage. This is the condition approximated by the load
model,and the resulting moments are within +5 percent of the design envelope for the

fuselage center section.

3,2-1
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T 1
P RL ?

R

1 RZ

THE FOLLOWING EQUATIONS ARE SIMPLE STATIC SUMMATION OF FORCES AND GIVE THE
RESULTING INTERSTAGE REACTIONS.

z MOMENT@RI = FS* OLOW * Ny * HO + OLOW . Nz *(LI-LO)*FS
= F$ * Pcos AOI * HV + FS * Psin AOI * (LI +LV)

= MOMENTS OR,
T

ZMOMENT @ R, = FS* Pcos AOI * HV - Psin AOl * LV* F§
~OLOW* Ny * HO * FS+OLOW * N * L * FS

X MOMENT OR,
R, = LI

R = P*FS* COS AOI - OLOW* Ny * FS

FIGURE 3.2-1 LOADS MODEL

With a large nonstructural cargo door, torsional bending becomes a factor in
estimating the basic fuselage structure. Assuming the maximum torsional load is
defined by the max Bq condition (ascent side wind), an approximation can be made
by taking the vertical tail design load as a moment about the fuselage shear
center. This moment is then reacted by differential bending of the fuselage side
panels as depicted in Figure 3.2-3. It is assumed that the torsional moment
degrades as a straight line function from the aft to the forward interstage.

The torsion load is induced by the max 8§ condition and is not concurrent
with the post-SRM burnout condition defining the maximum fuselage bending loads.
Consequently, the side panel t resulting from this condition must be checked

against the bending-designed side panels and delta increases added, if applicable.

3.2-2
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ORBITER FUSELAGE
BENDING MOMENT ENVELOPE
[aa]
. ASCENT POST SRM = LOADS MODEL
= TAILWIND BURNOUT =z
T 00 o 00
! n
.—
- - |
E o0 = 100 POST SRM
5 = BURNOUT
o 0 = 0
= =
=] NOSE =
w -100- __|GEAR . E ~1004-
= SLAPDOWN | . MAIN GEAR LANDING—= i
= -200 < -200
5 =
-
= =
4
T
l [ l 1 l 1 I 1 41
0 400 800 1200 1600

ORBITER FUSELAGE STATION ~ IN.

FIGURE 3.2-2 TYPICAL DESIGN LOAD ENVELOPE

The simple beam shear and moment equations are easily developed from the
preceding assumptions and resulting interstage reactions.
Shear

v a Rl to (LI-LO)

Ry

vV @ (LI-10) to R Rl - OLOW * Nz * FS

2

Moment
M @ x (x is the incremental location from Rl to LI-LO) = Rl * x

M @y (y is the incremental location from the point (LI-LO) to RZ)’
assuming y is the aft interstage location(y = L@)

= Rl * (LI-LO) + OLOW * Nx * HO * FS + (R1 - OLOW * NZ * FS)y

Torque @ z (z is the incremental point from R2 to Rl) = (T —é%_)z

3.2-3
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TORQUE= Py * Hs= T

T
INDUCE D SHEAR= BF= q

FIGURE 3.2-3 TORSION MODEL

A loads test case was run, based on the relationships developed on the
previous pages. The primary critical condition for the fuselage center section is
at post booster (SRM) burnout. This condition couples maximum Orbiter thrust with
the minimum axial load factor, thus maximizing the interstage reactions and the
induced Orbiter load. The design loads are defined by the Space Program Informa-
tion Note No. S1E-LOADS-1 (Reference K), dated 7 June 1972, and documenting the
MDAC loads from the proposal activity. The resulting interstage reactions develop
a calculated forward interstage load of 199,200 lb,or 2-1/2 percent over the reference
design load,and an aft vertical interstage load of 447,000 lb,or 3 percent over the
reference design load. The aft interstage drag load results were not nearly as
satisfactory with a calculated load of 1,654,000 1b, or 20 percent, under the reference
design load. As this drag load is not directly involved in the determination of
center section internal loads, no attempt has been made to improve the correlation.
The following is the detail derivation of the interstage reactions.

Loads Test Case
Post SRM Burnout

Z Moment @ R1

OLOW * NX * FS * HO + OLOW * NZ + FS + (LI-LO)

3.2-4
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- FS * P * COS AOL * HV + FS *# P * SIN AOI * (LI+LV)

OLOW = 204,000

NX = 0.808

Fs = 1.4

HO = 129

NZ = 0.239

LI = 997

Lo = 324

P = 470,000 * 3 = 1,410,000

HV = 140

LV = 100

AOI = 13 deg

Substituting and solving

- 4.456 * 10° in-1b

_ 4.456

8
% = vs.
2 997 10 447,000 1b vs. 434,800 1b

%~ Moment @ R2

FS * P cos AOL * HV - P sin AOL * LV * FS
- OLOW * NX * HO * FS + OLOW * NZ + LO * FS
Substituting and solving

=1.986 * 108 in-1b

_1.986 , .8 _
| = 557 * 107 = 199,200 1b vs. 205,950 1b

3.2.2 Internal Loads - With the interstage reaction known, the next step is

the determination of the internal loads. Two points are checked for analysis
purposes, these being the forward and aft end of the cargo compartment, presuming
these are the points of minimum and maximum moment respectively, with a constant
gradient between the two points. Again, the reference for internal loads is

the Program Information Note. The calculated moment at the forward end of

the compartment is 50 * lOb in-1b, and is essentially identical to the design
moment. The moment at the aft end of the compartment is 207.1 * 106 in-1lb, and is
6 percent higher than the design moment. Similar results were determined for panel
shear with the exception of the aft end of the compartment, but the overriding

torsion condition is the critical case and produces viable results. The following

3.2-5
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is the detall determination of the simplified internal loads:

Bending Moment Test Case

M @ 570 = Rl * X
X = 570 - 318 = 252
M = 199,200 %252 = 50.2 * 10° in-1b vs 50 x 10% 1n-1b
M@ 1320 = Rl (LI-LO) + OLOW * NX * HO * FS (Rl - OLOW *# NZ * FS)Y

= 199,200 (997 - 324) + 204,000 * 0.808 * 129 * 1.4

(199,200 - 204,000 * 0.239 * 1.4) 324
= 207.1 % lO6 in-1b
vs: 195 * lO6 in-1b
Shear Test Case
Shear @ 570 = Rl
= 199,200 1b

vs: 205,000 1b
Shear @ 1320 = R, - OLOW * NZ * FS
199,200 - 204,000 * 0.238 * 1.4
130,900 1b

vs: 270,000 1b

Torsion Test Case

Torque = PV * HS

PV = 447 lb/ft2 ult * 450 ft2 = 201,000 1b
h =0.4B+h_-nh
s F sc
= 332
hF = 280
hsC = hL/B = 205/3 = 70
hL = 205
h = 0.4 % 332 + 280 - 70 = 343

201,000 * 343 = 6,88 * 107 in-1b @ 1321 (aft end of cargo bay)

0 @ 570 (fwd end of cargo bay)

For analysis purposes, the body basic structure is broken down into three

3.2-6
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distinct sections:
(1) the forward section,which includes the crew cab and all structure
ahead of the cargo compartment,
(2) the center section,which is the full length of the cargo compartment,
and
(3) the aft section,including all thrust reaction material aft of the
cargo compartment. ’
The following is a generalized nonoptimum factor included in the analytical models

for the fuselage basic structure weight.

—
= ——5r= ~
7 - — ’
ASSUME 5% ATTACHMENT 5%
IDEALIZED STIFF SPACING, HEIGHT & THICKNESS  10%
BASIC SKIN GAGE MILL TOL *005 8%
MISC STG'R CLIPS, SPLICES, ETC 5%

28%

3.2.3 Forward Section - The forward section is separated into five com-

ponents for the purpose of weight estimation. These components are the basic
shell, pressurized cabin provision, windshield provision, nose landing gear
provision, and a miscellaneous weight input.

The basic shell is treated as a pure function of surface area; WI = K * SFW,
where K is the shell unit weight,and SFW is the wetted area of the forward section.

While not as attractive an approach as an analytical method, it will account
for the known features of the baseline design. Applying the data from the NR-ATP
Weight Report, Reference L, the shell unit weight becomes 2.8 lb/ftz. It is
assumed that the basic shell accounts for skin, stringer, frames, minor bulkhead,
hatches, doors, and basic load reaction material.

The crew compartment is likewise treated by empirical relationship. The
weight is derived by a modification of an existing equation in the MAC 747, Weight

0.78 0.35

Estimation Handbook, Reference Q. WT ='K(VC) (1+Pc) , where Vc is the

3.2-7
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pressurized volume of the crew compartment,and PC is the ultimate pressure
differential. The multiplier K was 1.54 in the original equation,but curve fits

to 3.08 against the NR-ATP baseline. It should be noted that the original multi-
plier was for relatively small cockpit volumes with relatively high leak rate,
while the Shuttle has a large volume, very low leak rate requirements, and rather
stringent fail-safe requirements. With this in mind, doubling the multiplier to

the new curve fit seems reasonable,and the equation becomes WT = 3.08(Vc)0'78

(l+PC)O'35 and is assumed to include the entire pressurized compartment with the
exception of window provisions.
The weight estimation of windshield provisions is based on Timoshenko's flat

plate analysis. Roark, Reference C, presents this relationship in simplified

terms.

_ 0.75 ap b*

FTU
t2(141.61 o)

where

FTU is the ultimate material allowable,

AP is the maximum pressure differential,

b is the maximum dimension of the plate,

t is the thickness, and

o is the plate aspect ratio (width/height).
The windshield panels on the baseline orbiter are approximately gquare, simplifying
the relationship,

b2 is approximately the area of a panel,and o 1s approximately equal to 1.

The equation thus becomes

FTU < Oé75 AP Sw
t< % 2.61
and
_0.75 AP Sw.1/2
t = 381 FrU )

The panel weight is then

(0.75 AP Sw)
2.61 FTU

, 2
It is assumed that the window panels are fused silica with an FTU of 6800 lb/in
and a density (p) of 0.08 lb/ina.

2
WL = p * Sw 1/

The windshield sill weights are based on a point design unit weight of 0.5
1b/in of sill. Again, assuming square panels for deriving the circumference, the

1/2.* 4 * Quantity, and WT = 0.5 (Sw)l/2
3.2-8

total sill length becomes (Sw) * 4 * Quantity.
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3.2.4 Center Section - The center section estimation model shown below 1is

based on the assumption of a longeron type design with all bending loads
being carried by the longerons,and shear by the side panels. In addition,the
side panels carry the distributed torsion load in differential bending. The
allowables are derived by the shell program which models a single~faced corruga-
tion as a weight estimation tool (Appendix A). This allows consideration of
material properties dependent on alloy and temperature as well as on frame spacing.
The analogy to the shell program is that the longeron supported by frames is
similar to the beam column with semifixed end conditions, i.e., one side fixed and
one side pinned. The center section model is shown in Figure 3.2-4.

Basic Shell - The following is the initial test case for section cuts on the
MDC Phase C/D proposal Orbiter. The results indicate the current model would
predict a section at the forward end of the cargo compartment approximately 15
percent lower than ideal detail design results, and approximately 8 percent lower

at the aft end of the compartment.

LONGERONS

SHEAR PANELS

FIGURE 3.2-4 CENTER SECTION MODEL

3.2-9
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Test Case - Section Cuts

FS 1321 - Aft end of Payload Bay
Material 2024 T86 Temp 70°F P — 1.4 1b/in® ult
Frame Spacing = 20 in
FA = 69,000 lb/in2 False allowable from shell program
TAU = 22,300 lb/in2 Shear allowable from-gshell program
HL = 210 in Height between upper and lower longeron

B = 216 in Body width

il

6
M 207.1 * 10 6
= = &Hle AL o *
P =g 535 0.985 * 10° 1b

P _ 985000

2
AReq'd = Fao = 69000

= 14,3 in

L Area (upper & lower longerons) 2 * 14,3 = 28.6 in2

t min = 035 -~ input -for shear panels
v = 130,900
_ Vv _ 130,900 .
7 .

T =6.88 * 10" in-1b

6

_T _ 68,8 * 10" _ .

9= FEL T 910 * 216 - 1520 1b/in
— _ 1520
€= 22,300 - 068
x-sec = q * (B + 2HL)= 0.068 (210 * 2 + 216)

= 43,3 in2
Total Area = 28.6 + 43.3 = 71.9 in2

Section at FS 570 - Fwd end of payload bay

Material Propertieg - Same

_ M _ 50,2 * 105 _
P = i~ T 150 = 313,000 1b
L
- P _ 313,000 _ .2
Areq'd - FA 69,000 4.3 in’
Z Area = 9 in2 upper and lower longeron
t min = .035- input -

3.2-10
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v = 199,200
q = %%{(Q% = 665 1b/in
=L 226230 = 030 035 min

x-sec=(2 * 150 + 216) 035 = 18.1 in2

Total Area = 27.1 in2

Frames - Intermediate or nonmajor load redistribution frames have ldng been
a problem in the area of weight estimation. For circular sections, Shanley
(Reference D), gives quite satisfactory results by solving a spring analogy to
prevent general instability. An approximation of this method was tested, using
the maximum dimension, fuselage height or width, as the effective diameter, and

solving for the section modulus required to produce the required spring constant.

2
_ MD
EI = Cf T

2
Acpf

A

I = moment of inertia = 2

frame depth

a o
Hh
1 fl

experimental constant = 1/16,000

= maximum moment

Youngs modulus

M
E
L frame spacing
D

diameter

Ac = grea per cap

Substituting and solvinngor area

MD 2
= 2ok
Ac Cf L D 2
f
Assuming a balanced frame with the web equal to one third the total cross sectional
2
area MD
x-sec = 6 Ce —
LDf

Substituting values for the variable and solving for area
x-sec = 0.475 in2
This value is 20 percent lower than the theoretical point design which is

redistribution of the differential pressure. Although this instability criteria

3.2-1
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is not the critical case, this analysis is maintained in the final program as a

check against large bending moments.

Figure 3.2-5 shows a simplified frame model set up to duplicate the pressure
critical design.
Assuming the sides are modeled by the criteria of one end fixed and one end
pinned, the moment equation is
PB2

M=—5

Similarly, for the bottom, assuming both ends fixed, the moment equation is

M= Pb2
12

where: M = derived bending moment,
P

]

ultimate differential pressure,

h, = frame or longeron height per loads model,
B = fuselage width, and

F, = shell program resulting allowable

Solving for area the equations become:

Pb
Bottom A = ——
c
12DfFA

— ——
-~ ~
o T T =S

N
/, SN

AANNNNN
ANNNNNY

!

|
Yrrrrry
BREAKING THE FRAME DOWN INTO SIMPLIFIED COMPONENTS

FIGURE 3.2-5 SIMPLIFIED FRAME MODEL

3.2-12
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Maintaining the relationship of a balanced frame with the web equal to one
third the total section and sizing to an ultimate differential pressure of 1.4 lb/inz,
the cross sectional area becomes 0.56 in2 and is 3 percent lower than the theoreti-
cal point design. This simplified model will measure geometry and differential
pressure, and when coupled with the resultant allowables from the shell program,

considers material properties.

Special increments are required to complete the center section. These are
(a) the bulkheads at the forward and aft end of the cargo bay, (b) payload reaction
provisions, (c) wing carry-thru structure, and (d) wing shear tie provisions. 1In
addition, secondary structures, consisting of the cargo doors and their associated
mechanism, are included in this section.

The bulkheads at the forward and aft ends of the payload compartment are
assumed to be sized for the critical load of interstage reactions. The estimation
model is based on the principle of redistributing a concentrated external load
into the basic structure as shown in Figure 3.2-6. The concentrated load is
assumed to be reacted by a "shear beam" type bulkhead with the web sized to the
derived shear flow and the caps sized on redistribution material. As with the

basic shell, the shell program is utilized as the structural element model.

B

_ WEB SHEAR FLOW
]
T q = P/2HF
WEBt = g/TAU
" P * | * - P * P =
q q Wp-p*__ _*+__ " BHF - 7 * P *p
2HF  TAU TAU 2

AUG CAP LOAD P/2

————  f— f—  —a——  —

1 AUG CAP AREA  P/2FA
T TOTAL CAP LENGTH AHF +28B
R NT = o _©_* @HF+28B)
2 FA

FIGURE 3.2-6 TYPICAL BULKHEAD MODEL

3.2-13
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The payload reaction provisions are an input weight predicated on the number
of reaction points. The weight increment is based on the following detail

derivation shown in Figure 3.2-7.

B ——]

THE LOAD TO BE REACTED, P, IS DEFINED AS 50% OF THE MAXIMUM
PAYLOAD (65,000 LB) ACTING UNDER A 21/2 g MANEUVER AND A 1.5 FACTOR OF SAFETY

P=1/2* 65,000* 2.5* 1.5 = 122,000 LB

FIGURE 3.2-7 PAYLOAD REACTION

Sizing the frame caps to transfer the load into the sidewall gives the follow-

ing weight:

F%ﬁ * 1/2 = average cross-sectional area per cap

122,000 2
——_2 % = 1
69,000 1/2 = 0.89 in~ per cap

2
Weight = 0.89 in * 210 in * 0.1 lb/in3 * 2 = 37 1b for both caps.
Average shear flow becomes

122,000 1b
24,000 10 _ :
95 1in 1280 1b/in
- __9q _ 1280 _ .
and t Tau 27,300 057 in

3.2-14
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and the web weight becomes
210 * 8 * 057 * 0.1 = 10 1b
The sidewall skin must be increased to accept this local shear input.
Assuming a 20 in frame spacing, and the load being applied on two bays, the weight
increment becomes:

1280 , 2
2 22,300

* 40 * 210 * 0.1 = 48 1b

Summarizing,
caps 37 1b
web 10 1b
skin 48 1b

Total = 95 1b per reaction point

Assuming three reaction points per payload configuration to maintain fully
determinant status, the total weight increment becomes 3 * 95 ~ 300 1b,and the
vehicle penalty becomes 300 * number of payload positions, assuming all axial
loads are carried by the existing longeron structure.

The wing carry-thru structure is derived by the wing aerosurface routine and
listed under body center section for consistency in reporting.

The wing shear tie provisions are derived by an empirical relationship
defined in the MAC 747 Report, Reference Q.

WT = 0.8 (WgNz)(iigN

-2
*
9) 10

where Wg * Nz is the ultimate total wing load,and 6 is the sweep angle at
the 50 percent chord.

The center section secondary structure consists of the cargo door and its
related mechanism. A comparison was made of the details composing the NR-ATP
baseline and the MDC Phase C-D proposal cargo doors. The weights were adjusted

for area and double doors versus single door with the following results:

NR MDC
Door Structure 4486
Basic Shell - 2800
Hinges - 1360
Sealant - 250
Electromechanical _3536 _660
Total 5042 1b 5070 1b
3.2-15
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It is readily seen from this comparison that, for a lightly loaded structure
such as the cargo door, a unit weight approach is quite reasonable. Therefore,
with the basic shell a function of area, the hinges, a function of bay length and

quantity of doors, and holding the electromechanical system constant, the relation-

ship becomes:

Basic shell

1.585 * (SCD)
1.415 * (LCB) * (Qty)
660 1b

Hinges and sealant

Mechanism
3.2.5 Aft Section - The aft skirt is separated into the following basic
structural elements, plus a miscellaneous weight input to account for such things
as equipment bays. These structural elements are: the sidewalls, longerons,

frames, thrust structure, and the vertical tail provision.

The sidewalls include the skin and stringers and are sized as a unit weight
times the surface area. The unit weight is the same as that derived for the center
section and is predicated on direct shear, torsional shear, or the input minimum
gage.

The longerons are sized as a continuation of the center-section longerons
and taper in cross-sectional area to zero at the end of the fuselage.

The frames are sized identically with the center section frames, that being
to react to the pressure differential with a check against general instability.

The thrust structure is weighed as three separate allowances. An engine
adaptor fitting is included as a constant weight times the number of engines.

The adaptor weight is based on a point design analysis. The final two allowances
are direct thrust reaction material. The thrust posts are weighed as column members
reacting to the direct engine thrust. The column length is predicated on the
relative location of the composite thrust vector and a material allowable is

c ™ 40,000 psi.

In addition, a gimbal plane bulkhead is weighed, using methods identical to those

derived, based on an assumed Euler column, giving aluminum an F

for the interstage bulkhead but considering the thrust vector for the design load.
3.2.6 Symbols - The following symbols are listed in Fortran language as
they were used in the derivation of equations and in the body weight program.
Figure 3.2-8 depicts the location of the fuselage sections and some of the primary
symbols.
For convenience, the material allowable symbols are listed separately for each

section of the vehicle and for the element they represent. The numerical values

3.2-16
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FWD CENTER AFT
[~ SECTION SECTION SECTION”
AD!
N\ i\
— :3 HTV
o 1
Li LTV e—
|
FWD AFT
INTERSTAGE INTERSTAGE

FIGURE 3.2-8 LOCATION OF FUSELAGE SECTIONS

of the allowables are taken from the '"Shell" program in the Appendix, and allow

variation in type of material or temperature environment for each element.

SYMBOL

AQI

DELP

DFAC
FNG
FS

HF
HY

CONFIGURATION DEPENDENT VARTABLES

UNIT

deg

in

lb/in2

ND
1b
ND
in

in

DESCRIPTION
Angle of intersection of the composite thrust
vector and the center line of the propellant
tank

Average fuselage center section width

Ultimate pressure differential in the center
section (vent lag, external, etc.)

Dynamic factor on ascent engines

Ultimate design load on the nose gear strut
Factor of safety at the critical condition
Average height of the center fuselage

Height of the orbiter 1lift-—off weight CG
above the aft interstage attach point

3.2-17
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SYMBOL

HL

HTV

K1
K2

K3

K4
K5
K6
K7
LFS

LI

L@

LNG

LTV

GLOWT

OLAWT

PC

PV

UNIT

in

in

1b/ft2
ND

ND

1b
ND
1b
1b
in

in
in
in

in

1b
1b

ND

ND

1b/in?
1b

lb/ft2

VOLUME |
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DESCRIPTION

Average height of the cargo door sill above
the fuselage bottom

Height of the intersection between the com-
posite thrust vector and the engine gimbal
plane above the aft interstage attach point
Unit weight of the forward fuselage shell

Number of payload "tie down" locations

Cargo door indicator; 1 if hinged on one side;
2 if hinged on both sides

Center section miscellaneous weights input
Number of ascent engines

Aft section miscellaneous weight input
Forward fuselage miscellaneous weight input
Average center section frame spacing

Length between the forward and aft interstage
attach points

Length of the orbiter 1lift-off weight CG forward
of the aft interstage attach point

Extended length of the nose gear strut

Length of the intersection between the composite
thrust vector and the engines gimbal plane aft
of the aft interstage attach point

Orbiter lift-off weight - estimated

Orbiter design aircraft flight weight - estimated

Axial limit load factor on the orbiter at the
critical condition

Vertical limit load factor on the orbiter at
the critical condition

Limit operating pressure in crew compartment
Ultimate design load on the vertical tail

Maximum dynamic pressure on the orbiter

3.2-18
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SYMBOL UNIT DESCRIPTION
SAW ft2 Wetted area of the aft fuselage
SCD ft2 Area of the cargo door
SFW ft2 Wetted area of the forward fuselage
SND ft2 Area of the nose landing gear doors
SW ft2 Total windshield area
THETA deg Wing sweep angle at 50% chord
TMIN in Minimum thickness (t) of the center section
side panels
IaY 1b Ascent engines vacuum thrust per engine
vC ft3 Volume of the pressurized crew compartment
VIB in Vertical taill span
WB ft Wing span
WNZ ND Ultimate aircraft flight mode vertical load
factor
X in Length between the forward interstage attach
point and the forward cargo compartment
bulkhead when the attach point is fwd of the
bulkhead
MATERIAL DEPENDENT VARIABLES
Longeron
FAL lb/in2 Material false allowable from shell program
RHOL 1b/in density
Shell
TAUS lb/in§ Material shear allowable from shell program
RHOS 1b/in density
Frames
FAF lb/in§ Material false allowable from shell program
RHOF lb/in2 density
EF 1b/in Modulus of elasticity
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Bulkhead

FAB lb/iné Material false allowable from shell program

TAUB 1b/dén Material shear allowable from shell program

RHOB 1b/in3 density
Thrust Post

. 2
ET 1b/in Modulus of elasticity
RHOTP 1b/in3 density

Gimbal Plane Bulkhead

FAPB lb/iné Material false allowable from shell program
TAUPB lb/in3 Material shear allowable from shell program
RHOPB 1b/in density

3.2.7 Test Case - Table 3.2-1 is a listing of a typical input file for the body
structure weight program. Lines one through ten represent all of the required
inputs,and the case listed is the NR baseline Orbiter with the results and typical
printout shown in Table 3.2-2. Lines 12 through 14 represent changes to this
basic file necessary to run a different configuration. In this case, the vehicle
represented is the MDC Orbiter. The output for this case is listed in Table
3.2-3. The results of these two test cases compare extremely well with the
adjusted body group weights of the reference vehicle. The NR run indicates a body
weight of 31,693 1b versus an adjusted reported weight of 31,547 1b. The weight
was adjusted by deleting the wing carry-thru weight and the radiator hinges for a
direct comparison. The MDAC run produces a body weight of 32,962 1b and compares
to a calculated weight of 32,500 1b.

3.2.8 Program Listing - Table 3.2-4 is the listing of the body structure

weight estimation program. This program is completely self-contained and can be

used for comparative studies. Minor differences exist between this basic program

and the body model in the ESPER program. Many of the input variables are derived

in ESPER and need not be an input or are already input for a different model requiring
the same data. An example would be vertical tail data used in the body for calcu-
lating torsion. The loads and geometry would be inherent in the vertical tail

model.
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TABLE 3.2-1

INPUT FILE
1.000  APT=15.,4TV=100.,LTV=155., =110, Le=225,, L1=747,
0.0R0 NX=z.3, N72.7,TV=470000, FSz1.4,ALPWT=237655,,VIB=300,
1,000 PV=200500.,4F=0257, HLz145,,B=205,,v=0,,K1=2.2

4.000 SFW=127%.,UCz2812,,PC=14,7,0=2650., SND=30,6,FNG=112000.

5,000 LNG=77.,FAL=65000.,TAUS=22300., TMIN=,035 RHAL=.1 RUENS=,]

£.000 EF=10300000.,LFS=20, DELPz1.,4 RHAF=.1 X2=4,,K2z2, K4=0,

7.000 SCD=1764.,8AW=309, DFAC=1.3,ET=102000C0, RH*TP=,|

2,000 RHAPB=,1,¥5z2.,K6=120,, ALAUT=215000,, WN7=23,75 U024, THETA=1C,
©,000 FAFz€3000,, FAB=62000. ,REAR=.1,K7=0,

10.000 TAUR=22300., FAPR=62000., TAUPR=22200,,5W=41.6,7=0.

11.000 *

12.000 AfI=13.,HTV=133.,LTV=105, V0=

, 120, ,L7=215.,L1I=1020,
2,000 VTB=330,,4F=250.,FL=170,,8:=030

?

SFy=1162.,UC=20514,

LAl0nn SCD-1500, SAU=1481.,vz275. Y3z1.
15.000 %
-=F2F HIT AFTE" 15.
b3
TABLE 3.2-2
NR BODY GROUP
ECDY GRAUP , 31603,
FWl CTR AFT

RASIC STRUCTURE
SITEWVALLS 35713, 3461, 1417,
LZNCER NS 1062, AQ=,
FRAMES ' 1436, 1028.
RULYEEADS 1178,
CREW CPT. PR7V. 5124.
WINDSHEIELD PRV, 1537,
NZSE WHL, WELL PRZV 225.
PAYLZAD RZACTION 1200,
WING CARRY THRU.
WING SHZAR PRIV, 550,
THRUST STRUCTURE 3e36,
TAIL PRV, . 162,
SUB TaTAL 10614, . R]aqag, 7001.
SECPNDARY STRUCTURE
CARECZ DAPR SHELL ‘ 2798,
CARGS DAPR MECH. 2274,

MISC‘ 0. 00 . 120‘
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TABLE 3.2-3

MDAC BODY GROUP

32062,
BODY GROUP
Fwp CIR AFT
BASIC ST2NCTURE
SIn=vaLLe 3254, X555, 23317.
LaNGFER2uE 225°2. §29,
FRaMES 218<, 1402,
SULKYEADS 1006,
fREW CPT, 2Ry, 4710,
VINDOYTELD PRy, 1627,
NOSE WEL, WELL PRV 225,
PAYLZAD D"&TTI7U 1200,
WING Car=v THIN,
WING SEEAR PRy, 550,
TERUST STRUCTLRE 3711.
TAIL PR2Y, 182,
SUB TaTaL 2375, 10e22. arg2a.
SECANCARY STRUCTURE
CARG? D202 SFEILL . 2277,
CARG? D"“’ YECH, 1465,
risc. 0. 0. 120.
TATAL 9775, 14665, 2422,
TABLE 3.2-4
PROGRAM LISTING
N.100 SFTUAR
1.007 IV"PLICIT 25ALCA=-7)
~.ann MATTLICT
z2,onr 1 &£7°1 WTY LTV,y°,l" LI, wy, M= R, P, 7LruT
AOOGO ?:UTth”qu) ‘9 ’\'
Lonn 21, ER e “”,“,T“D,FHG,LHG
h,Oo0N !1’ gAL’T T""U"“ “P—"."'?'TNJF
5,200 5,°F,LFS, DELP, FAD REAT TAIR
£,800 6RMIF VS cu vT TV
2,500 7.¥E V4,0 FAF
A 600 ~ocel FAPR Tanpn
4,700 ° DEAC,ET, RUCTP 2HUPD,
4,760 & V8, CLauT, N e TUFT‘
5,000 CALL ""F""T(9?°9F)
2,001 1 T°PUTCD
7.000 C “TV:NT CALCULATIANS DUE T¢ INTERCSTAGRE PTACTI NG
7.500 P=TUx¥5
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£0,000
41,000
42,000
42,000
43,100
44,000

[}

TABLE 3.2-4
PROGRAM LISTING (Continued)

SMAR L= (FOx ALAWT® NXkHI)+ (ALOWT* NZ* (LI-L2I*FS)
l-(FF*P*CQF(AMI/57.295?)*HTV)+(FS*P*SIN(AﬂI/S7.295”)*(LI+L

FMﬂRZ:(FS*P*CZS(AﬂI/57.295?)*HTV)-(P*SIN(A?I/57.?95’)*LTU

1= (PLAWTR NYRkH 2% FS)+ (ALAWTk N7 L7*FS)
R2z=S¥AR1 /L1

R1=gMaAR2 /L1

D =PxFSxC2ASC(ANT /57.2053) = LWk NX* FE
QHEAR CALCULATIONS

S31 TL=RI

CLT22=R1=-CLAWT* NZXx FS

MeMENT CALCULATIANS

M1 TL=R1x%xX

MLTR2 =R I*x (LI =LY +QLAUTk NY X M OXFE
1+ (R1=LAWT:NZx FS)* L7

TAREUE CALCULATIANS

TR2 TR1=PVk( (A% VTR+HF=(HL¥HL/ (2 *xHL+E)))
FWUD SECTIFN WEIGHT CALCULATIMNS
Gl=¥VIxSFW
G2=3,03%Vlkk , TR% (| 42 skPCI*% 35
FW:SROO.
PH W= ,07
G0 % ( (. T5%3 & PCK 1 44 XSW) /(S KFUXD (1) )%k Sk SURRH % 44,
GE= .5*(5“]/6.)**.5*22610
G3I=GW+GS
Gaz ,33%0kk ¢I*END

G52 «039% (FNG* .00 1% LNG) ** 9
G 6= GA+G5
G7=KT7
Cz2=G1+G2+G3+G6
C5=G2+G7 L ‘
CENTER SECTIAN WEIGHT CALCULATIFPNS
PLX="R1TL/HL

PLY=MLTRZ /HL

X=PLY/FAL

AY=PLY/FAL

G100z (AX+AY)I* 1 ,2%RHPL* (L1 -Y)
TRYT=(TR2 TR1/(P*HL)Y* (1. /TAUS)
IF(TBYT.LE.TMIN) TRYT=TMIN

TRY = (SLTR2 /HL)* (1 ./TAUS)
IF(TBY,LE.TBYT) TBY=T3YT

TRY=(SR] TL/HLY* (1. /TAUS)
IFCTRX.LE,TMIN) TRX=TMIN

TRAVG= (TBY+TBX) /2.
G11=TRAVGk(LI-Y)* (2, xHL+B)*RHAS* .29
CENTER SECTI@N FRAME CALCULATI®
CF=1./160C0.
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52,000
52,000
54,000
54,100
55,00"N
554100
55,200
56.000
25,100
ST7.000
87,200
57,000
50,000
£n,nnn
L1000
£1.600
e ren
S2.000
54,000
2,100
£5,0rn
£5,.,100
§7.000
R~ 00N
fe,non
70,000
T1.000
72,000
72,007
75,000
75,000
77.000
*7)

77.100
72,000
0,000
71.000
27,000
22,000
4,000
74,010

@)

[ R

]

o R

TABLE 3.2-4
PROGRAM LISTING (Continued)

FFz€.0

¥CEFC=( B OxCFxM TROxR%%D ) /(LFSk EFRNFkk? )
WBMz=YCOELCk (F+2 ,xHF)=THAF/LFS

CYXCSECz (3 *DELPKHLXHL*LFS) /(DF*xFAF%R,)
EXCEECz(DULP*xRxBx|LFS) /(4 ,«DF%xFAF)

WPP= (SXCSECx2 *xHL+EYCSECkR)IXPAHAF/LFS
IF(WRP , LEWRM) WPz YRM

Gl2=1M2Px (LI=v)*],02

CENTER CSECTIMN BUPLYFEAD CALCUHLATION

Gl3=RM Dk ((T 1 /(2 ok FADYYX (4 &% HF+2 %[ )

T+ (P 1% /(2 K TAUR))I*] .27

Cl4=REMRx ((R2 /(2 & FAR) IR (4 xKF+D %D)

I+ R2%E/(2 xTAUF))Ix] 27

C15=G12+G14

GlR=¥2x3N0,

CEMTER S20TIsN WING PRAVISIAYN CALCULATION
ClT7= 3% (CLAWTR OO0k W7 IR (WP /COC(TYETA/S T . 2057) )% ]
G172=GI0+G1+GI1P2+G 154G 164G 7

CTHUTER SECTIMY DAPR CALCIHLATIAONM
Claz],575%800

CPOz] 0 (T = )%¥ 2

G21z=8K0,

CPe=G20+G2 1)

GPl=VY4

G2AzGIR+CI°+CT0+G23

CAVER CALGILATINE

Cruem cHITLL CALCULATIOAN
GP5zCAWRTRAVERIH Sk 44 ,%] ,27%] 32

CPVUSR FRa™T CALCULATION

GPR=POD ok YRPK (P ok HFH2 (%kB) /(2 K HL+B )] ,02%x] 3
CAYUFRR | .ANGEREAN CALCULATION

GO Tz 110 kAVRDY AL &0 (k] ,07%] 2

CP1zGP54G26+G27

THRUST STRUCT!RE CALCHLATIANG

THPUET PrOT

1. F= (LT‘.,I:k*Q-@-HT‘J**? Yk 5

FIP=ET*,0NZcE

GPez (P/FTP)XLI*kBHATF* DFACK?2 ,

THR ST GIYIAL PLAYE DULKHEAD

GINzRECPIk ((PxTINCANTI/S5T,0053) /(2 *FAPT ) DNFACKFT )& (4 ,*xYUF+

[+ (PxETNCATI/5T.2952)%B /(2 *xTAUPR) )T,

G31zKS5%x000.
G32=G29+GI0+G31

C23z¥KS
G24=8,T%(PVx 001 ) %% 6
GX5z(G75+4G264+G2T+CI0+G2 4
G28=G354+G23
G3T7=Go+C24+4G36
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TABLE 3.2-4
PROGRAM LISTING (Continued)
35.000 Y(RI'IE(I”’,MI’) G
36.000 WRITZ (17, 20
37.000 WK1 <1“~,*ﬂ“> C1,011,005,010,607, 010,004 G5
3¢.000 \,00,037,04,018, 517,000 024
35.000 TES RS RN D R KM kg
90.000 UOTTT(107,500)
91.000 LITTT(L0T, AN0) CLT, 500
91.500 VR TTT(I0R, 650) 07, foz nrz
92.000 UTITE <1”~,7ﬂv) Gn .04 018
93.000 |00 F°OUAT(//, 6V, mary ER i T Aty TN LY )
94.000 200 F”“”LT(/,$””, ‘PR ges, TRt o TAET Ty € TBASIC STRUCT
20
85,000 "0 FoUrAT(T NI SIS R T D o LTRSS LR RS R
96.000 t,/,7x,:L”‘“f”j”"‘,?Sv,Fln.o,év,Flf.o
97.000 2'/'7)(' "‘“( e ek Flm. ’:v'::lf\.ﬂ
98.000 J,/,7X,,7”1VP74“F 5y, F10.0
99.000 4,/,7x, " CPT. ”Df‘\} 4v F10,90
100.000 5,/,7x,'“1ﬂi¢ux“1“ ooy, zy'F1ﬁ
101.000 6, /,7x, Uo7 oL, WELL sahy e,
1 02.000 7,7,7%, 2avLoan AEAnTIoN 1oy FINLT
103.000 §. /. Ty, (H1NC CAaPAV TR,
104.000 9/ 7%, s mrman PRy, Ty FLRLO
1 05.000 1/, 7%, TonrT PT°1ﬂT~~" 22, F1o,0
196.000 20/ ax, TTaly Fooy, T Eey F10.0)
107.000 400 FORMATC(/6y, TUB ToTal“l11v, FIn, 1,5V, FI0L0, 5V, LMD
10§.000 500 FORMAT(/6Y, SECONDATY STRUFT‘“” "
105.000 600 FoanT</7x ‘cancr DOOR SHELL ™, 17v, FIN.A
110.000 /,7x, CARGE °°°7 MECH N LS
111.000 630 FDRMAT(/GY, ‘MIsc. ! x Fl1o.n 5y, FI0,0,5v, F10.0)
112.000 700 FoRnA*c/sY ‘ToTAL T, 19X, FI0.C sy, FI0L0,5Y, P10
113.000 ;
114.00D0 9999 CALL CLOSEI
115.000 5TOP
116.000 ERD
-7 F HIT AFTER 116.
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3.3 Thermal Protection System Weights - This section on the thermal protection

system (TPS) is presented for informational purposes only. It was determined that
the magnitude of input parameters required to define the isothermal boundaries in
the Stacked Pods Program was not justified in view of the fact that the unit TPS
weights for these areas are generated outside the program. Therefore, the TPS
model in the Orbiter vehicle module consists of input unit weights, and their
corresponding areas derived by the user outside of the program. The TPS model

is identical to that described by the flow diagram, Figure 3.3-17 in Section 3.3.5,
TPS model, for the option of externally derived areas. It includes the iteration
technique on the unit weight to account for changes in heating due to changes in

the vehicle reentry weight.

3.3.1 General Stacked Pod Theory - The Stacked Pod Method is presented as a

tool for determining the surface area of an orbiter. In addition to the primary
objective of determining surface areas, the program will calculate volumes,

area center of gravity, and volumetric center of gravities. The method is based

on the theory that any solid can be described as a stack of pods with their sum

of the volumes equal to the volume of the total solid. Likewise,

the sum of the surface areas of the pods less the overlap area (shaded subtractions
on Figure 3.3-1) is equal to the surface area of the total solid.

The pods are described to the computer in terms of changes at inflection
points. These changes may be in reference to shape, width, depth, or redundancy
(overlaps area dimension). Figure 3,3-2 displays the plan and profile silhouettes
of a pod to be input into the computer in terms of eight inflection points.

Every inflection point will have an associated horizontal location to assure
that all inflection points of all pods are properly located in the fore and aft
direction. Vertical and lateral locations are ignored. For example, if an added
pod was described to the computer, the program would not know or care if this pod
was on the top, bottom, or side of the pod to which it was added, but rather that
it started at some horizontal coordinate and continued to some ending horizontal
coordinate.

This program enables the user to introduce dissimilar shapes at inflection

points and to have accurate mathematics to calculate surface area and volumetric

data. There are 18 basic shapes programmed into the routine, Figures 3.3-3 and

3.3-4.

3.3-1
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VOLUME

+

SURFACE AREA

@@

TOTAL SOLID = POD 1 POD 2

FIGURE 3.3-1 GEOMETRIC EQUIVALENCE OF POD STACKING

i
f — 4

\
by l L b
U A fe f h f

FIGURE 3.3-2 SILHOUETTE TRANSFORM TO COMPUTERIZED INFLECTION POINTS
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AREA, A= k ab
: @ /
@ {12 ) 10 9 8
17
Z"& 5 | L/

4@ C

’I"l']""]" vvlvvr'TTrv Tvvvv]—v"y Try

— —T
0.5 0.6 0.7 0.8 0.9 1.0
AREA COEFFICIENT -k,

FIGURE 3.3-3 AREA COEFFICIENT AS A FUNCTION OF SHAPE CODE
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PERIMETER ~ P =k, (a + b)

2.0
4

SURFACE AREA COEFFICIENT - ky

Y7

/ //“K_/

v //

N &
S ©
COoOC ==

1.6

1.5

//7;7
i
|
>

=
0 0.2 0.4 0.6 0.8 1.0 1/.8 176 1/4 1/2 o0
BASE OVER ALTITUDE RATIO - b/a

14

FIGURE 3.3-4 PERIMETER COEFFICIENT VALUES

3.3-4

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS REFORT oC EOT4S

COMPUTER PROGRAM - FINAL REPORT 28 FEBRUARY 1973

All shapes are a composite of straight lines and/or elliptical segments. The
transition of lines is either continuous (smoothly faired) or discontinuous (sharp
angled). Shapes 4, and 6 through 15 are totally continuous,while shapes 1, 2, 3,
and 18 are totally discontinuous in type of transition. Shapes 5, 16, and 17 have
both types.

While all shapes have exact mathematical relationships as to the length of
the curved and straight elements they contain, the intent is for sight identifica-
tion. By supplying the maximum dimensions of the width (b) and depth (a), the
mathematical relationships of the shape will derive the area and perimeter. For
surface area calculation, it is necessary to remove the overlap area by removing
the redundant perimeter, the shaded area in Figure 3.3-1.

For a shape code, the program calculates coefficients kv for computing
cross-sectional areas and pod volumes, and kw for computing cross-sectional perim-
eters and pod surface areas. Multiplier kv is used to compute the cut area (A)
by the formula

A= kvab

for known height or depth(a)and base or width (b). Figure 3.3-3 is a display
of kv as a function of shape code. Likewise, the cut perimeter(P)is a function

of k :
W
P=%k (a+b).
w

Figure 3.3-4 displays the kw for each shape code as a function of ratio b/a.
The derivation of these multiplier coefficients (kw, kv) is straightforward,

and is illustrated below for two shapes.

:x—‘

_'iblz"_ . . Y2abd _g.50
v3 ab

A . \ W, a+b |
l //____.\ by [ [P-] ‘. 4] |

33-5
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a. ,h b b b a a, ,b
1Y () -k [~ + >+ 268 (—)] )+ GE
™~ k Lo ____‘0 l& . 4 2 l /l' Z !) 2 =0.726
\ v12 ab
‘ 2, 2 .
L oo} ) a, b
12 ¥ wl2 a2+ b
o
J
L. 1 1
= =Sk .=k
b/i _4 ey, 7 %w3 T2 Rus

Integrating the perimeters and cross-sectional areas over the length of the
pod generates the surface areas and volume. Inherent with the integration process
is the definition of how the perimeter and cross-sectional area transform from one
shape at an inflection cut to another shape at the next inflection cut. The
following definition is basic to this analysis.

Every consistently defined segment around a perimeter will linearly map to
a point at the next inflection cut if the corresponding segment is dissimilar
(holding its shape throughout the mapping). Similar corresponding segments of
two adjacent inflection cuts will merely hold their shape. Figure 3.3-5 explains
the term "consistently defined segments." Line segments 1-2, 2-3, 3-4, 4-5, 5-6, and
6-1 are consistently defined as they contain only curved or only straight line
segments. For example, 1-3 or 2-6 are not consistently defined as they contain
both curved and straight line segments.

Figure 3,3-6 explains the term "corresponding segments" for two adjacent
cuts. Segments 1-2 and 1-3 correspond to 4-5 and 4-7, respectively, and by defi-
nition will merely hold their shape throughout the mapping. Segment 2-3 corre-
sponds to segments 5-6 and 6-7, and these segments will each map to a point on the
adjacent inflection cut. Figure 3,3-7 is a display of two possible mappings.

The second basic assumption of this analysis is that the centroid of all
cross—-sectional areas at inflection points lies along a common reference axis. See
Figure 3,.3-8,

There are many ways to input the same information to the computer. Figure
3.3-9 displays three possible options for the same information. The middle option
is obviously the simplest for this cut, but inflection at other stations could
make a single pod 2 option impossible.

The straight line subtractions feed the program the amount of contact perim-
eter between restacked pods. If the redundancies were not removed, the program

would compute the total perimeters of all pods, thus overcalculating the surface

3.3-6
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5 4

FIGURE 3.3-5 ‘‘CORRESPONDING SEGMENTS"
EXPLANATION

« 4

1 3 4 7

FIGURE 3.3-6 ‘‘CONSISTENTLY DEFINED"
EXPLANATION

FIGURE 3.3-7 MAPPING DISPLAYS
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AORB CENTROIDA%A ORB
— X
X
THIS NOT THIS

FIGURE 3.3-8 CROSS SECTIONAL AREA CENTROIDAL REQUIREMENT

)
g R
%
.

H- ol

TOTAL = POD 1 + POD 2

FIGURE 3.3-9 POD EQUIVALENCE OPTIONS
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area. To input the shaded area in Figure 3,3-10 the redundant perimeter is zero

at fA,and r at f5 and f7. The program computes the area between the extremes of

the redundancy (f4 and f7 in the example) by assuming a linear transition from one

redundant to the next. This area will be removed from the total surface area.

M\\\\\\% ,

fa fs l f

FIGURE 3.3-10 REDUNDANCY INPUT DISPLAY

Added pods respond to both total volume and to total surface area. If one
pod is subtracted from another, the routine will respond to the subtracted pod for
total volume, but ignore it for total surface area. This allows the determination

of the surface area of pods with concave cuts as shown in Figure 3.3-11.

AGENO

TOTAL POD 1 + POD2 - POD3

G

AREA OR PERIMETER

\/

- FIGURE 3.3-11 CONCAVE GEOMETRY
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The preceding discussion has concerned itself with surface area along the
reference axis. 1In order to generate the total surface area of a pod, there
must be the option of excluding or removing front and rear faces. The
removing requirement is because surface area responds only to additive pods so

there must be the capability of removing face areas when adding a pod to a body.

50
1 T~~~
30 T~ <
3 ’ —
3
| 100 100 200 00

BODY A

20 DIA

100
BODY B
FIGURE 3.3-12 BODY GEOMETRY

3.3.2 Sample Results - An example of body geometry is shown in Figure 3,3-12

with the resulting comparison of program generated data with actual data shown in
Table 3.3-1. Table 3.3-2 is a comparison of stacked pods, derived areas and volumes
with actual data for a typical Orbiter and the C-5A aircraft. The table notes the

variation in percent error as a function of the number of section cuts taken.

3.3-10
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VOLUME VOLUME C.G. SURFACE AREA AREA C.G.
GROUP NAME Fr3 IN FT2 IN
BODY A 1) 428,2 204.1 427.0 198.1
2) 428.4 204.1 427.1 198.1
BODY B 1) 10.1 37.3 33.1 44,7
2) 10.1 37.4 33.1 44,7
1) Program generated data
2) Actual data via hand calculations
TABLE 3.3-2
TEST RESULTS
WETTED AREA - FT VOLUME - FT°
PERCENT PERCENT NO. OF
VEHICLE ACTUAL CALC ERROR ACTUAL CALC ERROR CUTS
MDC Shuttle 7788 7656 1.7 34,347 34,383 0.1 20
Orbiter
MDC Shuttle 7788 7390 5.1 34,347 31,558 8.1 11
Orbiter
MDC Shuttle 7788 8461 8.6 34,347 31,393 8.6 6
Orbiter
C-5A* 16646 17052 2.4 86,610 93,816 8.3 40

*Data taken from 1/150 scale drawing.

3.3.3 Thermal Protection Application - The stacked pod method of calculating

areas lends itself ideally to thermal protection calculations.

the pods and inflection points directly with the thermal analysis.

The user can match

Table 3.3-3

shows the TPS analysis for the MDC Shuttle Orbiter,and Figure 3.3-13 shows how

these average TPS weights are applied to the configuration.

3.3-11
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TABLE 3.3-3
ORBITER TPS WEIGHT SUMMARY
BASIC ADHESIVE NON-OPT TOTAL AVG.
AREA LB/FT® WI ADH _ WT Lp/FT2 WT LB/FT2 WT LB/FT
BODY STATION (FT2) (LB) (LB/FT2)(LB) (LB) (LB)
Nose Cap 18 7.62 137.0 0.07 1.0 0.77 14.0 8.46 152.0 , _,
200-240 36  2.54 91.0 0.07 3.0 0.27 10.0 2.88 104.0 :
54 256.0
Fwd-Upr-St 720 1.66 1195.0 0.17 122.0 0.18 130.0 2.01 1447.0 1.75
364-570 722 1.18 852.0 0.17 123.0 0.14 101.0 1.49 1076.0 :
1442 2523.0
Bottom
240-1586 2079  2.53 4260.0 0.17 353.0 0.27 562.0 2.97 6175.0 2.97
Aft-Top
570-1586 1750 0.94 1645.0 0.17 298.0 0.11 192.0 1.22 2135.0 1.22
Aft-Sid
570-1586 1600 0.94 1504.0 0.17 272.0 0.11 176.0 1.22 1952.0 1.22
TOTAL 6925 13,041
NOSE CAP CENTER
TOP
FWD CREW AFT
COMPARTMENT X;TOP
—~TOP
CENTER AFT V-
SIDE "SIDE | BASE / \-—SIDE
———J BorTom
CENTERA \-AFT AA
BOTTOM BOTTOM

FIGURE 3.3-13 TPS BODY BREAKDOWN

Table 3.3-4 displays the stacked-pod data file and its corresponding output
which duplicates the thermal analysis on the MDC Qrbiter. Section 3.3-2
demonstrated the accuracy of the stacked pod method as a tool for calculating
total areas of geometric shapes and vehicles. Table 3.3-5 demonstrated not
only its accuracy,but also its flexibility in breaking down a vehicle into
specified sections. This capability of sectioning a vehicle simplified the

tasks of applying average unit weights over a vehicle.

3.3-12
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24000
3.000
44000
S5.000
4 .00
7,000
#1000
Yo JCO
1003
110000
192 00U
13.000
14000
I5H.00
15 .00
17.000
15000
19,000
20« 0J)
21« JD)
22 4300
23.000
24,000
25.000
24,0010
27 009
25000
29,000
37.000
31 .020
32.000
33.000
34,000
35.000
36 .000
37.000
3%.000
39.000
40,000
41,000
42 +000
43 .000
44,000
45,000
44,300
47 000
45,000
49,000
50.000
51.000
52 L3000

-=wor RIT

*®

R O AN

NCSFE CAP 200-240
200.0 0.0
240.0 70.0

i TUP FAD ST 364-570
364.0 U.0

40C U 26 .0
L1641 156.0

S5T70 60 OQD
MoOTGP FAD ST 240-5170
2400 54.0
300.0 £5.0
3A4.0 75.0
400.0 100

476 .0 %00
57040 30.0
STUF FUD ST 240-570
240 .0 54.0
300 .0 105.0
36440 150.0
40040 145.0

476A 0 160.0
570.0 180.0

T2 ARl 5T 570-1585
N ACIES] A2

HKOU U A2 .0
1000.0 A2 o)
1200.0 5% .0
1400.0 S50
1570.0 0.0
SIDE AFT ST S70-15854
570.0 14440
§00.0 128.0
1000.0 1250
1200.0 132.0
1400.0 175.0
1570.0 0.0

@1 FWbD 3T 240-156A4
240.0 Q.0
300.0 6.0
3A4.0 10.0
400.0 12.0

474 o) 12.0
570,01 16.0

Spl AFT ST 570-1585
5700 15.0

800 .4 «001
1000.0 «001
1200.0 . 001
1400.0 .001
1573.0 <001

¥

AFTRER 52

TABLE 3.3-4
DATA FILE OUTPUT

AankLINe P

1ESL UASL

1

0.0
102.0
O.
e

8
120
().v

NCccoon

%8.0
12b.0
148.0
160.0
192.0
216.0
2
B840
140.0
164.0
16540
210.0
210.0
>
216.0
216.0
216.0
216.0
2156.0
2156.0
A
216.0
220.0
220.0
220.0
232.0
232.0
/

Ueu
125.0
152.0
176.0
200.0
216.0
7
216.0
215.0
244.0
24040
232.0
232.0
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BODY STATION

Nose Cap
200-240

Fwd-Upr-St
364-570

Bottom
240-1586

Aft-Top
570-1586

Aft-Side
570-1586

Total

Fldie =71

FIFT =T

e
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Bt LS et

D e
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o T e o

AREA

54

1442

2079

1750

1600

6925

TAB

LE 3.3-4

DATA FILE OUTPUT (Continued)

EETT

LI LA

CULFTT.

ACTUAL
LB/FT2
4.74

1.75

2.97

1.22

N

k. L LT
I

if.

L THE TES TEST

TABLE 3.3-5
ACTUAL VERSUS CALCULATED TPS WEIGHTS

WI-LB

256.0

2523.0

6175.0

2135.0

1952.0

13,041.0

3.3-14

AREA

54.2

1417.8

2100.8

1731.1

1624.4

6928.3

SURFACE

CALCULATED
LB/FT2
4.74
1.75
2.97

1.22

1.22
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WI-LB

256.9

2481.2

6239.4

2111.9

1981.8

13,071.2

I"CI“MVNELLlWDUGLASaQSIRONWL"TCS<C0~"WUVY-EAST

ERROR
(PERCENT)
+.4

-1.7

+1.0
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3.3.4 Program - Table 3.3-6 is a formulaized display of input parameter formats.
A brief description of each parameter is also included. Following this table is a
listing of the Stacked Pod Computer program (Table 3.3-7).

TABLE 3.3-6
INPUT PARAMETERS AND DESCRIPTION PROGRAM MASTER CARD
FORMAT  COLUMN  NAME DESCRIPTION
20A2 1-40 NAMEFL Information to be printed as heading of output data.
I5 41-45 NPD Total number of pods or Pod Master Cards (15 maximum).

POD MASTER CARD

10A2 1-20 NAMEPD Title information for each line on pod volume and
surface area data.
I5 21-25 NGR Successive integers on which pods are totalled for
data print out (first pod numbered 1).
15 26-30 NIF Number of inflection points or Pod Data Cards to
follow each Pod Master Card (not larger than 15).
15 31-35 NMP Multiplier so as to include the number of these
identical pods used (positive or negative).
I5 36-40 MFO Forward face of pod as part of total pod surface area:
Included in surface area 1
Not included in surface area 0
Removed from surface area -1
I5 41-45 MAF Rear face of pod as part of total pod surface area:
Included in surface area 1
Not included in surface area 0
Removed from surface area -1

POD DATA CARDS

F10.0 1-10 FS Reference axis coordinate of pod inflection cut.

F10.0 11-20 A Maximum depth of pod cut.

F10.0 21-30 B Maximum width of pod cut.

I5 31-35 ISH Shape code of pod cut.

F10.0 36-45 RED Redundant perimeter between this and other pods when
restacked.

I5 46-50 ICN Dummy redundancy integer to establish whether redundant
perimeter (zero or greater) is used in redundance analysis.

3.3-15
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TABLE 3.3-7
DATA FILE
COPY STACKPBD T8 LP(XJNC)
1 e 1,000 sFIXED
2. 24000 COMMAN T1aNPDLNAMEPD (10220 NAMEFLL20)sFS(30020),A(30220)
3 e 3,000 . . $1/B(300201418H(30,20),22(30),RED(30,20)41CN(30,20)sCV(30020)
4 = 44000 20CH(302020)sNMP(R0),NIF(20)sNGP(20)2WAP(20)sVLP(20),XNWP{20)
5 e 5.000 s XYP(20)aMFO (20 eMAF (20D -
6 o 64000 DB 20 1=1,20
—— 1 m 70000 D9 10 Jeta30 e e L
8 . 8000 FSt{Jal)YaQe
9 - 9.000 Aldallaz, _ e
10 = 10,000 Btds1)mn,
11 = 11:C00 . . _RED(J21)e0, e e
12 = 124000 CVvidal)ags
{3 e 13.00Q CdtdaldaDe
14 o 144000 I1SH(Jsl)e0
15 = 15,000 _10 ICN{Je1)eOQ _ _ . . . e
16 « 16000 22{1)*0.
17 o 17000 . WAP(IV®Cy e - B
18 18.0C0 VLP({]l)sr,
— 19 e 19,C0Q_____ X4P(1lwQ,
20 e 20400 XVP(1)m.n,
_ 21 = 214000 ... NMP{Q)epn e e . -
22 . 22,000 NIF(1)en
N 23 . 23,C00 ____ NGP(1)sg o o o _
24 o 24400 MFB(T)en
— .25 e __ ?25.CCQ_20 MAF(]Img
26 = 26.C00 READ15,900) NAMEFL,NPD
27 = €7+C00 . . DB SC 1s1sNPD .
28 » 284,000 READ(5o901)INAHEPD(Jol,ldclalo’oNGFCI’oNlF(ll NMPll)aHra(l!aHAFtl)
29 » 29,200 NiPsNIF (1) } R
30 = 30,000 Ce 3C KeilsNIP

—— 31 = 31.CC0._30 FREAD(S,902) FS(Ka1)aAlK2T)aB(K2Y)alSHIKal)2RED(KaLI2ICN(K LY
32 = 32.C00 Bo centInue

33 = . 33.C00 . 08 90 I1al,NPD . S,
3 . 344000 NIPaNIF(1])
35 35,000 PR &0 I=isntP . L e
36 = 364000 60 ZZ(1Y=A(1a11

— 37 = ___37+00Q.____ _CALL ARRE]L R
38 . 38+C00 Lo 7C IstaNIP
39 » 39.000 AlTYD)mZ2¢Yy _ . e
40 » 404000 7o ZZ(1Y"H(1,11}
41 = 414000 CALL ARRFIL S
42 = 424000 D8 RC fat1,NIP

. 43 e 43.C00 _80 _ B(lal1)e22¢1) —
hb » 444000 CALL MENEYE
45 . 454000 CaLL CGEMER o I e
-] 46,000 CaLlL PBpMED
47 . 47.CC0 90 CANTINUE T . e
48 o 4840C0 JJsi

k9 s 49,0CO___ _ JKep
50 e ECsCCO | 1IF(NPOsLEC1) GO TO 15O

_ 51 = 514000 {00 IF(NGPIJJ)CLTSNBPIJK)) GB T8 130 _ IO -
52 e 624000 VLPJW)aVLP{JJ)VLP I JK)
B3 » 53000 COXVP UMY aXYPLUJYeXVP{JK) . e
S4 e 44000 XaPtJJYaXWP{ SJ)+XWP(JUK)

— 55 = 354000 ___ _WAP(JJ)aWAP ([ JJYeWAP(JK) _
56 e 564C00 VLP(JX)a0Os
57 » 57.0C0 IF{JK+GE«NPDY GB TA 1580 . . e
58 = £8.4000 JKE JK Y
59 w $9,C00 GB 10 1co

ey e —
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TABLE 3.3-7
DATA FILE (Continued)

604000 130 IF(JKIGEWNPD) G8 T8 1850

60 = - L -
61 » 614000 140 JJsJK

_ &2 » 624000 JK e K
63 634000 Ga Ye 1CO
b4 = 64000 1850 WRITE(6,903) NAMEFL o
65 654000 TOTL1%0,
65 @ £6¢000 T8TLP"0y e - S
67 67:000 TETL3I®O,

68 = 68¢000 TOTL4"0,
65 e 63.000 D8 190 1s1,NPD
70 e 70.0C0 CIF(VLPI1)eEQ,De) B8 TO 190 . .. e e
71 . 71.000 XysXVP(D)/VLP(T)
72 . 72.0C0 XZaxXwP{1)/WAP(]} S
73 » 73,000 YLP(1)eVLP{])/1728,
74 v 744CO0______XVP(1)exVP(])/1728,
75 75,000 XudP(1)axwP {11/ bk
76 o 76,000 WAP{I}sJaP(1)/14k L o
77 . 77:000 WRITE (659040 tNAMEPD(Ja1)adni, 100 VLRI )a XY WAP (1) X2
78 78,000 _ TETLIsTOATLi+VLP(]) S
79 . 79.C00 TATL2eTATLA+XVP(])
BQ o _ BOCCO___ _TBTL3*TATL+xP(]) ”_
By = £81.000 TOTLA4®TATLA+AAP(])
82 « 82.C00 190 CANTINUF e
83 « 83,000 XYsTBYL2/TBTL
B4 = 84,4000 X2aTHTL3/T8T1 4 e
85 e 854000 WRITF(6,905) TATLY.XY,TOTL#.XT

_ B6 = _ 864000 900 FBRMAT(30A2,15) o
87 e B7.000 981 FARMAT((0A2,515)
88 e B3+C00 902 FORMAT(3F1040s15:F1040415) L
89 = 89,000 903 FBRMAT(141////25%220A2///710%, 1GROUP 1, 18X, 1 VOLUME 1, 3X, ' VOLUME!
90 = 90,000 Ka3Xs VSURFACE 125Xs VAREA? /10X, INAME ' p 30X, 1CeGo 106Xy YAREAY
91 = 91.C00 EsBXs tCeGe /733X, 1CUSF T a6Xs VING s iXs1SQuFTet,6Xa VINeT//)

92 «  92.000 904 CFORMAT(10X,10A2+XsF8e1sF9¢1sFi0e14F2e1/)
93 v 93,000 905 FORMAT(/10Xa'TATAL1,13XsF13¢1aF901,F10e1sF901)
94 w  94.000 sTyP I
95 & 95,000 END
96 = 9640C0 ~ SUBRAUTINE ARRFIL .
97 =  97.C0C0 CEMMEBN 112NPHINAMEPD (10220 ) s NAMEFL(201+FS(30,20)2A(30220)
94 {*_,9s.cco_“___~1.a(acoaosoxSu(3@:20).zzcaoa.nsocao.ao).xCNtso.207:CV¢301291______
99 s 99,000 2,CW (30,20} ,NMP(20).NIF(2C)»NGP(20)aWAP(20)aVLP(20)4XWP(20)
100 = 100000 C A)XVP(20)aMFB(20)aMAF (20) ' ——
101 = 1€1.C00 Ni1PeNIF(T])
102 = 102.CCO0 NIPLasNIPe1l -
103 = 103,000 N{PPaNIP+1

104 = 1044000___ 08 5 Is\1PP,30 -
105 '« 105.000 % 22(1)%0,
106 » 1064C00 I NLLY . e
107 = 1074000 D8 10 1e1sNIP
108 = 10,000  IF(2Z(1)«LEsDs) GO TO {0 e
109 « 1C9.0C0 TJUKet

110 = 1104000 GY 18 15
111 7« 111,000 30  CONTINUE
112 » 112,000 18 IF(1JX«LEe2) GO 7O 38 L I
113 » 1134000 fJJeluKat
114 « 114,000  VALSFS(TUX,11)eFS(t1a11) e
115 ¢ 115.000 D8 30 la2,1dd

_t16 = 1164000 VALLaFS(1211)eFS(L,11)
117 » 117,000 36 ZZ{1ysZZ(lJx)evaLLsval
118 » $18.0C0 38 IKa]JR+y . R e .
119 o 119.C00 40 08 50 1s1K,NIPL
120 = 170.000 1F(2241).GTe0y) G8 1B 8O0 . . _ I R

3,3-17

MCDONNEILL DOUGLAS ASTRONAUTICS COMPANY = EAST



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS REPORT MOC E0746

VOLUME |

COMPUTER PROGRAM - FINAL REPORT 28 FEBRUARY 1973

121 o 1214000

TABLE 3.3-7
DATA FILE (Continued)

o IKKe? - e _
122 « 122,000 Ge T8 80

_123 s 123,000 50  CBNTINUF
126 « 1244000 RE TURN ,

125 = 125,000 _60 . _IKKPelKKes . el . e _
126 » 126,000 IKKL s IKKwi

127 = 127.C00 DB 70 JelKKP,NIP .

128 = 1284000 IF(ZZ(J)YsLEsDe) GO TB 70

_129_ = 129,C20Q Vg N
130 = 130.€00 Go 18 73
131 « 131,000 7?0 CBNTINUE . . . ) . e
132 = 132.0C0 GO 18 83
133 « 133,000 78 DEL®(FS{IKK 11)eFS(IKKLA2Y))/Z(FS(JXaTaFSIIKKLLTTYY
134 =« 124,CCO ZZ(IKK)w2Z(IKKL)*OFL @ (22 (JK) w22 ( IKKL ))

135 & 1354000 IKslkKey I ——

134 & 135,000 IF(IKeGEoNIPY RETURN

137 & 1374CC0 . ... GB Y8 %) e
138 = 138.C00 80 VAL2FS(NIP,11)aFS{IKKL,11)

133 = 139,000 _ IF(VALIEQeDe) RETURN . . . . N,
140 = 140,060 DB RS lelKK,NIPL

141 o  1414C00__ VALLaFS(NIP,11)aFS(l.11} -

142 « $42,C00 B8 ZZ{1)22( 1Kk YeVALL/VAL

143 « 143,000 . RETURN e L } -
144 =« 1444000 END

145 » 1454000 __ . _ SUBRAUTINE REDEYE e
146 » {46.C00 CuMMEN IX'NPD:NAHEPD(lOoZo);NAHEFL(EOl175(30020):A(30120)

S 147w 1674000 148(3C#221215H(30420),22(30),RED(30,20)21CN(30,2032CY{30220)
143 &« 148,000 z:cwtao.=oi.~mp(20),~lr(20);~GP¢20);NAPtao):vLP(zoi.qucZO)
149 = 145.C0Q0 __3XVP(2012MFDB(20)2MAF (20) .
1580 « 15C.C0O0 N1PaNIF(T])

151 = 151,000 Lilaal

152 « 182,00 D8 15 lwisNIP

183 = 153.CC0____ IF(ICN(1.11).GT0) GR YO 90 .

154 = 154,C00 REC(1211)uad,

165 « 185,00 __ _ G2 T8 1% _— : O
156 = 156,000 10  LLL=LLL+)

157 = 18740200, IEEP2eY - e
153 « 158,000 15  CANTINUE

2199 & 1594000 JE(LLLeLEsD} _RETURN
160 e 160,000 De 30 latsIKEEP2
161 = 161¢C00 . _ IF(RED(I2I1)sLTaCa). G® YO0 30 _  _ o
162 » 162,000 IKEEP w1
163 = 163,00 Ga 18 35 - e
164 = 1644000 30  CHNTINUF
165 o 1€5,000._35  [KelKEEPi®y
166 & 166,000 1JUslKEEPR ey
167 & 1674000 40 DB 5C leiXK,1J R e
168 e 1£8,000 IF(REV(1,11),GE4On) GO TO S0
169 « 149,000 1<Kn? e - e
170 = 1704000 Ga 18 &0
171 = _175+C00_ 80 CBNTINUE.

172 = 172.000 RETURN :

173 » {73.000 60 IKKPe XK ¢t . . e
174 & 174,000 IKKLn [KKa

175 = 175,000 - DB 70 JeIKKP,IKEEP2 . — - e

176 » 1764000 IF(RFU(UL T LTa0e) GO TB 70

177 = 1774000 K= -

178 « 178.000 Gs T8 75

179 « 179,000 70 CHNTINUE _ o

180 = 180+000 7% DEL-(FS(XKKo!I)-FSllKKLoIl)DI(FS(JKa!l)-FS(!KKL;II))

181 ¢ 181,000 RFO(IKK:!l)'R[D(IKKLAII,*DEL'(RED(JKJII)-RED(IKKLJII’)
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182 *
183 =

184 »

185 =
_ 1R6 =
187 «
188 =
189 o

190_»_

191 =
192 =
193
194
{195 o
196 e

7197 '«

198 =
199 »
200 «
2C1 o

2094000 26 CV(lsl1)se78s
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TABLE 3.3-7
DATA FILE (Continued)

1824000 IKsiKKey L - B} }
133,000 IF(IKsLYIKEEP2) G T8 40
1844000 RE YURN
1854000 END
1564000 ~ SUBRGUTINE CGENER . . . R
1874000 CoMMBN 1laNPn.NAHEPD(10420).NAHEFL(EO).FslaoaaO)aA(SOnzo)
188,000 1:8(30:23):!SH(30:20);21(30);RED(30020)0lCN(QOaEO)oCV(SOoZO’ - _
129,00 2:CN(30:?0):NMP(20).NIFt20):NGP(20):NAP(20):VLP(20):XHP(20)
19C.C00 3 XVP(20),MFO(ROYIMAFLR0) o
191¢0C0O ELK(X)-(((-oPEOé'x)*-6“55)’!0.156)'!0.9987
192,000 CONTPaNIF(I]) e
193,000 DR 40 lsisNIP
194,4CC0O IFLISHCTsT1)oLESCeRRISH(T211)GTo18) GO T8 &40 o
1954000 IF(A(1211)eLEeOs) ACT1411)8¢000001
1964000 _[F(@(la!!}oLFgQg!wg}lg![1!0000001 i
197,000 Icrrsiswtisimn
198,000 ~GB 1B (E!0?2:23;2“;25526:?7:28:29:30:31332033036;3543603293')0ICTIM .
199,000 21 Cvilalliel,
200,600 Cwil,I1)e2, e
2014000 GO T8 &0
2024000 22  Cvilsllyses o
203.0C0 CAll,11)182488QRT(A 1,1 %e2eB(Ta 111000 /(A(TLTOB (1,110
204.4CCO GBS T8 4C L o e
209000 23 CVilall)ees
2064000  CCWeSURT(4ewAlTa11)802¢B(1,11)0e2) T
207.C00 Cutts 11 m(BIT,T11)4CCWIZIALL TTYeBLL,IIN)
208.C00 GB YD 4%

210.C00 ) XaB(l211)ZA01,11)
211.C00 IF(XeOTte) Xu1y/X
212,000 CWilsll)e2,0FLK{X)/Z7(X®1g)
2134000 GB 1B 0
» 2144000 _2% _CVI(ls1lreerhs
2154C00 Xxsa{lott)/7actatl)
216.C00 . XsB(1al1)/(2,%A01001YY e
" 217.0C0 IF(XoUToge) Xmea/X
21%,C00 Cwil, 111 s (XXeFLKIX)O(XXS24)/ (X)) /(XXOLy
219+CCO G8 T8 &40
 220,000__26  CVt1,111se788 .
221000 XxXsB{lat1)/A01,11)
272,000  XePe#B(1,111/7(34%A(1,11))
223,CC0 IFIXedTe1e) Xul1,/X
224.C00 CliFLK(X)'(XX¢1-5,/(X¢1l)
225+ 0C0O Xa2e#8{T,11)/A(1211)
2264000 _ IF(XeUTete) Xate/X
227000 CEIELK(X)'IXX*.S)/(X¢1|)
228.C00 o CWils11)m(CleC2)/(XXets)
229.C00 G 18 4O
230.C00 27 AR FREREXLL Y .
231.C0O0 XsB(1sl1)/ALT210)
2324000 CIF(XeUTe e XeQe/X
£33+C00 CwllallloleSeeseELK{X)/{XaLe
2344000 GO 16 40 R
235,000 28 CVil,11)ee94h
236,000 _ XeA(lsl1y/Zattaty) o o
237,000 IF({XsUTst0) XB1,4/X
?33'00Q,______§!‘lelll!letik!&l)/(x‘l')
"239.C00 GA TR 40
24C»000 29 Cvils1l11sepr99 . B
241000 XXeB(la11)/A0121 1)
242+000 _ Xs2esBU1,110/AC0000) e
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TABLE 3.3-7
DATA FILE (Continued)

243 « 243,000 IF(XeUYa0) Xnge/X
244 ° 244,000

W Il a1 ae2ewELKIXI®IXX® o)/ (X410))/(XKSY o)
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245 = 245,000 G YA an
246 = 2464000 30 CV(lsll)megas
247 = 2474000 . _ XXeS{l.11)/AC0.0)) -
248 e 248,000 XabooS(1,11)/7(3,%A01,11))
249 ® 249,000 . . IF(XsUTute) xug,./X -

250 » 250,000 CAUL TI)u(05enswELKIXI®EXX(TEY/(XSg0) )/ (XXOY,s )

— 250 = 251,000 GB TE 42

252 = 252,000 3 Cvil,11)meAss

253 = 253,000 o XeB{lell)/A(Ya11) -
254 . 2%+ 2 0C0 IF(XeUT40) X24,/X
255 « 243,000 o CAlL ) eSe g SRELKIX)/{Xe1a)
256 ® 234,000 G T8 &
——_ 257 & 2574CC0._32 _ CV(ls]1)me224_
253 » 253,000 CCasSURT (b %a{],]])nmaeti(1,1])002)
259 » 259'000_,,‘M“c3'(8‘llXl)*CCW,/(A‘!I!!"S‘!A!!” _
260 «  24C,000 XaB(lal1)/At1,11)
261 * 2614000 . lF{X4GTete) Xsy /X e
262 o 262.000 CWilall)seSeCeplK(X)/(Xeq,) .
—__ 263 = PA.00Q____  GH TR &3 N S
264 ® 264,000 31 Cvitlall)se78s
. 265 = 265,000  __ CCWeSURT(4y®a(1,]])ee2eB(1,11)002) - e
266 » 265,000 C3l(8l!ntl)*ccw)/!A(l.!I!tattallil
267 v 2A7,000 _ _X=B(lel1)/7A01.11)
268 » 248,000 IF{XelTate) xuy,/x
— 269 % 2694000 CW(],11)8C3/304409ELK(X)/(220X42s) -
270 = 2704C00 GO 18 4n
€71« 2714C00 34 CVI(lall)ewse?s .
272 = 272.C00 CE-?-‘SJQT(A(I;!I”'ztﬂtl.!l)*'E)IIA(In!I)*B(lall)!
273 ® 273,C00. _  _ XuB(Is11)/Al1a11) L e
274 = 274,C00 IFIXelTate) Xoi,o/X
N 275”1m_275-000_______CW(l:ll)!!S'CEQELKLXILIK!LAL__wn-
276 &  275.C00 Go T8 42
277 = 277,000 3% CV(l,1l)me719 I
278 & 278.000 Ca-P.'52a7¢A¢l‘1I)-'a¢8(l.ll)i’?)/(A(lo!l)#B(la!l))
273 = 279.0C0 XaB(Tal1)/7a0111) e
280 « 2804C00 IF(XeGT 10} Xxui,/X
— 281 = 281,000 __ CAllall)aCa/3etue®ELK(X]}/Z12:8X*%T4)
282 * 232,000 GY 18 40
283 « 283,000 34 CVilyll)meyrg e
284 ®  2B4,C00 XsB8(Ta11)/7A401511)
285 ®» 285,000 IF(Xs0T 1) Xuy, /X B
286 = 236,000 CWilsllyatespLKIX)/Z{X®L0)
. 287 = 2B7.C00_____ GA_YB 4y
288 = 288,000 37 CYitall)aesus
289 « 289,000 XaB(l1ol1)/7A(1011} S
290 = 290,000 IFIXeUTats) Xuge/X
291 « 291,CC0O Coaflall)ale54e58ELK(X)/(XSe,q) e
292 = 292.CCO GA TB 43
893 _ = 293,00Q__38 _ CV(ls!l)mes o .
294 & 294,000 cwrr.ll)-1.*50RT(A(1.!!)-ﬁaoal!.I!)noa)/(Atl.tl)tﬂt!n!!l)
295 = 295,000 40 CBNTINUE . [
296 &« 296,000 CALL CCFILL
297 = 297,000 RETURN S,
298 =« 298,000 END ’
299 e 239,000._____ SUSRBUTINE CPFNLL_ ~ o
300 = 3C04.0C0 cnaMwpN rI:NPD.NANEPD(10120);NANEFL(ZO):FS(aooEO)al130020)
301 « 3C1.0CO 1:8!30120!:lSH(30:20).22(30);RED(30020):!CN(SO:EO):CV(300203w~_
302 = 302.000 2:Cw130,30),NMP {201 ,NIF (20),NGP(20)sWAP(20)4VLP(20),XWP (20}
303 = 303.C00 1IXVPL20),MFAL20)2MaF (20) L
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TABLE 3.3-7
DATA FILE (Continued)

NiPeNIFIIL)

304 = 3044000 .
305 = 305.000 1UKsy
306 s 3061000 1F(CW(3.11)40T000) GO 70 40
307 = 3074000 DS 30 Je2aNIP
308 s 3084000 R RLOICLLS L o i} [
309 « 309.000 IFICWiJ,11)aLTe0e) GB T8 20
310 = 3104000 1delJKel , R - -
311 « 311.000 DA 20 Katstd
312 = 312,0C0 CoatK, [1)CWITJK, 11D
313 « 313,000 20 CVIRK, 1T sCVITIK, I
14 = 3144000 . GB 7B 42 ~ ; .
315 » 315,000 30 CBNTINUE
316 = 316.000 ~ RETURN ~ -
317 = 317,000 40 1F (1J%eGE«NIP) RETURN
318 « 3184000 _ IKelURel
319 s  319,0C0 IF(CwlIK, 111 <LE«Ce) GO TO 60
320 » 320,000  JUXelJKey : I e -
321 & 321,000 GO 18 40
222 « 3224000 60 IF(1KGEWNIP) Gs T8 S0 . . e
323 ¢ 3£3.0C0 IKPuiRey
324 e _324.CCO 08_R0 1s[XPANIP
325 ¢ 325,000 [FICW{T,1T)eLEO) GB TO RO
924 »  326.000 _ _ lJJsl o o e
327 « 377.CC0O Ge 78 110
3 323 « 237%,000 80  CONTINUE ) _ o
329 » 323.C00 90 DB 100 KelKaN1P
330 -_ﬂ330-000__m___4§Y(54!I)gCYj!JELll)
" T 331 e 331,C00 100 Cwiksi1)sCWltIK, 11
332 « 332.C00 ~ RETURN o _ I
333 »  333,C00 310 NEslJJelK
334 = 334,000 NRslKeY o .
335 o 33%,C00 FPea(lJC, 11 eBIIVK, I
336 w_ 336,000 CRPEA(IJJ,I1)eB(1UY, 1)
7337«  337.C00 Fuad(ld<, [1)eB(1JK. 11D
338 =« 338,000 O ORMeALIJOI1YeBIIYGLIT) I
" 339 « 339,000 DELCVSCV(IJUK, 111eCVITJJaIT)
40 = 3404000 DB 145 Ksl,NF R —
341 = 34i.C0C KK sNP +K
342 = 3424000 XBLELES(KK:111:F§(JJK4111)1155l!JJall)sESSLJK.ll1!
343 e 343,000 XBLMe1ewxBL
34k e 3bkCCO AXsA(TJI, 1T)eXOL* (AT I AT IT)) [
345 = 3454000 BX'B(IJK:ll!#XBL’(B(lJJ)!l’OB!IJKOII!)
346 = 36,000 CthK:ll)-lCN(1JKntl)GFP-xaLMocwtlJJ.ll)'RPOXQL)/(AX9BXl o
347 = 347,000 ABXsAX#RYX
348 e 348,000 CIF(DELCY) 120s13C2160 ]
“349 o 349.CC0 3§20 CV(KK:lx)¥CV(IJJ:l!)#XBLMO‘E'DELCV'FH/ABX
350 = 390QaCCO GB Y8 145 _
"""" 35y e« 351,0C0 130 Cy(KKs1T)SCVITJIKATT)
352 « 352,000  G8 Y8 145 e
T 383w 353.C00 440 CV(KK:!X)'CV(lJKalti-KOLoozooEch'RM/ABX
354 '_w35“-OCC__13§,,CQNllﬁug_ﬂ o e
355 @ 385.0C0 1JKs 1JJ
356 » 3864000 GB TR 490 _ — _
357 « 357,00 RETURN
i 353 = 358,000 _END . . e
359 = 359.000 SUBRBUTINE PADMAD
360 = 363.000 CBM!QENJJLﬂEQANAﬂEEQLAQ'201;NANEFL*20)-Fstﬁotanliﬁizggigl_____
361 e 3614000 17@730:23):ISH(30:20).ZZ(30):RED!30:20):!CN(SO:ZO):CV(30:20)
362 ¢ 362.000 ) 2:CN(30;20);NHP(?0):NIF(20)oNGP(20)1HAP(ZO)JVLP(zciox“P(aol_Mﬂ_
363 = 3634000 3, XVP (2002 MFB120) 2 MAF (20}
364 « 364,000 NIPeNIF LTI
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TABLE 3.3-7
DATA FILE
363 ® 365,000 NIPLeNIPey e
r 366 = 366,000 XMeNMMP(TT)
367 = 367000 AAPsQe
368 « 368000 XAPR(e .
3869 = 369,000 . DB 20 leguNIPL e ] e
370 =« 37C.000 DAXsFS{1+41,11)eFS(1,11)
_ 371 « 371.C0C0 __. ViLtsall,1ldeB(I,I1Y. . . - e
372 « 372,000 VL2sA(l, 118 (148,11
373 = 373.C0Q_____ Vi 3salleto)1)sBllo11}
374 »  374,CCO VLsmalleqs 1yuB(l+e,11)
375 = 3754CC0 _ . IF(CVIILII)WGE.CY(1+1,11)) G8 T8 10 S
376 =« 378,.CCC VLLODAX® (CVIT+1, 1T)%(VL2oVLI42,8VL4)¢2,%CV{1,]11)0VL1)/6,
377 = 377.CCO Wﬁ;__XVV-DAX-~20tcV(l‘1;II)'(VLE*VL3*3|°VL“)‘CV(ln!l)QVLllllan,
378 = 378,000 GR T8 15
..379 -m-379-00Q“_1n___YLL956¥9(CVG!411)-(E.'VL1¢VL2¢VL3)*2-'CV(!*1:1l)!vLultﬁn._
380 = 350,000 XVVEDAX# 2 (CVIToTT)Iw{VL1eVL24VLI) 9, 0CV(I+s,11)0VLE)/ L2,
381 = 3814000 1% . VLP{IT)aVLP(T1)eVLL
382 = 382.C00 20 XVPLI1)axVP{T1)+XVVVLLYFS(I,11)
383 » 383.CC0 YLP{LI)eXMeviP(1])
384 =  334,C00 XVP 1] )sxHaxvP{1])
— 385 e 385,000 _____ JF(NMP{I1)sLEs0Q) RETURN e
386 = 3864000 D6 45 Is1saNIPL
387 « 3874000 ____ DaXeFS(1+1,11)eFS(1411)
388 & 348,000 PleCwlloTI)e(A(lal14B(],11))
389 = 349,000 PasCwilleqsTTye(allet, 11)eBlesa11))
390 « 390.00C0 WPXBDAXe(P14P2) /2y
_ 391 s 391000 _ _XPPaDAX«a20(P1+P2e8P2) /by I _
392 « 392,000 AREAFeCV(IIL I eal]l, I8 (1,1 ])
393 @ 393,000 . AREAATCV(Ie1,11)%A(Te1,01)8B(1+8,11)
394 » 394,000 WPY s ARE AF=ARFAA
395 » 395,000 . WPPaSURT(WPXe#2+WPYss2)
396 =« 396,00 WAP (1 )swaP(11)ewPpP
. 337 = 397.CC0 XAP(11)axXuP (1] )14 XPPeNPP/WPX+WPPFS(1,11)
398 ¢ 3954C00 IF(REULTI1T)eLTeCo) GO TB 45
399 ¢ 399,cC0 3N JTF(RFEDCI+1,11)0LTr00) GO T8 45
400 o 4C0.000 AAPSDAXR(RFO(T,11)eRED(I#1,11))/2,
40y = 4p1.000 XAPeDAX# 829 (QED{141])/6¢+RED(LI*1411)/30)
402 = 4C2,000 WAP(I1)a AP (11 )nAAP
403 e 403,000 XP (1) axWP{1])aXAPaAAPOFS{T, 1) _
404 & 4CLeO00 48  CANTIMUF
405 ® 4054000 ENDSe0,
406 ®»  #0640CO ENDMULSG,
§ 407 » 4374000 IF(MFO{11)) 855,40s80 . L
408 &  40B.CCO 5o ENDSsCV 1,11 )%AC a1 )8B(g, 11}
— 409 s 409.000 ____ ENDMULeENDS*ES{4 1)
410 = 4104000 G8 18 &0Q
411 & 411,000 5% ENOSeeCVIL1,110wAl3,11)0808,11)
412 »  412.C00 ENDMULeENDS#ES (8, 11)
413 = 413,C00 &0 VET-CV(NIP;II)GA(NrPalliua(N!PalIl
414 o 4144000 IFt“af (11} 725,80470
%15 »_ 415.000__70 _ EMDSEENRSYEY . .
. 416 =« 416,000 ENDMUL®ENDMULSYETOFS(NIP, 11}
417 » 417,000 G2 TP 82 .
418 ® 413.C00 785  ENDSEENISeYET
419 « 419,000 ENDUL s NOMUL -YET#FS(NIP, 1)
420 & 420,000 80 WAP(11)axMe(WAP{]]Y+ENDS)
m“?l,zﬁ_“aicooo____~__!ﬂF(1!QEXU!JX%?IIIIQENOHUL)
422 = 422,000 RETURN
423 e 423,000 END ' —
)
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3.3.5 TPS Model - The TPS model that has been incorporated into the sizing
program is in modular form. This allows the user to replace the model with
another method of his choosing with a minimum of effort.

The first assumption made in formulating this model was that the unit weights
will be derived outside the program based on materials selected, cross range,
nonoptimums applied, etc. Typical unit weight for this type of derivation can be
seen in Table 3.3-8. These unit weights will then be ratioed as a function of
A(W/S)l/8 to account for small changes made to the baseline. Assuming that heating
time (8) is unchanged by small changes in vehicle weight (20 percent or less), the
derivation of this ratio is as follows:

The total heating (Q) is directly related to the reentry vehicle weight
AQ ~ A(W/S) as noted in NACA Report 1381. The thermal protection system weight
is directly related to the total heating and heating time (AIAA 68-757):

1/8 e3/8

AWrpg) Q )

Thus, for negligible heating time changes, the weight relationship becomes:

/8

AGL) v WS

wTPS
through substitution. These derived and adjusted unit weights will then be
applied to the appropriate areas of the body.

In order to keep the input data at a minimum, the next logical assumption was
to constrain the number of body areas to be considered by this model. All vehicle
bodies inputed into this model shall consist of nine sections, Figure 3.3-14. The
waterlines distinguishing what is top from what is side from what is bottom are
free to be chosen by the user.

There are two methods by which the body areas can be incorporated into this
model. The first is by simply inputting areas derived outside the program. The
second is to have the program calculate them,implementing the stacked pod method.
At a glance, the first method seems totally constrained, allowing little, if any,
flexibility. However, there are many ways to input the same information to the
computer. Table 3.3-9 'displays three possible options for inputting the center
section of the body into the model. The second method of area incorporation not
only has all the advantage of the stacked pod method,but it also has the added
distinct advantage of being able to stretch or shrink the baseline and to reflect

these changes in length in the body TPS weight. 1In order to accomplish this, the
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TABLE 3.3-8
ORBITER TPS WEIGHTS SUMMARY
BASIC ADHESIVE NON-OPT TOTAL AVG

BODY STATION AREA | LB/ WT | ADH | WT [B/FTZ WT LB/ WT 2

(FT2) | FT2| (LB) LB/FT} (LB) (LB) | T2 (L) |LB/FT
Nose Cap 18 } 7.62] 137.0l0.07 1.0 .77 14.018.46 152.0 4.75
200-240 36 | 2.54 91.0]0.07 3.0 .27 10.0]2.88 104.0 '

54 256.0

Fwd-Upr& Side 720 [1.66]1195.0{0.17(122.0 .181130.0]2.01 1447.0 1.75
364-570 722 11,18 852,0}0.17|123.0 .14 1101.011.49 1076.0 *

1442 2523.0
Bottom
240-1586 2079 | 2.53]5260.0[ 0.17 353.0 .271562.0)2.97 6175.0 2.97
Aft-Top
570-1586 1750 | 0.94(1645.0{0.17298.0 .111192.0(1.22 2135.0 1.22
Aft-Side
570-1586 1600 | 0.94|1504.0]/0.17{072.0 .111176.011.22 1952.0 1.22
Base 371 2320.0[ 0.07 3.0 153.0 2473.0 6.66
FUSELAGE
TOTAL 7296 15,514.0
Wing LE 300 | 8.44(2532.0] 0.07 21.0 .851255.0{9.36 2808.0 9.36
Wing
Upper + Lower 4774 7628.0 609.0 844.0(1.89 9050.0 1.89
WwING TOTAL 5074 11,858
Tail LE 88 | 4.12| 363.0{0.07 6.0 421 37.014.61 406.0 4.61
Tail Sides 800 [ 0.95| 760.0l0.17 136.0 .11 88.041.23 984.0 1.23
TAIL TOTAL 888 1390.0
Windshield 250.0 25.0 275.0
TOTAL TPS 13,258 29,037.0
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user inputs the body station at which he wishes the stretching or shrinking process
to begin along with the length change desired. These changes in body length are
assumed to be constant cross—sectional area changes. Table 3,3-10 displays the MDC

Orbiter,both stretched and shrunk 20 in,

FWD CENTER AFT
CREW [TOP TOP
COMPARTMENT i
- TOP
NOSE | center -
CAP EL SIDE BASE —~—SIDE
—J—poTTOM
CENTER—/ AFT AA
BOTTOM BOTTOM -

% (SHADED AREA NOT COVERED BY TPS)

FIGURE 3.3-14 TPS MODEL

TABLE 3.3-9
TPS INPUT OPTIONS
C-TOP C-SIDE 9 C-BOT 9 C-SECT
METHOD  AREA LB/FT AREA LB/FT AREA LB/FT® TOT. WI-LB

(FT2) (FT2) (FT2)
1 100 1.0 400 1.0 500 1.5 1250
II 0 0 500 1.0 500 1.5 1250
11T 0 0 0 0 1000 1.25 1250
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TABLE 3-10
AREA AND WEIGHT CHANGES DUE TO a LENGTH

DRRITER

sHZELIHE TP

TEST

CHSE

REPORT MDC E0746
VOLUME |
28 FEBRUARY 1973

HENAC
HrIE

LICHLLHE

, LHLLIPE

SLRFFICE
FIFER
SLLFT.

R
lew ban

i,

B LB Y SR I TS

bOTOE D
POEAET T

AFT

s L E

ST F bR R s

ERENEIS

I i

Sl ] v

T T B 2 T
S L R

o I S e

.....

bend, &
L

R

4\1.}:’-&» *.‘ f":(D
RN
TR RFTT ST
Dk

BOT O FHD =T

SRS

Pl 5T

HET 57

R

20 IN. FROM B.S. 800

i, £ Tk,

SN

.

TR,

HORE G
LT
PHFOAFT ST
FIFT

SR

ELOFWD T

Flum &7

" BASE

BRI S B R

ST ETE- 1S5

k- TR,

LINE STRETCH

20 IN. FROM B.S. 570

ok, i Sk

R b
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The third assumption made in this TPS model was that all the aerosurface
areas would be calculated outside the module and that they would be input as total
projected areas along with their appropriate airfoil constants. These airfoil

constants can be obtained from Figure 3.3-15.

AIRFOIL PERIMETERS NACA SERIES 00

EXAMPLE:
FIND P TO STA 35%C p——=—"STATION %C
WHEN C= 487 & 1/0=012 /7 I_ CHORD LINE
_193+3%. N ——
P = (—qgg ) %= 772N, ‘__%C__ P= (p+STAIN%0) * C
100
8
6 Z
0024
-
/ ——
=4 0018
I
0012
2
0
0 10 20 30 40 50 60 70 80 90 100
%C.

FIGURE 3.3-15 AIRFOIL PERIMETERS

The perimeter of the airfoil is calculated from the point of intersection of
the chord line with the leading edge radius,back to the station in question by
taking the value of p from the curves (or by extrapolation) and substituting it in
the equation P = (p + Sta. in % C) x C. To obtain the perimeter between two
stations, take the difference in the calculated values of P for each station.
After obtaining the total wetted area of the aerosurface in question, the leading
edge wetted area is simply a percent of this area. Like the body, the aerosurface
area sections have been constrained. Figure 3.3-16 shows the two aerosurface

sections considered in this model.
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LEADING
EDGE
AREA

—_ - AEROSURFACE AREA

FIGURE 3.3-16 TPS AEROSURFACE BREAKDOWN

The wired in provisions for adding miscellaneous constant weights and a
miscellaneous aerosurface control lend additional flexibility to the user who
wishes to include such items as windshields, additional aerosurface controls, etc.,
in. the total TPS weight.

Although all TPS weights previously discussed were of an external nature,
provisions have been made for the calculation of internal insulation weights. For
the sake of simplicity, all the unit weights as well as the areas for the internal
insulation weights will be derived outside the program.

Table 3.3-11 is a computer printout of the MDC Orbiter, using inputted body
areas while Table 3.3-12 is a printout of the same Orbiter using the stacked pod
method. Following the printouts is a copy of the respective data files (Table
3.3-12).

Table 3.3-14 is a formalized display of input parameters required when running
a case where the body areas are inputted. Table 3.3-15 is a similar list of param—
eters required when running a case where the body areas are calculated using the
stacked pod methodology. Following this table is a simplified flow diagram (Figure
3.3-17) and a listing of the computer routine (Table 3.3-16).
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TABLE 3.3-11

ORBITER BASELINE TPS TEST CASE

TFS
ITEM

HOZE COHE
FWD ZECT.
oT. SECT.
AFT SECT.
EAZE
BODY
COMSTANT

TOTARL BODY

WIHG

WIMG LE.

TOTHL WIHG

INT. TFZ

WEIGHT SUMMARY

ARER WEIGHT
S4. 216,
1442, 2531.
@, a.
S427. 18293,
atl. 2456,
3475,
27s.
19247,
4774, 207S.
=-ER STHE.

TAIL 799, a6,
TRIL LE. S 426,
TOTHL TRIL 1332,
MIS L. 5. a. a.
LAND+IOCE  TPS 0.
FROF. TS 1382,
FRIME FHF TFS 2.
HYDRAULIC TPS 27,
SURF. COMT. TPS 118,
TOTAL TRS 3447 E

o,
5. s
1.5
£, B
e, Skt
. i
[ T
(R R |

S Eoo
.3 .z FE3.8
ag 2.2 1, @
5] a.a 1a2e,
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TABLE 3.3-11 (Continued)
ORBITER BASELINE TPS TEST CASE

ER HETLHT
HAME L., AREA M

SROUF LWILUME LaLUrE SURFARCE AF
.
CULFT. In. SEHLFT. i

HOZE CAF 288-240 43,2 oI 4.2 s SET. T
YOTOR FHD 3T 284570 Tied,d 439,59 1417.2 425, 2 SdiE, 3

TOF AFT 2T Sra-158e

[y
Ja
—
)

n
—
D
o
-
n
=l
[1X)
—
—
—
(]
£
=)
i
ro
—
—
iy
I

ZIDE AFT ST STO-1538 18399, 1 1855, 7 12,4 laes, g 1237, 3
EOT FHD 3T 24a-1525 V.4 SIE.4 cian,. 3 '946.9 Yt

TQTAL SHDET. 3 SE . £SR3 3ER.3 0 13111.5

TABLE 3.3-12
TPS WEIGHT SUMMARY

ITEHM AEER METGHT

BODYV-ERSE 1211z,
BASE AT, od7a,
oooy INT. TRS TR,
COHSTHENT TS,

TOTAL EODY 19341,

HING 47744, SIRTE
HIMG LE. o3, csll

TOTAL WIHG 115586,

TRIL sena, Q2T
THIL LE. D, FE7.

TOTAL TAIL 1294,

MIz o, =, e, K.
LAAD+DOCE TFR= SRR,

LX)
[
P

FROP. TPz 1322,

L
o
B

FRIME FHRE TF:S
HYDRERULIC TP= TV

SURF. COMT. TRS Lia.

TOTAL TR BRI
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FORMAT

20A2
IS

F10.0
F10.0

F10.0

F10.0

F10.0
F10.0
F10.0
F10.0
F10.0
F10.0
F10.0

F10.0
F10.0
F10.0
F10.0
F10.0
F10.0
F10.0

F10.0
F10.0
F10.0
F10.0

COLUMN

1-40
1-5

6-15
16-25

26-35

36-45

1-10

11-20
21-30
31-40
41-50
51-60
61-70

1-10

11-20
21-30
31-40
41-50
51-60
61-70

1-10

11-20
21-30
31-40

TABLE 3.3-14

CARD INPUT FORMAT USING INPUTTED AREAS

NAME

NAMEFL
SPDM

SWI
SWC

WSI

@LLTPS

NCTPS
NCA
FWDTPS
FWDA
CTTPS
CTA
CSTPS

CsA
CBTPS
CBA
ATTPS
ATA
ASTPS
ASA

ABTPS
ABA
BASTPS
BASA

DESCRIPTION
1st Card

Information to be printed out as heading.

Counter for area calculations
1 TInputted area
0 Stacked pod areas

Initial baseline projected area

Projected area resulting from change to
baseline

Baseline W/S on which TPS unit weights
are based

Orbiter landing weight less orbiter TPS
weight

2nd Card

Nose cap TPS unit weight

Nose cap area

Forward crew compartment TPS unit weight
Forward crew compartment area
Center top TPS unit weight
Center top area

Center side TPS unit weight
3rd Cart

Center side area

Center bottom TPS unit weight
Center bottom area

Aft top TPS unit weight

Aft top area

Aft side TPS unit weight

Aft side area

4th Card

Aft bottom TPS unit weight
Aft bottom area

Base TPS unit weight

Base area
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ND

FT2

LB-FT
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TABLE 3.3-14
CARD INPUT FORMAT USING INPUTTED AREAS (Continued)
FORMAT COLUMN NAME DESCRIPTION UNTITS
F10.0 41-50 TPSCON TPS constant weight (windshield, etc.) LB
F10.0 51-60 WGTPS Wing TPS unit weight LB—FT2
¥10.0 61-70 WGA Wing total projected area FT2
5th Card
F10.0 1-10 WGPLE Percent of wing total wetted area that is %
leading edge
F10.0 11-20 WLETPS Wing leading edge TPS unit weight LB-FT2
F10.0 21-30  TLIPS  Tail TPS unit weight LB-FT°
F10.0 31-40 TLA Tail total projected area FT2
F10.0 41-50 TLPLE Percent of tail total wetted area that is %
leading edge
F10.0 51-60 TLETPS Tail leading edge TPS unit weight LB—FT2
F10.0 61-70 MCSTPS Miscellaneous control surface TPS unit LB—FT2
weight
6th Card
F10.0 1-10 MCSA Miscellaneous control surface area FT2
F10.0 11-20 WACON Airfoil perimeter conversion factor
F10.0 21-30 TACON Airfoil perimeter conversion factor D
F10.0 31-40 IBA Internal body TPS area 2
F10.0 41-50 IBTPS Internal body TPS unit weight LB--FT2
F10.0 51-60 IBC Internal body TPS weight input constant LB
F10.0 61-70 LDA Landing and docking TPS area FT2
7th Card
F10.0 1-10 LDTPS  Landing and docking unit weight LB-FT?
F10.0 11-20 PROA  Propulsion TPS Area Fr2
F10.0 21-30 PROTPS Propulsion TPS unit weight LB—FT2
F10.0 31-40 PROC Propulsion TPS weight input constant LB
F10.0 41-50 PPC Prime power TPS weight LB
F10.0 51-60 HYC Hydraulic TPS weight LB
F10.0 61~-70 SCA Surface control TPS area FT2
8th Card
F10.0 1-10 SCTPS Surface control TPS unit weight LB—FT2
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FORMAT

20A2
IS

F10.0
F10.0

F10.

F10.

F10.
F10.
F10.
F10.
F10.
F10.

F10.

F10.

o O O © O o

F10.0
F10.0

F10.
F10,
F10.
Fl0.

F10.

© O O ©

(=]

F10.0

TABL

COLUMN

1-40
1-5

6-15
16~-25

26-35

36-45

1-10

11-20
21-30
31-40
41-50
51-60

61-70

1-10
11-20
21-30

31-40
41-50
51-60
61-70

21-30
31-40

NAME

NAMEFL
SPDM

SWI
SWC

WSI

@LLTPS

BASTPS
BASA
TPSCON
WGTPS
WGA
WGPLE

WLETPS

TUTPS

TPLPE

TLETPS
MSCTPS
MSCA
WACON

TACON
IBA

REPORT MDC E0746
VOLUME |
28 FEBRUARY 1973

TABLE 3.3-15 OD AREAS

CARD INPUT FORMAT USING STACKED POD AREAS

DESCRIPTION
1st Card

Information to be printed out as heading.

Counter for area calculations
1 Inputted area
0 Stacked pod areas

Initial baseline projected area

Projected area resulting from change
to baseline

Baseline W/S on which TPS unit weights
are based

Orbiter landing weight less orbiter TPS
weight

2nd Card

Base TPS unit weight

Base area

TPS constant weight (windshield, etc.)
Wing TPS unit weight

Wing total projected area

Percent of wing total wetted area that is

leading edge

Wing leading edge TPS unit weight
3rd Card

Tail TPS unit weight

Tail total projected area

Percent of tail total wetted area that is

leading edge
Tail leading edge TPS unit weight

Miscellaneous control surface TPS unit weight LB-FT

Miscellaneous control surface area
Airfoil perimeter conversion factor
4th Card

Airfoil perimeter conversion factor

Internal body TPS area

3.3-34
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LB-FT
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%

LB-FT
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%
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TABLE 3.3-15
CARD INPUT FORMAT USING STACKED POD AREAS (Continued)
FORMAT COLUMN NAME DESCRIPTION UNITS
F10.0 41-50 IBTPS Internal body TPS unit weight LB—F’I‘2
F10.0 51-60 IBC Internal body TPS weight input constant LB
F10.0 61-70 LDA Landing and docking TPS area FT2
F10.0 1-10 LDTPS Landing and docking unit weight FT2
F10.0 11-20 PROA Propulsion TPS Area FT2
5th Card
F10.0 21-30 PROTPS Propulsion TPS unit weight LB—FT2
F10.0 31-40 PROC Propulsion TPS weight input constant LB
F10.0 41-50 PPC Prime power TPS weight LB
F10.0 51-60 HYC Hydraulic TPS weight LB
F10.0 61-70 SCA Surface control TPS area FT2
F10.0 1-10 SCTPS Surface control TPS unit weight FT2
6th Card
I5 1-5 SPT Counter for stretching or shrinking vehicle ND

F10.

F10.

F10.

20A2

I5

10A2

I5

+ Stretch from B.S. BSST
0 No change in vehicle length
- Shrink from B.S. BSSK

6-15 DIFF Length vehicle is to be changed (positive IN
number)

16~-25 BSST Body station at which you wish to start IN
stretch

26-35 BSSK Body station at which you wish to start IN
shrink
6th Card

1-40 NAMEFL Information to be printed as heading of N D
output data

41-45 NPD Total number of pods or Pod Master Cards N D
(15 maximum)
8th Card
POD MASTER CARD

1-20 NAMEPD Title information for each line of pod ND
volume and surface area data.

21-25 NGR Successive integers on which pods are N D
totalled for data printout (first pod
numbered 1)

3,3-35
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FORMAT
I5

15

I5

F10.0

F10.0

F10.0
F10.0
I5

F10.0

I5

TABLE 3.3-15

CARD INPUT FORMAT USING STACKED POD AREAS (Continued)

COLUMN

26-30

31-35

36-40

46-55

1-10

11-20
21-30
31-35
36-45

46-50

NAME
NIF

NMP

MFO

TPSUWT

FS

DESCRIPTION

Number of inflection points or Pod Data
Cards to follow each Pod Master Card
(not larger than 15)

Multiplier so as to include the number
of these identical pods used (positive
or negative)

Forward face of pod as part of total
pod surface area:

Included in surface area 1
Not included in surface area 0
Removed from surface area -1

TPS unit weight per pod
9th Card
POD DATA CARDS

Reference axis coordinate of pod inflection
cut

Maximum depth of pod cut
Maximum width of pod cut
Shape code of pod cut

Redundant perimeter between this and
other pods when restacked

Dummy redundancy integer to establish
whether redundant perimeter (zero or
greater) is used in redundance analysis
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INPUT ~ DATA
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ALTERED BODY

BODY TPS WTS

TOT VEH TPS WT

|
|
|
[
| NO STACKED
l POD AREA’S
I r =y —x N K ]
l I
| CALCULATE | | cALcuLATE CALCULATE
| BODY TPSWTS | | | BODY AREAS OR SHRINK YES
I BASED ON I AND BODY TPS VEHICL AREAS AND
I INPUTED AREAS I WEIGHTS
: l L—q
I CALCULATE | I

1. BASE TPS |
| 2. WING TPS | CALCULATE
| 3. VERTICAL TAIL TPS | 2 WING TPS

—1 4. | P ‘
: 4 A"_nggﬁL TPS I 3. VERTICAL TAIL TPS
| B. PRIME POWER | | [ NTERMALTES
C. HYDRAULICS .
I o ETC. | B. PRIME POWER
| | C. HYDRAULICS
| | D. ETC.
| |
I |
| NO | NO W/
| | ITERATION
L L] L]
L] N EE 1

|
| YES OUTPUT | YES
|

FIGURE 3.3-17 SIMPLIFIED FLOW CHART
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TABLE 3.3-16
PROGRAM LISTING -
COPY TPSMBDEL T8O LPIK,NC}
{ . 1,000 SF{XED .
2 . 2000 COMMBN 11 NPDANAMERPD (10220) sNAMEFL120)2FS(30,20)0A(30420)
3 - 3¢C00 - 1sB(130220)418H(30,20)222(30),RED(30420)21CN{30.2032CV(3020)
4 « #4000 Eacw(30:9o):NMP(EO,:N!F(EO)aNGP(EO)JNAP(EOJlVLP(Zoi:XWPCEOl
S e Se000 .. 34XYP(20)aMFAL20)eMAF (20} TPSUNT(20),TPSKT(20) . I
6 6,000 COMMBN/ 111 /TATLE, BASA, HASEWT, TPSCBN,BTPSWT s WGTPSA
7 - 7000 124G Yo WAL E A WGLEWT,, TWGWT  TTPSA, TWT, TLEAL TLEWT
8 v 84600 2aTTHTIMCSAMCSTRSITOTTPS, IBTWT,LDTWT,PROWT,PPC
9 e 94000 . 3sHYC,SCwY I
10 « 10,C00 INTEGER SPT,5PDM
11 =« 11,200 REAN(5,570) SPDMsSW],SWC,WST,BLLTPS e
12 » 12,800 TBTTPS®{CC0,
13 . 134¢€CQ IF{SPOMEQ.Q) G T8 8 _
14 = 144000 GB 18 17C0
15 = 15,000 8 READ(%)%R0) BASTPS,BASAsTPSCON,WATPS, WGA,WGPLE,WLEYPS .
16 « 164000 READ(E,380) TLTYPS,TLASTLPLE, TLETPS)MCSTPSIMCSA,WACON
17 = 174C00 ____ READ(5,280) TACON,IBA,18TPS,1BC,LDA,LDTPS,PRAA e
18 « 18.€00 READ(E,260) PROATPS, PRocoPpc.HVCoSCAoSCTPS
19 . 19,000 L8 20 1« —
20 = 20,000 D3 10 Jsis30
21 = _ 214C00 ___ _ FStJal)aOys = .
22 » 224000 AtJallen,
23 o 234000 __ . BlJdslleC, : . . e
24 & 244000 RED(J21)1u0,
_25 m_ 254000 CV(Jal)eQe o e
26 e 26+0C0 Caldal)ape
27 = 27000 _ __  ISH(Jol)eOQ._ _ S , . e
28 v 28,000 10 ICN(J#1)e0
29 = 294000 _ . Z2Z2(1)%0. [ , -
30 ¢« 30,000 WAP(1)mD,
S31 e 314000 VLP(1)m,
32 v 32,000 XuP (1),
33 s 33,00 ___ XVP(1)ap, _ _ o o
34« 34,000 NMP(1)mQ
35 « 35,00  NIFti)ep B o
36 »  36,C00 NGP(])eg
.32 = 37.:000 MES(1)en
38 » 384000 20 MAF(llag
39 = 334000 __ _. READ(5,890) SPT,DIFF,BSSY,BSSK . R
bQ - 40.000 REAN(5,900) NAMEFL,NPD
by o k1+C00 .. D8 50 legaNPD ]
42 42.C00 RsAntS.qo1)(MAMEPD¢J.!)ad-l.to)oNoch).N!P(l).NHP(!).HFu(!!oHAF(ll
_83 o W3,000 14 IPSUNT(I])
bh » 44,000 NIPsMIF (1)
45 = 45,000 . . DB 3C KmisNIP . —_—
Y 46000 READ(5,902) FS(K;!!JA(KOI)oBtKaIlolSHlKal)lRED!KnllcICN(Kal)
47 #7800 .. 1F(SPT) 38,304,399 e
48 «  4B4000 3R JFIFSIK,1),GFeBSSK) FS(X,110FStK,])eD]FF
_49._ s _49,C00 Ga_ 1A 30
5Q s 50,000 39 IF(FS(K,1)1,GT4BSST) F! FstKo!)-FS(K:IItDlFF
51 ¢ 51,000 30 .. CONTINUE e
52 « 52,000 50 CANTINUE
53 = 53000 . D8 90 I1si,NPD. . . . O
S¢ 54.0C0 NIPaNIF(1l) ¢ ’
_ 55 e 55,00Q_ D3 &C_l=gaNIP P
56 » 56,000 60 ZZ(1)sA(ls11)
§7 «  57,0C0 ~ CALL ARRFIL U e e
SR «  B8,000 D8 70 I=1.NIP
%9 » 59,000 N YEVRRENTZA0 F . e
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60 » 604000 70 _ ZZ(11*B(1,11)

" 99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

117

118
119
120

is e maes|e

TABLE 3.3-16
PROGRAM LISTING (Continued)

61,000 CALL ARRFIL
62,000 DB 80 [sisN]P
63000 80 Bel1,11)e22(])
644000 ~ CALL REDEYE ____ .. - R R I
654000 CALL CGENER
665,000 ~ Capl MBOMBD . e [
674000 90 CANTINUE
684000 Jjsl
69.000 JKk w2
70.CCO _ IF(NPDWLEeY) GO YO 150 L e
71,000 100 IF(NGP(JJ)sLTWNGP(UK)) GO 7O 130
72000 , VLP (JJ ) aVLP (JJ)VLP (UK) B S
73.000 XVP (JJ)aXVP ([ JJ)4XVP{JIK)
7440CO XaP (JJ)aXWP (JJYaXWP(JK)
" 75.0C0 TWAP (JJ) eWAP ( JJ ) #WAP ( JK)
764000  VLP({JK)a0s _ e
77.C00 IF(JXeGE«NPDY GB T8 B0
78,000 JKe KL [
79.000 Gy T8 170
80,000 _130 IF(JKeGE,NPO) GO T4 150
814000 §40 JJsIK
82.000 JKaJK*y N e
83,000 G 18 {00
84000 150 WRITF(6,303} NAMEF1. e
85.C000 SPCe0¢Q
864000 BLANKT=ALLTPS4TATTPS .
T 87,000 WSCeaLA LT/ (SWISNKC)
BR.CO0 185 TLANWT=ALANWT e
894CCO DUWTs (WSC/WSt)enel25
504000 T8TL1*C, B _ N,
91.:000 T87L2%0,
_92.C00 _ _T0TL3=0.
93,000 TETL&430,
94e000  TBTLE®0. . B o
954+C00 08 190 1al,NPD
96.C00 _ IF(VLP(1)eEQ.0.) GA TB 190 e
97.C00 1F(SPLJFR0ey GO YO 157
.._,93'°°°_nﬂ____XYFFV?SI)/YLP!J’
99,000 XZaxXwP{1)/WwAP{])
100,000 _ VLP{1)=sVvLP(1)/1728, _ R ,
101,000 XVP({1)exVP(1)/1728,
162.C00  XwP(l)exWP(1)/14b, . L
163.000 WAP LT wwAP (1) /144
« 1C4,000_ 1%7 TPSWT (1) awAP (1) 4TPSUWY (1) 8DUNTY
1C5.+C00 16 (SPLCEGI0e) TPSWT(T)sTPSWT(1)/144,
1C6.000 IF(SPLWERsCen) 6O 19 160
107060 thY[(b-QOH)(NAMLPD(JJ!):J'l:tO)nVLP(!)AXYJNAP(I)aXZAT'BHTlll
108+C00 140 TBTLISTRTLISVLPA(D) o
109.0C0 TOTL28THTL2+XVP(])
1104000 TOTLIATOTLI+XPLT) o o o
111.CCO TOTL4®TARTLA®WAP(])
1124000 TORTLSSTHTILE«TPSWT(T) o . e
113,000 190 CBNTINUE
114+C00  XysT8TL2/7071% . -
115,C00 XZeT8TL3/TBTLA
e 116,000 _ __ 1F(SPC.EQe0s0) GO 18 1985_
117000 WRITE16,908) TOTL1,XY,TOTL&,XZ,TOTLE
118:C00 195 BASEWTRRAASTPGeBASASDUWY SO
119.00 JIRTWTRIRARIETPS+]RC
1204000 BYPSWTRTATLS+BASEWT+TPSCONFBTWY L
3.3-39
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121

122
323 =

124
125
126
127
128
—129_
130
131
132
133
134
—43%
136
137
138
139
140
L
142
143
ey
145
Y

_ 147

148
149
150
151
152
154
165
156
157
158

_ 159 e

160
161
162
163
164
_ 165
166
167
168
169
172
17y
172
173
174
175
176
_ 177
178
179
180
181

153

ll.lll'll'!'l....l}llllIll.llll.lll.l:ﬂll.l.‘lll.lll.lllllllll
|

TABLE 3.3-16
PROGRAM LISTING (Continued)

REPORT MDC E0746
VOLUME |
28 FEBRUARY 1973

3.3-40

121,000 € WING TPS WEIGHTY o e
122.000 WGWASWGASWACAN
123,00Q WGLEA®PWGHASWGPLE.
12440C0O WETPSAsWGWASWGLFA
1254CC0 ____ WOWTsWGTPSA«WGTPS#DUWT el
1264000 WELEWT® . GLEAWLETPS®DUWY
1874000 . YTAGWT=WGRTWILEWT . . .
1284000 C TalL TPS WrIGHT
_1P940CQ____ TAASTLACTACHAN
135,000 TLEA=TWASTL P g
131.C00 _TTPSASY A=TLFA S I ,_
132.CC0 TATaTTPSASTLYPS#DUWT
133,CC0O _CTLEWTETLEASTLETPS#*DUNT e [
134,000 TIWTeTWT+TLEWT
__13%,000_ MCSHTSMCSTPS#MCSA#NUWY
1364500 LOTWTSLA®LDTPS
3374000 .. ____ _ PROWYSPROAPRATPS+PROC . .. _ . e
132,000 SCWTsSCA+SCTPS
139500 . TRYTPSsATPSWT+TWGWT+TTWT+MCEWY . _ [
140.CC0O 14 LOTWT+PROWT +PPC+HYC¢SCNT
__JatenCO__ BLAMNuLTsHLLTPS+TATTPS.
142,00 WSCuBLANKT/Z{SWI+SWC)
S 1434C00 . IF(SPLEQe3eD) GB T8 1000 -
144000 IF(ABS{TLANWToBLANKT) oLEssl) SPCate0
145,000 Go T8 155 e e
146+C00 B8a0 FORMAT(4F10s0)
_ 147,000 __82C FOR“AT{15,4F10,0) _
148.C00 B8R0 FRR™“AT(7F1040)
149:C00 890 FORMAT(1543F1040) . _ _ . —
15C«CO0 90C FORMAT(20A2,15)
151:C00 9¢1 FORMAT(10A2:%515.F 1040} B
152,000 S02 FBRMAT(3F10e04154F10:0s185)

» 1E34000__903 FARMAT(11Y////25%220A27/ /2%, tGROBUPY 5 ({8X) \YOLUME 123X, tVALUMEY
1b4.C00 Es3%, 'SURFACE 125X YAREA 95X, 'WETGHT T 72X, INAME 1, 30Xs 1CoGs!
155.C00 EabX) "AREAT ;5N ) 1CeGo 1 /25X 1CUWFTo ' 56Xa VINe 2 X2 1SQeFT!
1544000 Es6XatINg 126X, 1LReY /)

157000 904 FHRMAT(OXs10APsXsFRe$IFTetaF10082F9e12F9417) e

1E840C0 905 FORMAT(/2X,t18TAL ', 13X0F 1401,F941aF1003sF901,F9¢1)

(1594C00._ 1000 CALL TPSCAL (SPDM,SwlaSWC,WSTLBLLTPSY . _

160,C00 STeP

1614000 END [,

1624000 SUBRBUT INE ARRFIL

1634600 COMMBN 11oNPDyNAMEPD (10420)sNAMEFL(20)2F5(30420)4A030420)

164,000 10B(3022C)21SHN{30s20),2Z(3CY,RED(30,20),1CN(30,20),CV(30,20)
165,000 __ 22CW(30,20),NMP(2C),NIF(20)sNGP(20)2WAP(2012YLP(20) s XNP(20)

166+CCO 3)XVP(201,MFB(20)sMAF (20)

167,000 NIPeNIF (1]} __

168,000 NiPLaNIPwl

169.000 NIPPaNIP+1 _ . e

170.C00 08 5 Isy1PP,30

_ 17140008 Z2(1)=0,

172+000 JUKey

173,000 __._ DO 10 lesjaNIP _ - I . N I —

174,000 IF(Z2{1)sLErOS) GB TB 10

175,000 1K=t . e . e e

176+CCO G T8 15 '

1774000 _10  CANTINUE .

178:000 R IF(IJKyLEP2) GO TO 35

179.C00 1JJdslKed . R e —

18C«000 VALSFS(1JUK, I!)-FS(1AII)

181.C00 D8 30 Iw2s104 —
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TABLE 3.3-16
PROGRAM LISTING (Continued)

182 o 182,000 VALLAFS{1,11)eF51,11)
183 « 1834000 30  ZZ([1=ZZITJR)SVALL/VAL
186 s 1844000 35 IKelJKey

REPORT MDC E0746
VOLUME |
28 FEBRUARY 1973

—{E5 w 185,000 &0 DB 50 lelK,NtPL

186 « 1B6.000  IF(2201).GTe00) GO TB 80 o I
187 < 187000 IKK=1
188 = 1BR.000 ~ GA TB A0 . I,
{82 » 149,600 50  CBNTINUE
190 «_ 1904C00. RETURN
191 = 191.0C00 60  IKKPalKKsl
192 « 192.000 IKKLBTKKel e I
193 « 1934000 DA 70 JelKKP,NIP
196 o 1944C00 1IF(220J) sbEepns) GO YO 70 ) ) N
{95 « 195.000 JKed
196 & 1964C00 Gs TR 75
197 5 197,000 70 CENTINUE
{98 « 198,000 ~_ GMn T8 8) o L U
{99 = 1994C00 7% DEL-(PS(lKKoll!-FS(IKKLJ!liiltrﬁldKall)-FS(IKKLal!)!
200 s 200,000 7"J__ZZ(YKK)-ZI(IKKL)*DrLOCthJK)-th!KKL)) S
201 = 201.C00 1Ko tKK Y :
_202 = 232000 IF(IKeGE'NIPY RETURN .- &
203 % 203.000 Ga T8 &G -
204 w 2C4,000 80 . VALSFSINIP,11)eFSLIKKL) 1) Y . ——
205 = 2054000 1F(VALIEQeCeY RETURN
206 « 2C%.000 DB RS 1s1KK,NIPL I
207 s 207.C00 VALL®FSINIP I 1)aFSIIa1D)
208 = 2C8,C00 88 Z2(1) 22 CIKK YOVALL/VAL
209 ¢ 2094000 KE TURN
210 « 210,000 __ END - L o e
211 ¢ 211,000 SURRBUTINE REDEYE
212 ¢ 212.c00 __ CemmMeN !IaNPD;NAHEPD(10:20’:NAHEFL(20)099l30020)0A(30030)_,_“.
213 « 213,C00 1,a(3cozuao15u(30,ao).zz(30).a€0(30;20).ICN(30.20).CVt30020)
214w 214.CCO EgCN(QQLgQ);NMP(EC[gN!F(EOJJNGP(!O);ﬂlﬁj?Ol!VLﬂl?O)‘XNP(ZOI
215 @ 215.C00 3,XyP (20)4MFB (2014 MAF (20)
21~ « 216000 NIPsNIF(11) R
217 =« 217.,C00 Liluel
218 = 21R.C00 08 15 Is1aNIP o
219 » 2194000 1F{1CN{1,11).GT.0) GB TO 10
220 e 2204000 REC(I211)%ed, e
221 = 221.000 s te s
222 & 222,000 10 LLLs=sLbied ) .
223 ¢ 223,000 1KEEP2E]
224 w 2244000 1%  CANTINUE .
225 » 223.0C0 1F (LLLeLE«0) RETURN
226 2264000 Do 30 ls=12]KFEP2
TT227 ¢ 2274000 1F(RELDLT, 11Y.LT40s) GO TO 30
228 = 228,000  _ IXKEFP1st ) ; ) e
229 = 229.CCO G8 18 3%
230 & 230,C00 30  CONTINUF ) B e I
231 » 231.C00 38  I<sIKEEP1*
232 = 232+000 1JsIKEEP2eY
—233 %+ 233,000 %0 D3 50 lsi¥.1d
234 ® 234,000  IF(RFD({1,11)4GE40s) 0GB Te 80 _ _ e —
235 « 2354000 IKKe!
236 » 2364000 G YB &Y o I o
237 » 237.0C0 50 CANTINUE !
238 »« 238,000 RETURN
— 23379 T233,000 60  IKKPalKiel
240 = 240,000 _ IkKLs]KKel ] ) I _
261 = 241.000 D8 7C JalXKP,IKEEP2
242 = 242,000  IF(REV(Ja111aL Y4000 g T8 0 . . [ —
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PROGRAM LISTING (Contmued)
243 e 243,000 0 UKy e
244 » 244,000 Go T8 75
_245 e 245,000 28 CANTINUF
246 o 2464000 7%  DELs(FS(IXK,11)aFS(IKKLa11))/(FS(WJKsT1)eFS(I1KKLaTL))
247 w 247,000 __ RED{IXK,11)sRED{IKKLL 1T ) 4DEL#{RED(WKsI1}oRED (IKKL 111}
248 « 248,00 1Ke 1K1
249 = 2494000 IR Il ToIKEEP2) GB TO 40 . ) I
250 = 2504000 RETURN
_251 = _ 2514000 END —
252 & 252,000 SUBRBUTINE CGENFR
253 = 283,000 L. CBMMEN T1,NPD,NAMEPD(1Qs20)sNAMEFLI20)sFS(30,20)0A(30420)
254 e« 254,000 T1,B(3CI20) 0 1SH(30420),22130),RED(30220), ICN(30,20)2CV (30, 20)
255 « 2554000 _ Pacw(30,20),NMP(20),NIF(20)aNGP{20)aWAP(20)2VLP (2004 %XWP(20)__
256 = 2544000 3, XVP(20),MFR{20)sMAF (20)
_257 s« _257.000 ELK{X)a((lee2206%X)¢o6455)%Xeq 46)9X+99987 _
258 * 258,000 NIPSNIF(11)
259 ¢ 259,000 ___ DO 40 lsisNlP . e
260 = 260,000 IFLISHIT, 11 oLE«OeRRsISH{1,11)0GTe38) GO T8 &40
261 & 2614000 ___ IF(ACI,ID1)aLEsDe) Al1211)ee000001 S
262 » 262,000 IF{B(Ia11)sLEOs) B(1211)8,000001
_263 «__ 267.000 JCITsISHLT 1),
264 = 2644000 Go T8 (?!J?2.23:2“:25:26:?7a28029430:31132033530;3503603703.,‘ICTT
265 w_ 265,000 21 CVilall)els . . A o
266 ® 2664000 Cwils11)u2,
267 o _ 267,000 GO TE &G e
268 w 268,000 27 CV(I,il)ses
269w 269.0CQ__ Cwi(l,1])a2,S0RT(ALL 1] 1%e2eB(Jall) e} /(A LT 1008 01,10))
270 = 272,000 G8 TE 40
271 ® 271,000 23 CV(l,11)ee5 _ -
272 = 272.0C0 COWBSURT(4e®A(T1,11)002¢B(]1,11)082)
273 = 273,000 CAt},11)e{(B{1a11)eCCW)/Z(AL]1]] B(I.l!)) e
276 v 274,000 GO TB &9
275 e 275,000 _ 24 Cvilall)er28s e
276 = 2764000 XeS¢Ia11)/ALTaT1)
277 » 277,000 IF{XeGTate) Xuy /X -
278 « 27%.000 CW(TsiT)m2oFLKIX)/(X0L0)
279 w 279.000 ____GB 18 40 o o
280 « 280,000 28 CV(Is1l)se788
L2831 &  2R1,C00 __ _ XxsB{l,11)/Atl,001)
282 » 252,000 Xa3(12113/7(240A01010))
283 ¢ 2R3I,000 . . IF(XeUTyge) xwis/X
284 = 2B4,000 W(!;ll)-(XX+ELK(X)'(XX*2-)/(X‘lni)I(XXOlol
285 ¢ 285.C00 _  GB TH 40 ) )
286 o 2B64C00 24 CVI1.11)es785
287 e 2R740C0 _____ XxeB{l,11)7A01,11)
288 « 288,0CO Xa2oe80ts11)/(3.%A(1,11))
289 « 233,000 IF(XeUTatr) Xuloe/X __ . R
290 = 290,000 CL®ELX(X)®(XX4105)/(X#00)
291 = 291,000 Xs2.08( 1011V 7A00200) . . N N e
292 & 252,000 IF(XeliTate) Xo14/X
293 e« 293,000 CC2ELKIX I #(XX+¢5)/(XeL0)
294 & 294,000 Cu(!;l!)-(C1+C2)/CXX¢1oI
295 = 295,000 ___ GB T8 ¢ S
296 = 2964000 27 CV(I,11)se987
297 = 297,000 XaB(1s11)0/7A012110) o . . _
298 = 298,000 IF(XeGTete) Xm1olX
299 = 299,000 CA(lallinl 15495«ELKIX1/{X014)
300 » 300,000 G9 TH &C
301 = 301,000 28 CVI(!,11)me94s — . e
302 « 302.,0C0 XsBUT211)/A0T010)
2¢3 « 303,000 IF (XeGTg1e) XP1a/X
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TABLE 3.3-16
PROGRAM LISTING (Continued)

 CWUL 3183 aeELK(XI/EX810)

G8 TO 40
Cvilal]l)=e893

« 307,000
3C8.000
309,C00
310,000
311.000

312.0C0_30 _Cv(l.,11)eer39_

"313.C00
314,4CC0
315.,0C0
3164000
317.C00

_318,C00__34
T3194C6C0

320.C00
321,000
3224000
323,000
324,000
7325000
326.C00
327,000
328,C0C0
3294000

3

33¢.000 33

331.C00
322,000
333,000
334,000
335,000
. 336.C00

13374000 3

- 338,000
339,L00
3404C00
341CCO
3u2,C00
343.000

345,C00
344,000
34740C0
348,000
T 349,000
35CCCO
351,000
352.C00
3534000
354,000

T 355,000

384,000
357.C00
358,C00
3594000
360.+C00
361,000
362.C00
363.C00

3644000

34

T
JukCCO

I

37

b0

IR L-TILISFRSRVZ YA VR § I

CCwaSURT(4ywallal])

TViL,Iyserie

. END

XxsR{1o31)/7A010110)

IF(XelTagr) Xuioe/X
CuilollraltoepesELKIX)®IXXOQHIZINGLa1)ZEXNOLAY
GA T8 40

XXal(1,11)/A(1a11)
CXmyesBU1,110/13, %001, 110)
IF(XeGTy10) Xega/X
Cd(!all)-(.5¢2oOELK(X!'(XX*.?S)/(X‘I-))/(XX*:.) e
Gy T8 40

A8 PR BEXY-LY

XaB(1211Y7401,11)
IF{XeGTato) Xm§o/X

'catr.xx)--5¢1.5-ELKtX)/(Xo1.»

G/ T8 4~
CVIil,Il)me724

.
Cas(Bll,T1)+cCw)/LAL

XeB(1ol1)/ZA0111)

IF(XsUToge) Xmge/X
Cwllall)meBSuCI+ELK(X}/(X0ey)

G T8 «C

Cvil,11)ee7é4
CCW'S“RT(“-'A(la!ll"?*ﬂ€!lll)"2)
Cas(Bll,11)ecCWIZ(Al, INeBLI, 1IN
XaB(Ia10)/AL1211)

IF(XeliToals) X@1y/X
CwW(lsl1)8C3/0sueELKIXI/{3008X430)
GA TA ¢

v ISERYY YL
EE:;:'S TRT(A(].1110828B(1,110802)2(A(L21104B(1,11))
XaB(Io11)/A0T21Y)

IF(XeUTols) X8i1e/X

Cil(lsll)meseCepLK(X)/{X010)
GA 18 4cC

Z VRS RAAL ’
!

*
1 CISFRRR]

Comp e ®SORT(A(T, 1] )ue2eB{1,110042)/7(A(1,11)0B(L,11))
XaBl1s11)/7A0T511)

IF(X,GT,10) Xy, /X

Call,1118C2/ 90 ¢hevpLKIX}/1308X¢30)

Gg ve 4C_

Cvilsitl)se785

XeB{I)It)/ZA(1,10)
IF(Xe0T,10) Xuy,/X

CWil,11)s)4ELKIX)/{XS10)

Ge 18 4~

CV(YllI‘IOQ“b

TXeB{1 11V /A(T.1T)
IF(XeUTale) Xuial/X

Cd(l:ll!‘105#.5“ELK(X)/(X61|’

GB TR 4C

CViT,Il)yse8 '’

Cwilall)sl, +GORTIA(l, 11 )0epeB (], 1 )002)/CAL],11)eB(2,1]))

CONTINUE

CaLlL CCrILL
RETURN
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TABLE 3.3-16
PROGRAM LISTING (Continued)

365 « 365,000  SUBRBUTINE CeFILL

REPORT MDC E0746
VOLUME |
28 FEBRUARY 1973

366 = 366,000 CoMMEN rxiNPn.NAmspo«Ib.ébi;hdﬁtrttzo;.rstso;zo)ikiiﬁ]éd? ‘

_a,ﬁlé_iséz.._c‘c_o___uw:{manu 22130} RED(30420)21CN(30,20)2CY (3
368 « 368,0C0 2:CW(30:EO)oNMP(EO).N!F(20):NGP(20);W4°(20):VLP(loioxNP(ZO’

. 369 . 369.000___*‘j;,xvmEo)mEecaonmmaw : . ———
370 = 370,C00 NIPsNIF(11)
371 « 371,000 . JUxsy . . [
372 « 3724000 IF(CN(I:II)-GT-OO) Ge 19 40

—-373 % 373,000 ____ DR 30 _Je2NIP — -
374 = 3744000 Tuksfukey
375 = 375,¢00 . IFLCW(JaTIaLTo00) GO T8 30 - —_—
376 & 3764000 lusluKe
377 = 377,000 _ _ OB 20 Kay,1J . . o R
378 « 373,000 CN(K.XI)-CN(IJK.I!)
379 379400020 CV(K.I1)aCV(1IK, 11}
380 & 340,000 Ge 18 40
381 « 381,000 30 __ CANTINUE ) U . o
382 = 382,000 RETURN
383 =« 383,000 40 __ IF(1J%«GEINIP) REYURN_ . . e
384 « 384,000 IKapyKey

_385 = _ 385,000 — IF(Cw(IKal1),LFeQ0) GO T8 80
386 e 386,000 JJUKnlJKey
387 '_7387-000“_“____GQ,TQ 427 . e L
383 « 388,000 60 IF(IKsGEWNIP) GO T8 90
389 « 389,000 e IXPu]Xey e e . e
393 » 339¢.000 DB 80 le1KP,NIP
394 = 391,000 IF(CWilall)elEsQs) G TR a0
392 « 392,000 1Jdel
393 = 393,000 . GO T8 110 C e e e
394 o 394,000 an CenNTINUE
395 e 395,000 93 __ DA 140 Kelwantp . Y
396 e 396.+C00 CV(K:II)-CV(!JKc!!)
397 ¢ 3974000400 Cw(K,I11)eCw(tuKs11}
398 » 398,000 RETURN
399 ¢ 399,000 110 NE=!JJuiK e R
400 = 400,000 NBalKey
401 . 4Gl.000 FP-A(XJK;lI)QB(!JK.IIJ"______h_m_~_,,h_A__N___
402 = 402,000 Rp'A‘X\JJJ!I"e‘IJJl’l’
403 v 4030000 FMea(lJK,I1)eB (1,111
404 * 404,000 RMtA(lJJ.II)DB(!JJ:!I)
405 =  4C5.000 S OELCV'CV(IJK:II)'CV(XJJAI!)ﬁ e el
404 = 406,000 08 145 Kai,Nr
407 e 4C7.000 o KsNB+K R e
408 e 403,000 XeL-(FS(KKaIH-FSHJKaXH)/(FS(!JJoIlD-FS!NKHIH

. %03 e 4C9.,000 — XALMadeex3 —_—
410 » 410,000 Axut!JK,IIHXOL'(A(!JJ:!H-AHJK‘HH
411 = 411,000 ‘_~,__BX-R(IJK.!1)‘XBL'tB(IJdo!!)-B(!JKall)) e
412 412,000 CH(KKJXI)'(CW(lJK:XlDOFP.XBLﬁtcw(!JJ:II)ORPGXOLDI(AXOBX’
413 = 413,000 . ARXsaAXeuy I
414 » 414,000 1F(DELLCY) 1202130, 440

— 815 s 415.00Q__ 420 Cy(kKsl1) SCYLLAa I 1) XOLMue2eDELCY*FM/ABX —
416 & 416,000 G T8 145
417 = 417,000 130 CV(KKIII)'CV(!JK:I!) [
418 = 418,000 G3 18 tus
419 o 419,000 40 CV(KKIIX)'CV(IJK:IYI-XOL'OEODELCV’RH/ABX e
420 ® 420,000 145 CHNTINUF '

— 421 = 4214000 lukstdd e
422 » 422,000 Go T8 40 \
423 =« 423,000 RETURN : B e
424 & 424,000 END
425 * 425,000 SUBROUT INE PADMBD - ———
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS REPORT MDC E0746

VOLUME |
COMPUTER PROGRAM - FINAL REPORT 28 FEBRUARY 1973
TABLE 3.3-16
PROGRAM LISTING (Continued)
426 » 426,000 CoMMBN 1loNPDoNAﬂEPnc10:Eo).NAHEFL(20);?8(30;20!:A¢30a20)
427 o '“27-000ﬂ-F_‘_TiBfibtzoifTéH(30020)oZZ(30)4RED(3O:20)olCN(ao:ao}oCV(SOoZO)
W38 = 428,000 22CW(30,20),NMP{20),NIF (20),NGP(20), WAR (20) JVLP(20), XWP(20)
“#29 e 429,000 inXVP(EO)aNFB(EO)JHAF(20)
430 ¢ 430,000 _ _ NIPsNIF(I]) o
431 = 431,000 Ni1PLsN][Pae}
432 = 4324000  XMsNMPOID)
433 « 433,000 AAPaQ
_“3“.:_"£3“-00Q_______!A?!QL
435 = 435.000 D8 20 letaNIPL
436 « 434,000 D‘X‘FS(I*111!>-FS‘_XJII) ~ o [
437 o 437.000 VLlsall,11)eB(I, 1)
438 e 433,0C0  veasall.iD)enI+dn 1) . [
439 e 439,000 VL3eAlletal1y®R(1,1T)
44D _m 440,000 Viusallega]1yeR(141,1])
wbl e 4414000 [FiCVil,11)eBECY(To1,11)) GB T8 10
442 ® 442,000 VLL-nAx-(CV(r*x.ll)'(VL2*VL3¢2oOVL~102o'CVt!o!1l’VLl)/ba_,_.
Wb = w43,C00 xvv.chonau(cv¢1¢1,[|)O(VLQOVL303.OVL0)OCV(10ll)'VLl)lt!a
444 » 44000 _ GA TH 15 o T
445 = 445,0C0 10 VLL-DAK'(CV(l:!l)'(E.OVL1¢VL2¢VL3)*2o'CV(l‘tnlll'VLt)Ié.
_““5ﬂ1_-9“6'OOQ_______Eyv!D‘!SQEQ(CY(!l!!l'(VLl?VLa*VL3"3OQCV‘lfloll)'yLQlllal___
467 % 447,000 18  VLP(11)eVLPOTL)+VLL
448 =  L4B,CO0Q 20__mXVP(!I)-XVP(Y!)*XVV*VLL'FS!I:I!) e
449 =  4W9.COO VLRI ) exMev P11}
450 = 450,000 ,JVXVPl!X)-X”'lVP(!Il R
454 = 451,000 1F (NMP(11)eLF+0} RETURN
452 » 452,000 D9 45 lataNIPL e o —
TW53 & 453,000 DAXsFS{1els11)FS(TaIl)
454 o 454,000 o Pi-cw(!.11)'¢A¢!n!r)¢a(loll)) . R o
455 ¢ #E%5,C00 Pz-cthoa.:!)-tAtl¢1,11)¢31101511>)
456 & 456.0C0  WPXsDAXe(PyP2)/20 I,
457 » 457.C00 XPPaDAX#a28(D142¢2P2)/b6¢
458 e  458,CC0 ARFAsfcyglqrgaogtl,ll)ibsloxl) o
T459 @ 459,000 AREAASCVII+1,110%A(Tesa1T008( 108011}
460 & 4604C00 . WPYSAREAF=ARFAA _ e
461 = 441.CCO WPPaGURT (WPXss2+WPYRN2)
%62 » 4624000  WAP{ID)ewAP(11)4wPP o i
483 »  4€3.000 xwp¢x!)-watyl)oxPP-wPP/wpxthPoFS(!n!!)
_kéb_:_“ﬁbﬂaooo<______JF(RFQ(]‘JI).LI,C-1 Go TO &5
465 4E5.C00 35 IF(REULT+1,11)elLTe0.) GB TB 45
4b6h = 466,C00 7vAAAP-DAXO(RFD(I.!I)¢RED(1*1011))/20 I
467 = 4674000 XAPaDAX##2# (RED(T211)/760¢RED(148511)/30)
468 ®  468.C00 C WAP(ID)sWAP LI )eAAP _ e
469 o 469,000 XwP(11)aXWP{11)eXAP=AAPSFS(T,IN)
_ 470 = 470.C00_ 48 CanTINVE -
471 ¢ 471.000 ENDSsCo
472 = 4724+C00 . ENDMULsC. . e
" 473 s 473,000 IF(MFB(1T)) %5,60,80
474 ¢ 4744C00 S0 ENDS-CV(inlla'Atio!l;OB(t.ll) e
" 475 o  475.0C0 ENDMULSENDS*FS {11 Y)
476 » 476,0C0 68 TB 60
TR7? v 477,000 88 ENDSs=Cvit,I11eali, et 1)
478 » 478.C00 _ ENDMUL=FNDS#FS(1211) o —
479 % 479,000 60 YET-CV(NIPoli)-A(N!P:IIDOB(N!P‘II}
480 = 4BC.000 CIF(MAR(TT)) 75,R0070 il -
481 e 4B1,0C0 70 ENDSRENESPYEY’
482 !_,}82-COQ“_~____ENDﬁ!k!FEQ§9L11€13£§iﬂlﬂpIL)
483 @ 483,000 Gd T8 8&C
4By w  WB4, 000 7% ENDSsENNSeYETY ’ e
485 ¢ 485,000 ENDMULFNDMUL e YETSFS(NIF,11)

486 = 4B6,000 80_ WAP(I1)axte(WwAP(1])¢ENDS)
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TABLE 3.3-16
PROGRAM LISTING (Continued)

487 = 4B7,000  XWP{Il)eXMa(XWP{II)eENDMUL)Y i
488 = 488,000 RETURN
_489% » 489,000 END
490 = 490+CCO SUBRBUTINE TPSCAL(SPDM,SW!,SWC,WS1,0LLTPS)
491 » 49514000 CHMMBN 11)NPDsNAMEPD(10020)sNAMEFL(20),FS(30,20)4A130,20)
432 = 432,000 1:3(3012C)5ISH(30020)nll(30):RED(30020):1CN(30020)0CV¢30020)
493 = 493,000 2sEN(3C)R0)NMP{20)INIF{20)aNGP(20)aWAP(20)4VLP(20)aXWPC20)
494 » 454,000 34XVP(20)sMFO(20) 4 MAF (20)
_495 = 435.000 _ CAMMAN/II1/TATLS)BASA,BASEWT, TPSCON,BTPSWT,WGTPSA
4596 *  496.000 1o G TIWELEADWGLENT , TWGWT s TTPSAS TWTH TLEAS TLENWT
497 o 497,000 2sTIWTIMCSAMCSTPS, TOTTPS, 1BTWT/LDTWT,PRENT,PPC e
498 « 898,000 32HYC,SCATY :
499 = §994000 ____ iD(®FASIAN TITLE(20) g e
500 « 5CC,C00 INTEGER SPAM i
508 s 5C1.,000______ IF(SPOMEW,0) G8 T8 28 . .. _ - .. . .
502 « 5(2,0C0 "READ(S,n0) TITLE
8§03 » 503.000 ____ _READ(S,70) NeTPSINEAFWOTPS,FWOALICTTPS,CTANCSYPS
S04 » 504,000 READ(5,70) CSA,CHBYPS,CBAATTPS,ATA)ASTPS,ASA
505 = 5C354.000 . READ(S,70) ARTPS5,ABA,BASTPS,BASA, TPSCON,WGTPS, WA
506 « 506,000 READ(5,70) WAPLE,WLETPS,TLYPS, TLAS TLPLE, TLETPS,MCSTPS
507 =__5(7.C00. REAN(H270) _MCSAIWACON, TACEN, IPA, JBTPS, 1BCsLDA
SO8 = 508.000 READ(5270) LNTPS,PROA,PRBTPS,PROC,PPCsNYC2SCA
509 = 509,000 _ _READ(5)80) SCTPS . L N
510 » 510,000 C W/S CORRECTIBN
B11 = BI1:000 ___ BLANWTeRLLTRS¢TATTPS L
512 = 512,000 WSCeOLAMNWT/{SWISKWC)
513 o 513,000 8  TYLAMMTeALANWY e -
5l4 &« 514,000 DUWTs(WGC/WST)weel25
515 e« 515,000 € BAPRY TPS WFIGHT . e _
516 = 516,000 NCWTaNCTPSeNCASDUWY
517 o 517,000 . _ __ FWOWTRFWDNTPS#FWOASDUWT
518 « 518,000 CTWTalTTPSeCTASDUWT
519 &« 519,000 _ CSWINCSTPSCSA#DUWTY
520 « 520.000 CRWT=LETRPSACRASDUWY
521 « S21,0C0 _ CTBTARCTA+CSA+CRA L
522 « 522.000 CTBTWTaNTWY+CSWT*CRWT
5§23 » 523,00 ATWTwATTFSeATAWNUNY -
524 & 524,00 ASWTaASTINSaASANNUWT
525 = 525,000 ABWTSABTPSeARAWNUMWY
526 = 5264000 ATOTARATA+ASA+ARA
€27 @ 5279000 _ ATOTWTSATWYSASWT*ABWY
528 « 528,000 BASFHTaRASTPGERASASDUNWT
529 ¢ 523,000 IBTWTEIA#RTPS+]BC ) B e
30 & 530,000 BTPSKTaNCWT+FWwDWT+CTETWTSATOTWTHBASEWT+TPSCONGIBTWY
531 « 531,000 C WING TPG WETIGHT .
532 « 532,CC0 WINARANGARWACAN
533 « 533,000 . WGLEASWAWARWGPLE S
B34 & 534,000 WGTPSARLGWAeWGLEA
535 « 535,000 = = WOKYsWGTPSA#WGTPS#*DUWY IR _—
536 =« 5346.000 WELEWTSGLE Awl FTPSSDUNT
6537 & 537,000 TWNGWTAWWT+WGLENWT —
53% e« 532,000 C TAIL TPS WEIGHT
£33 « 539,000 . TAACTLASTACHN o _— N,
540 = 540.CO0 TLEAsTWASTLPLE
S41 ® 5414000 TTPSA®TwWAeTLEA } . o e
S42 ¢ 542,000 TATSsTTRPSA#TL TPSeDUNWT
_ 543 e B&3.000__ TLEWTSTLEA«TLETPSeDUNTY
Sk o Su44,0C0 TTWTaTWT«TLEWT
S45 e« 545,000 . MCSHTEMCSTFSeMCSARDUWT - _ _ I o
S46 ¢« 546.0C0 LOTNT®L~ASLDTPS
847 o 547,000 PROWT=PLAAXPROTPS+PRAC _ I —
3.3-46
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872
573
_ 574
575
576
877
578
579
580
€51
SR2
533
584
585
586
T 587

589
590
591
592
593
594
595
596

5484000
5494000
5504000

TABLE 3.3-16
PROGRAM LISTING (Continued)

~ SCWTsSCAsSCTPS .
TATTPSARTFSWT+TWAWTSTTWT4MCSHY
1+ DTWT+PROWT 4PPC+HYCHSCWY

551+C00
552+£00
553.000
5544000
55540C0
556,000
557.CCO
5582000
559.C00
56C.000
561000
5624000

- B5€34CC0C

564¢0C0
565¢C00
56£6.C00
5€7..CCD

568,000
5694000

5704000
5714C00
5724000
573,C00
5744CCO
§754CC0
5764500
§77.C00
578,000
5794000
%R0, C00
5314000
582,030
5834000
54,000
5854000
586¢C00

TBR/4COC

£834C00
£22,C000
590+CC0O
591.,C00

592,000

5334+CCO
554 ¢CC0O
595,0C0
5944.CQ0

800 FGRWArtz.zax.'leG'.1oon1o.o.sx.Fto.o./‘26x.'

BLANWTRLLTPS+TATTPS
WSCaALANKT /(SW]+SWC) L .
1F(ARS(TLANWTBLANKT)oLEste) GO YO 30
GA 18 S
25 {F (SPLUM,6T.C) GB T8 30
KRITEL6,100)
WRITE (6,200)
WRITE(&L,800) TGTLS.BASA:BASENY:IBTNTnTPSCONaBTPSHTW
GB T8 40
30 WRITE{6,900) TITLE
WRITE(6,100)
WRITEL6,200Y
TTTTTTTWRITE L6, 3C0) NCASNCWT,FWDA,FWOWT,CTOTAL,CTOTWT
LJATATA, ATHTWT,BASA, BASEWY, 1BTWT, TPSCAN,BTPSHT
40 WRITE(6,400) WGTPSA)WGWT ,WOLFA)WOLEWT ) TWGWT
WRITE(6,5C0) TTPSA,TWY,TLEA, TLEWT, TTWT
WRITEL6,600) MCSAIMCSTPS
WPITEt6.65o),LDYWY.PRBNT;EPC.HYCASCNI,
WRITE(6,700) TATTPS
70 FBRMAT(7F1040)
&80 FOR“AT(1F10e0)
9n FARMAT(PCA2)
100 FBRMAT(//235%s'TPS  WEIGHT SUMMARY!)
200 ,stwAT(/.aqx.!11enu,1ox:'AﬂsA!,1oxa!wixGHT[1
300 FARMAT(/426%, 'NBSE COMNE'»BX,F10a0s5X2F1000s72026X%,
LIFWD SECTo a6XaF1040s5XaF1000s/226%;1CTe SECT s
25XsF100225X,F100007226Xs YAFT SECTe!1,5X0F 100045,
3F10001/n?6xt'BASE'nlOXl’1000:5‘0‘10.00/‘25X0 o
41380Y AT TIPS, 16XaF1000:7»26Xs tCONSTANT 1,21X,F1060
S0 /726X, 1 THTAL RADY!,19%,F1042)

STWING LEe'a6X)F1000s6XaF1040,//,26%,1TOTAL WING1,19X,F10,0)
Sa0 FARMAT(/,26%X,'TAILt,10XaF1Ce0a5XsF10e0s/ 226X
L1TALIL LEs's6XsF1000sEXaF1Ce0s/7226%X, 1TBTAL TAILY,19%X0F1040Q).
600 FORMAT(/,26X,'MIS Co Set, 4X,F100025XaF10s0)
650 FBRMAT(/s26X,LAND«DBCK TPS1,15XsF10e0s//s26Xs  _
T L IPRAPe TPSHa20XaF 1CeCa/ /26X, VPRIME PWR TPS1a36XsF10:0
2, /726Xs 'HYDRAULIC TPSY,16X)F1040s//26X%a 'SURF s CONT, TPS!
3214X,F1040)
700 FBRMAT(//426Xs'TBTAL TPS!,20%:F1040//) o
800 FARMAT(/,26%, 13ADY.BASE!,P0X,F1040s /226X, tBASEIS10X,F10400
 ASX4F 1000,/ 26X, 1BADY INTy TPS1,16X,F1000s/926X, 'CONSTANT!
2021X,F100027/526%21TOTAL BRDY!,19%X,F 10401
900 FARMAT(//7129Xs20A2)
RE TURN
END
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3.4 Landing and Docking Model - The Landing and Docking Model includes the

main and nose landing gear, deceleration chutes, interstage separation systems,

and cargo handling gear.

3.4.1 Landing Gear - The main landing gear configuration used in the develop-

ment of weight equations for the shock strut cylinder and piston is shown in

Figure 3.4-1. The dimension L5 locates the inboard and outboard wheel reactions for
either two or four tires. The axle transmits the wheel loads to the piston

which transmits its load through sliding bearings to the cylinder. The cylinder
transmits its load to the side brace link and to the fuselage attach points. All
the ground drag load is carried to the aft fuselage attach fitting.

The critical sections for the cylindrical members are designed primarily by
bending. It can be assumed that these members fail through exceeding an allowable
modulus of rupture in bending (Fb). The value of Fb depends on d/t. Figure 3.4-2
presents curves from MIL-HDBK-5B for low-alloy-steel tubing. An expression for

cross sectional area was derived as follows:

f, =3
where Fb is the bending stress, M is the bending moment, and S is the section
modulus
M
° Rb Cl Ftu
Fb Fb
where Rb = E; s C1 = f;: , and Ftu is ultimate tensile strength.

Even though bending is the overwhelming design condition, an allowance for

other stresses can be made by using a value of Rb equal to one.

L L
a(RT - ) . _a/t -2 =X, R
S = TR ; r 7% R ’

where R is the outside radius, r is the inside radius, d the outside diameter,

and t the tube thickness.

LS 1/3
R =[ (1 - th)

3.4-1
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FIGURE 3.4-1 MAIN LANDING GEAR
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FIGURE 3.4-2 BENDING MODULUS OF RUPTURE FOR ROUND LOW-ALLOY-STEEL TUBING
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For the cross-sectional area of a tube is

2

A= n(R2 - rz) = ﬂRz(l - Kl )

The required cross-sectional area for a tube in bending becomes

v (/3 4 2/3 »
“(W) ['”Cl (1'K1)h] (- &%)

N )/
N \—
Not dependent on d/t and input Dependent on d/t or
for each case. constant.

It was determined that a reasonable range of d/t values for landing gear

would be 15 to 30. The variation in area to d/t is shown below:

1.4 | |
\\\\» A=Ka
1.3 +9%
s s El - osan gEER | S Ny I
2 1.2 ~13% LG
Wl | \
. | \N
< M : Fyy = 280 K/INZ
10 = R F
b tu |
; 1]
0 5 10 15 20 25 30 35 40

d/t

Using d/t = 20, areas will vary less than 10 percent in the range of d/t's
required. For this d/t, a value for
Do
F
tu

Cl =

of 1.21 yields only a 2.5 percent variation in area for all the Ftu values in

Figure 3.4-2. The required cross-sectional area reduces to

2/3
M
A=1.26 [——
<Rb Ftu>

3.4-3
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Shock Strut Cylinder Weight Equation - Figure 3.4-1 presents the loading diagram

and gear geometry.
Cylinder Tube - The critical tube cross section is at A.A, and loading

is based on braked roll with 20 percent imbalance between inboard
reaction (VI) and outboard reaction (VO) (i.e., 40-60 percent distri-

bution of load). Ultimate loads are:

D, = 0.4 WG (1.4) and Vp = 0.5 Wg (1.4)

where W, = greater of the maximum design gross weight or 1.2 times landing

G
design weight

Vo = 0.6 Vp V= 0.4 vy

1
Vo = —I; [VO(L5 + Lg) - vI(L5 - LS)]

8¢ = Vg/tang

><
!
S
—
\nl"
:UU
1
~
:XJ<
+
<5
Q
N
—

M = -
‘AeA 0.5 Ll (VA + VB) 7L4 DR

The area of the cylinder is

MA—A 2/3 AC
AC = 1.26 T?E;ii;: ; radius of cylinder = RC 19

and its weight

WC = AC (LC - LZ) 0.283

Cylinder Pivot Arms (Drag Brace)
Forward Pivot - The critical cross section is at A-A (where arm

attaches to cylinder), and loading is based on reverse brake roll

(i.e., VA has same value as VB for a brake roll).

3.4-4
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Axial Load = PA = (VB cos ¢ + SC sin ¢) sin B
L L
where tan B = _2_i__4
L

Length of pivot arm = LA = (.5 Ll - RC)/cos B cos ¢

M = (VB cos ¢ + S sin ¢) cos (LA)

side C
Mfront = (VB sin ¢ - SC cos ¢) LA
2R ! e d3 - 413
y | Sy * (E’dl?;d-9;b:QRC-9sin¢
7 ¢I d|
X 7 ll d 5 . (2R - 10 sin §)(.729 - a13)
— X >
allowable compressive stress = Fc = Ftu
M Ysig
side 3 54 Msiae
Sx " Fe ¢ 4 TP TR (R -9sinp)
- du(2ic)2 ~ Meecnt 6 Meront

METE TR M TRIFR

area of forward pivot = AF = [d - (dl - dh) b 4 (dl - dL)l ]
Wedb

It is assumed that the web provides enough area for the axial load.

The weight of the forward pivot arm is

wFA = 1.05 AF LA (.283)(.5)
Aft Pivot — Axial load and MSide change from Fwd pivot values for

a braked roll.

Mgige = [(VB cos § ~ Sg sin #) cos B - Dy sin B] Ly

3 5L M'sige
di” =729 - Fo (2R - 9 sin @)

area of aft pivot = AA = [d - (d'l - dh)] b o (d'l _ dh)

—— I e
Wedb
The weight of the aft pivot arm is
WAA = 1.05 AA LA (.283)(.5)
3.4-5
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Shock Strut Cylinder Weight -

WSC = WC + WFA + WAA

Shock Strut Piston Weight Equation - The critical tube cross section is at

the lower bearing for a braked roll. The moment at this point is

Mp = Dp (Ig - 1)
The area of the piston is

2/3

J"IJ‘
[

AP = 1.26

and its weight

WP = 1.5 AP LC (.283)
where 1.5 is a factor which includes bearings and lug end.
The brace weight was .taken to be

BRACE = 0.1 * wC

where BRACE
WC

weight of the brace (1b)

It

weight of the shock strut cylinder (1b)

Brakes - The standard kinetic energy relationship for heat sink material
versus energy was used for the brake system on the main gear. The aircraft in the
correlations used steel as the heat sink, and the brake weight was kinetic energy/
200,000, where 200,000 is the coefficient. Carbon brakes, as used in the Orbiter,
require a modification in the coefficient. The steel brakes have an equivalent
stack or amount of heat sink equal to 1.0, and an amount of associated material
equal to 50 percent of the stack, or a total efficiency factor of 1.5. Carbon
brakes have a stack of one, but there is an associated material increase to 90
percent, or an efficiency factor of 1.9. Combining the relative efficiencies of
the two materials and the theoretical carbon heat sink capability of 400,000, the

brake weight becomes
kinetic energy/315,000.

Tires and Tubes - From tire data in Reference J, a relationship between

static load, and tire and tube weight was determined. A plot of this data is

3.4-6

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS R G |

COMPUTER PROGRAM - FINAL REPORT 28 FEBRUARY 1973

shown in Figure 3.4-3. The relationship was determined to be:
TWIT = SL * ,006875

where TWIT is the weight of tires and tubes (1b), and SL is the static load (1b).

Attach Fittings - A relationship between weight of the shock strut cylinder

and the attach fittings was found in Reference Q. The relationship was found to
be:

ATF = 0.06 (TWSSC)™"?
where: ATF is the weight of the attach fittings (1b), and TWSSC is the total
weight of the shock strut cylinder (1b).

Wheels - From wheel data in Reference J, a relationship between static load
and wheel weight was obtained. A plot of these data appears in Figure 3.4-4., The

relationship was determined to be:

TWH = SL/266.6667

where: TWH is the wheel weight (1b), and SL is the static load (1b).
Axles — From a sample of commercial aircraft, a relationship between wheel

weight and axle weight was determined. That relationship was found to be:

AXLES =TWH * 0.4426

where: AXLES is the axle weight (1b), and TWH is the wheel weight (1lb).
Controls - The weight of the controls was obtained using an equation found
in Reference Q. This equation is

Ccontrols = 0.225 (wr)°+%>

where: Controls is the weight of the controls (1b), and WT is the total other
weight of gear (1b).

Nose Gear - For the nose gear, a similar approach was taken to determine
wheel, tire and tube, axle, and attach fitting weights as was used on the main
gear.

The structural weight was assumed to be a percentage of the main-gear
structural weight.

The control weight was determined through the use of the equation

Contn = (WTNG)O'95 * 0,85

3.4-7
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where: Contn is the control weight for nose gear (1b), and WING is the total

other weight for nose gear (1b).

3.4.2 Deceleration Chute - The deceleration chute weight is determined

from data used during the Shuttle Phase B effort, and is essentially an analytical

correlation of the Mercury and Gemini systems. The following are the theoretical

relationships:
Drag Chute vg = Yep * Yr ¥ Yeont * Yarr T Yeire

Chute Pressure

Q= .07528 (1.6878 VID)?

2g

Number of Risers .-
= Don
2.5

Riser Breaking Strength

S = N (m0)2q(2.3)

r
4n

Riser Unit Weight

(¥> - 007 (_s Y
R 1000
57 . 2

Yep (Canopy) = .0074 (QCD) {(Do” + 3Do)

A Y
Y., (Riscrs) = n Do (U)
R —

L hd
yCONT (Container) = .iz (YCP)
YATT (Att Feng) = .2 (TCP)
Yerre T Estimated
YeJECTioN Estimated

NOTE: Pilot chute weight calculated using same equations as drag chute.

where: Do is the effective chute diameter (ft), CD is the chute drag coefficient,

and VTD is the touchdown velocity (knots).

3.4-9
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These equations are combined in ESPER as the simple relationship:

CHUTE = 1.5 *[1.82 *(0.0074 *(.07528/(2.%32.2)
& *(1.6878 * VID) #%2) **_ 57 %(D*D
& +3.%D) + 10.)]

where the estimated chute diameter and the touchdown speed are the inputs.

3.4.3 Payload Handling System and Interstage Separation - The payload hand-

ling system (manipulator, etc.) is a user controlled device and is considered a
user input. The interstage separation mechanism is not configuration dependent,
and as a relatively complex device, does not lend itself to a simplified weight
estimation relationship, and is also considered a user input.

3.4.4 Model Accuracy - The landing gear model was checked for accuracy by

comparing it with the actual weight of several aircraft of comparable landing

weight and size. The following results were attained:

Aircraft . Actual Weight Model Weight
(1b) (1b)
DC-9 2784 2503
DC-7 4028 4169
DC-8 8988 7586
C-124 9162 5612
C-133 8275 8463
NR-Orbiter 7994 8827

This comparison indicates that the model predicts the weight of the four airplanes
an average of 15 percent lower than the actual, while predicting the NR Orbiter 10
percent higher. This variation on the Orbiter could be caused by a reduction in
design service life as compared to commercial type gear.

Table 3.4-1 is a list of input data, representing the NR Orbiter test run on
the landing gear model. The dimensional data is schematically represented in
Figure 3.4-5.

The model in ESPER has a greatly reduced input, listed with only the strut

length, material, landing speed, wheel quantity, and brake type being required.

3.4-10
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TABLE 3.4-1
INPUT DATA LIST
L1l = 94.92 (IN) L2 = 18.98 (IN) L3 = 58.46 (IN)
L4 = 47,46 (IN) L5 = 25.50 (IN) L6 = 9.00 (IN)
LS = 116.93 (IN)
FTU = 280000. (PSI) - material allowable
PHI = .00 (DEG)
WL = 215115. (LB) - design landing weight
NUMNT = 2.0 - number of nose gear wheels
NGR = 79000. (LB) - nose gear reaction
WG = 215115. (LB) - design gross weight
THETA = 45.00 (DEG)
VSTALL = 150.0 (KNTS) - design landing speed
NUMW = 4.0 - number of main gear wheels
MGR = 235000. (LB) - main gear reaction
IBTY =1 - brake/type if 0 is steel brakes
if 1 is carbon brakes
Va Vg Vat Vg Ve
L
— _ ) S
1 .
:-o\/ ) y
Ly 7/
Ls / /
7/
L
[ — LS
: M M
L)
'
: : ' ﬁ;‘ 1 , H . s [
\ ' S 4 = M
Do o
; ANNUNNMMNL MUY CANNNANNANR ANNNNNNNNRA ANNNNNNY S
STATIC GROUND LINE 5 L
VR OUTBOARD INBOARD

FIGURE

3.4-5 MAIN LANDING GEAR
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Table 3.4-2 1s the test case output for the NR Orbiter. It should be noted
that the main gear weight is for one side only. This is followed by a detailed

listing of the model (Table 3.4-3),

A}

TABLE 3.4-2
MAIN GEAR WEIGHT

MAIN GEAR WEIGHT

CYLINDER = 363.24 LBS

FORWARD PIV@T ARM = 150,13 LBS
AFT PIVAT ARM = 120,84 LBS
BRACE = 36,32 LBS

TATAL SHOCK STRUT CYLINDER = 670,54 LBS
BRAKES = 424,79 LBS

TIRES AND TUBES = 1009,77 LBS
WHEELS = 550,78 LBS

AXLES = 243,59 LBS

ATTACH FITTINGS = 75.43 LBS
CONTRALS = 454,81 LBS

SHACK STRUT PISTOAN = 283,96 LBS
TBTAL = 3753.67 LBS

N@SE GEAR WEIGHT

TIRES AND TUBES = 434,50 LBS
WHEELS = 118,50 LBS
AXLES = 52,41 LBS
STRUCTURE = 171,66 LBS
ATTACH FITTINGS = 48,27 LBS
CANTROLS = 495,88 LBS
TATAL = 1321,.,21 LBS

3.4-12
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1.000
2,000
3,000
4,0C0

TABLE 3.4-3
PROGRAM LISTING

REAL LA,LS,LC,LI,L2,L4,L5,L7,LB MAA L3 L6
REAL MQIWF ﬂFRYNT MQIDFP P “UMW MGR NGR NUMNT
INTFGFP ADD LJYES/ V AR / V /

AMELIST
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5,000 & L1,L2,L3,La,Ls,Ls,L7,L8,Lc,Ls,n,wG,FTu,PH1,THETA,VSL,wL,Nunw,

MGR, NGR,

6. 1000 & NUMNT, IRTY

7.000
8.000
$.000
10,000
11,000
12,000
13,000
14,000
15.,0C0
16,000
17,000
12,000
19,000
20,000
21,000
22.000
23,000
24,000
S .000
26,000
27,000
22,000
25,000
20,000
31,000
32,000
33.00C
34,000
35,000
36.,0C0
37.C00
32,000
39,000
40,000
41,000
42,000
£3,000
44,000
45,000
46,000
47,000
42,000
A9 ,000
80,000
51.000
£2,N00
53,000

WRITF(IOF 33
ANG] = 0O,
ANG2 = 0,

100 LI = C,
Le
L3
L4
L5
L6
I3TY
L7
L8

VEore << o

- 0,
NUMNT = 0,
NUMY = 0,
IW”IL(I)
IFCTHETALNELANGTY) THETAS THETA*3,14159/180,
IF(PHI NFE L ANG?) PHIZPHI%3, 141597180,
ANGI=THETA
ANAP=PH T
IFCMIMNT S0, 0.) NUMNT = 2,
IFCNUMW,ER,0,.) NUMY = 4,

IF(L1,FR.,0,) LI = LC

IF(L2,FR.0.) L2 = .2*LC

IFC(L3,ER.0.) L3 = .5%LS

IF(L4,FR.0.) L4 = o5*LC

IF(L5.ER.0.) L5 = 25.5

IF(LE.FR.0.) LE=9,

TF(L2.50,0,) LB = LaxTANCPHID)
IFC(L7.F0.0.) L7 =L6+L3/TANCTHETA)-L8
IF(ND.ER.0.) D = 9

IFCIRTVY,ER. 1) G“ TR 1314

BRKWT = (ML/12R%,2)*((l. §878*VSL)**2,)/200000.
G TA 1315

1314 ORKWT = (NL/IZR.R)*((I.6878*VSL)**2.)/315000.
1315 CONTINUE

gp = MAaR/NIMW

WTT = SP%,006875

TUTT = WTT*NUMW/2,

YH = SP/265,6866687

TWH = Uk NUMU/2,

AX]LES = TWH*,44226

Unz (5%NNk] 4

PRz AxWak], 4

V1 E i

u- .5 % VR

un (l./L7)*(Vﬂ*(L5+L8)-VI*(LS-LS))

o
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TABLE 3.4-3
PROGRAM LISTING (Continued)
54,000 SC = VC/TANCTHETA)
554000 VA = (1,/L1)*(LS*DR=C(VR+VC)*(L1/2.)))
56,000 VB = VR+VC+VA
57.000 MAA=,5%L]1%(VA+VB)~-L4*DR
584000 AC = 1,26%((MAA/C.B5%FTU))**x(2,0/3.0))
59,000 RC = SQRT(AC/.596902604165)
60,000 WC = ACK(LC-L2)%.283

61,000 BRACE = ,1%WC

62,000 B = 2,%RC-9,%SINCPHI)

63,000 BETA = ATANC(L2+L4)/L1)

64,000 LA = (,5%L1-RC)/(CBS(BETAY*CAS(PHI))

65.000 MSIDE = (VB*C@S(PHI)+SC*SIN(PHI))*CPAS(BETA)Y*LA
66,000 MFRONT = (VB*SINCPHI)=SC*CAS(PHI))*LA

67,000 FC = FTU

68,000 DI = (729,=(54,%MSIDE)/(FC*(2,%RC=9,*SINCPHI))))**(l ,/3,)
69,000 D4 = 6,%MFRPANT/(4,%xFCxRC*RC)

70,000 AF = (D=-(D1=-D4))*B+(D1-D4a)

71,000 WFA = | ,05%AF*LA%,283%,5

72,000 MSIDEP = ((VBXCPS(PHI)+SC*SIN(PHI))*CPS(BETA)-DR*SIN(BETA))%LA
73,000 DIP = (729,=(54,%MSIDEP) /(FC*(2,%RC-9.%SIN(PHI))))*%(l,/3,)
74,000 AA = (D-(DIP=-D4))*B+(DI1P-D4)

75,000 WAA = 1,05%AA%LA%*,283%,5

76,000 MP = DR*x(LS-LC)
77.000 AP = 1,26%(MP/FTU)*%(2,/3,)
78,000 WP = 1,5%AP*LC%,283

79,000 TWSSC = WAA+WFA+WC+BRACE
80,000 ATF = ,06*TWSSCkx1,]

81,000 WT = TWSSC + WP+BRKWT+TWIT+AXLES+ATF+TWH
82,000 CANTROLS = ,225%(WT*%,95)
83,000 WT = WT + CZNTRELS

84,000 THETA2 = THETA*180./3,14159
85.000 PHI2 = PHI*I180,/3,14159
86,000 SPN = NGR/NUMNT

87,000 WNT = SPN%,006875

88,000 TWNT = WNT*NUMNT

9.000 WHN = SPN/266.,66667

90,000 AXLN = WHN*,44226

91,000 STN = TWSSC*, 40

92,000 ATFN = ,06%TWSSCH*1,]

93,000 WING = TWNT+WHN+AXLN+STN+ATFN
94,000 CONTN = (WTNG#*,95)%,850
95.000 WTNG = WTNG+CANTN

96,000 WRITECI08,33)

97,000 WC = WCk].25

98,000 WFA = WFA%1,25

99,000 WAA = WAA * 1.25

100,000 BRACE = BRACE * 1,25

101,000 TWSSC = TWSSC * 1.25

102,000  AXLES = AXLES % I.25

103,000 WP = WP * [ ,25

104,000 CANTRPALS = CENTROLS*!.25
105,000 ATF = ATF%l,25

106,000 BRKWT = BRKWT * 1,25

teon
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TABLE 3.4-3
PROGRAM LISTING (Continued)
107,000 TWTIT = TWTT*1,25
108,000 TWH = TWH%1,25
109,000 WT = TWSSC+WP+BRKWT + TWTT+AXLES+ATF+TWH+CONTROLS
110,000 TWNT = TWNT*,80
111,000 WHN = WHN%,80
112,000 AXLN = AXLN*,80
113,000 STN = STN*,R0
114,000 ATFN = ATFN%,80
115,000 COANTN = CPNTN*,80
116,000 WTNG = TWNT+WHN+AXLN+STN+ATFN+CONTN
117.000 WRITEC10R,34)Ll,L2,L3,L4,L5,L6,L7,L8,LC,LS, WG, FTU, THETA2 ,PHI2,
VSL, WL,
118,000 & NUMW,NUMNT,MGR, NGR
F119 .000  WRITEC108,105) WC,WFA,WAA BRACE, TWSSC,BRKWT, TWTT, TWH, AXLES, AT
120,000 & ,CPNTROLS,WP,WT
121,000 WRITEC108,106) TWNT,WHN,AXLN,STN,ATFN,CONTN, WING
122,000 WRITEC108,33)
123,000 106 F@RMATcxsx ° N@SE GEAR WEIGHT®,//,
124,000 & 10X,  TIRES AND TUBES = °,F9. 2 LBS ,/,
125,000 & 19X, ~ WMEELS =, F9.2 qu
126,000 & 20X, ° AXLES = °,F9, .2, LBS
127.000 & 16X, STRUCTURE = °,F9.2, LBG /, .
128,000 & 10X,  ATTACH FITTING z ,Fs.g, LBS ", 7/,
129,000 & 17X, ° CONTROQLS = °,F9,2, LBS ./,
130,000 & 20X,  TATAL = °,Fs.2, LBS’ !
131,000 33 FBRMATC///) . i
132,000 105 FORMAT(19X,  MAIN GEAR wEIGHr’,//,17x, CYLINDER = °,F9.2,
LBS”,/,
133,000 & BX, ° FORWARD PIVAT ARM = °,F9,2,° LBS',/, .
134,000 & 12X, " AFT PIVZT ARM = °,FS, .2, ° LBS”,/,20X,  BRACE = °,F9.2,
LBS '/. . ” ’
135,000 & ‘TATAL SHACK STRUT CYLINDER = * F9.2,° LBS',/,19X,  BRAKES =
{36,000 ¢ F9.2 " LBS”® . . . .
137,000 & 10X, TIRES AND TUBES = °,F9.2,  LBS®,/,19X,  WHEELS = ~,F9.2
, LBs”,/, . i
138, ooé & 20X, AXLES = °,F9.2,7 LBS”,/, 11X, "ATTACH FITTINGS = ~,FS.2,
LBS °,/,
139,000 & 17x, " CONTRALS = °,F9.2,° LBS”® i
140,000 & 7X, SHACK STRUT qurwu : F9 2 *LBS”,/,
141,000 2 20X, " TETAL = ~,F9.,2,  LBS s
142,000 9996 CANTINUE
143.000 BUTPUT  ARE YRU FINISKED? (Y @R M)~
144,000 READ 5, ADD
145,000 5 FARMAT(33A4)
146,000 IF(ADD.EQ.NTY GA T 100 .
147,000 34 FORMATC L1 =7,F6.2, (1IN 76X, 7 L2 =7 F6.2,
148,000 & “CINY . sx © L3 =, Fél.2, (1N DL/, La =", F6.2, |
149,000 & “(INY° " LS :' F6. 2 (1IN ,sx‘ L6 = ,F6.2, (1IN, /,
150,000 & ° L7 = ,Fs 2, (IN) Jex, LR =" F6,2, (1IN 7,
151,000 & ° LC = ,F§, 2, 1IN ° 5x © LS =, F6.2, (IN) ./,
152,000 & ° WG =°,F8, o (LBQ) 4x FTU =°,F8.0, (PSD) "/,
1532000 & 4, ‘THETA =°,F6.2, *(DEG) 3, PHI = ,F6.2, “(DEG) *,/,
154,000 & 4X, "VSTALL = ,FS. ! (KNTQ) L2X, WL = JF8.0, “(LBSY ", 7/,
1552000 & 4X, NUMJ =, F5.1 10X, “NUMNT = JFSel, 7,0 .
156,000 & 4X, ‘MGR = °,Fg.0, *cLBS) °,3X, "NGR =", F8,0, (LBS) ", //)
157,000 STPP
158,000 END
3.4-15
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3.5 Propulsion Systems — The estimation models for the propulsion systems are

analytically derived from Orbiter point designs. This section covers the Main
Ascent Propulsion Systems and the Auxiliary Propulsion System. The Airbreathing
Engine System (ABES) is considered a user-dependent system and the weight )
is user input.

3.5.1 Ascent Propulsion System - The ascent propulsion model essentially

scales an Orbiter point design, using similar methods as those in the original
analysis.

The feed lines are strength analyzed for the loads derived from the geometry,
accelerations, and propellant densities. Line diameters and valve sizes on the
baseline vehicle were predicated on the elastic response of the feed systems
combined with propellant for the dynamic environment created by the engine start
up and maximum thrust conditions. These system sizes are locked into the program
for the basic point design and are scaled within the program for variations of
thrust and number of engines to maintain constant full-thrust fluid velocities.
Minimum gage criteria is locked into the program, allowing the user a variation
of minimum thicknesses as a function of material. The program then calculates the
weight of the feed lines for the critical parameter of strength analysis or
minimum gage. The weight of bellows, valves, and couplings are based on curve
fits of existing hardware data.

The secondary (by weight) subsystems are scaled by their individual critical
parameters. Changes in concept or approach through a revised point design are
accommodated by revising the input baseline weights and associated parameters.

It is felt that the ratio approach is in accordance with the philosophy of minimum
input for items which are not-major weight driven in the program.

The engine weight is based on a curve fit of actual data. An equation of
the form W = CTX,where W is the engine weight, C is a constant, T is the thrust, and
X is the slope written for a log-log plot of comparable type engines, Figure 3.5-1,
This curve is then "fit" through the basic point design engine weight with the
exponent or slope input by the user.

Table 3.5-1, Input 104, is a listing and definition of the semipermanent vari-
ables representing the baseline point design vehicle. They are listed as separate
inputs in the propulsion model,but are "jocked in" the Oorbiter Module program.

This was done to reduce the number of required input variables in the program and
overall simplification. If it is desired to modify any of these variables, the

respective '"card" in the module must be changed.

3.5-1
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FIGURE 3.5-1 WEIGHT/THRUST RELATIONSHIP
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TABLE 3.5-1
INPUT 104
Variable
Name
BENGNO Number of ascent engines in baseline
BAENG Baseline ascent engine weight
ESLP Slope of line on log log paper thru engine wts
BETHST Baseline ascent engine thrust (vac)
BPUTL Propellant utilization system weight - baseline
BFAD Fill and drain system weight - baseline
BPRES Baseline pressurization system weight
BCHIL Baseline chilldown dump lines
BRECIR Baseline recirculation system weight
BDIAIN Baseline engine inlet diameter
BPOGO Baseline pogo increment per 02 valve (valve penalty only)
BDIAD Baseline external tank disconnect diameter (Hz)
GES Maximum acceleration rate
SUPTF % of valve, duct, and bellows wt needed for supports (as %)
HDOOR Weight of disconnect cover door provisions LH2
0ODOOR Weight of disconnect cover door provisions LOX
MISCF % of main prop system less engine added for contingency

Table 3.5-2, Input 105, is the listing and definition of the input parameters

which are expected to readily change in order to represent modifications in

configurations.

Table 3.5-3 is a listing of test case input variables. Table 3.5-4 is the

corresponding output. These are followed by a detail listing of the Ascent
Propulsion Model (Table 3.5-5).

3.5-3
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TABLE 3.5-2
INPUT 105
Variable
Name
ETHST Desired ascent engine thrust (vac) each
ENGNO Number of ascent engines
POGO Pogo suppression indicator POGO = 1 is yes POGO = 0 is no
SP1 Series/Parallel indicator SPI = 1 is series SPI = O is parallel
HHEAD Height from top of H2 tank to engine interface in inches
OHEAD Height from top of O2 tank to engine interface in inches
HULL Hydrogen tank ullage pressure
OULL Oxygen tank ullage pressure
FTU Ultimate strength of duct material
RHO Density of duct material
MATL Min gage indicator (0) none (1) ARP735 & MDACW-STL(2) MDACW-AL
(3) MSFC-AL (4) MSFC-STL
HCLEN Hydrogen-combined flow-length of ducts - inches
OCLEN Oxidizer-combined flow-length per side of ducts - inches
HELEN Hydrogen-engine hook up - length of ducts - inches
OELEN Oxygen-engine hook up - length of ducts - inches
CPLGI Coupling type ind CPLGI=0 is bolted CPLGI=1 is Vee-Bolt

3.5—4
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TABLE 3.5-3
Fobe eI INPUT DATA

‘ ‘\“_A‘z;';
| o 30U NI LT e s AR I N tes s T el s i sl SE U e U W WU
2t AEAPNT ]I D e PR EST1I 54 BCHIL=1 33 e iU LR=0tioesnutln=1 .

ety AP0 1 00U BOIALZ1I 7 e s BELDTE3 6o dUP LF S22 e s HRXJLIED )
Jiet)1) LU =S s MISCRF=10.
Do)

T B Y O S I

N B SR
EN I RS

100U RN IR RSSO R e ERNGINU=3 e Pzl esnP1l=U e HRHEAL=YYS

[P R repaa =13t o’H'JLL=[)bo)'k»HLL::}l)o);‘l ’.,=93UUU-J.‘\}"‘.L:=.2\;‘.6
Ve ) ) Nll=t -’HCLE:I-\\’:’CZL).)‘:‘(;“..F:l“\:')lu"HE’:Lb:l\:7—l erLELENSI /el =1
oei) )U

TABLE 3.5-4
OUTPUT

orariiLaIuin ABCEN 2302
WNSINES A ACKE>oUsIES 179160,
NG LIRS 17170
’:711*“’!*'*AL. SYa e lc?:'.‘d.
CUNIRBLS {35
T"”.UHELLA!\( ‘JLILl(c 10,
ProreiLLANL SYo b 4HK22
FILL % DxAIN 210
Prrussiin I ZalT ToN 185 .
CHILL DUWIN DM LINES U
Prs JALVEDS B . _ o 1uYle.
FEED Y31 20T
DI>CHhnnkLlS 490 .
MIsC~LLaansLgs 511 .
xSTOPy O
3.5-5
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¥500.000
9501 .,000
9502 .000
9503.000
9504 .000
950%.000
9506 .000
9507 .000
950& 000
9509 .000
9510.000
¥511.000
9512.000
9513.000
9514.,000
9515.000
9514 .000
9517 .000
9511000
9519.000
9520.,000
Y521 .000
3522 .000
9523 .000
9924 .00
9525.,000
Y524 4000
Yn27{ .00
Y525 .000
9529 .000
9530.000
9531 .000
Y532 .000
¥533.000
Y534.000
Y932 .004
9534 .000
9537 .000
9536 .000
9539 .000
9540 .000
9541 .00
9542 ,000
9543.000
9544,000
9H45.0N0
Y544 .000
9547 .000
95465 .000
9549 .,000
9550.000
9551 .000
9552 .000
9553.000
9554 .000
99555.800
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TABLE 3.5-5
ASCENT PROPULSION MODEL LISTING

SFAL mIsUsNIsUr, JAL
NABEL IS o
FRENONUSBARNNG, FoLPrs BRI HI T sHr UL 3rabsBraids
ZABCHIL s AxEC L s 3UINAINS PO U BUTAD» GEL s U 1 F s HDR U,
LESIRISTITENPRE BT 04 A
EEITHST O NONG» 1?0501 s KREAD , UREAD » HULL,
CLLL s ) T kL BT L HULRKNS OCLEN, HELE N,
SUCLREN,CrL 3T
CALL FOrsKl(Yyr=3)
INPUHLICLO4)
INPHECTOS)
CALECTLATKR MATIN FNGINE 5.
FUS T =380 NS5/30 T Hy ] kKb 5L~
IASERE] NN SN N BN T Y Y
NG ERNGNURE NG
CALCLALY 10 A
F/CU= « JOUA22 % T Hs L +2U% .
PJUETVC IR RN N
CALCILATH Lanlilon Ani CONInBL wl e
CUNTA=3TT e+8 /1 o xNGNG+ILEALRENGNDOX53 634
CALUDL G LR U AN ST IRT AL LON YD i
P = gL
CALCTLA LW mILL AND URALN e
RS A
CALC LN pPResau a8t lon oY Jis
Pk =k COR T o i RENSNUYZ (IR D L RSBENGNG) Y k% e D
CALUMHLA K ChILLDE N v 2YS e
UhTL=C3UHILZ3RNGNGYI ) (Fihs /30 Lot Yk e Dk NaND
CALUC LA LE mrRCLRC SYS Wi e
LT AE 3Bl LA (i B LA anND) Z (B Mo LR 3ENONC) YRk e D% ]
I s T et et}e) Chlll=ue
CALCHLA L Ok JALJE 9l
DIATN=SDIAL AR (T3 /ms g YkkeD
JOLJF=l o2k A [nd*k] ol by
VPPV ERNGNOR (/ALY L s km P uow)
B2p )= sk d AL S
CALUHLA s mal 160N DIoCUNNECT Jie
DIAD=SDTIADRCCR IR0 * ENINS) ZCSE T Ha 1 #3E0N3nu) Y hxed
DIGDAK=Cal29%D1ND%%2 )%k d
DIADC=nr .okl AD* k2 o)Ak o2
I7 (st esuee) DIADI=LIAD
Y20/ eon 2% [A%k]l o T8
CRAu/=npPl#2 ekl e 282%DLALHR] o (&
IF (ol e oDe) 204200
CALUHILALY # R 0 i e
Mtk s H L +HREADF S ¥4 04/ 120
PRk =0 L+ JHEAUX % 1« /17125
FHDERPSK>*DIAD /R
[H11¥ =0
IF A Tl eknel) [HOYM=,002%) 108D+ 008
I CIATL eF la?) TRDM=OU3*DIAU+.UL0
IFCIATL o de3) TRDMZJUU3*DTAD+ O30
IFCanlhL e Ued) THUYM=JUUZ2KUTAD+.024
IFCi¥DMesl « tHD)Y 1RSI RHOM
fON=R-KakDIADL /R L L
touM=0 e
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TABLE 3.5-5
ASCENT PROPULSION MODEL LISTING (Continued)

25%6.000 IF(MATL+EW«1) TODM=.002%D1AD0+.008
2557.000 IF(MATL.EQ.2) TUDM=,003*%DI1ALG+.010
9558.000 IF (MATL.EQ.3) TQDLM=.003%DIADB+.030
9559.000 IF(MATLEQ@.4) 10DM=,002*%D1ADEB+.024
9560.000 IFC(TRDM.GT.TQD)Y 10D=10DM

9561 .000 THE=HPRES*DIAIN/FTU

9562 .000 TQE=@PRES*DIAIN/FTU

9563 .000 TEM=0.

9564 .,000 IF(MATL.EQ.1) TEM=.002%DIAIN+.008

9565.000 IF (MATL.EQd+2) TEM=.003%DIAIN+.010

9566 .000 IF(MATL +EW«3) TEM=.003%DIAIN+.030

9567 .000 IF (MATL.EQ.4) TEM=.002*%DIAIN+.024

9568.000 IFC(THE LT .1EM) THE=TEM

9569 .000 IFCTOE.LT.TEM) TOE=TEM

9570.000 HDUCT=HCLEN*3 +1416%DIAL% I HD*XHU

9571 .000 LAHELEN®*ENGNU*3 . 1416%DIAINK | HE*RHD

9572 .000 JAC=HCLEN*(3.1416/2.)*(2.+DIAU)*3.1416*.012
9573.000 Lk 286 +HELENKENGNO*3 0 1416/2 0% (2. +DIAINI*¥3 1416
9574.000 Rk 012% 286+ (HCLEN*C1 «+DIADI*3.1416%1 .
9575.000 2 +HELENKENING® (1« +DIADI %3 1416%1.)%5./1728.
9576 .000 HDUCT=HDUCT +JAC

9577 .000 CDUCT=0CLEN*3 «1416%DIADCK I CD*iHO* (1 ++5P1)
9578 .000 R+UELENKENGNU*3 o 1416 %D IATNKTUE*<HY

9579.000 Y=.012 ‘

9581 .000 IF(CPLGI «EUele) Y=4126

9582 .000 IFCCPLGL +EQele) £36.24

9583 .000 HCOUPL=2 « * ENGNOX (Y*DIAIN+Z%. 193*%DIAIN)
9584 .000 LYENINC*CYXDIAIN+Z¥ (286 +RKEI*D1AIN/2 )
9585.000 2 +FNGNORC(YADTAIN+ZRHOADIALIN)

9586 .000 24 (Y*DIAD+Z2% (1 +RREI*DIAD/2 )

9587 .000 X=(Y*DIAIN+Z*( 286 +xXHCI*DIAIN/2 ) *ENGIVL
9548.000 IF (RHO .G« e28) HCCUPL=RHCCUPL -4

9589 .000 CCOUPLZ2 « ¥ENGNS* (Y XD IALIN+ L%, 193%DIAIN
9590.000 LHENGNORCYADIALIN4LK (W 20A+xHDY XD IAIN/Z )
9591 .000 2+FENGNO* CYADIAIN+ZKkHUKDIATND

9592 .000 24C1 43P IR (Y*DIADD+L* (o 1 +xXHBIXDIADG/2 )
9593.000 X=C(YADIAIN+Z%C 286 +KHOY*DIAIN/2 Y RENGNTT™
9594 .000 [F(RHO .GT +428) BCOUPL=LLDUPL-A

9595 .000 X=INTC(HCLEN/3004)

9596 .000 HRELOS=X%.04178%01AD**2 ¢ 1 +ENGNG

9597 .000 k(041 TEADIAIN®X2, 142 ek U1 B54*DIATNK*28)
9598 .000 X=INT(CCLEN/300.)

9599 .000 OBELES=X%.1475%DIADE**2 . UD+ENGNY

9600 .000 GkC 1 4TSXDIATNK®D (0542 ok o0345 1D IAIN**2 86D
96014000 HbUPT=.0l*DUPTF*(HCBUPL+H2PJ+HZDV+HDUCl+H3ELU$)
9602 .000 OSUPI=.Ol*SUHIF*(@CUJPL+UZRV+UEDV+QDUCl+BBEL05)
9603 .000 HDR=HDEOR

9604.000 QUR=0DBGR

960%.000 02FD=BCOUPL+ODUCT +DHELUS +@5UP 1 +UUK

9806 .000 H2FD=HCOUPL+HDUCT+H3ELVOS +H5UPT +HDKR

9607 .000 CALCULATE MISC »Wi.

9608.000

MISC=-01*MISCF*(TVC+CUN1K+PdPUTL+FAU

3.5-7
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TABLE 3.5-5
ASCENT PROPULSION MODEL LISTING (Continued)
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3.5.2 Auxiliary Propulsion System - This model considers three subsystems:

the engine assembly, propellant feed system, and propellant tankage for the Orbit
Maneuvering System (OMS) and the Attitude Control System (ACS).

A review of the current NR system, Reference L, indicate a total weight of
6360 1b. Of this total, the tankage, including pressurization system, makes up
approximately 55 percent of the basic auxiliary propulsion system weight,

This tankage is the primary configuration dependent variable,and received
the analtyical approach for estimation. The quantity of input variables required
to define the engine weights and propellant system weights precludes the use of an
analytical approach,and these weights are set by the user. In addition, the
capability is built in for the user to input OMS module on ACS module weights
inteo the Auxiliary Propulsion System Total if desired. If not, the option remains
to input these installation modules into the Orbiter body, wing, or tail.

The OMS tanks are dependent on the orbit delta velocity required, on the
Orbiter weight, and on the engine specific impulse. Using the standard rocket equation,
the weight of propellant is easily solved. By inputting propellant densities and
mixture ratio, the tanks are volumetrically sized. Assuming spherical tanks,
combined with operating pressures and tank material properties, allows a simplified
tank weight estimation.

The ACS tanks are handled quite similarly with the exception that the total
propellant is a user input. Table 3,5-6 is a list of program variables along with
their units and definitions. This is followed by Table 3,5-7, a typical input file,
Table 3.5-8 typical output, and Table 3.5-9 a listing of the program.

3.5-9
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TABLE 3.5-6
OMS VARIABLES
Symbol Unit Definition
OLOWLO LB Orbiter lift off weight less OMS propellant
OMSDVT FT/SEC OMS design AV
OMSISP SEC Specific impulse of the OMS engine
OMR ND OMS propellant mixture ratio
DENSF LB/FT3 Density of fuel
DENSO LB/FT3 Density of oxidizer
PRESF LB/IN2 Ullage pressure in fuel tank
PRESO LB/IN2 Ullage pressure in oxidizer tank
FTUT LB/IN2 Material allowable - tank
RHOT LB/IN3 Material density - tank
PRESOM LB/IN2 Ultimate pressure - tank pressurization system
RHOP LB/IN3 Pressurization tank material density
FTUP LB/IN2 Pressurization tank material allowable
MODULE LB Input OMS module weight
OMSENG LB Input OMS engine weight
PROPSY LB Input OMS system weight
ACS VARIABLES

Fortran
Symbol Unit Definition
ACSPRO LB Input ACS propellant weight
ACSPRES LB/IN2 Ullage pressure - ACS tank
ACSSYS LB Input ACS system weight
ACSENG LB Input ACS engine weight
ACSMOD LB Input ACS module weight
ACSDEN LB/F’I‘3 Density of the ACS propellant

3.5-10
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TABLE 3.5-7
TYPICAL INPUT FILE

41} .00 DFNSF=54.7:UER50=90.2:RHC1=-I6,FIU]=135000.,PHE59M=6160.
4] .000 RHDP=.16;FfUP=13bOOO..BM5ENG=39U.,PN@H>Y=647.;MEUULE=1UII.
42,000 PRESF=545.,PKESE=545.,ACbPKU=l?bU-;ACSDEh=6l.S,AUonb=b/u.
43.000 ACSENG=1310.,AC55Y5=300.,ACSMED=910.,ERBMI>=0.

TABLE 3.5-8
TYPICAL OUTPUT
PROPILSICN AUXILIARY 4 Bl166 )
ACS »Ys3TEM 3963,
THRUSTF=S 1310
PRZPe SY3TEW 300. .
TANK . 1443. ~
MODULE 910. .
CAMS SYSTTEN 4204 .
THRUISTE=RS v 390.
PRZPe SY21EY £47.
TANK 2096 .
MODULE 1071.
TABLE 3.5-9
PROGRAM LISTING

T
oy
AU e

P T 51 15

Gkl mSTEM CALCULAT IOMS

o
- .
T
s
—

WTFROF=OLOML O R COMED T (22 1743 0MS IsF -1 0]

,_
A
faeng
.

o IS I I B A
T
]

I
X%

WFLEL=HTFROP. {1, +00F
W =0 UEL

UFLIEL= {MFUEL-DEMZF 1%1, 15
L= LD DEMED ], 1S
 SRHOT#PRESFUFEL-FTUT#1 72
2. SRHOTSFRESO-F TLITSU0# 1 T2

.
0
A

.
™ .
(AR n B e
pres
L

[
W
A
L

I i)
T T

1:;:5

,.
A

—

=
T T
Ty
— =
0T I
- =
—_
= =

o F

N
-
i)

1T

B, GE UPRES= { FRESOSU0+FRESFSUFUEL ) - PRESOM® 1, 47

T
.ﬁl.é?

EwdE,

Fod 1 . GG FRESTH=3. <& . $FHOPSFRE SOMSUFFES FTUR# 1728, 1, &8
Eh 2. B WTOMTE=F THHE+0TARE +FRESTE

£ 3 BIEE WTOAESHTOMTE A0 SEHG+HPROP Sy + 0 DULE

Edd, BB ACE SYETEM CALCULAT 0K

Ead 5 EIENT ACSLIOL =ACEFRO-ACSIENS 1, 15

ok EIEIEY ACSTHE=E, <&, SRHOTSACSPRESACSUOL-FTUT#1 728, %1, 28
Ead T L G50 LFTHE=ACSIL $ACEPRS PRESOM® ], 47

Eab L GG FTHE=, » &, ¥ RHOTSPRESOMSUR THE - FTUF® 1728, 1, 28
Ful S G MTRCTE= (ACSTHE+FTHE ) %1, 25

Fa e BRI MTACS=MTACTE+ACSSY S+ R0SEMHG+ACZEPO0T

RS 1L EEE WTAL=IT oS+ TAC S

3.5-1

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY =~ EAST






DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS REPORTNRC £ovte

COMPUTER PROGRAM — FINAL REPORT 28 FEBRUARY 1973

3.6 Miscellaneous Systems - Empirical models are used to estimate the weight

of the nonconfiguration dependent subsystems or those in which the detail of analy-
sis required for an analytical model is not consistent with the program objectives
of minimum input and rapid turnaround. Empirical models are used entirely for the
following systems:

a. thermal protection

b. prime power

c. electrical conversion and distribution

d. hydraulic conversion and distribution

e. surface controls

f. avionics

g. environmental control

h. personnel provisions.

The models range in detail from the rather complex stacked pods method of area
computations used in the thermal protection System, discussed in Section 3.3 to
a total weight input as used for the avionics system.

The prime power system currently consists of batteries, an auxillary propul-
sion unit (APU), and fuel cells, with their associated mounting structures and
tankage for expendables. The weights of these items are predicated on the specific
power capabilities and the total power required. It would be easy to provide the
specific power as an input in the orbiter module, but there 1s no simplified tech-
nique to determine total power requirements. This would necessitate inputting
these also,and the program would only perform a bookkeeping function; therefore, it
is felt that the additional six to eight input parameters were not justified and
the prime power system weight would be determined outside the program and input by
the user as a constant.

PPWR = 3912. for the reference design.

The electrical supply system currently consists of 411 1lb of conversion and
control units, 907 1b of utility systems and 346 1b of supports,plus 3681 1b of
distribution and control circuitry. The primary configuration-dependent variable
in this system is the circuitry, which is proportional to the vehicle length. 1In
the sizing routines, the payload compartment length is allowed to vary for payload
capability studies. This length is inherent in the program and will allow ratios
without additional input variables. Assuming 50 percent of the circuitry is
affected, the relationship becomes:

ELEC = ELECK + 1840%* (LI-X)/747. + 2805.
3.6-1
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Where
ELEC is the system.
ELECK is an input weight to account for miscellaneous and special
increments,
LI-X 1is the cargo bay length derived in the body model.

The hydraulic system primarily provides actuation capability for the surface
controls and,therefore,becomes proportional to the areas of the wing and tail.
The weight then becomes:

HYDR = HYDRK + 2264%(SG(1) + K *SG(2))/4525
where

HYDRK is an input constant to allow for special increments in the wing area
SG(1l). 1is the wing area
SG(2) is the tail area

K is an indicator for a split rudder K 1 for conventional

K

. 3 for split rudder.

The surface control system weight is an empirical derivation based on the
slope of an arithmetic plot of the actuation system. These systems include all
actuators, plumbing, supports, and contingencies. Figure 3.6-1 is the elevon
actuation weight and Figure 3.6-2 is the rudder actuation weight, both as a func~-
tion of area. Combining these two figures, the relationship becomes:

SURFC = SURFK + 1060. + 3.45%SAIL + K* (360. + 1.67*SRUD)
where

SURFK is a user input constant to apply special increments
SAIL is the elevon area
SRUD is the rudder area
K is an indicator to handle a split rudder K = 1 for conventional rudder
and K = 3 for a split rudder.

The remaining systems making up the dry weight, avionics, environmental con-
trol, and personnel provisions are considered user inputs. The avionic system
weight 1s governed by overriding factors of cost and state of the art and, as such,
does not lend itself to normal weight estimation techniques. The personnel provi-
sions are primarily governed by human—-factor—type considerations as well as by the
number of personnel and duration of the mission and like the prime power system,
any estimation method would, inherently, be simple bookkeeping and the additional

inputs required to accomplish this is not justified for a configuration sizing

3.6-2
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program. The environmental control system (ECS) is, in turn, sized by the heat and

heat loss requirements of the avionics system and the life support provisions for

the personnel provisions. It is considered a user input.

Growth uncertainty has the option for two methods of calculations. The first

utilizes a fixed percentage of dry weight less the GFE ascent engines.

This per-
cent is input by the user.

The second method allows the orbiter dry weight to

remain at a user input fixed quantity. The growth uncertainty is allowed to float

(increase or decrease as required) as the systems are analyzed by the various
models.

3.6-4
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4., EXTERNAL TANK

4.0 1Introduction - The External Tank Module contains many elements. These

elements are interrelated to form an overall sizing routine which analytically
solves for all the major components of the tank assembly. They are also versatile
and accurate enough to allow assessment of even subtle variations in the basic
design criteria. The basic sizing logic consists of three general arrangement
options and three separate iteration techniques, i.e., solve for specific tank
dimensions as a function of volume requirements with either input of fixed length,
fixed diameter or fixed L/D. Design features, such as separate and common bulkheads
and an alternate forward section design, are included in the three basic general
arrangement options. This 3 by 3 matrix of sizing techniques has been tested for
accuracy with two MDAC external tank point designs and the latest NR Design data
contained in "Space Shuttle Mass Properties Status Report" No. SD72-SH-0120-S, dated
2 December 1972. A LOX aft option is also available which simply uses the
generalized baseline LOX forward method and sets mixture ratio to 1./mixture

ratio and switches the hydrogen and oxygen densities.

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

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

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

Other external tank subsystems are expressed either as input constants for
such systems as avionics or with abbreviated sizing routines where, for example,

plumbing weight is a function of engine flow rate and overall tank length/diameter.

4-1
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Detail loads, strength, and weight analyses are documented for the MDAC parallel
burn 1,530,800-1b propellant load point design external tank. Therefore, this tank
is used as the basis for the general methodology.

The basic structure and subsystems are correlated with the Phase B extension
point design studies of external tanks as well as the latest NR point design tank.
The overall Tank Model development is illustrated by Figure 4-1.

This External Tank Module is programmed so that it can be used as a separate
program for individual tank studies, and is included as a subroutine of ESPER.
Parametric computer runs have been made for a number of perturbations of the
2 December 1972 NR point design tank. The resulting computer output has been
curvefit to express this external tank weight as a function of tank diameter,
usable propellant load, and the ratio of second stage propellant to liftoff
propellant. These simplified equations are also included as an option in
ESPER.

The External Tank Module consists of 16 interdependent models and/or discrete
sets of equations, each satisfying a specific piece of the overall sizing routine.
These elements are discussed in detail in the following paragraphs (4.1 through 4.16).

4,1 Volume Requirements - Contained within the sizing program are a series

of equations to solve for a set of incremental propellant quantities which make

up the tank residual and unusuable fluids. This is necessary in order to obtain
the correct total tank size required to contain all the propellant, as well as,

to determine later the net effect of these residuals upon tank mass fraction.

The trapped and residual fluids calculation alone is a very complex technical pro-
problem and normally requires a detailed examination of each point design for an
accurate assessment. Therefore, a set of equations based on the MDAC detail point
design analyses are used.

Key variations in design criteria can bpe measured by input of various ullage
and operating pressures, orbiter engine thrust and ISP for basic feed-line sizing,
variations in ullage and load allowance, as well as input variations in specific
wall thickness for calculation of volume needed by the structure.

The MDAC point design propellant inventory and tank volume calculation which
is used as the basis for these equations is -shown in Table 4.1-1, along with
the resulting computer program output. This illustrates the basic method used

for assessing the tank volume. If comparable point design detail data become

4-2

MCDONNELL DOUGILAS ASTRONAUTICS COMPANY =~ EAST



VOLUME |

REPORT MDC E0746
28 FEBRUARY 1973

DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS

COMPUTER PROGRAM - FINAL REPORT

1HI13M INVI113d0¥d

LINIW4013IAIA TIAON ¥NYL T-t 34N9Id

SLNIOd HOVLLY

+

\d —— 7300W SISATYNY
A 1]
1 SONIY
HY1Ng
: sovd HOVLLY +
£
SNO1LIVY4 SSWW ISON MNYL WOYH - "NI'NOILYLS YNV ]
0002 0051 0001 005 0
1N3ON3d30 SINIWIYONI TV103dS T T Y T
[=3
NOILYHN91NOD visaor =3V, /gy yp - 30VIM, ;=
- o E
-
mla
n | ALIIBYAVD 85
Ln36* =5SLECN/aRsaM P ViEATY 1 NOISSTHIWOD el - o
I f ze
" NOLLIONOD N9IS30 6
. -1 1 2] . [ ==
. tadr2L ”1 :- sSed ﬁt.; | %ZS._S_._&T/ P =
.- cmecmcececaeecmsesaca= - z -
PI00VG9 | aNv Y 134ued 3TgYR" “ > 1T ¢ ©
— — - >
B, . - LnoNyng | ONIA 7
sEuENL L. »xmw“_,. wmlyw 4311840 ONY ! | -av3H _
e - i onovisayd L e, wanv41?
*$L0S) Svly ra
vhozt LY SE dye INIDVLS 1noNgNg v _
‘L€ Claa¥al anviTdd 34 _ y3LiaEo X g
*COn EREARTS Z- 1100 1 X8
Civen NI doumg AYAGTS 3k $aY0T N9ISIA WNYL TYNYILX3
YIS incl3v aC +
*6L0% I ALNIVANASNN/ ML XG2S
nilly Argi3r Ane ¥ledwl’S
tlyg *EN9YL st TeA M WYL cn]) £la *0L9CCe  mdNl A >NVL XET
w119 AMgidm AXC vd6LoNS
SOLEECELELLEL AL EEL LA e { sign ) [ CRATEREFL - ECoTa49vV 11N 2H1 LU be2gVT1n Xu'l V30 TeaD W v 3 LVRD
1) i CER ARE P PRI ) RERLSAMS
oGS ! W3LSAD Llwzwal  ( *OCE ) Javvg ¢TiTlewn ol Gl )y Nl YOCTET ®em * i (VY9EE wbm
*0Q0F% | SJineiAYy  ( oC ) chislvd 35EN
CoeLmiz ALY ANVL/EASE/uBE N] 06T wnE e\l utlce = e, SLE ®mYLIHL AL Ie1h
9LE2 SAS Ve Y DIAVeNINg tulbe JY IRy 1N Lav bALER < S baL et i3 R AR
we 143 XILBEA ¥ Sgnlls 1LeChd *1035 v2iaCN1AD ) . i .
ron(l > ANIA Y .mmnn 6 llc VA Lh 4 NL Bt LT mam ND oGl ey 64 =G/ 1 N OCwlt =23 ¢nl 9L5ld #)
wiee W3LDAS Gidg ( shgumg ) *\V1 lav
19018 | SAdL8AS 1NY1ldgwEd ”mwm“ ) .»uwm;wwuwﬂmwuﬁ temaacmacoayrmettarudToEHe e caet
N L] tmoanse mBevapSsaa®aege’ L] - - -4
“1619 $W8d § AT dav cdmES *1335 WUECNMIAD L hn R R
16851 NVL &ALn] ingle N 1245 Tv3INGD a
1Y AT Y INES LMo vl avarn iy Crv g X Y X X X X X X XA XX X > X XX XX ¢
"W cnlelvy 3SuN { stotel ) WYL oGhd MRS § X X x
WeLL I %ieda *NEIAND CUN [ESRS-NE-T] cfioks, AQLS * X X ox x*
C X-.-U IIUJ.o-‘ K.oo U's
‘el ‘el * X X x X
imelar mgddy . X X X X Vii-d
dM3 xu el Ng Jlvevagis es®es X X ¥ % X X X X X x X X ¥ X X X X yS=seecssess
(EvinlVa 458N L omdi]v)inglddas va EVO AT-EFal
ANV A~CS A0Sl 3y >Ngl T9nNEdLrd YAVYG YNSIONInIU AVL VAN ilxd
. R
) )

4-3

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST



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

TABLE 4.1-1 [PROPELLANT WEIGHT-LB
COMMON BULKHEAD — MDAC POINT DESIGN TOTAL
Propellant Inventory LOX LH,
ASCENT 1,312,114 | 218,68
START PROPELLANT 7,414 1,441
SHUTDOWN ADJUSTMENT 150 87
FEEDLINE RESIDUAL 918 285
CHILLDOWN RESIDUAL 134 6
ENGINE RESIDUAL 1,072 75
PU BIAS 0 547
TANK UNDRAINABLE 0 100
PRESSURANT 1,740* 795+
NOMINAL LOAD 1,323,544 | 222,022
LOADING ALLOWANCE 13,235 2,220
MAXIMUM LOAD 1,336,779 | 224,242
PROPELLANT BELOW TANK -13,104 366
MAXIMUM LOAD IN TANK 1,323,675 | 223,876
VOLUME FT3
PROPELLANT VOLUME IN TANK 18,643 50,939
TANK VOLUME FOR FLUIDS (2% MIN ULLAGE) 19,016 51,958
VOL DISPLACED BY INTERNAL LOX FEEDLINE 0 221
TOTAL TANK VOLUME 19,016 52,185

*INCLUDES ONLY PRESSURANT FROM LIQUID.
Computer Output

REPORT MDC E0746
VOLUNME |
28 FEBRUARY 1973

ITEM LAY
PRPPELLANT WEIGHT-LB.
ASCENT (INCLUDES FPR) 1312114,
START PRAPELLANT 7414,
SHUTD2WN ADJUSTMENT 150.
FEFDLINE RESIDUAL 913,
CHILLD?2WN RESIDIiIAL 124,
ENGINE RESIDUAL 1072,
PU RIAS 0,
TANY¥ UNDRAI NARLE 0.
PRESSURAMNT 1740,
NAMINAL LOAD 1323537,
L26DING ALLAWANCE 13226,
MAXTI MM LAAD 1336772,
PRPPELLANT RFLOW TANK - 13012,
MAXIMUY LPAD IN TAVK 132360,
PRPPELLANT VALUME-FT3
PRAPELLANT VALUME IN TANK 12644,
TANXK VZLUME FAR FLUIDS 10016,
VOAL. DISPLACED PY L@x FEENLINE Re
TCTAL TANK VRLUME 19016,

EXTERNAL TANK PROPELLANT INVENTZRVY

LH2

212636,
1441,
27.
234,

6.

5.
547,
100,
Ta5,
222020,
2220,
224240,
- 285,

223275,

50aai,
51q0x,
227,

52125,
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available for other desired tank designs, new sets of equations can be
derived to fit these cases using similar scaling laws for parametric study.

4.2 Dimensional Data - The three external tank general arrangement options

used in the basic tank sizing routine are illustrated in Figure 4.2-1. The sizing
logic nomenclature is defined in Table 4.2-1. It should be noted that most of the
basic dimensional parameters have the same variable name for each of the three
arrangements given. Therefore, most of the sizing equations are identical for

each option and only a few input variables need be changed to switch from one general
arrangement to the other. For example, the variable LCON (input clearance between
separate bulkheads) is not used for the common bulkhead option; otherwise, all

other parameters are the same. Likewise, when choosing the alternate forward

section option, the user need only switch the input from NR (nose cap radius) to

ND (nose diameter). All other parameters remain the same.

An indicator and logical IF statement is included which offers the option
of solving for LOX aft tank arrangements. This consists of simply converting MR
to 1/MR and setting LOX density equals LH2 density and vice versa. Thus, the
logical IF simply tells the computer all equations and dimensions used for LOX
are now LH2 and vice versa.

Computer diagnostic runs have been made to exercise the sizing logic of the
program and demonstrate dimensional accuracy and repeatability for each of the
sizing options. Resulting propellant inventories and corresponding dimensional
data computer output are shown in Tables 4,2-2 and 4,2-3, The MDAC point design
dimensional data are shown in Figure 4.2-2, along with the comparable computer

program output.

4.3 Head Pressures - The propellant inventory, volume requirements and basic

dimensional data previously discussed serve as the basis for the head pressure
calculations. The input data required for the head pressure analysis are described
in Table 4.3-1. The basic method of analysis, and the nomenclature, is illustrated
in Figure 4.3-1.

Since the basic sizing routine allows excess volume for ullage space, etc.,
the actual maximum fluid height in the tank at liftoff is located somewhat below
the top of the tank. This space is dependent upon the input percent ullage, etc.,
and, therefore, may vary significantly. Hence, the actual fluid height in the
tank at liftoff is calculated. The fluid height is used to determine the gross
head pressure on both the aft LOX and LH2 bulkheads, using the design factor of
safety (FS), liftoff vertical load factor (NXL), and fluid density (ODEN or FDEN) .
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Common Bulkhead Option

NOSE CAP R
RADlUS\@_‘Q R, b 02 H,
HR

HC——->|<—H07.‘

|t () e}

=
x
=
= |

Separate Bulkhead Baseline
HOR

R
NOSE CAP DR
RADIUS OD Hy

let—— o —

=X
=X
=X
2

Alternate Forward Section Option

ND
R\ |
C( " 0
S |
CONSTANT ~~ /1
RETRO —HC——=~—H0—] = LCON HH HR |~—
SECTION—=——

FIGURE 4.2-1 EXTERNAL TANK GENERAL GEOMETRY DESCRIPTION
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VARIABLE NAME
INPUT PARAMETERS
PROPO
MRI
NR, ND
HRI

THETA
LA
UPERO
UPERF
OPRES, OUPRES
FOPRES, FUPRES
THRO, ISPOT
BLKHD
BX
LCON
K
HBIAS
GEOMETRY SOLUTION

INPUT OPTIONS
LD
LF

DF

TABLE 4.2-1
EXTERNAL TANK SIZING NOMENCLATURE

DEFINITION

Usable Propellant Load
Mixture Ratio; Oxidizer/Fuel

Nose Cap Radius and/or Nose Diameter

Ratio of Bulkhead Height to Bulkhead Hemispherical

Radius - HR/R

e Forward Cone Angle

Load Allowance (1 + Dec. %)

Percent Oxidizer Ullage (1 + Dec. %)
Percent Fuel Ullage (1 + Dec. %)

Oxidizer Pressure Operating, Ullage

Fuel Pressure Operating, Ullage

Orbiter Eng. Thrust, ISP for Flow Required
Ind. 1 = Common; 2 = Separate; 3 = Alternate
Dummy Ind. to Test Series Burn Pt. Design
Clearance Between Bulkheads

Structural Space Allowance

Optional Fixed Fuel Bias

Required L/D - Output is Resultant Length
and Diameter

Required Fixed Length - Output is Resultant
Diameter

Required Fixed Diameter - Output is Resultant
Length

INPUT REQUIRED FOR INITIALIZATION

DI
LI
. HHI

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY « EAST

Initial Guess at Tank Diameter
Initial Guess at Tank Length
Initial Guess at Fuel Tank Length
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UNITS

LB
ND
IN
ND

DEG

ND

IN

IN

IN
IN
IN
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TABLE 4.2-2
ORBITER HP TANK PROPELLANT INVENTORY
COMPUTER OUTPUT VERSUS POINT DESIGN DATA

MDAC-COMMON BULKHEAD-PARALLEL, BURN MDAC-SEPARATE B
POINT DESIGN DATA COMPUTER OUTPUT  POINT DESIGN DAI
LOX . LH, LOX LH, LOX LH,
**ASCENT (INPUT TO COMPUTER) 1,312,114 218,686 1,312,114 218,686 807,514 134,58
START PROPELLANT 7,414 1,441 7,414 1,441 1,014 37
SHUTDOWN ADJUSTMENT 150 87 150 87 150 8
FEEDLINE RESIDUAL 918 285 918 284 1,522 27
CHILLDOWN RESIDUAL 134 6 134 6 273 2
ENGINE RESIDUAL 1,072 75 1,072 75 1,072 7
PU BIAS 0 547 0 547 0 33
TANK UNDRAINABLE 0 100 0 100 300 1C
PRESSURANT 1,740 795 1,740 795 1,068 47
NOMINAL LOAD 1,323,544 222,022 1,323,537 222,020 812,913 136,33
LOADING ALLOWANCE 13,235 2,220 13,236 2,220 8,129 1,36
MAXIMUM LOAD 1,336,779 224,242 1,336,772 224,240 821,042 137,69
PROPELLANT BELOW TANK -13,104 -366 -13,082 -365 -13,852 -37
MAXIMUM LOAD IN TANK LB. 1,323,675 223,876 1,323,690 223,875 808,190 137,32
VOLUME FT° VOLUME FT° VoL
PROPELLANT VOLUME IN TANK 18,643 50,939 18,644 50,881 11,383 31,24
TANK VOL FOR FLUIDS 19,016 51,958 19,016 51,898 11,611 31,87
VOL. DISPLACED FOR LOX 0 227 0 227 0
FEEDLINE
TOTAL TANK VOLUME 19,016 52,185 19,016 52,125 11,611 31,87

*% INCLUDES FPR. INPUTTED TO COMPUTER AS TOTAL USEABLE PROPELLANT LOAD AND MIXTURE RATIO.

JOLDOUT FRAME |
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ULKHEAD-SERIES BURN

A COMPUTER OUTPUT

NR-SEPARATE BULKHEAD-PARALLEL BURN

POINT DESIGN DATA

COMPUTER OUTPUT

LOX LH, LOX LH, LOX LH,
6 807,514 134,586 1,414,290 235,710 1,414,285 235,714
2 1,015 372 ? ? 7,411 1,440
7 150 87 150 87
7 918 260 918 252
3 272 19 134 6
5 1,072 75 1,072 75
6 0 336 1,500 0 1,500
) 300 100 300 100
8 1,071 489 ? ? 2,084 750
4 812,312 136,324 1,420,230 239,350 1,426,349 239,924
3 8,123 1,363 ? ? 14,264 2,399
7 820,435 137,687 1,440,612 242,323
5 =13,142 -354 -20,570 -333
2 807,292 137,333 ? ? 1,420,041 241,990
ME FT> VOLUME FT>

5 11,370 31,212 20,114 55,517 20,001 54,998
) 11,598 31,836 20,710 57,157 20,595 56,648
) 0 0 0 0 0 0
) 11,598 31,836 20,710 57,157 20,595 56,648

. T AR
BRLDYUL T
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“
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REPORT MDC E0746
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EXTERNAL TANK BASIC DIMENSIONAL DATA
COMPUTER OUTPUT VERSUS POINT DESIGN

BASIC MDAC-COMMON BULKHEAD-PARALLEL BURN
DIMENSIONS POINT
SEE DESIGN COMPUTER OUTPUT
FIGURE DATA FIXED FIXED FIXED
4=3 L/D LENGTH DIA.
L/D 4.982  4,982% - -
D(0.D.) 340.0 339.6 339.2 340.0%
L(TOTAL) 1694.0 1692.0  1694.0* 1689.5
R 196.0 196.1 195.8 196.3
HR 98.0 98.0 97.9 98.1
HH 996.0 994.2 996.7 992.1
HO 180.0 181.3 182.5 180.3
HC 403.6 402.0 401.4 402.5
HN 16.4 16.4 16.4 16.4
NR 25.0 25.0% 25.0% 25.0%
ND ? 47.0 47.0 47.0
OR 128.0 128.7 128.6 128.8
0D 221.4 222.9 222.,7 223.1
HOR 64.0 64.4 64.3 64.4
HCO 163.0 160.3 160.1 160.5
) 20.0 20.0% 20.0% 20.0%
LCON - -— - -
L0, TK VOL 19016 19016 19017 19017
LH, TK VOL 52185 52125 52125 52124
K R — R -

MDAC-SEPARATE BULKHEAD-SERIES BURN  NR-S
POINT POI
DESIGN COMPUTER OUTPUT DEST
DATA FIXED FIXED FIXED  DAI
L/D LENGTH  DIA.

4.682 4.682% - - 7.11
314.0 310.2 306.3  314,0% 30/
1470.0  1452.0  1470.0% 1434.5 216:
181.0 179.1 176.9  181.3 2
91.0 89.5 88.4 90.6 11
703.0 718.0 736.6  700.4 13
42.0 50.6 60.1 41.5 [20¢
469.0 459.9 452.7  467.0 [;;
24.0 24.5 24.5 24.5 -
33.0 33.0% 33.0% 33,04 -

? 63.8 63.8 63.8 4
106.0 104.1 103.1  105.1 -
? 180.3 178.5  182.1 -
53.0 52.1 51.5 52.6 -
243.0 242.4 238.6  246.1 -
15.0 15.0% 15.0%  15.0% 2
20.0 20.0% 20.0%  20.0% 3
11611 11598 11594 11600 207
31870 31836 31836 31836 571

(K equals structural volume allowance expressed as effective wall thickness)

*Indicates input value

(1) NR Point design has an ogive nose shape’
instead of a conical nose shape, therefore,
an estimated forward cone angle (8) has
been used to represent an equivalent
conical section volume,
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SPARATE BULKHEAD-PARALLEL BURN

NT ALTERNATE FWD SECT.
SN COMPUTER OUTPUT
A FIXED FIXED FIXED

L/D LENGTH DIA.

2 7.112% - -
.0 301.8 300.5 304.0%
.0 2146.9  2162.0% 2122,

174.1 173.3 175.
.0 113.1 112.6 113.
8.0 1330.4 1342.7 1310.
N 334.8 339.8 326.
.0 225.6 224.5 227.

L1 OMON VWO W L

.0 41.0% 41.0% 41,0%

30.0% 30.0% 30.0%

.0 30.0% 30.0% 30.0%
0 20595 20592 20598
7 56648 56648 56648
3 L15% .15% L15%

(1)
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Wprop = 1,530,800 LB

LO2 VOL = 19,016 FT3

i
128R A
LH, = 52,185 FT3 J*/
340
T 196R
——}—-mj
l—-163 180 996 98
420
1,694
External Tank Arrangement
Common Bulkhead — MDAC Point Design
EXTERNAL TANK DIMENSI@NAL DATA
--------- ¥ Y XYY Y X XY XYY Y Y VYV NVY oo
THETA X=------ ¥ Y .
X X . Y X .
NReoX ND X.e@R @D ¥ ReeoX D
[ N ) .y x L[] v Y *
ee o X ------ v Xo .
e JHER, Y Y X ¥ XY YV ¥V Y X X Y Y Y Y YV VY ===
HM--.Q-- oHCvnvo .HR. .
eem==HC=m =HP == fmmmmmmmmmmemeem HH=--=em- JHR,
emmmmmmm—————- L=HN+HC+HP+HH+HRmm e mm e mceee e .

L- t6e2,0 IN, D= 239,6 IN, L/D= 5.0 R- 106,1 IN, HR- 02,0 IN,
NP= 25,0 IN, 2Rz 122,7 IN., 0Dz 222,9 IN, HOR- 64,4 TN, HCPA=z 160.% 1IN,
ND- 47,0 IN., THETA= 20. DREG. HC= 402.0 IN, 1.CAN= 0 IN,

HZ- 131,33 IN, HH= Q94,2 IN, Kz .00 IN,

LP2AD ALLAWANCE=] .01 Lox ULLAGE=1,02 LH2 ULLAGFE=1,0?

L2x TANK VE@LUME= (o016, FT3 LH2 TANK VOALUMF= 52125, FT2

Computer Output
Fixed L/D Case

FIGURE 4.2-2 DIMENSIONAL DATA
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TABLE 4.3-1
EXTERNAL TANK
INPUT DATA FOR HEAD PRESSURE ANALYSIS
VARIABLE NAME DEFINITION UNITS
PROPO2 USEABLE PROPELLANT REQUIRED FOR LB
SECOND STAGE BURN
NXL VERTICAL LOAD FACTOR AT LIFTOFF ND
NXS VERTICAL LOAD FACTOR AT STAGING ND
CONSTANT
RETRO FS DESIGN FACTOR OF SAFETY ND
SECTION .
¥
]
-—l ND
HC —
=~ ODEN = OXYGEN DENSITY ~ LB/FT3
X  HOX®) HOH = OXYGEN FLUID HEAD HEIGHT AT LIFT-OFF
— ™ oxe) HOH  L0H2 = OXYGEN FLUID HEAD HEIGHT AT STAGING
w o e Dok SET STATION LOCATIONS FOR OXY TANK CYL WALL ANALYSIS
— HOX(5 = 125+ (I-1) * HO
R 1:% HOX(4)  HOH2 HOX()= 125« (1=1)»
— HOX®)_ \ox) CALCULATE OXY TK CYL WALL HEAD PRES AT HOX(I)
—E v— HOX(1) ABOVE CYL BASE BY COMPARING WITH LIFT-OFF AND
2ND STAGE HEAD HEIGHTS AS CALCULATED PREVIOUSLY
LCON I OHC2 = (HOH2 ~ HOX(1)) * ODEN * NXS » FS/1728.
/_\ OHCI = (HOH—HOX(1))  ODEN * NXL % FS/1728.
—_HFX(9). )
—— FDEN = LH2 DENSITY - LB/FT
| HFX() HEH = LH2 FLUID HEAD HEIGHT AT LIFT-OFF
L HFH2 = LH2 FLUID HEAD HEIGHT AT STAGING
= HFX(7) SET STATION LOCATIONS FOR FUEL TANK CYL WALL ANALYSIS
Hy HFX() = .125 * (1=1) * HF
___ HFX(6) ,
HH - CALCULATE FUEL TK CYL WALL HEAD PRES AT HFX(D)
ABOVE CYL BASE BY COMPARING WITH LIFT-OFF AND
HFXG) IND STAGE HEAD HEIGHTS AS CALCULATED PREVIOUSLY
FHC2 = (HFH2-HFX(1)) * FDEN * NXS * F$/1728.
—— HFX(4) FHC1 = (HFH —~HFX()) » FDEN * NXL * F$/1728.
HFH2
—— HFXQ3)
—— HFX(Q)
' —— HFX()
HR |
b lero

FIGURE 4.3-1 EXTERNAL TANK HEAD PRESSURE ANALYSIS AND NOMENCLATURE
4-1
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Using the input value for the amount of propellant required for second stage
burn (PROPO2), a similar calculation of the fluid head height at staging is made.
The gross head pressure at staging is then determined, using the design factor
of safety (FS), vertical load factor at staging (NXS), and fluid density (ODEN or
FDEN). The liftoff head pressure is then compared with the head pressure at
staging and the maximum design head pressure is set equal to the larger of the
two values. This maximum head pressure, plus the ultimate tank operating pressure,
yields the design maximum pressure used for the LOX and LH2 aft bulkhead sizing
analysis.

Similarly, head pressures are calculated at nine stations along the forward

LOX tank cylinder wall and the aft LH, tank cylinder wall. For example, the

liftoff fluid head acting at any station HFX (I) of Figure 4.3-1 can be calculated
by comparing its location with the liftoff LH2 head height (HFH). The net

distance between HFX (I) and HFH represents the effective head height experienced
at HFX (I). Thus, the net liftoff head pressure at HFX (I) is calculated using
this net distance (HFH-HFX (I)), the design factor of safety (FS), liftoff vertical
load factor (NXL), and fluid density (FDEN). Similarly, the fluid head at staging

is calculated using the net fluid height (HFH, - HFX (I)), the design factor of

safety (FS), vertical load factor at staging %NXS), and fluid density (FDEN). A
comparison is made at each of the cylinder stations and the maximum head pressure
is set equal to the greater of the two values calculated. This value plus the
ultimate tank operating pressure, establishes the design maximum pressure at the

cylinder station HFX (I). If HFX (I) is above both HFH and HFH (as could be the

2
case for the station HFX (9) of Figure 4.3-1, the net head pressure is set to zero

and the design maximum pressure is set equal to the ultimate tank operating pressure.
Similarly, the forward LOX tank cylinder wall pressures are determined as

illustrated by Figure 4.3-1. Thus, a complete survey of tank design pressures is

available for use in the multistation strength analysis which is discussed below.

4.4 Wall Thickness — The design maximum pressures previously discussed serve

as the basis for calculating the required cylinder wall thickness due to hoop stress.
The structural material properties required as input are given in Table 4.4-1. The
basic method of material thickness calculation is given in Table 4.4-2. As shown

by Table 4.4-2, the wall thickness required due to hoop stress is calculated at each

cylinder station, and compared with an input minimum thickness (TMIN).

4-12
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TABLE 4.4-1
EXTERNAL TANK INPUT OF
(1) STRUCTURAL MATERIAL PROPERTIES

VARIABLE NAME  DEFINITION UNITS
RHO MATERTAL DENSITY LB/IN.3
FTU MATERIAL ULTIMATE TENSILE PSI
STRENGTH
E MATERIAL MODULUS OF ELASTICITY PSI
TMIN MATERIAL MINIMUM GAUGE IN.
TABLE 4.4-2

EXTERNAL TANK CYLINDER WALL
MATERIAL THICKNESS REQUIRED BY HOOP STRESS

REFERENCE: FIGURE 4.3-1

FHCT(I) = ULTIMATE LH2 TANK CYLINDER WALL PRESSURE
AT STATION HFX(I)
OHCT(I) = ULTIMATE LOX TANK CYLINDER WALL PRESSURE

AT STATION HOX(I)

CALCULATE FUEL TK THICKNESS REQUIRED DUE TO ULT PRES
TF(I) = FHCI(I)*D*,5/FTU

CALCULATE OXY TK THICKNESS REQUIRED DUE TO ULT PRES

TO(I) = OHCT(I)*D*,5/FTU

CHECK FUEL TK THICKNESS & SET = OR GREATER THAN TMIN
IF(TF(I).LT.TMIN) TF(I) = TMIN

CHECK OXY TK.THICKNESS & SET = OR GREATER THAN TMIN

IF (TO(I).LT.TMIN) TO(I) = TMIN

4-13
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4.5 Loads - As illustrated by Figure 4.5-1, only a small portion of the over-
all tank structure is designed by loads other than internal pressure. Launch aero-
dynamic and inertial loads normally require a very complex technical analysis for
accurate assessment. A generalized set of equations is used to depict launch
axial loads and bending moments. These are based on MDAC detailed point design
loads analysis. Axial loads induced in the aft LH2 tank are based on the LOX
liftoff and second stage propellant loads and their respective vertical load

factors (as discussed previously).

If comparable point design detail loads become available for other desired
tank designs, new sets of equations can be derived to fit these cases.

The method of scaling these loads through perturbations of the baseline tank
design are considered adequate, especially since only a small portion of the over-
all tank structure is designed for column buckling due to these loading conditions.

Table 4.5-1 defines the required input data for loads calculations.

TABLE 4.5-1
EXTERNAL TANK
INPUT DATA FOR LOADS CALCULATION

VARIABLE NAME DEFINITION UNITS
THESL TOTAL BOOSTER S.L. THRUST LB
NN NUMBER OF BOOSTER ENGINES ND
CANT BOOSTER THRUST CANT ANGLE DEG
BGLOW BOOSTER GROSS LIFTOFF WEIGHT LB
R1, R2, RL ORBITER INTERSTAGE REACTION LOADS LB

FROM ORBITER MODULE

4-14
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4.6 Margin-of-Safety Check for Column Buckling - A margin-of-safety check is

made at each of the body stations previously analyzed, using the wall thickness
calculated for hoop stress due to head pressure.

The column buckling method for monocoque cylinders as given by Reference O
is used for the combined axial load and bending moment loading condition with
internal pressure stabilization. Included in this analysis is a least squares
curve fit for the 90 percent probability graphs of cylinder radius/material
thickness (r/t) versus critical stress due to axial load and r/t versus critical
stress due to bending moment. This curve fit solves for equation coefficients
as a function of cylinder length/cylinder radius (L/r).

Included also are equations to solve for increased axial and bending strength
due to internal pressure stabilization. These equations are derived from curves
included in Reference 0. The internal pressure is assumed to be the tank operating
pressure without the design factor of safety and without any induced head pressure.

The margin of safety, then, is calculated by:

RCB = AL/PA + MX/MA

Where: AL = The maximum axial load induced at a given station per the

previous loads analysis.
PA = The amount of axial load that can be imposed at this station
with the thickness as previously calculated due to hoop
stress, including increased strength capability due to internal
pressure and with a 90 percent probability of not failing.
MX = The maximum bending moment induced at this station per the
previous loads calculation.
MA = The bending moment that can be imposed at this station with the
thickness previously calculated for hoop stress including
increased strength due to internal pressure and with a
90 percent probability of not failing.
If this margin of safety (RCB) is less than one, the check is satisfied and the
previously calculated wall thickness for hoop stress is adequate to withstand
the column buckling condition. If not, the thickness is progressively increased
until this check is satisfied, and the new wall thickness thus calculated is used

for the final cylinder wall weight calculation.

4-16

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST



DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS REFORTMAC EL746

COMPUTER PROGRAM - FINAL REPQRT 28 FEBRUARY 1973

4.7 Rings - Bulkhead attachment and cylinder/cone contour break rings are
sized by elastic stability (Reference C), due to resultant compressive load induced
by dome pressure and/or longitudinal cylinder stress. The resulting ring cross
sectional area is compared with the required minimum ring area shown in Figure

4.7-1 and is set equivalent to or greater than this minimum.

MECHANICAL | I
JOINT

t

I

T T

3N 2IN. | PART OF CYLINDER
mYP)  (TYP) | WELD CALCULATION

MINIMUM RING AREA = 2 » 2t » (2 IN, + 0.5 * 3 IN.)
=14t

*FILLET IS INCLUDED IN
STRUCTURAL NON-OPTIMUM

FIGURE 4.7-1 TYPICAL BULKHEAD ATTACH RING

4.8 Interstage - Frame sizing is based on point load analysis for ring caps
plus resulting shear stress for ring webs. Additional material is added for beam
cap loads and beam shear. The booster attach loads are assumed acting at the
existing aft bulkhead attach ring and at the forward cone/cylinder contour break
ring. The resulting booster attach frame sizing is compared with the previously
calculated existing ring. The interstage frame weight is set equal to zero if the
attach frame is less than the existing ring; otherwise, it is set equal to the
difference in frame to ring weight, thus accounting for the point load penalties
associated with the interstage tie. The orbiter attach loads are assumed acting
at locations unique to existing rings and, therefore, require the complete addition
of two separate frames. Special increments are added to the basic frame sizing
for sway braces, doublers, drag links, and fittings, thus completing the total

interstage analysis. 4-17
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4,9 Structural Weight - Using the basic tank dimensions and the material

thickness requirements previosuly discussed, the basic tank structural weight is
calculated. Included in this calculation is a detail assessment of all weld require-
ments and a fixed value of 0,005 in. is added to all thicknesses to account for

material tolerances.

Table 4.9-1 presents the baseline MDAC External Tank Structural Weight Summary

and the corresponding computer program output.

TABLE 4.9-1
ORBITER HO TANK
PARALLEL BURN-SOLID (2-156 IN.) BOOSTER
STRUCTURAL WEIGHT SUMMARY

Completed
Analysis
Weights
Body Group [49,030]
Fuel Tank (22,603)
Aft Bulkhead 3,559
Cylindrical Sidewall 19,044
Oxidizer Tank ( 8,157)
Fwd Bulkhead 337
Sidewall 7,480
Baffles 340
Common Bulkhead ( 4,340)
Booster/Orb/Tank Attach (12,966)
Nose Fairing ( 464)
Umbilical Panel ( 300)
Tunnel ( 200)
COMPUTER OUTPUT
BADY GRAUP [ 49202. )
FWD TANK ( 2736, )
FWD BULKHEAD 613,
CANICAL SECTI@N 3913,
CYLINDRICAL SECT. 4209,
AFT BULKHEAD 0.
INTER TANK SECT, ( De )
AFT TANK ( 29166. )
FWD RULKHEAD 6664,
CYLINDRICAL SECT. 12723 .
AFT BULKHEAD 3778,

PRB/BSTR/TANK ATT.C 10100.
NOSE FAIRING ( 362,
UMBILICAL PANEL ( 300.
TUNNEL ( 200.
BAFFLES-L®X ( 338,

e Nl N S
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4.10 Miscellaneous Structural Items - Empirical equations and methods are

used to calculate the remaining structural items such as forward nose fairing,
intertank structure, LOX tank baffles, external lines tunnel, and umbilical panel.

4.11 Induced Environmental Protection - The external tank thermal protection

system (TPS) is based on the detail MDAC point design given in Figures 4.11-1 and
4.11-2. Figure 4.11-1 shows the selected thermal protection scheme for the hydrogen
and oxygen tank. The 0.375 in. of polyurethane foam insulation was established to
meet ground hold and main engine NPSP requirements. The polyurethane foam is
applied externally to the liquid hydrogen tank including the fore and aft tank domes
in the intertank region. The thermal constraints applied to defining the thermal

protection system for the LH, tank are based on the thermal stability of the

polyurethane foam. The maximum temperature of the surface of the polyurethane foam
is limited to 200°F. In the LOX and intertank region, the maximum allowable temp-
erature is 300°F based on the structural properties of aluminum. As shown on the
sketch, 0.338 and 0.213 in. of korotherm is required on the noncryogenic nose cap

and in the intertank region where the heat sink capacity associated with the -290°F

LOX is not available.

r7] FIREX 250 OVER SPRAYED NUMBERS ARE ABLATOR THICKNESS - IN.
KOROTHERM POLYURETHANE FOAM
_——033%8 /02338

] 023 ] 0.213

01y o
77 0.155 //////—o.uzz

/// ///4333

2 //‘/;/Cgi;; //«——0.017

200°F FOAM 250°F FOAM

FIGURE 4.11-1 EXTERNAL HO TANK INSULATION
(Paraliel Burn-Solid (2-156 In.) )
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/SILICONE COLOR & SEAL COAT
SILICONE PRIMER

Y

i]«—ABLATOR - FIREX 250

| «~——POLYURETHANE FOAM -
NOPCO BX-250

EPOXY PRIMER
TS ALUMINUM TANK WALL

MATERIAL DENSITY (LB/FT3) THICKNESS (IN) | UNIT WT (LB/FT)
1. SILICONE COLOR & SEAL COAT - 0.006 0.0397
2, SILICONE PRIMER - 0.001 0.0066
3, ABLATOR - FIREX 250 35 0.137 - 0.357 0.5372 (AVE)
4, POLYURETHANE FOAM - NOPCO BX-250 2 0.375 0.0625
5. EPOXY PRIMER - 0.001 0.0066
0.6526 (AVE)

FIGURE 4.11-2 INSULATION MATERIALS BASELINE
(Parallel Burn — Solid (2-156 IN.)

Figure 4.11-2 defines the cross-sectional geometry of the insulation/TPS con-
cept. The thicknesses and unit weight required for the concept are shown for the
LH2 tank at a 200°F ablator/foam interface temperature.

The basic TPS weight is calculated with input of unit weights for six general
regions on the tank surface., The thermal protection system (TPS) is calculated
using these unit weights and the basic tank dimensions calculated previously.

A fixed 10 percent contingency is added to the total TPS. Table 4,11-1 defines the
TPS input data requirements. Figure 4.11-3 shows representative input data for the

200°F ablator/foam interface temperature baseline TPS design.
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VARIABLE NAME

NCTPS

UCTPS

LCTPS

CYTPS

DMTS

INTPS

TABLE 4.11-1

EXTERNAL TANK TPS INPUT DATA
DEFINITION
NOSE CAP TPS UNIT WEIGHT
UPPER CONE TPS UNIT WEIGHT
LOWER CONE TPS UNIT WEIGHT
CYLINDER (LHZ TANK) TPS UNIT WEIGHT
AFT DOME (LHZ2 TANK) TPS UNIT WEIGHT

INTER TANK TPS UNIT WEIGHT

200° F ABLATOR/FOAM
INTERFACE TEMPERATURE

___  NCTPS= 1.101 LB/FT?
= UCTPS= 0.8444 LB/FTZ
LCTPS = 0.7365 LB/FTZ

e INTPS= 0.8969 LB/FT?

~— CYTPS= 0.6526 LB/FTZ (AVG)

&/i— DMTPS = 0.5149 LB/FT2

FIGURE 4.11-3 REPRESENTATIVE INPUT DATA

FOR BASELINE TPS UNIT WEIGHTS
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LB/FT2
LB/FT2
LB/FT2
LB/FT2
LB/FT2

LB/FT2
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4.12 Propellant Systems - The basic estimation method for the propellant

systems is based on an MDAC detail point design with scaling laws for changes in
orbiter engine flow rate, mixture ratio, and tank dimensions. An itemized list of
the propulsion system components that make up this baseline system is given in
Table 4.12-1 along with the corresponding computer program output. The following

is a generalized description of this system.

TABLE 4.12-1
EXTERNAL TANK BASELINE PROPELLANT SYSTEMS

1,530,800 LB PROPELLANT
LOX FEEDLINE JACKET

976 LB
LOX FEED SYSTEM
PLOX TANK PROPELLANT FEEDLINE ]
JLOX FEEOLINE FLEX PROVISIONS (3 UNITS EA) - ; f};L :8: D}: X S L°"G§ tes
“LOX FEEDLINE DISCONNECT MALF . DIA X 50" LONG 548
-1 (16" NOM DIA X 16" LONG) 255
SUPPORT ALLOWANCE 316
1,571 18
LH, FEED SYSTEM
°LH, TANK PROPELLANT FEEDLINE - “ .
:t:Z ;EEDLINE FLEX PROVISIONS (3 UNITS EA) - 1 5:2” :g: 3;: : ]fé" tgﬁgi }?Z
5 FEEDLINE DISCONNECT HALF = 1 (16" NOM DIA X 16" LONG) 255
SUPPORT ALLOWANCE 178
891 L8
FEED SYSTEM TOTAL 3,438 LB
LOX VENT SYSTEM
°VENT & RELIEV VALYES 2 (11" NOM DIA X 22"
LONG) 224
:gIHBAL ASSEMBLY 3 (11 NOM DIA X 11" LONG) 105
UCT & MANTFDLD T (171" NOM DIA X 70" LONG) 122
SUPPORT ALLOWANCE 13
564 LA
LOX PRESSURIZATION SYSTEM
°LOX PRESSURIZATION LINE -1 (3" NOM DIA X “
°LOX PRESSURIZATION FLEX PROVISIONS -4 53" DIA X 9° Lgigfo Lone) 122
2LOX PRESSURIZATION OTSCONNECT HALF -1 (3" DIA X 5" LONG) 12
LOX PRESSURIZATION DIFFUSER -1 (12" DIA X 24" LONG) 40
SUPPORT ALLOWANCE 45
231 LB
LH, YENT SYSTEM
SVENT & RELIEF VALVES -2 (11" NOM DIA X 22" LONG) 224
°DISCONNECT HALF S 1 (117 NOM DIA 1 6" LONG) 32
°MANTFOLD (TEE) -1 (11" NOM DIA X 20" LONG) 45
CANNISTER &
SUPPORT ALLOWANCE 126
427 LB
LH, PRESSURIZATION SYSTEM
*LH, PRESSURIZATION LINE 1 (3" NOM OIA X 1,560" LONG) 66
LH5 PRESSURIZATION FLEX PROVISIONS -1 {3 NOM DIA X 37 LONG) 12
“LH2 PRESSURIZATION DISCONNECT HALF -1 (3" NOM DIA X 5° LONG) 12
°LH3 PRESSURIZATION DIFFUSER -} {12 NOM DIA X 24" LONG) 25
SUPPORT ALLOWANCE 29
144 LB
YENT & PRESS TOTAL 1,366 L8
PNEUMATIC SYSTEM
ToPNEUMATIC LINE -1 (1/4" NOM DIA X 3,250 LONG) 24.5
°ACTUATION CONTROL VALVES -8 (178" NOM DIA X 3" LONG) 8
°PKEUMATIC DISCONNECT HALF -1 (172" NOM DIA X 3" LONG 2.5
“CHECK YALVE -1 (1/2” NOM DIA X 2" LONG H
"PLENUM -1 (10" NOM DIA) 8
SUPPORT ALLOWANCE n
56 LB
SUMP & VORTEX CONTROL 220
PU_SYSTEM __18%
5,265 LB

o COMPUTER OUTPUT

PRAPELLANT SYSTEMS ¢ 5266, )
FEED SYSTEM 3439,
PRES. AND VENT 1366,
SUMPS & VPRTEX CTL 220.
PNEUMATIC & PU SYS 241,
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The HO tank propulsion systems consist of LOX and LH2 feed systems, LOX and
LH2 vent systems, LOX and LH2 pressurization systems, pneumatic system, sump and

vortex control systems, and PU system.

LOX is supplied to the Hi PC orbiter engines from the tank through one 17-
incli diameter feedline which is routed down through the LH2 tank and enters the
orbiter in the engine area. A jacket is installed around this line to isolate
it from the surrounding Luz. For the separate bulkhead designs the LOX line is
routed external to the Lit, tank and this jacket is not required. The LH2 feed
system consists of a single 16-inch diameter line from the tank sump to the
orbiter. Both LOX and LH2 feedlines have flexibility provisions and disconnects.

The LOX vent system consists of an ll-inch diameter vent line running from
the forward dome of the LOX tank to two vent valves in the nose cone region.
Flexibility provisions are also included.

The LOX pressurization system consists of 2530 inches of 3-inch diameter line
which supplies gaseous oxygen (from the engines) from the orbiter interface to the
oxygen tank. The line includes flexibility provisions and a disconnect half.

The LH2 vent system consists of an ll-inch diameter vent line and two ll-inch
valves which are located in a recessed compartment in the wall of the LH2 tank.
Also included are flexibility provisions and a disconnect half for ground venting.

The LH2 pressurization system consists of 1560 inches of 3-inch diameter line
for supplying gaseous hydrogen (from the engines) from the orbiter interface to the
LH2 tank ullage. Included in the system are flexibility provisions, a diffuser,
and a disconnect half.

The pneumatic system consists of: 1) 3250 inches of 1/4-inch diameter line;
2) eight actuation control valves for controlling the vent valves; 3) plenum,

4) check valve; and 5) disconnect half.

Both tanks have sumps for minimizing undrainable residuals and controlling

vortexing. A PU system with capacitance probes in each tank is used for loading

and controlling engine mixture ratio during burn to minimize residuals,

4,13 Deorbit System - The retro rocket propellant is calculated, based on an

input required retro delta velocity and ISP. The basic system weight is calculated,
using a fixed retro rocket mass fraction of 0.7326, which also includes system
mounting and support provisions..

4.14 1liscellaneous Systems — Avionics weight is an input constant. An

additional input (MISC) is available for any other desired constant weight.
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4.15 Growth/Uncertainty — Two options are available for calculating growth/

uncertainty either as a fixed percent of dry weight or with an input of fixed dry
weight which sets growth/uncertainty equal to the difference between the calculated
dry weight and the input fixed dry weight.

4.16 Residual Propellants - The previously calculated propellant inventory

which is used to establish the total tank volume requirements is also used to

determine the specific amount of propellant whishk is still on board at burnout
Usable Propellant
External Tank Gross Weight

and is thus used to determine the overall t.ink mass fraction ( )

for performance calculations.

4,17 Simplified Equations Option - Within ESPER the external tank module

contains the option of util zing simplified equations to define the external tank
weight rather than the detail analysis.

The purpose of this option is to reduce the computer run time required, as
well as, eliminate most of the input variables required to run the detail program.
The equations consider external tank usable propellant load, second stage propel-
lant load and tank diameter.

Detail runs of the external tank module were made to parametrically size
the NR baseline tan’ design. The resulting computer output of external tank dry
weight was plotted against total propellant load and second stage propellant load
for three variations in tank diameter, i.e.; 250 in., 300 in., and 350 in. This
data was analyzed using a least squares curvefit to determine the three dimensional
equation coefficients. The resulting equations are given in Table 4.17-1.

The curvefit results vs the actual computer output are given in Figure 4.17-1.

- TABLE 4.17-1
EXTERNAL TANK CURVEFIT ROUTINE FOR PARAMETRICALLY SIZING
THE NR BASELINE TANK DESIGN

500 FATPRasPRERAx/PRapAT
IF(RATFPRA4| Toe50) RATPRR=4H(

CFREZ2434777+10620*RATPRA

CEABaq1957 2499444, N*RATPRA
CFCuand7R344+,00141RU4PATPRA

CFD3a, 200 104R47«,00N001602%RATPRA

CFFaCEC+CFNY#NF

CFEsCrA+CEFA#NF ‘

PRYATaCFrE+CFCuPRapAY

IF(PRAPATLT«+10000000) DRYWTEDRYWNTS(1,11520e,0000001452%*PRAPAT)
TF(PRAPAT«53Te10000C004) NAYWTEDRYWT#(,90R8317+.0200000567#PRAPAT)
CRYWT2CRYWT /1,075

GUBGUP*DIY YT

NRYNT 2 IRYWT +4])

RESINT=2206e+.0019772#pRRPAT
INERT = IRYATHRFSINT 4-24
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REFERENCE: MASS PROPERTIES STATUS REPORT

NO. SD 72~SH-0120-3
DATED: 2 DECEMBER

1972

TANK MODULE COMPUTER OUTPUT VS CURVEFIT RESULTS

FIXED TANK DIAMETER= 250"

L

PROPO = 2.0 x 105LB

-
80*.-.-.—-9——.-./ 2.15% i
’V PROPO = 1.5 x106 LB

— L77%

2.1%
1

MPROPO= 1.0 x 108 LB

e s~ PROPO= 5 x 108 LB

— COMPUTER OUTPUT
= = = e CURVEFIT RESULTS

]

/
L

FIXED TANK DIAMETER= 300"

-

_J>

[ PROPO= 2.0 x 106 LB

3.09% ]

N

-
4.3%

PROPO = 1.5 x10° LB

pr ——— e e — e

o

—

PROPO= 1.0 x10° LB

s b 20 PQ = 5 x 108 LB

Ll g

ANR POINT DESIGN, D= 304"
PROPO = 1.65 x 106 LB
PROPOZ = 1245551 LB

FIXED TANK DIAMETER = 350

e

PROPO = 2.0 x 10 LB

2.8%
PROPO= 0.5 x 105 LB

i ]
— 2”PROPO= 1.5 x 10° LB

40

0

0.5 1.0 15
PROPO2 - LB x 1076

2.0

FIGURE 4.17-1 NR BASELINE EXTERNAL TANK DESIGN PARAMETRICALLY SIZED
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4.18 1Input Data - The External Tank Module complete input data nomenclature

is given in Table 4.18-1.

designs previously discussed are given in Table 4.18-2.

Three sample data files for the three baseline tank

recommended limits for tank sizing input data.

VARIABLE NAME
INPUT PARAMETERS

PROPO
PROPO2

MRI
NR, ND
HRI

THETA

LA

UPERO

UPERF

OPRES, OUPRES
FOPRES, FUPRES
THRO, ISPOT
BLKHD

BX

LCON

K

HBIAS

GEOMETRY SOLUTION
INPUT OPTIONS

LD
LF

DF

TABLE 4.18-1

EXTERNAL TANK INPUT DATA NOMENCLATURE

DEFINITION

Useable Propellant Load

Useable Propellant Required for 2nd Stage
Burn

Mixture Ratio, Oxidizer/Fuel

Nose Cap Radius and/or Nose Diameter

Ratio of Blkhd Height to Blkhd Hemispherical
Radius v HR/R

@ - Forward Cone Angle

Load Allowance (1 + Dec. %)

Percent Oxidizer Ullage (1 + Dec. %)

Percent Fuel Ullage (1 + Dec. %)

Oxidizer Pressure Operating, Ullage

Fuel Pressure Operating, Ullage

Orbiter Eng. Thrust, ISP for Flow Required
Ind. 1 - Common; 2 - Separate; 3 = Alternate
Dummy Ind. to Test Series Burn Pt. Des.
Clearance Between Bulkheads

Structural Space Allowance

Optional Fixed Fuel Bias

Required L/D - Output is Resultant Length

and Diameter

Required Fixed Length - Output 1s Resultant
Diameter

Required Fixed Diameter - Output is Resultant
Length

INPUT REQUIRED FOR INITIALIZATION

DI
LI
HHI

Initial Guess at Tank Diameter
Initial Guess at Tank Length
Initial Guess at Fuel Tank Length
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VARIABLE NAME

TABLE 4.18-1

EXTERNAL TANK INPUT DATA NOMENCLATURE (Continued)

DEFINITION

STRUCTURAL MATERIAL PROPERTIES

RHO
FTU
E

FS
TMIN

LOADS PARAMETERS

THBSL
NN

CANT

BGLOW

Rl, R2, RL

NXL
NXS

IND. ENVIRON. PROT.

NCTPS
UCTPS
LCTPS
CYTPS
DMIPS
INTPS

OTHER PARAMETERS

RETDV

RETISP
AVION

MISC

GUP
FIXDWT

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST

Material Density

Material Ult. Tensile Strength
Material Modulus of Elasticity
Factor of Safety

Material Minimum Gauge

Total Booster S.L. Thrust

Number of Booster Engines

Booster Thrust Cant Angle

Booster Gross Liftoff Weight

Orbiter Interstage Reaction Loads from
Orbiter Module

Liftoff Vertical Load Factor

Staging Vertical Load Factor

Nose Cap TPS Unit Weight

Upper Cone TPS Unit Weight

Lower Cone TPS Unit Weight

Cylinder (Fuel Tank) TPS Unit Weight
Aft Dome (Fuel Tank) TPS Unit Weight
Inter Tank TPS Unit Weight

Retro Delta Velocity

Retro Rocket ISP

Constant Inputted for the Avionics System
Weight

Additional Input Available for any Desired
Constant Weight Increment
Growth/Uncertainty (Dec. %)

Optional Fixed Dry Weight if Greater than
Zero Growth/Uncertainty is Calculated as
Difference Between Calculated Dry Weight
and Fixed Dry Weight

Ind. 0 = LOX FWD; 1 = LOX AFT
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FT /SEC
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TABLE 4.18-2
SAMPLE DATA FILES

EDIT TNKDAT BASELINE MDAC COMMON BULKHEAD DESIGN

* TY0-20
1,000
2.000
3,000
3,500
4,000
5,000
£.000
7.000
2,000
e ,000

10,000
11,000
12,000

PPOPO:[SSO?OO.,MRI:G.,THETA:ZO.,NP:?5.'UPERO:I.0?'LA:1.01
THR0=1410000. 1SP0OT=455,, FOPRESz40, OPRES=30., FIIPRES=40.
OUPRES:IQ.,HHI2100.,LCON:0.,BLKHD:1.,BY:l.,VZO.
UPERF:I.02,HBIAS:0.,HRI:.5
LD:4.99235,DI:0.,LI:1000.,LF:O.,DF:O.
GUP:.OZ,FIYDWT:O.,CAMT:15.,AFT:O.,PHO:.IO?,FTU:SAOOO.
E:l0500000.,NN:Z.,THBSL:AQOZOOO.,BGLOW:ZZﬁQSOO.
NCTPS:I.101,HCTPF:.RAAA,LCTPS:.73€5,CYTPS:.GSQG,DMTPF:.5146
INTPF:.R9SQ,9IZ194500.,R2:434Q00.,PL21GSAOOO.,NYL=1.4
NYS:S.O.PROPOZZl155220..ND:0.,F9:|.4,TNIN:.0?5,AVION:?74.
MISC:O.,RETDV:?OO.,RETISP:ZSO.*

LD:O.,DI:IOO.,LF:!GQA.*

DF-340,,DI=0.*

--ENF HIT AFTER 12.

*

MDAC SEPARATE BULKHEAD DESIGN

EDIT TNKDAT2

*x Ty 0-20
1.000
2.000
3,000
3.500
4,000
5,000
£.000
7.000
2,000
9,000

10,000
11,000
12,000

PROPN=042100. MRI=6., THETA=15., NR=33,, UPERO=1,02,LA=1.01
THRO=1410000 .  1SPOT=455., FOPRES=70,, OPRES=30,, FUPRES=40.
OUPRES=12. HHI=100.,LCON=20, BLKHD=2, Bx=0.,K=0.
UPERF=1,02 HBIAS=z0. HRI=.5
LD=4.68152,L1=1000,,LF=0.,DF=0,

GUP=.082, FIXDUT=0., CANT=0., AFT=0,,RHO=.102, FTII=64000.
E=10500000., NN=2,, THBSL=-6405276, ,B6LOV=3a6017 7,
NCTPS=1.101 IICTPS:.R444, LCTPS=,7365,CYTPS= ,6526,DNTPS=.5149
INTPS=.7969 R 12194500, ,R2:434800, ,RL=1554000,,WL=1.2
NXS=3.0 PROP02:942100., ND=0,, FS=1.4,TMIN: 025, AVION=345.
MISC=0, RETDV=200. RETISP=260.%

LF=1470,,L1=0, LD=0.*

DF-314,,L1=1000.,LF=0.%

--ENF HIT AFTER 12,

*

NR BASELINE DESIGN (2 DEC 1972)

EDIT NRTNK

*x TY0-20
1.000
2,000
z.000
3,500
4,000
5.000
§.,000
7.000
2,000
9,000

10,000
12,000
r 13,000

PPOPO:I650000.,MRI:S.,THETA:SO.,ND:AI.,UPEPO:I.O?Q7'LA:I.01
THRO:I4IOOOO.,I§POT:455.2,FOPREF:37..OPRES:??.,FHPPEQ:SS,
OUPRES:ZO.,HHI:lOO.,LCON:SO.,BLKHD:3.,BX:I.,Y:.IS
UPERF:I.OS.HBIAS:ISOO.,HRI:.6496
LD:O..DI:O..LI:]000.,LF:0.,DF:304.
GUP:.075,FIXDWT:O.,CANT:S.S,AFT:O.,RHO:.102,FTH:64000.
E:IOSOOOOO.,NN:2.,THBSL:7834000.,BGLOW:3276114.
NCTPS:l.101,UCTPS:.8444,LCTPS:.7365,CYTPS:.GSZG,DMTPQ:.S140
INTPS:.8969,Rl:141000.,R2:469000.,RL:1654000.,NYLzl.4
NXS:S.S,PROP02:1245551.,NR:O.,FS=1.4,TMIN:.025,AVION:Q00.
MISC:O.,RETDV:ZOO.,RETISP:ZGO.*

DF=0.,LF=2152.*%

LD=7.,11184 LF=0.*

--EOF HIT AFTER 13.

*
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4000

-

77D= 250"

7 i
7
7
7’
RECOMMENDED MINIMUM DIAMETER

3200

.D= 300"
”
‘ /

\“\\ P -

2400 N
PR D= 350

OVERALL TANK LENGTH - IN.

1600 0\

\RECOMMENDED MAXIMUM DIAMETER

RECOMMENDED S P
MINIMUM LENGTH— -
A\
800 -
0 0.5 1.0 1.5 2.0 2.5

USEABLE PROPELLANT LOAD - LB x 107®

FIGURE 4.18=1 EXTERNAL TANK OVERALL LENGTH vs USEABLE PROPELLANT LOAD
MR = 6. LOX/LHy — LOX Fwd Separate Bulkhead Design

4.19 Output - Computer output from the three input data files of Table 4-14
are given in Tables 4.19-1, 4.19-2 and 4.19-5 through 4.19-8. The NR baseline
tank output of Tables 4.19-1 and 4.19-2 corresponds to the point design weight
summary given in Table 4.19-3. The computer output dry weight for this tank
is within 1.5 percent of the reported weight given in Table 4.19-3. Table 4.19-4
shows the MDAC point design weight analysis and the corresponding computer output.

This data indicates program accuracy of considerably better than 1 percent.
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TABLE 4.19-1
NR BASELINE SEPARATE BULKHEAD
(Fixed Diameter Case)
EXTERNAL TANK PROPELLANT INVENTORY

ITEM L O0X LH2
PROPELLANT WEIGHT-L3B.
ASCENT (INCLUDES FPR) 1414285, 235714,
START PROPELLANT 7411, 1440.
SHUTDOWN ADJUSTMENT 150, 87.
FEEDLINE REZSIDUAL 918, 254.
CHILLDOWN RESIDUAL 134, S.
ENGINE RESIDUAL 1072, 75.
2U BIAS J. 1500.
TANK UNDRAINABLE 300, 100.
PRESSURANT 2084. 750,
NOMINAL LOAD 14283 49. 239926,
LOADI NG ALLOWANCE 14264, 2399,
MAXIMUM LOAD 1440612, 242325,
PROPELLANT BELOJW TANK - 20351, - 335,
MAXIMUM LOAD IN TANK 1420261, 241990.
PROPZLLANT VOLUME-FT3
PROPELLANT VOLUME IN TANK 20004. 54998,
TANK VOLUME FOR FLUIDS 20598. 56648,
VOL. DISPLACED BY LOX FEEDLINE 0. 0.
TOTAL TANK VOLUME 20598. 56648,

EXTERNAL TANK DIMENSIONAL DATA

--------- X X XXX XXXXXXXXXXXXX ====<

THETA X X X X .
oX X X X .
ND eeeX XOOOLCON R.oox D
oX X X X e

. X X X Xe o
. XX XXX XXX XXYXXXYXXXXXX omm="
L] * .HR.. L ]
S-HC==o=HO==.  g============- HHo===m - HR.

g mmeSeESss L:HC+HO+HR+LCO N+ HH+HR ---------- .

L 2122.5 IN. D=z 304,0 IN. L/Dz 7,0 R= 175.3 IN. HR= 113.95 IN,
ND= 41.0 IN. THETAz 30. DEG., HCz 227.5 IN. LCON:= 30.0 IN.

HC= 326.6 IN. HH= 1310.6 IN., K= .15 IN,

LLOAD ALLOWANCE=1,01 LOX ULLAGE=1,03 LH2 ULLAGE=1.03

LOX TANK VOLUME= 20598, FT3  LH2 TANK VOLUME:= 55648, FT3
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BJODY GROUP
FA4D TANK
FWD BULKHEAD
CONICAL SECTION
CYLINDRICAL SECT.
AFT BULKHEAD
INTER TANK SECT.
AFT TANK
FWD BULKHEAD
CYLINDRICAL SECT.
AFT BULKHEAD
ORB/BSTR/TANK ATT.
NOSE FAIRING
UMBILICAL PANEL
TUNNEL
3AFFLES-LOX

(
(

(
(
(
(
(

TABLE 4.19-2

NR BASELINE SEPARATE BULKHEAD
(Fixed Diameter Case)
EXTERNAL TANK WEIGHT SUMMARY

ALTERNATE FWD SECTIONCWITHOUT NOSE FAIRING
SEPARATE BULKHEAD-LOX FWD

WEIGHT
-LB.

51840,
12391,
14,
2784,
5346,
42 47,
5264,
24581.
2579.
19027,
2975,
8168,
O.
300.
644.
491.

REPORT MDC E0746
VOLUME |
28 FEBRUARY 1973

WEIGHT
-LB.
] IND., ENVIRN, PROT. I 7878, ]
) NOSE FAIRING 0.
FWD CONE & CYL. 0.
INTER TANK 1687,
AFT CYL & DOME §151.,
) PROPELLANT SYSTEMS [ 5118, 1]
) FEED SYSTEM 2514,
PRES. AND VENT 1746,
SUMPS & VORTEX CTL 220,
PNEUMATIC & PU SyS 237.
)
) AVIONICS ( 800. ]
) DEOJRBIT SYSTEM { 2535, ]
> MISCELLANEQUS I 0. ]
) ...............................
SUBTOTAL DRY WEIGHT 68170,

SUBTOTAL DRY WEIGHT 68170,
GROWTH/UNCERTAINTY 5113, 1
DRY WEIGHT 13283,
RESIDUAL PROPELLANTI 5461, ]
TANK UNDRAINABLE 400.
FEEDLINE TRAPPED 307,
PRESSURANT 3254,
PU BIAS 1500,
INERT WEIGHT 78744,
USABLE PROPELLANT { 1650000, 1
TOTAL GROSS WEIGHT 1728743,
LAMBDA=WPROP /WGRJS55= .9545
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TABLE 4.19-3
NR POINT DESIGN WEIGHT SUMMARY

REFERENCE: 2 DECEMBER 1972
MASS PROPERTIES STATUS REPORT

ITEM WEIGHT
-LB.

BODY GROUP 48,320
IND. ENVIR. PROT. 7,910
PROPULSION, ASCENT 7,090
PROPULSION, AUX. 3,100
AVIONICS 800
GROWTH 5,040
SUBTOTAL (DRY WT) 72,260
RESIDUAL FLUIDS 9,580
SUBTOTAL (INERT WT) 81,840
PROPELLANT - ASCENT 1,650,000
TOTAL WEIGHT - 1,731,840

LAMBDA = 0.9527

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST
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PARALLEL BURN-SOLID (2-156'") BOOSTER

TABLE 4.19-4
ORBITER HO TANK

REPORT MDC E0746
VOLUME |
28 FEBRUARY 1973

LAMSDA=WPROP/WGROSS: .9572

4-33

COMPLETED COMPLETED
ANALYSIS ANALYSIS
WTS. WTS.
BODY GCROUP [49,030] KLECT/INSTRUMENTATION [ 274)
FUEL TANK (22,603) BATTERIES 20
AFT BULKHEAD 3,559 POWER DISTRIBUTION 20
CYLINDRICAL SIDEWALL 19,044 ENW FIRING UNITS 29
OXIDIZER TANK ( 8,157 PU ELECTRONICS 10
PWD BULKHEAD 337 RANGE SAFETY 30
SIDEWALL 7,480 INSTRUMENTATION 17
BAFFLES 340 COAX AND WIRING 148
COMMON BULKHEAD ( 4,340) <
BOOSTER/ORB/TANK ATTACH (12.966)  DEORBIT SYSTEN [ 2,170]
NOSE PAIRING ( 46b)  GROWTH/U:CERTAINTY (2z) [ 1,265)
UMBILICAL PANEL ¢ 300) DRY WEIGHT 54,550
TUNNEL ( 200) . pygTDUAL PROPELLANTS { 3,854]
INDUCED ENVIRONMENT PROTECT. [ 6,546] TAKK USDRAINABLES 100
ABLATOR 5,344 FEED LINE TRAPPED 317
POAM 612 PRESSURANT 2,890
PRIMER, PAINT AND SEALER 90 PU_BIAS 547
PROPELLANT SYSTEMS [ 5,265)  INERT WEIGHT 68,404
FEED SYSTEM 3,430
PRESS, AND VENT 1,386 USABLE PROPELLANT [1,530,800]
SUMPS & VORTEX CONTROL 220 TOTAL GROSS WEIGHT 1,599,204
PU SYSTEMS 185
PNEUMATICS 56 W
- H“m’ - 0.9572
GROSS
Computer Output (Fixed Length)
EXTERNAL TANK WEIGHT SUMMARY
COMMON SULKHEAD=LOX FWD
WEIGHT WEIGHT
-LB. -LB,
BODY GROUP { 49203. ) IND, ENVIRN, PROT, ( 6416, )
FWD TANK C 8747, ) NOISE FAIRING 650,
FWD BULKHZAD 812, FWD CONE & CyL. 0.
CONICAL SECTIOW 3904, INTER TANK 0.
CYLINDRICAL SECT. 4230, AFT CYL & DOME 8766,
AFT BULKHEAD 0.
INTER TANK SECT. ¢ 0. ) PROPELLANT SYSTEMS [ 5269, )
AFT TANK ¢ 29157. > FEED SYSTEM 3442,
FW¥D BULKHEAD 6658, PRES. AND VENT 1366,
CYLINDRICAL SECT. 18723, SUMPS & VOITEX CTL 220,
AFT BULKHEAD 3171, PNEUMATIC & PU SYS 241,
ORB/BSTR/TANK ATT.( 10398. )
NOSE FAIRING « 362. ) AVIONICS { 274, 1
UMBILICAL PANEL < 300. > DEJR3IT SYSTEM (2208, )
TUNNEL ¢ 200. ) MISCELLANEOYS t 0. 1}
BAFFLES~-LOX [4 339, ) ~escccccceccccncecc e ne s -
SUBTATAL DRv WEIGHT 63370,
SUBTOTAL DRY WEIGHT 63370,
GROWTH/UNCERTAINTY {1267, )
DRY WEIGHT 64637,
RESIDUAL PROPELLANTI 3853, 1
TANK UNDRAIVASLE 109.
FZEDLINE TRAPPED 317,
PRESSURANT 2890.
PU BIAS s a1,
INERT WEIGKT 68490,
USABLE PROPELLANT [ 1530809,
TOTAL GRISS WZIGHT 1599283,

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST
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DEVELOPMENT OF A WEIGHT/SIZING DESIGN SYNTHESIS
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TABLE 4.19-5
MDAC BASELINE COMMON BULKHEAD
(Fixed L/D Case)
EXTERNAL TANK PROPELLANT INVENTORY

ITEM L OX LH2
PROPELLANT WEIGHT-LB.

ASCENT (INCLUDES FPR) 1312114, 218684,
START PROPELLANT 7414, 1441,
SHUTD AN ADJUSTMENT 150, 27.
FEZDLIVE RZSIDUAL S18. 284,
CHILLDOWN RESIDUAL 13 4. 5.
ENGINE RESIDUAL 1072, 75,
PU BIAS 0. 547,
TANK UNDRAINABLE 0. 100.
PRESSURANT 1740, 795.
NOMINAL LOAD 1323537, 222020,
LOADING ALLOWANCE 132385, 2220,
MAXIMUM LOAD 1336772, 224240,
PROPELLANT BELOW TANK - 13082, - 365,
MAXIMUM LOAD IN TANK 1323650. 223875.
PROPELLANT VOLUME-FTJ
PROPELLANT VOLUME IN TANK 18644, 50881,
TANK VOLUME FOR FLUIDS 15015, 51898,
VOL. DISPLACED BY LOX FEEDLINE o, 227,
TOTAL TANK VOLUME 190186, 52125,

THETA Xe===-- X X .
X X . X X .
NR..X ND X..0R O X ReeoX D
se X X . X X o
e e o X=mome- X X .
ee JHOR, X X X X X X X X X X X X X X XX X X o==""
HN--,.-- JHCO. +HR. .
fimm=H Ll oHO=-ym-m=mmmmmmmmmsans HH === === HR.
SRR s L=HN+HC+HO+HH+ HR= === === == mmm e = .

Lz 1692.0 IN., D= 339.6 IN. L/D= 5.0 Rz 196.1 IN, HR= 98,0 IN,

NR- 25,0 IN, OR= 128.,7 IN, OD:z 222,99 IN. HOR= 64,4 IN, HCO= 160.3 IV,

ND= 47.0 IN, THETA= 20. DEG. HC= 402.0 IN, LCON= .0 IN,

HO= 131.3 IN. HH= 994.2 IN. K= .00 IN.

LOAD ALLOWANCE=z]l.0l LOX ULLAGE=1,02 LH2 ULLAGE=1,02

LH2 TANK VOLUME= 52125, FT3
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TABLE 4.19-6
MDAC BASELINE DESIGN
(Fixed L/D Case)

EXTERNAL TANK WEIGHT SUMMARY
COMMON BULKHEAD-LOX FWD

WEIGHT WEIGHT
-L.B. -LB.
BODY GROUP { 49219, ] IND. ENVIRN. PROT. [ 6414, 1}
FWD TANK ( B8747. ) NOSE FAIRING 651.
FWD BULKHEAD 613, FWD CONE & CYL. 0.
CONICAL SECTION 3313, INTER TANK 0.
CYLINDRICAL SECT. 4221, AFT CYL & DOME 5763,
AFT BULKHEAD 0.
INTER TANK SECT. ¢ 0. > PROPELLANT SYSTEMS [  5266. )
AFT TANK ¢ 2si72. ) FEED SYSTEM 3439,
FWD BULKHEAD 6671, PRES. AND VENT 1366,
CYLINDRICAL SECT. 18723, SUMPS & VORTEX CTL 220,
AFT BULKHEAD 3778. PNEUMATIC & PU SYS 241,
ORB/BSTR/TANK ATT,.C 13100. )
NOSE FAIRING ( 362, ) AVIONICS { 274, )
UMBILICAL PANEL ( 300, ) DEORBIT SYSTEM { 2208, 1
TUNNEL ( 200, ) MISCELLANEQUS { 0. 1
BAFFLES-L0OX ( 338, ) =e-cemecmcsccescssoccrssesmossames

SUBTOTAL DRY WEIGHT 63382,
GROWTH /UNCERTAINTY [ 1268, )

DRY WEIGHT 64650.
RESIDUAL PROPELLANTI 3853, 1]
TANK UNDRAINABLE 100.
FEEDLINE TRAPPED 317,
PRESSURANT 2890.
PU BIAS 547,

INERT WEIGHT 68503,

USABLE PROPELLANT ([ 1530800, ]

TOTAL GROSS WEIGHT 1599302,

LAMBDA=WP ROP/WGROS5= .9572
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TABLE 4.19-7
MDAC BASELINE SEPARATE BULKHEAD
(Fixed Length Case)
EXTERNAL TANK PROPELLANT INVENTORY

ITeEM LOX LH2
PROPZLLANT WEIGHT-L3.
ASCENT C(INCLUDZS FPR) 807514. 1534586,
START PROPELLANT 1015, 372,
SHUTDOWN ADJUSTMENT 150, 87.
FEEODLINE RESIDUAL 9518, 256.
CHILLDOWN R=ZS5IDUAL 272, 1o,
ENGINE RESIDUAL 1072, 75.
PU BIA3 0. 336,
TANK UNDRAINASLE 300, 130,
PRESSURANT 1071, 489,
NOMINAL LJAD 212312, 136321,
LOADING ALLOWANCEZ 8123, 1363,
MAXIMUYM LOAD 820435, 137684,
PROPELLANT BzZLOW TANK - 12538, - 351.
MAXIMUYM LOAD IN TANK 807838, 137333,
PROPELLANT VOLUME-FT3
PROPELLANT VOLUME IN TAaNK 11379, 31212,
TANK VOLUME FOR FLUIDS 118086. 31838,
VJL., DISPLACED BY LOX FEEDLINE 0. q.
TOTAL TANK VOLUME 11606, 31836.

EXTERNAL TANK DIMENSIONAL DATA

--------- XX XX XXXYXXXXXXXXXX ====-

THETA X------ X X X .
X X . X X X .
qu..x PJD X..OR O .l.x x..OLCON R...x D
ceeX X . X X X
ce o Xemme-- X X Xe W
ee JHOIRGX XXX XXXXXXXXXXXXXX o==--
HV¥--..-- .HCO. HR.. .
eem==HC== ,=HO==,  ,=-==--===-=---- HH== ===~ .HR.
emmmmmm e L =H N+ HC+H O+ HR+L CON+ HH+HR= ===~ == .

L= 1470.9 I4, D= 306.4 IN. L/D= 4.8 R= 176,35 IN, HR= 82,4 IN,
NR-= 33.0 IN. OR= 103.1 IN, 0Dz 178.,5 IN., HOR= 51.5 IN, HCO= 238,5 IN.
ND= 63.8 IN. THETA- 15, DEG. HC= 452.7 IN. LCON= 20.0 1IN,

HO= 60.3 IN. HH=  736.5 IN. K= .00 IN.

LOAD ALLOWANCE=1.0l LOX ULLAGE=1.02 LH2 ULLAGE=1,02

LOX TAaNK VILUME:- 1160S. FT3 LH2 TANK VOLUME= 31836, FT3
4-36
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TABLE 4.19-8

MDAC BASELINE DESIGN
(Fixed Length Case)

EXTERNAL TANK WEIGHT SUMMARY
SEPARATE BULKHEAD-LOX FWD

30DY GROUP (
FwD TANK (
FwD BULKHEAD
CONWICAL SECTION
CYLINDRICAL SECT.
AFT BULKHZAD
INTER TANK SECT. (
AFT TANK (
FWD BULKHEAD
CYLINDRICAL SECT.
AFT BULKHEAD
ORB/B5STR/TANK ATT.C
NOSE FAIRING (
UMBILICAL PANEL (
TUNNEL (
BAFFLES-LOX (

SUBTOTAL DRY WEIGHT

GROWTH/UNCERTAINTY [

WE IGHT
‘LBQ

50505.
10665,
357,
4608.
1652,
4037.
4754,
26590,
3704.
189570
3517,
7173,
292,
300.
446.
267,

]
)

o

et Nt Nt s

DRY WEIGHT

RESIDUAL PROPELLANTI
TANK UNDRAINABLE
FEEDLINE TRAPPED

PRESSURANT
PU BIAS

INERT WEIGHT

USABLE PROPELLANT [

- O A Ak N N s YN G WD T R I @ o W @S -

TOTAL GROSS WEIGHT

LAM3DA=WPROP /WGRO55+=

REPORT MDC E0746

VOLUME |
28 FEBRUARY 1973

WEIGHT
-LB.
IND, ENVIRN., PROT. [ 5330,
NOSE FAIRING 53€.
FWD CONE & CYL. 0.
INTER TANK 1298,
AFT CYL & DOME 3496,
PROPELLANT SYSTEMS [ 4518,
FEED SYSTEM 2475,
PRES, AND VENT 1594,
SUMPS & VORTEX CTL 220,
PNEUMATIC & PU SYS 229.
AVIONICS ( 345,
DEORBIT SYSTEM [ 2246,
MISCELLANEOQUS { 0.
SUSTOTAL DRY WEIGHT 62943,
629543,
3%02, 1
668486,
2903, 1]
400,
307,
1859.
336,
69745,
942100, 1]
1011849,
9311
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4,20 Program Listing - The following pages contain the complete External
Tank Module FORTRAN program listing (Table 4.20-1).

TABLE 4.20-1
PROGRAM LISTING

12:03 FEn 24,173 1082157

—.-J1B8 45

41512 __.

CIVTT (432E3), (ACCOUNT), (€993, (T1,3 1»(LBs120 )2 (PSs200 )»(T5,500 1, (97+0)

PCL

CRPY TKSIZ3 T9 LP(K,NC)

1= «3500 SFLALGRYETLSIZAY
’ - 1700 SFIXED
3. = 2,220 C THI3. PRIGRAM £9vPUTES_EXTERINAL (LAX/LH2) TANC DIMENSIANS
4 = 3,790 C AND NEIGHT KNRWINT MIXTURE RATIS,USEABLE PRBSELLANT
5 = %¢200 C LAY AND ZITHER QEZ3UIIED TANK L/DsLENGTH BR NIAMEITER.
ho= 3729 [P ICIT REAL(A=2)
7 - 34522 INTZ5ER ]
A = %120 DIMINZTIAN 4FX(9)
1~ 2:220 &ﬂF(a):NB(qlaFHCT(9):HﬂXJBJJJFLSLLliLHLAAFI91-MQIQ)-
17 - 24700 AIHCT ()2 WLDF (D) s Wi DB(3)
1 o- 2,700 NAMTLIST
17 = 12720 LS ﬁl.LI:LD.VP:N).T4ETA-HHI;BQSPH.MQI.UPERB;LA.FSDQESnBPRES
13 = 11300 &.Fuﬂﬁis.5J=RES;TH?:.1SPBTcLFoDF.LCBNnBLKHDan:<.JPERF:
16 = 12730 K#“IAS:FS-uXL;VXSufTU:E;P?D°BQ:RHB;TMIN.REoﬂloRL:
13- 132220 A&VCYDSIJCTQSJLCTPSICYTESLlNlESLD“qu‘Flxn“T‘GdP‘
16 = {14730 &QFY7Vo?FTYSP:AVISVnHISCoAFT;THBSLpVN:CANT-BGLBd:4RI
17. = 16207 A0 INPUT D)
19 = 17790 TE(AFTNELD) 39 79 11
12 = 1R+200 539 T8 1?7
PN - 1%.5390 C SCT LTX AFT(INVERT MR K SWITCH DENSITIES)
21 = 13.202 11 vReLe/MRD
7 = 124100 XFJ23s9PRES
23 = 13.220 XF32229PRE5
26 = 13.3090 XN USRsFYPRES
25 = 12.820 XPeFARES
24 = 134520 XPII9= JOERF
27 = 12.400  XPEIFYPERY .
e = 274920 FENINe7]1e
2h .- 21299 INSNmbe b
N - 21320 3% 79 17
- 21420 C JASTLINE L9X FIIWARD . N
32 - 224300 12 FNIN=bek
33 - 232,000 ANENS71 e -
W - 323.59) CETRES
3 - 23.420 C INITIALIZE DIMENSIONS DFeFIXED DIAMETER)
Ik - 23.7250 C LFeFIY¥ED LEN3TH LOsFIXED L/DjLT,HHT ARE
17_- 234820 C INITIAL RUESSES S ,
29 - 244700 13 44l
2 - 24e{DD__ ____ FUELsPRRPL/(LlesMR)
4N - S4e29) 9x ] YeF YL eM4R
sl = 26.370 IF(LFeZ7e0s) G2 T2 5
42 = 244400 TVA_eF JEL/FDENSIXID/IIEN
43 - 244590 e (TVIL®1728e) /(e 7R54aLF))wse5
44 = 2440090 5 JF(YFesGTeNe) L' 13
~ 45 = 27+720 _LeLt L
4h - P%+200 1F{_Fe3TeDs) Le_ ¥
47 - 22.700 10 IF{LDeGTeDe) Ne /L)
4 - 32020 pLILYER 24
- 17590 C CAL=JLATE 9EAFNIENT DIMENSIANG;THETA IS FWD
57 = 174530 C CANT ANGLE INPJTTFED IV DEGREES
81 = 31000 15 IF(3L<4Ne5Te20) 63 T9_16
57 - 12,7939 NDa2 ¢+ NR#CSS(THETA/5702958)
53 = 332990 16 4Ce{e58%ee5eND)/TAN(TAETA/S5742958)
54 = 440900 IeD/IJenne5
55 = 353000 HRe4] =R
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TABLE 4.20-1
PROGRAM LISTING (Continued)

REPORT MDC E0746
VOLUME |
28 FEBRUARY 1973

54 = 36200 IF(3L<<4De3T2e) G2 TY 17

57 = 37720 4CYa4C#e 1364 /SIN(THETA/572958)

58 = 3R200 GDu)e2e a2 TAN(THETAZS7 0 2958)

37 = 334900 9R832/3ewu0e5

62 = 43.200 H7%me509R

[ 41e00) HNEBRe s Sa{ken n02eNIwu2)aned

L 41.530 C CALZJLATE DESFNDIENT VILUMES

63 - 427090 VOLFEe P4 I RaNZ 8 {Dne2+DeBD4+B0e2)

44 = 43,200 VIL381e0472847 0020 (3. 48R40}

RS = 44en0) 39 79 1R

e - 454700 17 VOLT8eP241RuHTo(Dou+DaNDeNDwe?) _

67 = 464700 18 VAL Aa]eQUb7244Run2e({JesR=HR)

K2 = 47.790 VL Zes 7RK4eDsePeqI=vELA

69 - 4ReNDD TF{.<AN5Te1e0) VvALLCUVOLA

70 - ua_.'\ﬁ:) _~_VHL')QV"0LA B .

71 - %9599 C TALZJLATE PRIPELLANT JNVENTORY

70 - 5249990 AFLYASTHRY/ISPIT

73 = 5337900 SFLAANXSOF( MW/ (1e44R)

74 - 344000 SFLINYRAF IneMR/ (1 +4)

75 - 54590 C FUEL. INVEMTHRY

75 = .32+000 FSTART=2425583F 84X

77 = 344020 IF{3XsNEel1e0) FSTARTRREwAF IWX

72 - 573020 FRY)Tee19653F AWK B

77 - 3R¢7200 FEZOFmenNIRIeDeIF_ FWX

Ry = 53790 FOHILL®e01355#3C 94X .

Ry - §2¢7270 IF(aXsNEe1s()) FCHILL®eD435#0F BWX

R? =  41+72) FIvame 16341 89F  IpX

R = 42,700 FA[ASE«NIPSeFEL

Ry = 532790 [F({42]4543Tede) FITASsHBIAS ~

R = 444990 FRRAINEI DN

R& = 63730 FAE JaaFSEdF¢FCHI_L+FING _

Q7 = 466700 DTSIVFi8eNINCIB2 e (HH=HI) #BF L AAY

R 47.799 __IF(3L<4Y43Te1.0) D15PVFRD.

- 574120 IF(ASTeEND0) 33 T9 35

91 - 474230 JPEIF s xIELE - —— .
91 = 47.330 FUBRTZwXF 2R

an = 574420 FAPITSeXFHAR

93 = 474530 TORT33eeNN132680 YL #F JPRES /18 ) - T
oy = 574490 FRESeeDNUST7EUIC w(JPEIF+ A=De ) #FOPRES/300

a3 = 574790 3 TY 24

A4 = 5%.700 35 FPRISSeeII6INSFYT #F JPRES/4] _ B
a7 = 43.739 FRESme 2447 FIE w{ UPERF 4 A=20 ) #FBPRES/ 400

99 - 59.530 C NAMINAL FUZL L94AD . L .
ag = 739300 36 NIVE YL aF UE 4CCTART4FSHUTHFEEDF+FCHILL4FENG+FIIAS+FDRAIN
100 = 71200 E+FPIE3S

101 - 71500 C FUE. LIADING AL_SWANCE

107 = 72220 FAL SasNOVF el _Aels) L
103 - 73790 MAXE ) sNBUEU_STALLOW

1064 = 73520 C MAXTUMIM FUEL TN TANK _ N
195 = 74¢000 MAXT ] TeMAXE_=F3EL W

126 = 76532 C FUEL VRLUME
177 - 754999 FUVALsMAXFIT/FNEN

S 10R - 735500 C AND FUZL JLLAGE vapLuMe _ e

107 = 764700 TEVELsFUVIL # JPERF
110 - 7645200 C ADD VoL DISPLACED BY LU8X LINE 1F COMMEN BLKHD DES
111 - 77200 TFVITsTFVFL+DJ]5PVF
112 =  77.500 C AXY3EN INVENTARY
112 = 7R.9300 ISTARTEP2e7312%9F LAWY
114 - 73.300 IF(3XeNEe1s0) ASTARTS382+BFLOWY . _
115 = 83900 BCHJTE s 0S4589FLINY
115 = 31000 FEEIm e 34KA#IFL WY
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TABLE 4.20-1
PROGRAM LISTING (Continued)
117 - 31249090 SCHILLE« D304 4u9F INY
112 = 3349590 IF(aYeNEw1e0) 9CHILLE«102583F L 8AY
119 - 344000 9INGwsuNISREIFLINY
1717 = 2354209 §NRAI NS
121 = R6+1930 IF (L <D e5Tele) $DRAINSI0Q.
172 = 274220 SLINE=e00ub e (HH=HR ) #3F BAY
123 -~ RR.7209 TF(3L<HDe5Te1e0) OLINSmeDOUE® (HH+«SaD+LCON) #8FLIAY
126 = 33.700 9RE_ 9. e9L [NE+FEEDI+CHILL+IENG
123 = R3¢109 IF(AFTEN.Ds) GY TY 37
124 = 13.23) JPE%eXPERY
127 = 23.370 9()PTSax9)2R
122 = 33.400 9PRIS=X9PY
129 = 294339 IPIT55we 03634 INIDNIIPRES /4D
130 - 23400 IRESe e I2K678IX T I8 (JPERT+ _A=20 ) #BPRES/4D. )
131 - 23.799 39 19 3% o
132 - 33039 37 9PRISCeeNN1324#3IX] D48 JPRES/18.
137 - 31.970 YRTIe e DNU5ToaX D8 (UPEIN+ A= ) #BPRES/ 3D
130 - 214520 € NAMINAL 8XYGEN | 9AD
135 = 724799 3% NIMIXL e IX D+ IGTART +9SHUTHFEEIB+BCHILL+BENG+O2RESS+IDRAIN
174 - 72.399 C IXYIENV LRADING ALLIWANCE
177 = 3799 . FAL_FesNAMIXLe(LAel)
137 - 344790 MAYAY[ eNBUAXL+FALLIW
1737 = 44320 C MAYTMUM IXYGEN TN TANK
140 = 25799 MAXS ] TaMAYIXLeRTEL W
141 = 15.570 € 9XYSEN VAL JME
142 = 24,2300 AXYILeMAX ] T/ANEN
- 187 = 36890 € ADD 9xYSEN YLLAGE VALJME -
1e4 = 374030 TAVEL »9XVn_» JPERY
143 = 37.590 C FUSL TANK HEIRHT AS FUNCTIAN 9F TOTAL FUEL TANK VIL
145 = 375600 C QEIJIREDN LISS PRIEVIOUSLY CALC DEPENDENT VALUMES
167 = IR 900 HHe (TFYITa172ReayaLA=VILL) /(e 7RE42Da82)4HR
148 = %500 IF (4oL TexHR) HH=dR
_ 147 = ?'-1.'\:)0 JF (AL <N e T 2e) VQLGI)‘
151 = 33,530 C 9¥Y TANK YL HEIGHT A3 FJUNCTISN BF TST 9XY TANC V6L
151 = 73.470 C RTUJIRED LISS PIEV CALC DE® VBLSJIF CBVE IS 313
152 = 39,700 C €U )3+ CYL WIIGHT (H8) IS SET EQUAL T8 ZER%.
153 = 197700 4 e (TVFLe172Pe=y3LD=VALF=VALG)/(+78548D8s2) o
156 = 171+290 IF{49¢LTeDe) HRuDe
185 = 122710 IF{3L<H4De5Te2e) HNEDe
TR& < (32870 C PRLZJLATE 3vERa L TANCTENSTH
187 = 123.200 L1mAN+HC +{+4+4R+~9
158 =  1)4e7990 IF(AL<4De5Te1e0) L1sL1+HR+LCON
187 = 174,200 C ITERATE T3 RENUIRID DIMENSIANAL CANSTRAINTS
167 = 1175.220 IF(A3S(L1=L)eLTols) 33 TS 20
161 = 173520 _ IF(LFeGTede) Nadeli/LF
TTTTIRT ST 60 IF(DFeGTede) Loy
153 =« 177.9700 IF(YF«BGTads) (9 T3 15
164 = 173700 1F 9e5TeNe) [Lo(L14L) /20
143 = 112200 59 79 10
164 = 111200 20 Lsld
147 =  111.590 C CALZJULATE PRIP INyINTIRY SUATITALS
142 = 11{2.933 JNDIANEAIRAINSFIRAIN
167 = 113290 FCTITReFECIFwa33I+FEIDA2418
172 = 11#+700 ORG JITeEPITGS+FICI+APITTG+RES
171 = 113330 ESIITUNIIANSFIEITR4ORSJRT+FATAS
172 = 115300 C CALS [ESULTING VILS FIR CHECC AGAINST REQD VALS
173 = 12747330 Xy, r-(veL34vﬂL»ovaLJouao-785@ggggg111~25-
174 = 1214300 FUV_ER(VALASVALC+(HH=AR) #+7R54aD802) /1728
175 = 121.500 C CALZJLATE LIFT=3FF BXYZEN HEAD WEI3HT;IS HEAD A3IVE
176 = 121400 C 98 3L 94 CINE/CYL CAONTOUR 3REAK
177 = 122.200 41 a(IXVAL#172Re=VILA}/{e7R548Dua2)
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TABLE 4.20-1
PROGRAM LISTING (Continued)
178 = 123.1790 IF(481e3T«4n) G T9 21
179 = {24090 59 T9 24
187 = 124.570 C IF YZS ITTRATE FA HEAD HEIGHT IN CONICAL SECTIAN
T IHT = 15305937 31T AfH1ed3tedd
{82 = 1244700 IXVILImINYAL #1728enVILAHOS o TRE4ODNRZ L
182 = 1276700 22 DlsV=Pendn41#TAN(THETA/5742958)
184 = 128990 VNlmePh1RarHD41 0 (Dee2+4duDleD10e?)
1R5 = 123.0290 TF(A35(9%y9L1-VvI11eLT+100¢) 35 TO 23
1RA = 130090 H8H{s(3IxVaLjeH941) 7V
1R7 = 131.290 39 19 27
18’3 = 132932 23 AR g0 +.47
183 = 133709 37 T9 25
197 - 136709 e 4R da49]
191 = 134.520 C CALCJLATE LIFT=3Fc FJSL HEAD HEIGHT
192 = 134.44D3D 23 [F({<4<4+E7exR) 5G9 T9 51
7837 = 135.970 TTTTEHe (VAL A1 72ReaF JVAL) /(1 72Re#DISPVF/ (HHeHR )= e 78540D0n2)
194 = 135+190 539 19 52 -
195 « 1335290 51 HAFHB(VALA=172R«#FUVOL)/(=e7354sDes?)
194 = 135.590 C a¥Y JLT UL_A3E PRISSUIC o }
{97 = {3%.000 52 PUL_9=FSe#gPRES
19 = 134.532 C FUEL JLT ULLAGE PRIESSJIRE
{7 = {37953 BJLLFeF2er9PRES )
207 « 137.5°0 C ayy AFT ONvE LY LIFT=9%FF HEAD PRESSURE
541 = 1RGN UMY e (HA+HR I HIDTNWNX #FS/1728, B B
535 =~ 13R.852390 C FUSL AFT NIME ULT LIFTe8FF HEAD PRESSURE
207 = 133%.79) FHOMY e (HF 4+ HR) #EDENSNX| #FS5/1728,
24 = 133.890 € 2NN STAGE FUEL L9AD
a5 = 189.730 FUEL28PAB92/ (e +4R)
2n& = 149590 C 2ND STAGE IXYREN L8AD
A7 = 1414700 IX[I2=FUELP#MT
278 = 142,703 ¥FULDeFUE D+MAXF [ T=F I =FSTART=FCHILL
557 = 143.990 YAXI2 e AX[N2+MAXI [ T=AX]D=8START=-NCHILL
P17 e 143.520 C  2ND STARE FUEL VOLUME
511 = 1442090 VXF2xFUL2/FIEN
212 = (444590 C 2ND STAGE IXYREN VALUME - e
217 = 1451720 VX928)3XD2/BIEN
214 = 1434330 C 2ND STAGE FUEL HEZAD HIIGHT o
215 = 145500 1F{44¢E%e¢<) GR T9 B3
214 = 1444770 HFH2m (VALA=17PResyXF2)/(172R¢8DISPVF/ (HH=HR)=17854eD0ep)
717 = 16%.120 39 T9 54
218 = {45%.790 52 HAFHOB(VALA=172ReaVXF2)/(=sTR5H0D82) _ .
212 - 147700 sS4 [F (442 eLZeDe0) =EH2EI0
227 = (474520 C “AL=JLATE 2ND STASE 9XYGEN HEAD HEIGHTIIS HEAD
221 = 147.622 C AR3VT 9% 3E_ 9w CONE/CYL CONTIUR BREAK
P27 = {4ReDH0O0 HN2a(VXO2417PReesVILA)/ (e 78540D00?)
PO = IRIAYY T T {F{49%.5T.4p) G Ty 23
P24 = 133700 3% T8 29
225 = 132.530 C 1F ¥Z5 ITZATE FOR HEAD HEIGHT IN CBNICAL SECTISN
224 = 131973 24 EGEME ELELRIE . et e —
277 = 1324020 AXVYLPaVXR2u1728e=VILAcHB R 7RS4 0DRS2
PR = 133.7790 2?7 NoaY=FenHadXeTAN{THETA/57+2958)
577 = 154790 TTVR2ae A1 448X (Deu2+430D2+D2002)
“P3n = 133.700 IF (A3S(9Xy3L2=v92)eLTe300e) G3 TH 28 I S
231 = 154000 4RHXE (AXVRL28H8-X) /VE2
232 = 137000 3% T9 27 B
231 = 15R.300 28 4942849 X445
P36 = 13%4100 30 19 59
733 = 15R%¢200 293  H0H48492
234 = 138,300 C 9yY AFT DOME ULT 2ND STASE WEAD PRESSURE _ -
237 = 1394000 50 3HIM2s (HARD+4R ) s9IENSNXSHFS/1 728
237 = 139.500 C FUEL AFT 294E ULT 2ND STAGE +EAD PRESSURE
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TABLE 4.20-1
PROGRAM LISTING (Continued)

237 = 1424700 FHIMP e (HF 424 4R ) #FDENSNXS#FS/1728
P40 = 1474590 C JLT 9xY AFT J8MZ JULAGS+HEAD PRES EITHER LIFT=
P41 = 1574890 C  9FF 93 DN7 STAGE J+JCHSVER 1S GREATER,
P47 = 1514710 PADIMaRULL 9+ IHIM]
243 = 142000 IF{94DM2¢3Te9HIML) PIIOMePJLLI+5HDOM?
Sun = 142,590 C ULT FUSL AFT D9MZ ULLAGE+HEAD PRES EITHER LIFT-
P85 = 182400 C 9FEF 33 2NN STASS NHICHEVER IS5 GREATER,
P46 ° 1434000 BEAgUEP YL F+FHOMY
P47 = 1544900 _ IFU(F4DIM2,.5T«FHNMT) PFO3Mep )| LF ¢FHDYP
P4’ = 1644520 C INTTIALLY SET WwT'S § T'S T3 2ER8 BEFHYRE BEGIWNING
P47 =  144ekN0 C MULTI=STATIBN ANALYS]Se
P81 = 1434320 WEYe0e
PR1 = 144,700 A% w0l
fED - 167730 ALNTX8De
P37 = 18%eMQD_ __ ALDIXeDe .
PS54 = 1494730 TAFaDe
?55 = 173.700 TARaDoe
P46 = 173.520 C MULTI=STATIEY ANALYSIS (FUEL TANK REFERS T3 AFT TANK
2587 = 173.430 C AND AxY TANK REFERS T9 FWD TANK; THE REVERSE IS LITERALLY
PR = 172,790 C TRJT FAQ TWE L9X AFT 9PTIBN 3ECAUSE 8F LINE 1Re5
PR e 177800 C__ AT 3ESINN[NG OF PIAARAMI THE FWD AND AFT TANCS_A°
P47 « 179.930 C THERZFIRE AVALIZ’) IDINTICALLY IN THE EVENT THAT THE FwWD
A1 = 177+310 C Tr 15 LARGS AND THE AFT TK IS5 SMALL AND VICE VERSA)
PR2 =~ 1712020 28 R4 1s1,9
263 = 172.000 4F e 4= R
Phi = 172,590 C SET QTATIAN LACATIONS FAR FUZ|L TANC CYL WALL AVALYSIS
285 = 17%.000 _ HAFX(1)se1PBa(]=1)eF
286 = 173,300 C CALZJLATE Fyzl T« CYL wWALL HEAD PRES 9 HFX(I)
P67 = 173420 C ARAVE CYL 3ASE 3y CHMPARING WITH LIFT=8FF AN)
22 = 173.750 C M0 STAGE 4EAD HEIGHTS AS CZALCULATED PREVISUSLY
267 % 174900 FHCPu (HF H2=HFX (1)) #FDIN#NXS#FS/ 1728,
277 = 1754000 FHCI s (HF HadF X (1)) uFDENONXL#FS/1728¢«
P71 = __175%.000_ CIF(THCILLTeFHCP) 3% T3 59
27~ 177000 FHCymFHCY
P73 = 178270 5% T% 40
274 = 173290 59 FHCXeFWC?
275 = 1’82.7290 60 [F(S4IXeLEeDe) FHCXaD0
P74 = 1312.570 C AND FUSL JLLAGE PRESS T8 RESJLTING HEAD PRESQURE
277 = _191.000__ _FHET (1) aFasx+PULLF
272 = 131520 C SCT STATION LCATIINS €] 9XY TANK CYL WALL aNALYSIS
277 = 132.090 HoX (1) ma1PSe{]ay)aH?
PRMY = 132,070 C CALZJLATE 9xY TxX CYL ~ALL HEAD PRES B H3X(1)
281 = 183.190 C AHAYI CYL AASF 3Y CAMPARING AITH LIFT=8FF AND
PAD e {RY.200 C 2ND STARE HEAN 4EIGHTS AS CALCULATED PREVIBUSLY
°PRY = {34.000 JHCP R (HADHPEHIX (1) ) #RD2 NeNXSsFS/ 1728
R4 = 137.000 T9HT w (4AH=HOX (1)) ¥ IDENSNKL#F5/1 7280
PR3 = 17,000 IF (341« TB4CP) 3% T2 63
PB4 =  1%3.19) 94CxXe ALY
PR7 = 139930 39 7Y &4
PR2 = 1714790 43 34CX=HC?
227 = 172909 4% JF(I4CXeLEsDe) INCXe0e e .
789 = 172.320 € T ARY 9xY ULLAZE PRISS TY RFSULTING HEAD PRESSJRE
291 = 133300 FHCT (1) = INIX+PULLY
792 = 133530 C CALZJULATE FUEL TANK BINDING MBMENTS
293 = 134920 ME(T)eDe
294 = 174.370 C CALZJLATE 9XYREN TANC BENDING MBMENTS
295 = 135.700 M49(1 )0
294 = 135,500 C CALZJLATE FUEL T THIZ<NESS REJUIRED DUE T8 JLT 3RES
297 - 1944700 TF(1)eF4CT(1)eDeeS/FT)
293 = 134,835 C CALZJLATE XY T« THICKNESS REQUIRED DUE TOB ULT PRIES
293 = 177.2300 TRLI)«3HCT(])aDeeS/FTY
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TABLE 4.20-1
PROGRAM LISTING (Continued)
Y = 177.500 C CHE~K FUEL T< THIZKNESS K SET » OR GREATER TdAv TMIN
01 = 173R.N00 IFCTE(I) LT« TMIN) TF(I)=THMIN
302 = 13%.500 C CHECC AXY_TK THICCNESS & SET w AR SREATFR THAN TYIN
3N = 179.200 IF(TH(IIaLTaTHMINY TO(I)eTMIN
ape - 1729.830 C CALZJLATE JLT LIFT=8FF 5§ 29D STAGE AXIAL LYAD USE
IS = 199.600 C WH]ZHEVER [S RRIATER.
04 = 297003 AL1=MAYB]TeFSsNXL
207 = 231.0290 ALPEXOXDPuFGHNXS
0P = 2222720 AleaAll ..
57 = 273720 IF(ALZ»53TeALL) ALeALZ
A1~ = 233.500 C CHICC MARGIN AF SAFETY FOR COLUMN SUCKLING F3R 3e4e'S
311 = ?73.430 C AND AXTAL LBAD WITH INTERNAL PRESSURE STABILIZATION
LR R DY Salole) FRaTae5#D/TF(])
13 = 223,900 FLOQu ([ =HC=HI=HN=<FX{1))/(+5%D)
{4 = 2164900 IxTeERAT
315« P37.200 LX2aFL AR
Y4 = PIR"DD TxeTF{])
A7 = 2139.000 PRE3eF YPRES
318 = 2132090 MX=uF (1)
U = 211909 59 T3 71
A7) = 2124000 59 IXTaIAT
21 = 213,030 LXRa3 .39
2P0 = 2144700 TYeT3(1) -
Py = 2154020 PRT38IYPRES
s = 216200 X843 (1)
3P~ - 217909 AL®7e
9 = 217530 € LURVE FIT 9F RARJHN'S 3RAPHS
927 = P1R.739 70 JF(_¥3+3T.1+0) 39 TH 73
PR - 2130090 AB74361P7+e260R628 L XR
297 = 2224000 TF(LXReG3Terpb) 3% T8 71
33~ = 221.230 Es7.2640347¢937520XR
231 = 2224900 6% T9 79
33> = 223.0930 71 JF(_XRe5Tes6) G3 T 72
333 = 224.700  F=3.34345
ERUEE - ¥ o ke Je] 59 19 7° _ S -
933 = 2244000 72 Fe2.62{81=¢531768 XR
274 = PP7.020 67 T3 79 . ) o
237 = 22%.009 73 IF{_XRe3Tebed) 38 TH 74
733 = 92349790 AsR.30524-06715658LXR
TTTTERY = 230.00) IF(LXReLT.2.0) 59 T8 72
W = 231700 75 FeR.PRRES-42121348LXR
4] = 232230 59 T8 79
w2 - 237.130 74 IF(_XRs5T«54D0) 39 T8 76
W = 2W.0DD Ae35.616R5
Jus = 23340990 59 19 75
45 = P1%.920 76 IF(_X5e3Te16e0) G9 TB 77
Juh = 2344520 A8k, 47279-0144R0RRLXR
47 - 237279 IF(_XRe TeReI) 39 TH 75
uv = 23%.200 7R FeR.25136=0133P758XR - S
47 = 233.700 54 T9 73
57 = 2472e000 77 _A®3.414043-40513658LXR
151 = 241200 G Ty 7R
352 = 2424300 79 Qa( XX/ (=e524947 XR=eJO74ET)
75 - 243.090 5ELYR/ (=e4P60788 XR=e)I8016)
84 = 242590 C CRITICAL STRESS CALCULATION _
955 =  P44.000 R0 FCITehAsPXTuuld
54 = 2434000 FroaF(RESE
357 = 246000 FORTaF#XTes5
A58 = 2474000 FAR=FAIE of - —
7357 = 24748950 C CORIECT FAR INTERNAL SRESSURE STABILIZATIGN
61 = PuR.IN0 PYEuPRESeRAT#aP/E
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TABLE 4.20-1
PROGRAM LISTING (Continued

/Y = 2434090 DELAX®RXT /(hek14358PXI+e603553)

KD = P53e0D0 JLFCRmDELaXeZnTX/054D

I3~ 2319000 FPT8PIIG»a58d /{28 TX)

W = P340 PAs(ElQeN ELAI+FPTI®2eIRUS 18D TX

365 = 233.000 DEL3Mes 376501 PXCuwe210492

R4 = 2346000 ALF3IMeDEL AMeEaTX/(o5#D)

347 = 233.900 MAR(F3R+DLFIAMIEPT)I#a7456122TX D002

Y = 235.500 C CALTJLATE MARAGIN 9F SAFETY AND INCREASE T [F INADEQUATE
3r3 = 2347900 RC3aAL /OA+YX/MA

A77 = P37.700 [F(T3+LTel1aD) 39 TH %1

371 = ?25%.0200 TXsTX+e201

A70 = ?33.030 AXTee D /TY

377 = 257030 5% 13 8D

374 = 251730 1 [FIT_9R«ET«LXR) 39 T3 RZ

75 = 252290 _IF(3L93«EQ«LXR)_ 39 T3 83

174 = P43.009 R2 TF({1)=sTX

77 = 253.520 C SiM FJEL TANC T'S FBR AVERAGI CALCULATISN

372 - L X ls ko] TAFaTAF+TE(])

77 = 2454009 3P8T=.S4D/T3(1)

I e 25647900 LA (HF=OX (T ) )/ e52D)

381 = 2674590 39 13 69 S — S

392 = P4RH)HD R3 T (1)sTX

327 = 24R%.530 C SUM 9XY TANK T'S F3R AVERAZE CALCULATION

IFu = 263 D0 TARsTAg+TA(])

335 = 2%3.3320 C CALZ FUEL TK CYL #ALL WT ADD +205 T8O T FBR MATL TOLERANCE
IRA = P73.000 AF(T)s({TF(1)+eNDS)83e141598D*s125s4F#RHY

387 = 271320 AF XaWdFX+WF(T) R S

389 - 271.500 C CALZ FUSL TK CIRCUMFERENTIAL wELDS @ 3¢5 WISE
38973 = 272.230 WLIE (1) (TF(]11+4305)#3+141594D#3¢58RHD

337 = 273720 WLDEXm W DF X+ ALDF ()

391 - 273.530 C CALZ 5XY T<C ZYL WALL AT ADD +205 T2 T FBR MATL TILERANCE
N2 = 2744920 WOLT)e(TA(1)++005)#3e141594D%:12548%R43

227 = 2754030 _AQYsAIXeW2(1)} . __

37 - 2734570 C CALZ aXY T< ZIRCUMFERINTIAL AELDS % 3.5 WIDE
393 = 274220 ALDI(I) e (T3(1)40005)#3+14159#Dw3e54RHE

294 ~» 277.92) ALDAXs WL DOX4ALDI(])

297 = 27990 R4 CANTINUE B
298 - 278,500 C YELITE I CIRC WILDS IF TK IS5 SHORT [eEe LBX AFT/FWD
397 = 973.00) IF(49:%Te44) 59 T3 85

4Ny = 237700 ALDAITew D9(1)+W_D3(9)

471 = 281200 ALNTTe W DF X

40?2 = 2824700 37 TY R4

403 = 233.M700 RS NLDTm WL DX

4ns = 234.030 ALDETawl DF {1)+W DF(9)

405 = 234530 € RTINS MINTMJM GAJGE

4n4 =  P233.97) R& AMINE]4s8TMIN

4nN7 = 2353.570 C AVEIAGE FUSL TANKC T

403 = 2384900 AVFTaTAF /3

407 =  214.530 C AVEIASZE 9(YGIN TANC T

417 = 2374790 AVATETA9 /7,

811 = 237530 _C___ _CALZ V3« 3F LONIGITUDINAL WELDS BASED ON. 156  WlJE SHEETY ~
41?2 = 283,000 C13wde141594)

413 =~ 233.2323 2" 37 1s1,5102

#is = 23974000 Sxa154en]

4153 = 231.300 IF(3XeGTeCIR) G3 T3 88

414 = 232.300 R7 CONTINJE

417 = 233.000_ 88 3EGeSX/135A... .. . o

419 = 273.530 C TALZJLATE INTFQeTANK 3ZCTION WEIGHT

417 = 234,000 TINTeT2( 1)

420 = 2354900 IF(TI(1YeLTeTF(3)} TINT=TF(9)

421 = 236020 WINT®#(3¢1415980+43:5¢525) 8 (TINT+e005)#(2+9HR+LHN)#RHD
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TABLE 4.20-1
PROGRAM LISTING (Continued)

422 = 237990 IF (3. <4YeZ2e1e¢N) AINT=De
Tup = P3R.200 C CALZTJLATE FUSL T LANSITJUDINAL AELD WEIGHT
424 =  7272+700 Lal)FsqF wSEGe50(AYFT+«005) #RHT
425 = 131790 [F(AL<4NeF el e D) LWL eH-44SE34e58(AVFT+e005) «RY
4p6 = 2714500 C TALZJLATE 3XY T< LINIITUDINAL WELD WEISHT
427 = 232.000 LVLYY=4945EG# 354 (AVIT+ 005 ) #RHE
422 = 332.530 C AFT £JS_ 3LKH4D THICKNZISS
427 = 2.700 TAFIePFIQYeR/ (PeaFTU)
437 =  2)4.030 TF(TAFQ TeTMIN) _TAFB=THIN
431 = 2A74.390 C AFT FJEL ALK4M ING ATA SIZED FOR ELASTIC STABILITY
432 = 3)33.03) VAF?'(PFDWWOQ/?-)-SIV(3O-/5702955)
437 = 376.79D AAFE s (MAF S (o58))e83/(FenE) ) n0eb
434 = 37749090 TF{AAFReLTeAMIN) AAFREAMIN
433 = 3173590 C AFT 9xY 8L<HD TAITKNESS
424 = 37%.000 TAY3mP9)IeR/ (2e#FTUL. . _
©37 - 300D JF(TASR L TaTHUTIN) TABB'TH!N
4371 = 3I)3.833 C AFT OXY RL<HD RIN3 ARZIA SIZED FOR ELASTIC STABILITY
477 = J12.200 NASRE(PID9Me /2 ) #SIN(3De/57+2958)
449 = 911099 AASQw (NAGiw [+S8]))wu3/(3esE} )"0 e
441 = 312000 IF(AAIRRLTeAMIN) AAGREAMIN
4D = P890 G FwD FJUEL AL<HAn THICKNZSS |
443 =  213»200 TFEaa2 UYL LFsR/(2e8FTU)
444 = 16eNDD [F(TEFSeToTMIN) TFF3uTHMIN
sun = 3164390 C Fin EJSL 3L<<™ RUNG AITA SIZID FBR ELASTIC STASILITY
Lua = 213090 NFFa= (P, ILLC'OQ/?o)051“(3\)-/"-'7'2955)
47 =  216.700 AFFIs(NTFRe(e58))ne3/(3esf))une5
L4t = 317003 __ IF(AFFR. eLToAMIN) AFFRsAMIN
REn T TTR17.899 € T T WE 15T AF AFT SXY BUKAD,RING AND WELD
452 = 31%.000 WARIW(TARG4e D05 ) 8208301415940 4RORUE
451 = 313.720 AARIE3.141598NeIHIRAADR
452 = 323200 WP NS 4963054 (TAS340005)#3e141594(+333#R#5EG+D)
457 = 27.870 C NET34T AF AFT FJEL BL<HDs,RING AND WELD
434 = 3214790 WAEIe(TAFH+¢005)#20#30141508 38R0
b3 = 222000 WAFQ@20141598N¥I{IEAAFR
4nh =  I23.73D WAE dmQ<2 226w (TAFI+e0D5) 934141599 (+333RwSEGDY .
47 = 323.500 C WE134T AF €,0 FJUEL BL<HDSRING AND JELD
452 =  238.900 WFERa (TFF24eDdNE )82 e83+1415900dR#RHP L _
T4R1 = 3254900 WFF e3¢ 41598NsIHYRAFFR
4AY = A06e000 _‘w“&,rr4-~4qoa.so(Trrqo.oos)u1-16159c(o333oa.srs¢o)
4R1 = 3274700 1F(AL<4DeT241.0) 33 T3 90
467 = APRLN)D A0 T3 99 . )
467 = 3284899 C CAuv9N 3L (4D T=3AR AASED AN REVFRSE FUEL ULLAGE
bhi = 3IPRLDD C PRESSJURE AND I183e«3RID MATL.
4/ = 323,000 89 TCFAs{eN00614+(2D00226#FBPRES) )R
466 = 2234500 C AT 134T aF ZpvMaN FUEL RLCKHD AND WELD
bh7 = 230000 WCCAETCFRePane]1 415988 HREIHY
4k = 331990 NCE BRI #3e5#TCFB# 0141594 (+3334R45EG+D)
T4A3 = 331.8520 C CHEZC WITe AFT 9XY BL<HD TENSIBN (3AD REQGMTS
471 = 332030 [F(NCFRLTowhRR) ACFBaWABE R
Ta71 = 3334990 IF(ACFroLTaWARW) WCFWuWABW
472 = 1344220 WFF3s.CFB
477 = 233.0290 WFE AR, CFW
474 = 336.700 LA LMD R
T 473 = 3374700 WA93s0.
. W7&2 = 33%.000  WFFIssA8R B
477 = 333000 WASI® Do
47% = 233.500 C FeD CONE_ AND FAIRING ANALYSIS
479 = 34J+000 91 IF(3L<HD+5Te200) 39 T3 92
487 =  34J3.500 C UPR CONE wALL THICKNESS
481 = 341.200 TUCN®PJLLI*BR/FTU
_a%2 = 342.000 IF(TJONOLTeTYIN) TUCNeTMIN - N
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483 =  2.500 C Fe'D 3xY BL<HD THICKNESS
T oake = 4349000 TFRARIJLL"#AR/(2enFTY)
483 = 420D JF(TFSBa L TeTUIN) TFA3aTMIN, e
184 = 348,500 € FwD 3xY RLCHD RIN3 ARZIA SIZED FOBR ELASTIC STABILITY
. kR7 = 345.090 NFAIeARS((PULLI/2+ ) #(IR#SINIIDe/5702958)=5#3DeTAN(THETA/
472 = K000 KR57e2950)))
4R3I = 74000 AFAs (NFO2u (s 53D w83/ (JewE))nsreb
L2y = uR.NID IF(AFIRLTeAMIN) AFHReAM]IN
491 - 2WR.590 C AEISHT AF _FwD 8xY BLLHD»RING AND_ ~ELD
565 -  3u3en9) YFOmI41415999D8R49#AFSR
37 = 232,700 WFA3e(TFAR4,005)#2e83s1415983ReHBRORHY
494 = 3514000 AFO/ERHY 323458 (TF92+4a075)#30181598(033345R«SE342D)
L5 =  351.800 C WETS4T 8F FaD FAIRING USING MINIMUM GAUGE PLJS WELDS
406 « 332,700 AFATRaR4A8 {TYIN++005) 836141530 (2 ¥NRO®HN+(e583D+05#ND) #
497 = 353.1900 5((AZ=-4C)suR¢(s583D=e5sN))uu?)#0e5)
49% =  J5UeNN0 AFAAR 48 2¢58 (TYIN+e0I5) 8 (30141590 ND+SEGH (HCHLY)/
407 = 335.720 RCAS(THETA/572958))
507 = 335509 C AT134T 9F Tw) COINS XY TANC AALL AND wELDS
371 = 3[3440750 ACANB249 834164159858 (TUZN++205)#3D+(T8(9)¢e005)#D)#HCH/
RN e 2374200 KCRG(THETA/57+2958)
72 = 384990 ACHNA®RAA TS (((TUCN4TI(9))#e540905) #SEGeHCA/CISITHETA/
506 0+ 1574929 £57¢233R)143¢141538(TUCN++005)%50)
_AN3 = 7434090 57 19 23
) 506 = 342.500 C ALTIIVATE FudD SSCTION wITHAUT FAIRING
N7 - 24%¢4600 C FWD 9xY /L HD TH]ICKNESS
. 2R = 3514709 92 TFNAsPULLA®3sND/(2e#5TU)
S07 = 342.030 TF(TFAR8LTeTHIN) TFI3=sTMIN _
519 = 3522300 € JPR CoNE wALL THICXNESS
211 = 3%3.000 TUCNSPULLH®«5ND/FTU
S{2 = 2544920 IE(TJICNCLTeTHIN) TUCNSTHIN
513 = 2463.970 C FWD arY BL<HD QIN3 ARZA SIZED FOR ELASTIC STABILITY
T B1n = 2779000 NF9WARS ((PULLR/2e )@l s58NDaSIN(30¢/57¢2958)=¢58NIeTAN(
315 @ 3717930 ETHETA/574295%y))y
T Bis = 373.700 AFNe(NFARs(e5eN))#83/(FesE))wse5
517 = 3734720 [FIAFYQ. [ TeAVMIN) AFARSAMIN
314 = 373500 C PET44T 9F E€wd XY BLKAD»RING AND AELD
347 = 378000 WFB2m2e14159#\D#R4ARAFIR
3917 = 2734230 WEBAWIHAR(TFA4e005)%2+#30141590(e5aND) ws?
5P1 = 1374.000 WEAJare9#3¢58(TCR349005)#2014159eN)
RP2 = 277.090 WFATRmDe
5P =  3I7ReNDD AFAdsle
324 = 378590 C WET134T 9F Fw2 CINT BXY TANK WALL AND wELDS
323 = 273,700 ACYNRIHA® 2. 1 U159% s Ga((TUCN+eDDS5)®NI+(TI(9)++0305) D) *4C/
P46 = 332090 ECNS(THETA/57+7958)
827 = 3R1.I0D WCONNERABsAe5a( ((TUCN+TD(T))#eS5++035)sSEGEHC/CAS(THETA/
5527 3924700 T B57+293R)+3414159#(TUCN++D05) #ND)
897 =  232.530 C Fan ZONE/CYL PING AREA SIZED FBR ELASTIC STASILITY
5727 = 3334700 99 NCCInNHCT () #(+58)) #TAN(THETA/S57+2358) /20
331 = 3WeNID ACCI®(NZCRe(eSu))uu3/(enE))20e5
5317 = 2334790 1F(AZCReLTeAMIN) ACCRaAMIN
5337 = M3R30 C AS154T 9F FW) CINS/CY. RING AND WELDS
3G = 13840707 TACCRmAe14159%NRINRALTE T T T T
535 = R7.333 ACCN®e14159%N4HI#(TI(T)+e0I5) 8365
334 = 337.320 C AE154T 9F MISC 3T COMPANENTSUMBILICAL PANELS)
537 = 1337.400 C TUNNZL S AND 3AFFLES
392 = 738.200 JMROYLe30].
537 = 333.900 TUNNEL #2970+ %L /16900 i
TTTTRWA = 33343957 _’Tf]iL<u9;ETZi-53'TUQVEL-Ausu'L/1675-
541 = 372200 AAFCeds (HPeHIN) /343
T 542 = 2314930 IF{3LC4Ds53Te2e¢) BAFFEIo(AA+HC) /3430
547 = 3324990 1F{49¢0Tax<4) RAFFaDsHF /343,
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S44 = 132.820 C STRJZTURAL WEIGHT SUBTYTALS
345 = 333+000 Frn3 FadFi+AFA3+uFon
344 = 334000 CANSCTHWCIN+ AEINHEWCC I+ WECH
347 = 235790 CYLSCTewAXewlN®T4 WLDI
342 = 1364097 AF TR FsWARI+AANI+ JADW . R
T 847 = 237790 FLNTKaF AR F+CONSLIT+CYLSCT+AFTRLF
587 =  3IRNJD FuN3_  sWFFI+AFFR+AFFA
351 = 233.909 AFTZYLaWF X4wLDFT4+LALDF
S82 ®  49%900 AFTI AnnNAFI+AAFR+AAFN
383 = &931+¢700 AFTNCEE WD A+AFTCYLSAFTBLA
854 =  472.0090 NAGEARSAFAIRSLTAW
565 = 499.030 C SET Ju8eNs}RI=DEFINE L/D
584 = 41N.3ND Bl Y-NE T4
557 = 4114030 LD/
5532 = 419.n33 C CALZJLATE INDUCED ENVIRN PRAT WITH 10Xx NON-B2T
3R = 4134590 €7 7 IMTTR TANC T3S
I Y S P Eele)e) TOGINS((PeeHRSLCIN) #0186 8)8 INTPS/144e) %1040
561 = 427.570 C NAST FATRING TPS
562 = 4217990 TPGCAS3e141590e58(JCTOS#ND+LITPS#0D ) #(HC=HCO)/
SAT = 427.7200 K(CRS(THETA/S7¢2958 ) nlbbe)
Sk = 4224890 C _NBSZ CAP TPS
Sha = 423.070 TPSNCANCTPS#3e1 4159020 s NREHN/14 M
HAA = W24¢70D IF(49«GTewy) /Y TS 97
&7 = 44475 C LPX FuD TPS
5% = & 4570 C AFT D2ME TS
R6F =  425e403D TRIIYsOUTPS#2e03e 1 41530ReHR /144,
W7 = 423,830 C AFT CYLINDER TPS
571 = 826:n00  TFS7Y=3414159#0sHFeCYTPS/ 144
372 = 43740230 TR3ZN=D.
G572 =  42R,")0D TPRT s e
374 =  423.709) IF(aL<~DeETele) G TH 34
273 = #4733e70D 3% 7Y 95
574 = 437+%500 C AFT ZYLINDER TPS FOR (9MvBN BLXWD CASE
Y7 ST G IIVASST T AR TP8CY 3414159 DedqeTYTPE/ 144,
572 = 432230 TFSTNaD. e
279 = 433770 3% JF(3L<HYe5Te20) 5G9 T 96
SAq = 4344090 5% T3 101 I
TSR] = 43549930 ‘96 TPRCA=D.
S22 = 473440900 TPGNZ®De
T R%I = 43777090 T58 T3 10
584 = 437s430 C LaX AFT ToS B
385 = 437.500 C Pl TONE TS
544 = 434700 27 TPSZN®3e14153e50(LCTPSHID+CYTPSHD)aHCH/
3R7 = 4334200 5(CAS{THETA/ST7«R98R)wlbbe)
SRR = 433500 C Fwd ZYLINDER TPS
SR ST 4473990 TPS2 u3e1415FeCYTOS#D#HB/ 184,
590 = 441700 TP3O4sDe
“91 = 4424000 TPSTY*De
59 = 443,779 IF(3.<47eE701s) G3 TH 38
T 597 - 444e7DD 59 T3 39
37 = 443090 98 TPSINeDe
335 = 4464000 93 JF(3L<4D+GTe2e¢) G3 T9 100
RA4 = 4474720 39 T9 1
T 7237 - 4474373 C ALTZRVNATE Fw) SECTION WITHIUT FAIRING
332 = 44%4707 170 TPSTA=De
T TR e 4434090 TPSNTs ).
439 = 4434520 C Fwd CENE TP5
&H1 = 433.000 TPSZN®3e 141590 ¢5a(UCTSAND+LETPSED) #HC/
407 = 431700 E(COS(THETA/S7«P358)0lbbse) ] .
TTTa03 =7 431.500 C TPS WEIGHT SJBTITALS AITH 10X NON=IPTIMUM
404 = 4324000 101 FAIITa(TPRIFA+TPSNC ) #1640
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AD% = 4353000 FCCTPSw(TOSCN+TPSCU)I #1410
04 = 4364000 ACY)IMe (TP3DIM+TPSCY ) w140
AT = 4335000 ___ TOTPS=TOSIN+FAIRTSFCCTPS+ACYOM
AAR =  438.83) C INTZRETAGE ANALYSIS
A0 = 43344730 C LRB®SPACT AZTWEEN 3IBSTER ATTACH PIINTS
417 = 4364300 LReq{+LCAN+HR+HI

- A1l = 437.700 IF(3L<-4DsEJele) L3nH4+HD
A12 = 437.300 C BA855TeR INDUCFD M9IMENT AND REACTIAONS
513 = 1833070 MAs (THRSL/NN)#LIS(LANT/S572958) 978,
616 = 443+000 Be{T438L/NN)#SIN(CANT/57¢295R)%27
A15 = 4414000 RAs(MH/LB)#FS
A1A = 442000 RSa((THASL/NN)SSIN(CANT/5T7+235R)=R6)#FS
417 = 4534900 RAe((THISL/NN)#CBS(CANT /5702958 )=B3L0W/NN) #F S
417 = 453500 C GENZRALTZZD AT 22 FOR RING CAPS,WE3S AND BEAM
517 = 443400 C C"::I’QQL-SMOFTQ KNGZ< DRWN FACTHR FBRR COBYP STA3
27 = 443700 C «I1PS5FTU FAR SHEAR ALLBAASLE)
421 =  464.700 WITa (3321010 /(2enFTU))#(3e181598(D/0944400/43125)
AP22 = 4635700 L+4Deu2/(4QeseI4)+D/03125)
A2 = 4454530 C WE 134T TF 3A9STER ATTACH RINASCHEZK ASAINST BLXHD
4P = 44%5.890 C QINSGS AND ADD INTERSTAGE REEF=UP REQMTS

_R2T = wb6&en)) WA RJdlTeNNeR6E

€24 = 447790 ASe I TeYNSRE
527 =  4457.190 [F(A6eGTerICR) WhaWh=ACCR
422 = 4470209 1FINGeGTenZCR) GY TO 130

_ . _AP? = 4”732 AbE)e
A3) = 46744230 130 [F(43+GTewAF) ASeWD=wAFR
31 = 4476570 IF(A5eRTenAFR) G TR 131 -
637 = 4474£30 AREYe
£33 = 457720 C ADD SIZPARATE AR3ITZIR ATTACH RAN5S 3IASED BN BIBITER
434 = 4574290 C ITAZTION L9ADS FR3M 9IRITER *aOJLE

. £33 = L ks Yo ] 131 N?I,’ITQQEu-71’\
434 = 453.79) A1oN1TeR142+255
37 _=_ 447,300 € ADPD SPECTAL INCREMINTS FOR SwWAY BIACES DIUSLERS
672 = 44634430 C JPAG LINKS AND FITTINGS=AD) 12X STR NgNeSPT
433 = 477990 ASLs4Se
A40 = 4714000 ASRe(R1#]pes(e5uDne5770 )08/ (E03e141590a82)) 005
441 = 4724970 ACREASNR e w5774 4R4Iv2enlo3b01e05

N 42 =  473.2)) ASFaReP2R84 4 (R5830/(03125%FTJ))nel1e502¢uRB0l1e10
ALY = 4744000 »nrﬁ18-139.-.301.1u1%9~N~2H9~.371~1.10 B
Ehi = 473.900° ADRAGEeSef{N0eaR~4%1e1)0 (NN#R3+RL I/ eFUeFTU)
447 = 4744900 AAD J3a1N0e®e543014159%0#HA%eD5581¢10
L4q = 477799 WALLERP* 3922834941 e34%#1410/FTY

i 447 = 4784000 ASL3®35.
A4 = 473.000 AGLF e85
A4 = 4830700 WBL_BR5#1.3eTRenbe #R4J«1e341e10/FTU
A57 = 489300 C TATAL INTERSTAGE NEIGHT
A1 = 431970 THINTawh+ S+ ADP+A] +WSL +#S3+4SE+WFDUS+WDRAG+WANUD
£52 = 4324770 Eewd _L+ASLG+wWSLF+W3LL
£51 = 4R2.5903 C TATAL STRUITJIRE WIIGHT
454 = 4334700 390 3PeF WNTKHWINT+AFTNC+NOSFARSTWINT+UMAPNL +TUNNZL +BAFF

—_ 453 _= 43734399 € PRAIT ANT SYSTEMS=-BA3ED_6N DETAIL PIINT OESIGN AITH
6564 = 4R3430 C SCALING LANS F9R 9RBITER ENGINE FL®W RATE,MIXTURE
457 = 4834799 C IATIY AND TANK DIMENSIING
A52 = 4346030 IF(L<HDsnTe1eD) 3% T3 103
457 = 4344339 C CAMMIN ALK-D INTEINAL LIX LINE
AR =  #R[.0DD IAVINTES AL
AAL ™ 83Ke09D  _  HVENTeU27. o _
562 = 437.000 =u=J-?5-R‘1o-5-L/159~-
463 = 49940330 1F(43:.GTe~<4) GY T9 102
hbs = 4RRe5N) C LAY FARWARD
465 = 4830950 9YPIESwI2Pe+100e 4 /1634
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KR4 = 432#0DD YFECI(19¢54:012224HF ) #IFLONY##45
K67 = 4731230 AFRTSEA] e 4RI eHF /8930
667 = 432.23) 4FEE)e (2145944031760} IFLANXS NS
467 =  433.070D Ixwe58(T04e3389FLINY#S5)
577 = 438230 59 T9 1235 e
471 = 434.570 C LAX AFTY
672 = 433000 192 9XPTSw122e+109 e w4F /1534
673 = 34000 JXETEoB(13e54401222%038D) #3FLONKS#e5
974 = 437.22Q0 4PRISs61e+83s8 /838
475 = 472730 HFETI=(31+59+¢03176#4F ) #0FLOWY a5
£74 = 4334700 AXSeGR(Tese758FLANYS#:5)
777 = 522030 59 T3 105
473 = ®77.533 C SEPARATE al K4DS EXTERNAL LAX LINES
~77 = 531920 193 PNIJar5e5418058,/1470¢
____551_:__532-?30.___MH_NJC<T-Do e
481 = 573000 A=Y
ARp = K)J4eDDD axVINTs522e '
687 = 575720 HCT1I86Res1J0s 8D /3 ke
aR4 = 5267200 HVENT=622
&R =  8§97.000 1F(497Tex4) B9 T3 104
LRE = 6597530 € LOX FORAARD
6R7 = 5)%.730 9xXPITSe1PRe 413204 /18700
488 = §7%.700 AYETT a(18+140014658 (HH+LCIN) ) #BFLINY 05 .
487 = 5130200 {PRI58494+115e84H/ 703
491 = ®11.0)0 AFETIR (FWe2140013338D) #OFLAWXW S5
491 = S12.0050 57 1% 106
69> = B1Pe5)0 L LAX AFT
£03 =  513.990 174 B¥PITCwIP<e+1320844/1U47D0
49 = 814700 AXFTETm(18s1¢e014659¢58D)#3FLBAXSS 5
£a35 = §135.000 4POCSuk0s4115e8 /703
£94 = B16&e72D 4FEEJ-(?“-?1*-01333~(44+LC3N))-BFLSNYoo.S
4a7 = 817900 32 TY 106
€99 = ‘11153D_SL___“C““W5V,BLK%DFLMIERNAL_LQX_LIXE_JACsEIﬁuMDER_EXIERNAL_ERES___
530 = 51%.000 195 TT‘“-(FHCT(Q)OIOoOQX"l'S/(E‘-RMSH)on-k
702 = 5193.700 IF(TToPeLTaTMIN) TTEPsTMIN
701 = &22e0030 TRAT=(FACT(1)#10suRX#51e5/(E®eRBIST))ened
. 702 = 521.700 IF(TR " TeLT+THMIN) TBAT=THIN
707 = S22.020 le:ls(-5-(TT9°¢T35T)*-005)'3-13159~2-0RX*1-?5
____ZQE_:__EEF:500____~_5'”41'(4’-1301J
705 = 536,090 TU”?-(FHCT(s)OIOo-(RXOB-!u-1o51(50-88157))~0.4
706 = ©23+220 [F(TJIPRsLTeTHIN) TUPReTMIN
707 = 6284730 TLNQ-(FHCT(I)OIO-D(RX¢3-)0'1'5/(5‘088157))’.0“
708 = 527000 [F(TLAReLToTYIN) TLWR=TMIN
707 = 22000 NEVﬁ-(TUP:+TLWR¢.31)osaooaoibissﬁthoa.).a-
710 = S23.700 K#1s25RH%
711 = S533.200 WJCKTale1Ne (AJACKSWEND)
712 = 531200 HC13Isle
7137 = 571500 C W15~ 5290 §YS CIUPINENTSISIMP,PUSYS
716 = 532700 106 SU42eZ27e
715 = S13.790 PiGYSe iR,
714 = 533.320.C 2RI L ANT SYSTEMS SUATITALS.
717 = S«3030 CENIYCeNXEEED+HFEED+WICKT+HCIR
... 712 = 535.200 DISYNT s4PIIG+HVENT+IXPRES+IXVENT [
717 = 52%.700 PNP JeINEULPUSYS
. 720 = _537.300 . PRIGYSEFENSYS+PISVNT+2NPJ+SUYP e
721 = ©37.500 C ESTIMATED TANK [NERT W7 FAR RETRB SYS CALCULATION
722 = S538.0300 XDRX,-,(.BBDARPQTBTP’;'bPQSQYS+AVIBN¢MISC).(1.+Gunl
723 = 539.000 XINZITexDRY+RESIOT
_.__724 =._S39¢500 C RETY RICKET SITLING e
725 = 842000 JELXSEXP(RETIV/ (3217 #RETISP) ) =1
726 = 5410200 WRP9OeY INERT#DELX/ (1e=(1e4GUP) #eI65#DELX) e
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727 = 8424030 WRETR%e] 4 LG WRPRYP
779 = S42.390 C TANK TJURTATAL DRY WEIGWT
— 722 = 543.200__ SU4]3Y#3903R2+T13T7254239SYSeAVIONSMISCewRETIRB
737 = 543+3%3 C GROJTH/INCERTAINTY AS PERCENT B3R DELTA T8 A FIXED
731 - 543.420 C JRY AELGHT
737 = 5444990 ILENEL IRV
X 737 = 84349390 JF(EI»DAT3Te0e) 3U=FIXDNT=5JBDRY
7% = Ru43.390 C TANG TSTAL DRY WEIGHT
235 = 545200 JRYATeSUBIRYGU _
7% = 85464500 C TANC TATA| INERT WEIGHT
_ 737 = 547200 INERTEIORY JT4RESIDT
73R = 547.500 C EXTCIVAL TANC G955 WIIGHT
. 737 = 548%.200 GRY8S. s INFRT+PRIPY
747 = S4R.530 C EXTTINAL TANK MASS FRACTIBN
241 = S43.7200 LAMRD28PRAPA/GRASSH
742 = 832.000 C
743 = 5314920 C
74 = 532,330 C THIS CANCLJDES THI SIZING L83IC THE FBLLBWING ARZ
743 = 533.700 C SUUT2JT WRITE AND FBRMAT STATEMENTS
Tus = 5564009 C
— 742 = 8332230 C.. . . _.__. . _
74° = 53464000 IF(AFTeRT4De) WRITE(1280,959)
747 = S57000 IF(AFT+5Tede) G TI 121
781 = R3%.0100 WRITZ(17%,963)
751 = 43247200 121 ARITI(108,901)19X1D2FUZLs9START,FSTART ,A5HUTIFSHUTSFEEDS,
752 - /01000 AETENF ) 3THILLsFCHILLBENGIFENG)FRIAS,IDRAINIFIRATIN,IPRESS,

282 = 632,720 AFPRISE,NMOMOXL MNIMTUL, JALLOA FALLON  MAXDIXL o MAXF UL, IBELIN, .

754 = 4334000
785 =  A%5.03)
756 «  495.990
757 = 434990
753 =  A77000

7323 = 42ReDQ0___ .

EFRE_ Q. MAXII T, MAXF I T, IXVILAFUVOLITOVFL,TFVFL,DIS3VF, TBVFL
S,TFV]T

WEITZ(1Nn%,302)
IF(AL<HD20¢1¢)ARITE(108,»303)
TF(3LCHD - QeRe }ARITE(1D08)5304)
JF{3L<HD =293 )ARITE(1D82905) _ .

767 =  AD23.220 ARITZ(12R,906)L2DsLBD» 2 4R
761 = 6124320 IF(3L<4De3Te2e) G T9 40
762 =  A11.990 WRITE(1JR,907)N,9R»9I,HIRHHCY
763 = 412200 40 APITE(108,308)NIs THETASHCHLCINSHO»HHIKsLASUPERY, JPERF,
744 =  A13.000 Eaxv &, FUVLF
763 = 414200 _ARITZ(108,250) -
764 = A154000 JF(3L<H4N.Z%e1e) G9 79 110
767 = 615200 G9 T 111
76° =  A17e000 110 JF(49¢GTexd) 5% T9 {16
767 =  £18.090 ARITZ(10R,9581)
777 = A12.330 59 T= 17292
e 771 = A2)+000 111 IF{3L<HDZQ030)_(GY T MM . __ B, -
777 =  A21.000 N 19 113
771 = 422300 112 ARITZ(10R,953)
774 =  A23.700 113 IF(H49+.GTed) G9% T9 115
775 = A26.000 ARITZ(108%,953)
774 = A23.7]0) 5% T9 1722
777 = k28000 _ 11% WS]TI(12R,352) I R _
778 = 427.0090 3% 7Y {722
777 = 4284990 115 ARITE(10R,354)
797 =  &23.,200 120 ARITZ(1TR,256)RIDGRP,TATAS,FADTIFAIRT,FWDBLF,FCITOS,
7Ry =  A32700 KCANSCTaTPSINICYLSCTsACYDM,AFTRLF,, W INT,PRBSYS,AFTNG,
782 =  4£31.920 KFEDIYSFWDALA,PRSYNT
783 = 4532030 _HRITZ(19R, 967 )AFTLYL) SUMPAFTBLAPNPY, TAINT,NBSFAR, _
784 = 432.200 SAVIIN, UJMBPNL ) WRETRI,TINNELSMISC,BAFFs SURDRY
7RS =  A34.000 WRITE(10R8,958)SJBIRY»5UsDRYWTHRESIDTIUNDRANLFEEDTR,
7R4 = £33.000 EPISJRT,HFBIAS, INERT,PRIPH,GRASSW,LAMBDA
787 = £72.000 G8 T3 30
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TABLE 4.20-1
PROGRAM LISTING (Continued)

RETJRN T9 DATA FILE FIR NEJ CASE
971 FOARAAT(PX, 'PROPELLANT AEIGHT=L3e'/
KX, 'ASCENT _(INCLUDES FPRI'p1Ix,FRe3s10XsFReQ/

A4X, 'START OROPELLANT'+15XsFReDs10X2FBe]/
B4Xp 1SHAUTDIAN ADJUSTHMENT ' 12XsFR40s10XsFBeO/
KuX, 'FECOLINE RESIDUAL'»14XaFReDp10XsFRe0/
KXyt 2ATLLOIWN RESIDUAL' 2 13XsFRe 02 10X2FBe0/
K4Xs 'ENRINE RESIDUAL'218XoFReD)10XsF80D/
B4y, 1o) ATAS220Xs tDe 210X, FReD/

KuXp VTANC JUDRAINAILE's15X»FReDs10X2FBD/
ALYy 1PIEGSYRANT ' 921 XsFRe0s10X»FR.0/
RIby,lemecccccncl;R))lennccnacnsl/

BoXs 'NIVINAL LOADY,19%»FBe0s1IXsFReD/

BuX, ' 3ADING ALLIWANCE ' »1aX,FRaQ,10X,FRe0/

L34¥yleacacecennl A))leaccnncceal/

Buxs *MAXTMUY LRAI1 ;19X FBe0s10XsF8eD/

Baxs 123PELLANT BELOW TANKIp10Xs 1=t pF743,10Xs1=?F7e0/
B34Ys'emceanananl jB)Yylcavccacenal/

S4X) "MAXTMUM LBAY IN TANK' 11X, FBeNs10XsFB20/

50¥) 19R90ELLANT VILUME=FTIV/

Kuy, 1OIBOE) | ANT VALUME _IN TANC' 6XsFB22s10XsFReD/

S4x, 'TANK VOLJME FA3R FLUIDS'»IXsFReDs10XsFReO/
B4X, 'VSLe DISPLACED RY L[9X FEIDLINE',7Xs'" '210X2FBe0/
R34y ) lecncsmncact 8y lanmecccennl/
S4X, 'THTAL TANK VOLUME',14X2FReD,10X,F8e0//)
992 FPAIMAT (20xs 'EXTERNAL TANK DIMENSIANAL DATA'//
£12xytemenconmaX X X X X X X X X X X X X X X X X X wnec=t)

993 FIAIRMAT(12xs '"THETA X=mweeme=~ X' p27Xs ' X o'/
K14YptaX XV 5EXp %0, SXa ' X' e27Xs X o'/
RRXp'\NReeX ND YeeB82 8D X'p23Xp'RewsX D'/
12X, tesoX XIp8N,tatpSuy X1 27X tX o'/
A12Xs'es o Xoowwaa X1227Xp ' Xo '/
X12¥s'ee on9Re X X X X ¥ X X X X X X X X X X X X X emmwnly

BRYp 1\ mcssme oA N 1,5Xs VaHRe 12 2€X, 10ty
51910‘°'"°HC"0'H5"-"""""°""'-4H"'°-"-ﬂBQf/
519!,'----—---------L-4V¢HC*HS+HH#4=---------------"/)
904 FPRUAT (12Xs'THETA Xeweeo= X X1e23xX0'X '/
ALUXsteX XVpSXptet)SXa'X X's25Xs X oV

SDXI'V:-'XAED YeoeBY 8D esseX YoooLCﬁ“'l1“X;'Qo.oX v/

_&i:;){‘;"...')i K':SX;'-':SX»'X 1'1253("’( "/

$12Xy'se o xommeeam X X1r)23Xs1Xe o'/

K1O¥5 "o «<43Re X X X X X X X X X X X X X X X X X X ewee=ly
£PY, 1ef\mmogwe oHZB80 ! ,85Xp e HAes ! 25X e/

5172 'eemeadlome~ua, seamsmccecnceah enccancsiRs !t/
51?!:‘-----'-‘------L'4V¢4§}H§15Q:LCBV¢HH*HQ'-----'o'/)

905 FORUAT(12Xs'THETA X's3Xs ' X XV,23%Xs "X '/
KUY, teXVyq3XatX X'925Xs'X o'/
16X, NI ,19XsteaeX XeoslLCBNTs 14Xy RevaX D'/
14X, 0 e Xt 3Xs 'Y X1 p25X,'X et/
K18%s's  X1)8X,'X X'sr23Xs'Xe o'/
515X, tetp Sy IX X X X X ¥ X X X X X X X X XX X X ew=nt/

K15X, ' et )BxXs Vet )SXptenRen 25X, e/
£15Xs teedCeeovoiBan, sreresaverescnpiecnncee, Qe 1/
E1S¥,lenmanaconca  sHC+4244R 4| CON4HHEHR o neomsama, ! /)

996 ERIMAT(///72Xs'Lat3F701s" INe DutsF6elst INe L/Det)Fhed,
X3XptRe ', Fhels! [Ne AR® !, F6elst INet)

907 £9RMAT(/2Xs 'NRu',F5e1s! INe BRu1)Fbel,! INe 9Dm'sFbels

782 = 4£39.570 C
723 = 792.000
737 = _ 733200
791 = 7)74.200
_ 702 = 733200
» 797 =  736.700
79 = 7379230
795 =  7IReNDD
794 = 773.200
737 = 713220
792 =  711.220
737 = 71?.’3:)0
RAN = 713720
401 = 7144290
2n? = 7150230
3 = 7144720
B7a = 717720
ar3 = 71R.320
204 = 7134000
{07 = 7224000
RS = 7212790
RN = 7224300
R{7 = 723.M00
R11 = 7244000
_R1? = 7254700
213 = 72€.090
914 = 727.000
R15 = 72%.720
R14 = 723700
817 = 733.000
1@ = 731000
217 =  732.000
&2~ = 733.000
B71 = 738930
/P2 = 7335200
227 = 7344009
R24 = 737000
T URpR =T 7384200
24 = 733730
Rp7 = 742720
R23 = Tu1.790
RPY = 742100
737 e 740290
20 = 7abeNdD
273 e 7434730
A3 = 7456020
234 =  747.200
QI3 - 7‘;ﬂ.:\30
234 =  T743.230
R2I7 = 732000
R32 = 7310030
R3I3I = 732030
___Rmun = 7334000
R41 = 734000
R42 = 735000
TR43 ¢ 7544000
R4t = 737000
qA45 = 758300
f46 = 753.030
TTTTTRET =0 763000
R4 = 7641000

B Tue HBReT,F8e1,1 [Ne HCOs'TsF6els? INst)

998 FRRUAT(/2X) '\NDa?,FS5eis' INe THETAa',Fue0s' DEG. HCa 1)
5F7¢1s" 1IN LCINS 'sFSels! INe'//2Xs "HBn')F6els! [Ne'y
LAX) '4Hm yF 70l N Ket,Fheds? [Ne!
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R4 = 742.000 5/7/72X%, 'LRAD ALLBAANCES'
R51Y = 743900 SeFbe2sbXp'LOX ULLAGES' ) Fhoe?,bxs tLH2 ULLAGE®',F4e2//
RE1 = 754000 52X 09X TANK VBLUMES='pFBeQ,! FT3 __LHZ2 TANK yOL JME=')FR.Q -
R52 = 765.000 Byt €T3
RR3 = 7464000 950 FARMAT('10,18%) 'EXTERNAL TANC WEIGHT SUYMARY!)
R&y = 7674700 951 FARMAT (20X, 12AMMAN BULCHEAD=LBX Fuwdt)
: P53 = 7474700 332 FOIMAT(29xs 'CAMMBN BULKHEAD=LIX AFT!)
R34 = 7563.000 353 FAIMAT (20X, 'SEPARATE JIULCHEAD=LBX FwD')
857 = 779929 954 FOQVAT(P0xs 'SEPARATE 3 JLKHEAD=|BX AFTY)
258 = 771200 955 FORMAT{10xs "ALTIRNATE FWD SECTION(WNITHIUT NBSE FAI?IMu)')
R RE3I = 7722290 956 FARMAT (23X VAEISHT ' 26X Y4 EIGHT 1 /28Xs te Be'y28Xy = Bet//
R&N = 773.000 52¥, 1390Y GREJP',9X» ' [ FR.O,! ‘y
61 = T74.000 £2¥2 "INDe ENVIRNe 2R8Te | 1,F8e], ¢ '/
Re2 = 775.900 E3¥s'%FD TANK!'210Xs ' ('sFRe0y )Y,
REY = 7746000 KIX) INTSE FAIRINGY,7XsFReD/
qFL = 777+900 84X, 6D B KHEADY T ,6XsF R0,
[R5 = T7R.7ND KS¥s 'F¢D CINE K CY_o'24XsFReO/
- 9646 = 7734090 Eu¥p 'CONICAL SECTION 19ERe D
257 =  733.2300 S5X, VINTER TANK',9XsFReD/
2A1 = 7314700 KXo 'CYLINORIZAL SZCTe '2FReDs
e e 7334990 REXy VAFT CyL 5 DIME',5x0FBeD/ B
S AN £ ML L RaXs VAST BULKHEAD !, 6XsCReD/
271 = 738479900 K3Xp ' JUTER TANK S5ECT. ('4sFReDst )1y
272 = 733900 R2Xy 1PORAPELLANT SYSTEMS [ 1,FReD, ! v/
R72 = 7344790 S34pVAFT TANK'»10X» ' ('sFBe0a! )Yy
- R74 = 787.920 KINYIFEED QYGTEMI,RX,)FReD/
R75 = 73%.000 B4Xy 'FaD BULKHEAD! ) 6X»F8eDy
R74 = 733,900 E5X) tPIESe AND VENT!,5X,FReD)
277 = 7302000 957 FAQMAT(4X, 'CYLINDRICAL SECTe ',F8.0,
fR7? = 7312020 §5X, 'SUMOS K VARTEX CTL '»FR.D/
R77 = 732.0330 RuXs VAFT BULKHEADY,6XsFR D)
RRY = 7334920 BSX, 'PNEYUMATIC A PY SYS 'HFReD/
RR1 = 73447990 &3¥-'5=R/R3TR/TAVK CATTa('sFReD, ' )Y/
885 = 9735.90) E3X» 'NTSE FAIRING'»6Xs '(T4FReD, ' ) 1)
AR3 = 7344300 K2Ys "AVIANIZS'211Xs ' 1 'sFBa(s! v/
R_y =  737.930) B3¥» v JUMAILICAL PANEL (Y2FReD0 )1ty
/€S =  TJ3IRLIND $2X, 1DZ9RRIT SYSTEM!,5X, 1| V,FReD,! v/
T TR™4 =T 7T7334900 RIXP'TUNNEL Y, I1PXa t (1aFReDp 1 )Y,
[RR7? = R3%.300 SEYo'%ISCfLLAV€°JS':6Xn‘I':fRoD" '/
RET = R3571.300 E3X, TaAFELz8=LAX , Tx, 1 {sFReDs )1,
283 = R)2.09) L) eceevemecmcecscsnccncnancanscennl/
294 « 233,990 834X, '3UITITAL DIY WEIGHT?,F3e0/)
291 = 274.200 958 FARMAT (19X, 'SURTATAL JDRY wEIGHT!»F9.0//
TTTRAG3 e 2950009 519%, ' 3RUWTH/INCERTAINTY [1,FRaJ, v/
833 = 2344300 ${8X)!wemnaesccmacascnnenuusanasenasas]/
T ROR = R37.330  A19%, 1ORY WEIFHY Y, 9x.F3 0/
RA5 =  RIRJJ0 519X, 'RESINJAL PIYPELLANT [ 1,F8e9,! v/
296 = 893900 R20%, "TANK JNDRAINABLE',IX,FReD/
297 = R1{9%.3920 ARPOX, YFEEDLINE TRAPPED ', 3X,FReD/
“9v = P11.92020 A2NXy YPIESSIRANT 1IN F3e0/
a1 = 2134077 ADPNY, 1P RIASY,12XFRe3/ o
T Apy = R{3.990 K18Y,lenceasnnosaaanacnanansaranarananl/
191 = A144300 K17, VINERT WEIGHT' s 7X0F9e0//
107 = R{5.900 K19X, ' JSARLE ORAPELLANT [1,F9e350' '/
07 = 2144090 Ai{fX)leeencnnancscncnscasnsnncncnnananly
ok = 217000 S1AX,tTOTAL GRINSS wZIGHT 1,F0.0//
N5 = AyR,A)0 RINN, 1LAMHD A dPRYP/WAERNGSE t ) Ede ) o o
3047 T 170000 9RY FARMAT(1Y 1) LHX) 'EXTERNAL TANC PROPELLANT INVENTIRYI//
207 = R2).000 KIOX o VITEM1 223X 'LH2'»15Xs tLOBXYY/)
A0]R = 221.000 9460 FOAIMAT(111,18X) 'EXTERNAL TANK PROPELLANT [NVENTORY'V//
909 = #22.009 E10X, "ITEMY 523X, ' BX 515X, =2 /)
317 = 931.000 g4
311 - 5332.000 END
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5. BOOSTER MODULE

5.0 The Booster Vehicle Module contains the analytical and empirical weight
estimation relationship necessary to completely define the Solid Rocket Motor (SRM)
Booster system. Figure 5-1 depicts a typical recoverable Shuttle SRM and serves
to illustrate the detail accounted for in this module. The approach adopted for in
this module was to use current applicable data from other contractors. A typical
example of this was the analytical work deriving the weight of the basic SRM
documented by Kimble of the Aerospace Corporation (Reference M) in 1966. These
data were reviewed and additional scaling laws developed to meet current as well
as projected requirements, thus reflecting the current state of the art throughout
the solid propulsion industry. All scaling equations were developed analytically
where possible, and correlated with empirical and point design data to determine
the coefficients, exponents and constants required to produce reasonable results.
This process consists of (1) comparison of subsystem weights predicted by the
theoretical equations with actual and point design data, (2) modification of elements
of the theoretical equations to improve the correlation: (3) determination of best
curve fits, and (4) evaluation of the correlation to determine the acceptability of
the errors resulting from using the best curve fits. Every attempt was made to
simplify and reduce the number of equations, expand the range of parametric values

and, at the same time, retain the accuracy required for preliminary design studies.

While the results have been quite satisfactory, it will be necessary to update
the model as the design progresses and, perhaps, modify or redevelop certain equa-
tions. For example, design considerations that have come to light since the Shuttle
proposal are water impact beef-up, dynamic pressure at reentry, stress corrosion,
and biaxial stress allowables. These changes can be accomplished and incorporated
in the model by simply adjusting either the coefficients or constants of each sub-
system or by adding an additional fixed constant. An alternate method would be to
shift mass fraction versus propellant curves generated from the present model so
that the appropriate curve goes through a known design point. The tendency to use
weight estimating techniques beyond their limits is ever present; therefore, atten-
tion should be given to the limitations of these equations, so that modifications
may be made if the range of the parameters encompassed by the empirical data used
in the correlation analysis i1s exceeded. Table 5-1 presents a complete list of the

equations employed in the SRM model.
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COMPONENT

BASIC SRM
CASE

JOINTS

NOZZLE

THRUST TERM

INSULATION
CASE

JOINTS wii

¥
Wins = 0.000602
Py,

REPORT MDC E0746
VOLUME |
TABLE 5-1 28 FEBRUARY 1973

SUMMARY OF SRM WEIGHT EQUATIONS

EQUATION
1.013
>0.95

(0.163 g- 0.114)

0.315 }
&

L
meoP 07 (507 ()

¥
W = 1116 pm< T
pD TIp ( tu ) 2
Wi~ 1702 (MEOP) (FSIN;
Fu
06 ¢ 1201 0.916
Wngz = 0.003505 Kgp [ b s ¢
0.4
C’l.z pc0.8 (tan %
Fg 1.45
Wy - 0.03518( >
C; Pc
2086

08 1,05 p0117 {Tc )
) b e gloon
o

%) 0.1 (14,002

|

= Zwii N; OR wii B (wui + w“) Ni or wii = Zwui Nj

i

WHERE
Wyi = 0.00054 (D -D) DTy

Wi - 0.000178 (D - Dy)((20 + D) T + 80 D)

| 12
R A
P A‘ WCch

EXPENDED

IGNITER

wei = 0.005 (Wp); INCLUDED IN Wms + Wji

Wign - 0.33658 D145

LANDING AND RECOVERY

PARACHUTE

PARACHUTE INSTL

RETRO ROCKET

PROPELLANT

"
Woar = 17598
2
(Ve
Wyi = 0.6916 Wy,
vy -V
W, - 0.0819 Wy, <”—‘—“)
Isp

Wip = 0675 W,

WATER RECOVERY HARDWARE W, - 380

BODY
FORWARD SKIRT Wpg = 1365D
0
AFT SKIRT/LAUNCH Wy - 0.00454 [m.ow * g 08 Py fsplt )
STRUCT . 0
F
ATTACH/SEP STRUCT Ny - 952
¥ho
NOSE FAIRING Wy = 0.0607 D2
TUNNEL Wy - 01140
OTHER
AVIONICS Wy, = 182
TPS Wi, - 0.018 D2
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5.1 Subsystem Weight Equations

5.1.1 Basic SRM - The following group of equations represents about 75 percent
of the total dry weight.

5.1.2 Case - The equation for an unsegmented metal propellant case is from

Reference (M), Its derivation was based on a pressure vessel design assuming a
cylindrical case with hemispherical domes.

The thicknesses of the cylinder and dome are:

_ MEOP(D)FS _ MEOP(D)FS
= ———— T =
cyl 2Ftu dome 4Ftu

Weights of the cylinder and dome are:

(T ) o for hemisperical domes

wcyl B Acyl cyl) o’ wdome B Adome (Tdome

where A and A are surface areas of the cylinder and dome respectively.
cyl dome

wdome was modified to account for eliptical domes. Figure 5.1-1 shows the ratio

1.3 l

ASSUMPTIONS:

1. ELLIPSOIDAL HEADS HAVE VARIABLE THICKNESS
IN MERIDIONAL DIRECTION

1.2 -]
2. ELLIPSOIDAL AND HEMISPHERICAL HEADS HAVE
[ EQUAL BASE RADII, (a)
— é | I
S|4
=211 | —
o
2= n
x :___" *
ngs
= a
ol|lx
wlall
=1E A
- |l
wl|x
0.9 K A
\_’/
0.8
0.5 0.6 0.7 0.8 0.9 1.0

MINOR TO MAJOR AXIS RATIO - b/a

FIGURE 5.1-1 WEIGHT RATIO OF ELLIPSOIDAL TO HEMISPHERICAL DOMES
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of the weights of elliposidal to hemispherical domes having equal base radii
as a function of the ellipse axis ratio (b/a). The following function was
derived to fit this curve:

A2 - 0771 M3+ 0856

and case geometry becomes

Substituting equations for thickness, weights of the cylinder and ellipsoidal

dome are:
3 L
u _ D (MEOP)(FS)om(D)
cyl oF
tu
3 .
_ T™D7(MEOP) (FS)p_ [th - 0_77|)1'3 + 0.856] ; for one dome
dome 87 a
tu

Case volume is

3

W
™ 1 by 1 LT _p
Vcase ) L3 (a) M 2 (D)] n._p
PP
Solving for D3
2w
p3 = L.

1 b 1 L
oony(3 @ + 3 @)
Case weight can be expressed as

MEOP(FS)pm WP

W =W + 2W = K
c cyl dome  F (Op) s g
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where
1.3
L  1{b
. 5+3(|§— .77l) + 0.856
g 1 ,b 1 L
3 (g) + 0 (D)

which is approximated within 5% by

L (0.163 % -0.114)
1.77 Cﬁ)

~
Il

0.315

g
b,

G
The theoretical case weight was then correlated with 20 metal case data points

including actual hardware, design studies, and proposals which resulted in the

final equation

1.013

b
0.95 (0.163 P 0.114)

0. 0.7 —

v o= 11.16 N aeor)’ 7’ (Fs) S .
c ‘ PN (F )0.9 b 0.315 m
PP tu ﬁ;

Limitations of this equation are listed in Case Segmentation.

Propellant Load Fraction (np) - The weight of star pattern propellant in

both domes with a density of 0.063 1b/ in3 was determined to be 70,000 1b for

a 156-in. diameter SRM. The volume of the domes and the propellant in them are

3b .y 70000 _ 559, v = 0.292674 D> 2
dome a

=1
Vdome ~ 6 brg prop 0.063

Cylinder length is

where the volume of propellant in the cylinder is

v 3 b
vy =—2-0.292674 D° =
pc p a
P
and case internal cross sectional area is
=T 2
Acs Ty (@ )
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Where T is the cylinder wall thickness + insulation

_ MEOP(D)FS

T
2Ftu

+ 0.25

The total case volume for a Ap/At ratio of 1.3 is

\Y
=Ip3b 1,2 pc
Vcase "6 D a + 4 D (; - 1.3 A )
cs t

Since the propellant loading fraction is defined as propellant volume

divided by case volume

W
N o= — P

P pp case

5.1.3 Case Segmentation - The equation in 5.1.2 is for an unsegmented case,

but large SRM's are divided into segments resulting in a joint penalty. Reference
(M) provided the source of the equation and derivation used for this penalty. It
was assumed that flight and ground handling loads do not design the joint and the
joint cross sectional area will vary linearly with case wall thickness. Weight
of the joints is

Wj =1D ij pj Nj

where ij is the joint cross sectional area and pj is the density of the

joint material. Since

A, =T
c

x3 vl

_ (MEgg)FS D) ¢rom Paragraph 5.1.2.

where T
cyl

MEOP) (FS) (p.)N,
L2 MEORGS) 6N,
j 2F
] tu
Assuming that the joints are manufactured from steel, pj is relatively constant.
Removing constants
. (MEOP) (FS)N,
W, « D 1
3 F

tu

Applying this expression to manufactured joint data, the following weight equation
for case joint penalties resulted

MEOP (FS)N,

F
tu

W, = 7.7 D2
J
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This equation is applicable to pin and clevis type joints only. A set of para-
metric limits was established for the joint equation as well as the case
equation previously presented. They are:

3000 < Wp < 2,000,000 1b

2
500 < MEOP < 1500 1b/in
0.25 < L/D < 8

0.6 < b/a < 1.0
The values of the material property parameter Ftu to be used in the equations is

room temperature value. It has been assumed that case insulation will prohibit

steel cases from exceeding 350°F.

5.1.4 Case Weight Comparison - A comparison of proposed 156 in. diameter SRM

case weights and predicted case weights resulting from equations in Paragraphs
5.1.2 and 5.1.3 is presented in Table 5.1-1. Proposed weights and design parameters
were obtained from SRM study reports submitted to NASA by Lockheed, Aerojet, UTC,
and Thiokol on 15 March 1972. Biaxial gain was accounted for by either a lower
FS or a higher Ftu in the SRM proposals which took advantage of it. The reported
case weights were 5 to 13 percent lower than those predicted by the parametric
equations.

5.1.5 Nozzle - The nozzle weight equation from Reference (M) was for a fixed
ablative nozzle divided into seven sections as shown in Figure 5.1-2. Based on the
analysis of the section theoretical weight equations, a single parametric weight

estimating proportionality expression was derived.

A ckyl+2 [0-65

noz
0.6 0
c Tb

0,0.5

P -d (tan 3)

This expression provided the basis for the correlation analyses which resulted

in the final equation

0.916
W omi2 07
W = 0.0000772 K
noz gn 0.8, 0.6 0,0.4
PC Tb (tan 2)
5-8
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TABLE 5.1-1
COMPARISON OF PROPOSED SRM CASE WEIGHTS WITH THOSE
PREDICTED BY AEROSPACE EQUATION

SRM PROPELLANT | PROPELLANT | PROPELLANT | MAX OP F.S. ULTIMATE | MATERIAL | MATERIAL |DIAMETER
REPORT Wp (LB) DENSITY—pp | LOADING PRESSURE STRENGTH | DENSITY D (IN)
(LB IN FACTOR-qp | MEOP (PSI Fry (KD [ gy(LB IND)
LOCKHEED 1,231,031 0.0649 0.76397 1000 14 225 A 0.283 DBAC 156
AEROJET 100,000 SEE NOTE 4 1000 1.4 220 & 0.283 D6AC 156
uTC 1.250.000 0.0635 0.78082 1000 1‘2{3\_ 195 0.283 D6AC 156
THIOKOL 1.217.664 0.064 082335 996 14 200 0.283 D6AC 156
MDAC 1,270,000 0.063 07914 1000 14 225 0.283 DEAC 156
SRM L DOF NUMBER PREDICTED CASE WEIGHT(EQUATIONS) | PROPOSED | PREDICTED WEIGHTS
REPQORT CYLINDER OF JOINTS UNSEGMENTED [ JOINTS TOTAL CASE WT { )% HIGHER
N; ¥, A W A\ (LB) (LB) THAN PROPOSED
LOCKHEED 1.66 8 91,034 9328 100,362 95,373 15.3)
AEROJET 5.61 3 69,282 35717 72.858 69.030 (59
uTe 779 4 197,791 4805 112.596 99,799 (12.8)
THIOKOL 7.08 4 104,179 5226 109.405 102,755 (6.5
MDAC 7.88 7 103,605 8162 111.767 103.206 (8.3

NOTES: @\ BIAXIAL ULTIMATE STRENGTH = 254 KS! FOR 13% GAIN
A BIAXIAL ULTIMATE STRENGTH = 248 KSI FOR 13% GAIN

/3\ F.S. SHOWN IS FOR UNIAXIAL TENSILE STRENGTH. ACTUAL BREAKING STRENGTH OF A CASE WITHOUT IMPERFECTIONS ISUP TO 15%
GREATER THAN THE DESIGN BURST PRESSURE DUE TO THE APPARENT INCREASE IN MATERIAL STRENGTH IN A BIAXIAL STRESS FIELD.

/A\ THIS DATA NOT AVAILABLE 1013
Av = 11415[< " )"‘9“ MEQP*FS) 07 (L)U.MS ]

— — (=)=,

Fop Fr) 03 0 m

AW =17 (D) ZMEOPFS™N,

Ftu
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which is equivalent to

0.6 , 1.2 0.7 0.916
b s{

1.2 0.8 0,0.4

Cf P, (tan-i)

W = 0.003505 K
noz gn

where K = 242;——-for gimballed nozzles and 1.0 for fixed nozzles. The
gn €0.116

following limits apply to the ablative nozzle weight scaling equation
500 < Wp < 2,000,000 1b

30 < Tb < 140 sec

300 < P_ < 1000 1b/in’

5 <e <75

15 < 9/2 < 30 deg

Thrust Termination - Thrust termination provides a negative or zero thrust

so the port area must be related to the nozzle throat area. From Reference (M)

W C* F
W -4 P o SQ’
tt PC Tb Cf PC
W
and correlation of F—ET—- with thrust termination weights resulted in
c b
W 1.45
Wtt = 170 PC Tb

However, the constant was changed to reflect a point design so the final equation

Fsz
th =0.03518 -(-:_P)
f ¢

5.1.6 Insulation - The source for internal insulation weight equations was

is
1.45

Reference (M).
0.86

0.5 0.117 , . 2
0.8 T P I
v b ¢ 1000
W, = 0.000602 ETJL')

n
PP
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Additional insulation required for joints 1s

W 0.00054 (D—Dp) DTb

ui
or
wii = (0.000178 (D—Dp) [(2D + Dp) Tb + 80D]
where
A\ /4W_ C* 1/2 A\ A4F 1/2
b = <_P.)<__2______> {2} s
P At m PC Tb g At m Cf Pc

For both propellant segment ends inhibited from burning (inhibiting function is
accomplished with insulation)
W,. = 2W,. N,
ji ii )

1f one end is inhibited

W, =W, + W..) N,
ji ui ii 3
If neither end is inhibited
L. = 2W . N,
ji ui j

The following set of limits represent the range of parameters in the empirical
data:
2000 < wp < 3,000,000 1b

40 < Tb < 140 sec
300 < P_ < 1200 1b/in’
5000 < TC < 6500°F
0.25 < L/D < 8
Expended insulation from wins and wji during burn time was estimated to be
W = 0.005 Wp

exins

5.1.7 Igniter - Igniter weight of some SRM's was plotted versus motor diameter

with the resulting equation of the curve being

W =0.376 D%
ign
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5.2 Landing and Recovery - These equations predict weight for parachute

and braking rocket systems. Figure 5.1-3 presents the recovery mode for the point
design which was used as the basis in determining equation parameters and
coefficients.

5.2.1 Parachute - A retro rocket ignition velocity of 240 ft/sec and SRM
burnout weight of 188,000 1b were used in the analysis of the parachute system.

The following weight summary indicates what components were included:

PARACHUTE HARDWARE LIST AND WEIGHT SUMMARY

DESCRIPTION WEIGHT - LB
STABILIZATION PARACHUTE SUBSYSTEM
Stabilization Chute, 23.0 ft (DO) 23° Conical Ribbon 90
Riser, 25.6 ft long, suspension lines continued 17
Deployment Bag 9
Mortar, 20 in. dia. x 32 in. deep 36
Cartridge, uses 2 SBASI for initiation 1
Nose Cap, held by shear pins until mortar force 18
Bridle, tie between nose cone and pilot bag _ 4
175
MAIN PARACHUTE SUBSYSTEM
Pilot Chute, 13.7 ft (DO) 25° Conical Ribbon 9
Riser, 56.3 ft long 16
Deployment Bag, Pilot 1
Main Chute, 78.5 ft (DO) 20° Conical Ribbon 1464
Deployment Bag, Main 127

Reefing Line Cutter, 10 sec delay (4 required) 2
Reefing Line, 9000 1b MIL-W-4088, 129 ft long 9
Explosive Bolt, release for attachment ring 2

1

Jumper Line, attach ring to flotation and retrieval gear

1631
It was assumed that the stabilization parachute subsystem weight remains con-
stant. The main parachute weight equation was derived from the fact that

wbo = Cd Ap q

5-13
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where Cd is the drag coefficient, Ap the parachute area, and q the aerodynamic
pressure which can be expressed as
2
q=1/2 P v

where Oa is atmospheric density at altitude and V is velocity. Assuming that
parachute weight is proportional to area, C

W [+4 L
par 2
w_))

d constant, and Py constant

The total parachute system weight equation is

"
W =175 + 498 —22>—
par v 2

ri)

Parachute Installation - A summary of installation hardware compatible with

the parachute system follows:
PARACHUTE INSTALLATION HARDWARE LIST AND WEIGHT SUMMARY
DESCRIPTION WEIGHT - LB
ACCESSORY HARDWARE

Support Ring 680
Severance Ring 48
Linear Shaped, Charge Assembly 21
Foam Filler (for flotation), 32 ft3 128
Support Bulkhead 65
Flotation Bag, Pressurization Vessel and Valve 40
Cannister 185
Attachment Ring, 80 suspension lines, 4 each at 20 points 70
Miscellaneous 12

1249

This hardware is assumed to be proportional to the parachute weight so

W . =0.6916 W
pi par
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5.2.2 Retro Rockets - The characteristics of the point design braking
rockets are as follows:
Braking Rockets
Number 4 per SRM Stage
SL Thrust (1b/rocket) 283,500/35,780 (Boost/Sustainer)
SL Specific Impulse (sec) 249/213 (Boost/Sustainer)
Burn Time (sec) 1.3/5.6 (Boost/Sustainer)
Propellant Wt (1b) 10,104
Gross Wt (1b) 14,968
The total ideal velocity available from the rocket is
wbo

AV = g 1 1n —
sp wbo wrp

From a series expansion
"y 1{ ¥ ’
lnﬁ_——fo_ﬁ_— = +—2-<’W—r2> + . .
bo rp bo bo

Since the retro rocket propellant is only a small portion of the total weight,

ZLUS
2

all terms of the expansion after the first one can be neglected so that

\Y
& wbo

W
rp g ISp

Assuming a constant mass fraction and that (Vri - Vsd) is proportional to burn

time

v, -V W
( ri sd) bo
W o«
rr I
sp

An ignition velocity of 240 ft/sec, water impact velocity of 20 ft/sec, SRM

burnout weight of 188,500 1b, and average ISp of 235 sec were used in the
determination of the final equation for rocket weight including attach structure

(Vr' " Vsd) wbo

W__ = 0.0819
rr

I
sp
The propellant mass fraction is
wr
= = 0.675
rr
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5.2.3 Water Recovery Hardware - The components and weights of this subsystem

are summarized as follows:

SRM RECOVERY HARDWARE

WEIGHT - LB

Line 120
Mortars 100
Floats 60
Sea Anchors 20
Attach Lugs 80

380

Since the weight of these items 1s assumed to remain constant
wwr = 380

5.2.4 Body - This group includes structural components required for making
the basic SRM adaptable to Shuttle use. Weight equations were derived, using a
point design as the basis for parameters and coefficients. The equations are
adequate for sizing purposes in spite of their simplicity. Considerable
analysis beyond the scope of preliminary design presently available would be
necessary to increase the degree of confidence in them. As it is,the body

group represents only 15 percent of the total SRM dry weight.

Forward Skirt - The design of this item reflects minimum weight structure

at a constant length. Weight can be expressed in terms of diameter, so using
point design data

wfs = 13.65 D

Aft Skirt/Launch Structure - Assuming the critical load to be at liftoff

with orbiter engines firing and negligible wind effects

wasls = axial load + reaction of orbiter thrust

Distributing the load to two fittings on the open trusswork skirt

F

OLOW + 2W (1.3) ==

=q L0 + 2
asls 4 D

L D
cos ¢ (Lf + 5)

W

Where 1.3 is the dynamic amplification factor. From point design data the

final equation is

D

OLOW + 2W 0.65 F cos ¢ (L, + =)

W = 0.00464 fo 4 ost £ 2
asls 4 D
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Attach/Separation Structure - An equation was derived from a simplified

relationship of loads. Structural weight decreases with reduced SRM engine
thrust or when a heavier SRM relieves the load. From point design data

F 3

W = 952 —=
as \Y

Lo

Nose Fairing - A constant unit weight resulting from the point design is

applied to any nose cone area. For a 20 deg cone

\ =0,0607 02
nf

Tunnel - Weight of the systems lines tunnel depends on cylindrical case
length
W = 0.114 L
t

5.3 Other - Weight equations for remaining systems are included in this
section.
Avionics - Avionics weight remains constant.

W =182
av

The following summary indicates the items included

AVIONICS WEIGHT SUMMARY

WEIGHT - LB

Chamber Pressure Transducers 18
Battery 8
Sequence Control 5
Radar Altimeter 7
Radar Antenna 2
Relays 15
Receiver Antenna 8
Receiver Transmitter 16
Barometric Switches 2
Wiring and Connectors 67
Supports _34

182

TPS - Nose insulation reflects a constant unit weight material. For a

20 deg cone

W = 0.018 D
tp
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5.4 SRM Module - The SRM model that has been incorporated into the overall
sizing program is in modular form and includes the preceding weight scaling equations.
This module provides a desirable weight estimation tool for analyzing the prelimi-
nary design studies of point design or, in the ESPER program it provides the capabi-
lity of optimization of the system by inputting a desired diameter and iterating
on propellant load and engine characteristics. The module has built in error
messages that tell the user when the limits of the parameter encompassed by the
empirical data used in the correlation analysis have been exceeded. It also con-
tains input constant which allows the user to input weight changes without modifying
the program. As with the Orbiter and External Tank Modules the flexibility is
inherent for replacing relationships or modifying the internal constants with a
minimum of effort.

The SRM Module also contains the option of utilizing a simplified equation to
derive the SRM weight rather than the detailed analysis. The primary purpose of
this option is to save time and money. This is accomplished by greatly reducing
the computer run time as well as eliminating the 39 input variables required to
run the detailed program. In the formulation of this equation, the primary para-
meters considered were usable ascent propellant and sea-level thrust. A battery
of parametric runs was completed in which sea-level thrust was varied from 3.0M
to 5.0M 1b and ascent propellant loadings from 1.0M to 2.0M 1b SRM burn out weight
was then plotted against sea-level thrust resulting in a family of propellant curves
as shown in Figure 5.4-1. Each of these curves were analyzed by a least squares
curve fit to determine the coefficients of the equations describing them. These
resulting coefficients were, in turn, curve-fit to give interpolation capabilities.
The resulting equations are as follows:

CPEFSE = 29653.3 + (PR@PB * 0.0773338)

BBPWT = CPEFSE + (THBSL * 0.01887863)

where: PROPB = Usable ascent propellant weight.

THBSL = Sea level thrust
Table 5.4-1 is a detail listing of the input parameter both in the symbolic nota-

tion as used in the equation formulation and in the Fortran language as is used in the
computer program. Included with each parameter is a physical description and the

corresponding dimensional units. Figure 5.4-2 depicts a typical SRM with various

sections and dimensions noted. The following table (Table 5.4-2 is a data input file
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320 186814) 1.8 WM LB
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5.0

(THRUST LB x 105)/5RM

FIGURE 5.4-1 SRM BURNOUT WEIGHT VS SRM SEA LEVEL THRUST

TABLE 5.4-1
SRM MODULE NOMENCLATURE
(PER SRM)

VARIABLE NAME
FORTRAN SYMBOLIC DEFINITION UNITS
MAAX a Major axis of ellipsoidal dome IN.
AP Ap Propellant grain port area IN.z
AT At Nozzle throat area IN.
MIAX b Minor axis of elliposidal dome IN.
CF Cf Thrust coefficient N.D.
DIA D Case diameter IN.
DP Dp Propellant grain port diameter IN.
TH@SL Fosl Total orbiter sea level thrust LB
THBSL FSl SRM sea level thrust LB
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TABLE 5.4-1
SRM MODULE NOMENCLATURE (Continued)
(PER SRM)
VARIABLE NAME
FORTRAN SYMBOLIC DESCRIPTION UNITS
FTU Ftu Ultimate tensile strength lb/in2
FS FS Factor of safety N.D.
RRISP ISp Average specific impulse of retro rocket propellant SEC
LTH Length of cylindrical portion of case IN.
LF Lf Distance from edge of aft skirt end to orbiter IN.
thrust line

ME@P ME@P Maximum expected operating pressure lb/in2
NJ Nj Number of segment j oints N.D.
@GLAW PLGW Orbiter liftoff weight including external tank LB

PC PC Average operating chamber pressure lb/in2
BBT Tb SRM burn time SEC
TC TC Combustion temperature °F
TDES Ties Case design temperature °F
VRI Vri Velocity @ retro rocket ignition FT/SEC
VsD Vsd Velocity @ water impact FT/SEC
WAS was Attach/separation structure weight LB
WASLS wasls Aft skirt/launch structure weight LB
WAV wav Avionics weights LB
BBOGWT Wbo SRM burnout weight LB
WCASE WC Unsegmented case weight LB
EXPINS wei Expended insulation weight LB
WFS wfs Forward skirt weight LB
WIGN wign Igniter weight LB
WII wii Inhibited segment end insulation weight LB
WINST wins Internal insulation weight LB
WIPINT Wj Case segment joint weight LB
WINSJ wji Segment joint insulation weight LB
BLOWT wlo SRM 1liftoff weight LB
WNF an Nose fairing weight LB
WN@ZZ Wz Nozzle weight LB

MCDONNELL DOUGILAS ASTRONAUTICS COMPANY =« EAST
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TABLE 5.4-1
SRM MODULE NOMENCLATURE (Continued)
(PER SRM)
VARTABLE NAME
FORTRAN SYMBOLIC DEFINITION UNITS
PR@PB Wp Propellant weight LB
WPAR wpar Parachute weight LB
WPI wpi Parachute installation weight LB
WRP wrp Retro rocket propellant weight LB
WRR wrr Retro rocket (including installation) weight LB
WIN Wt Tunnel weight LB
WNCTPS th Nose cone thermal protection weight LB
WITER wtt Thrust termination weight LB
WUI wui Uninhibited segment end insulation weight LB
WWR er Water recovery hardware weight LB
NER € Nozzle expansion ratio N D
NP np Propellant loading fraction N D
NDHA e/2 Nozzle divergence half angle DEG
RH@PM P Case material density LB/IN.3
RH@P pp Propellant density LB/IN.3
AAQE ¢ Average angle of orbiter engines with X axis in DEG
X~Z plane
INT Insulation thickness IN.
BUNC1L Percent uncertainty applied to the Government %
furnished Eq.'s of the SRM
WN@Z Counter-nozzle type - 0.0 - fixed N D
1.0 - gimballed
WEL Counter-joint type — 0.0 - neither end inhibited N D
1.0 - one end inhibited
BASSRM Basic SRM weight LB
UNCERT Total uncertainty weight LB
WREC@V SRM recovery system weight LB
SRMISS SRM body adapter weight LB
BGL@W SRM gross launch weight LB
LAMB SRM LAMBDA N.D
BSRMC Basic SRM weight constant LB
SRMIC SRM adapter weight constant LB
SRMRC SRM recovery weight constant LB

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST
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CASE (Cylindrical Section)

FWD AFT

SKIRT JOINT-TYPICAL SKIRT
y i
S \ THROAT

A y—
o
-]

FIGURE 5.4-2 TYPICAL SRM \<

corresponding to the NR 162-in Booster, followed by the resulting detail printout,
Table 5.4-3. Following this is a simplified flow diagram of the module (Figure
5.4-3) and a listing of the computer program (Table 5.4-4).

TABLE 5.4-2
NORTH AMERICAN BOOSTER DATA FILE

1.000 PRIPAZ140816T « s RHOP=.065,DIA=162 ., MIAX=51.,MAAR=E] .
2,000 MEOP=1000.5F5=14,FTU=254000.s RHEM= 283, INT =41

L e000 NP=.763975NMNJ=5e5dN0Z=1 e NEX=11.2,88T=2125.,Ar=35650.0
3.520 T1H35L=3917000.

4.000 CF=1.58,rC=833.3,NDHA=15.,TC=5800.,TDES=250.,AT=2%30.
4,500 BREANT=2318Y0.

5,000 JRIZ141«5750=141.5,35L04=20000004, THU5L=395000.,AACLEL=1U.
5,000 LF=200.,3UNC1=.035,BUNC2=4035,KRISP=2354,4dE1=0.0

7.000 BHS5MC=0.0,38MIC=0.0,52MxC=3500.

10.000 %

INPUT

DATA
BASIC SRM RECOVERY SYSTEM SRM ADAPTER
WEIGHT EQUATIONS WEIGHT EQUATIONS WEIGHT EQUATIONS SRM
1. CASE WT 1. PARACHUTE WT | 1. FORWARD SKIRT | BURNOUT WT SYES o output
2. JOINT WT ®12. RETRO ROCK WT|]2. AFT SKIRT ITERATION
3. NOZZLE WT 3. RETRO PROP WT 3. NOSE FAIRING
4. ETC. 4. ETC 4. ETC.

T .

FIGURE 5.4-3 SRM MODULE SIMPLIFIED FLOW DIAGRAM
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TABLE 5.4-3
NORTH AMERICAN BOOSTER PRINTOUT

WEIGHT SUMMARY (PER SKM) - L3B.

BASIC SrRM WJEIGHT ( 167917 )
CASE WNEIGHT 102459.
JOINT WEIGHT 5569.
NOZZLE WEIGHT 46803 .
THRUST TER WEIGHT 3827
INSULATION WJEIGHT g7121.
IGNITER WEIGHT 53&.
SRM RECBVERY WEIGHT ( 13145.4)
PARACKHUTE WEIGHT 5450 .
PARACHUTE INSTL 3790
RETR2 RECKET U
PREPELLANT WEIGHT Je.
WATER KEC. H4D. 3%0.
SRM INTEXSTAGE S1. ( 30331.)
FIRWARD SKIRT 2211.
AFT S«KIRT 5T 5125,
ATTACH/SEP STRUCT 17609 .
NESE FAIRING 1593.
TUNNEL WEIGHT 135.
AJIONICS WEIGHT 162 .
1Py WEIGHT 472
23 INTERS. CONST 0.
IINCERTAINTY 4T, ( 7399 )
EXPENDASBLES ( -7031.2

SRi4 BUKNCUT WEIGHT ( 2117654)

SKM PREP. WEIGHT ( 14061674)
LAMSDA «B65

SRM GrU5s AEIGHT ( 1624962 4))
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!
i

TABLE 5.4-4
PROGRAM LISTING

{ = 14800 SFIXED
2 e 240C0 I1MPLICTY REAL (Ael}
3 « 3,000 DIMENSIBN FINn(4)
h = 44CCO NaMELTST PRBPB:RHGPoDIAJF!AK.HAAX;HEBP;FSJFTUJAT
5 « 5¢CC0O 12RHBMa [ Ta NP, NJ, WNRZ,NER,BBY, AP, THBSL . CF, PCaNDKA
6 . 6000 2sTC.TUES,BBAWT ,VR],VSD,0GLOW, THOSLJ AABELLF
7 . 7:C00 3,3UNCIsRUNC2,RRTSP, WE JBSRMC, SRMIC, SRMRC
8 e 8.:000 CaLl ERFSET(949399S)
3w 9.0C0 _READ 850Z,F10 ) L o
107w 77104200 B0 FORMAT(LA4)
11 » 11.000 CALL BPENFEIFID)
12 » 12+,C00 INPUT ()
13 13,C00 CARUNTED, O
14 o 14,CC0 WRECHVe 100G,
15 » 154CCO0 _  SRMISS®4€000, .
16 e 16,00 €
17 17.c0¢ C BASIC SR™ WEIGHT B e
18 « 18.¢00 C
19 « 19.000 C GEBMETRY EQUATIBNS
20 = 20+C00 VPCe (FRHPB/RIOBP ol ,2926744D1ASDIA®DIAS (MIAX/MAAX))
21 & F1.000  TCYLs(MERPeDIAWFS/(2400FTU))&INT.
22 « 22000 ACSe{3114159/440)#(D1AeTCYL)#(D1ATCYL)
23 s ?23.,C00 __ LTHaVPC/(ACS.AP)
2h » 24000 VCASE®(3414169/600)%D1A%DTACDIAG(MIAX/MAAX)
25 = 25.000 1+(3e141597400)8NTADIAM(VPC/(ACSw1e344AT))
26 = 26000 PLEaPRUPR/ (RI44P#VCASE)
27 s P7.C00 ___ PAplwPRAFB/1,0(05 e o
Zc8 w 28.0C0 C CASE WEIGHY
29 « 294000  IF(PRHPE.LT«30CN¢+8R,PROPRIGT42000000:) CBUNTELQ _
30 » 30,000 IF(MEDP 4L Te5000¢ B8R MEBPGTo1500¢) CHUNTS1,40
31 = 31.0C0 IFLILTH/DTAY L. Too2ReBR{LTH/DIA)eGTeRe) COUNTHL,40
32 = 32.CC0O IE(UMTAL/ZMAAX ) oL ToabeORa(MIAX/MAAX]) qGTels) CBUNTSL1,0
33 «  33.C00  IF(CAUNTECe1+0) WRITE(10R;700) o
34 & 34,000 CASE18RuAMN (PRBPB/(RHEBP*NP) ) #9,95
35 « 35,000 CASEEMFRFau , 7oFS%ey 2/FTUNS g .
36 w 36,CCO CASEA=(LTH/DTAY e ((4163*MIAX/MAAX)ugllé)
37 = 37.C00 CASEL"(MTAX/MAAX ) #uqe315
33 . 38,000 WEASE®11e14%(CASEL#CASEC#(CASEI/CASE4))®#1,013
39 o 39,000 € CASE_JBINT WFIGHT . I
4O . 40.C00 WJSINTe7,474D1AwN ] A (MEBF#FSeNJ/FTU)
bl . 41,000 C NAZZLE “E]GNY
42 « 4240C0 IF(PRUMR (LY eEN0s ¢OR«PROPEGT42000000¢} CBUNT®2,40
43 - 43,000 IF(BRT L To3CeeBResBBTsGTei404) CBUNTER,0 _
44 . 44 4C0O0 IF(PCoLTe30CesARPLeGT41CC0e) CBUNTR240
45 & W4B.CCO _ IFINEFRaL TR ORIERIGTe784) CBUNTS2,0 .
b6 = 46,C00 IF(NDHA LT o150 eAReNDHA LT 30e) COUNTRZ40
47 47.C00 IF(CBUNTWERePs0) WRITE(10R,800) I
48 48,000 C FIXED NRZLLE
49 - 49.C00 NRZZ1SBiiT#aeqeTHBS a1 20NFRoN,7
50 e £C.00C NBZZ2nCFea®paPCed, 28 (TAN{NDHA/57:29578) I0eq4
£1 = E1.C00Q IF(WNHZ,GT+2enn) GB T8 10 L
52 o 5240C0 WNOZZ®s 3505 (ND221/NBLZR2)I #4916
53 » £3,CCO0 Ga TA 20 L
B4 e B4,C00 C GIMBALLED NA2ZLE
55 = £5.000 {0 KGNs2e1{/NERw® 116 -
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56
57
58
59
62
61
62
63

63
66
67
68
69
.70
71
72
73
74
75
74
77
78
79
a0
81
.82
83
84
85
86
87
88
a3
90
51
az
93

95
96
97
28
99
100
1ct
102
103
104
10%

106 =

107
108
109
110
114
{12
113
114
115
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TABLE 5.4-4
PROGRAM LISTING (Continued)

b4

. 64000  WNBZZ®¢COISORKANS(NOZLZL/NOLIZ2)#,4916
- 57,000 C THRUST TERMINATIBN WEIGHT
. 58.000 20 WITER®yN3S51Ra{THBSL /(CFO*PL))nal,45
. 59,000 C INSULATION WEPIGWT
. 60+000  __ IS(PRHPALLTe2000++8RsPROPR.GT3000000s) COUNTRIO
. 61,C00 IF(RRT oL Tou0DeeBReBBT+GTe140s) COUNT23,0
. 624000 1P (PCILTe30C3R«PCaGTe42C0e) COUNT=3,Q I,
. €34C00 IF({TCeLTeE0CNseRPReTCeGT 165004 CEUNTHINQ
e 68eC0d_ o IF((LTH/DTIA) LT e25¢8Rw(LTH/DIA)eGTsd0) COUNTR3s0D
. 65.,CC0 IF(CRUNTEGe3e0) WRITE(1CRS30D)
. 66+2C0 € CaSE I
« 67.0.00 INSC 13 {PRUPB/(RHUP#NP) ) *# R0
. 68,000 L INGCEERR TN, PR e, 1474 (TC/L10004)#(TC/10000 ) o
. £94C00 INGC3(LTH/DIA)S# g4 #TOES# 42
s 7043CQ WINSCS 00602 { INSCL1o(INSC2/INSCI ) wweBs . .
. 71.CCO C WBINT
» 72+CCO . DPB((AP/AT)#(4,0%THBSL/{34141594CFoPL)))an,§ I
. 73.C00 WJUIs,CONR4s(NTIA/DPY*D]IA®BAT
. 744CQ0 WIleweOQC1788(D1A=DP I ({2:4D1A+DP)eBBT+804#DIAY .
. 75:¢CC0 IF(WET«53Te0en) 6B T 33
o 764CCQ ___ WINSYR2 CHRLUIANG . e e
» 77.CC0 G 1e 3s
. TR.CO0 33  WIASJes{wyl+wrl)eNJ ol
- 79.CC0 3§ WINSTOWINSCeWINSY
. BO«:COO C ISNITER WE1GWT e
. 81.CCC WIGNBe336BReNTANR] (45
»  R2.0C0_____ EXPINSae,p0sePFREPB e
. 83.CCO EAS‘”“-wCASE¢lJB!NT*NNOZZ#“TTER6H!NST¢N1GN*BSRHC
. &§4sCR0 UNCERTSIUNCT# (WRECBV+SRMISS)BUNC2# (BASSRM) e
. 8S5.CCO BRPWTSHAGSIMISRMISK4WRECOVEUNCERT+EXPINS
. 864C00  BLBWTSR"aWT+PRAPBeFXPINS o
. &7.C00 30 Y288, TeiiROWT
»  BRWCON __ TRLeWTeRLBwY . e
. R9.020 C
) gcs0C0 € RECOVERY SYSTEM WEIGKWT e
» 91,0Cc0 C
. s2:.c00 C PARACHUTE WE1GHT I
- 93.,CC0 WPARE175.C+408,0% (RBBWT/{VRI®VR]))

94 e 94,500 C___ PARACHUTE _INST WEIGHT
. 95,000 WP 1ee6916%uPAR
- S6eC00 C RETRE RACKET WE]IGHT e
- 97,0C0 WRRe0819¢*RARLTH (VRI=VYSD)/RRISP
. 98,000 C PRAPFLLANT WFIGHT e
. 99,000 WRP = g 67F84RR
e 1CC«000 € WATER RECHVERY WOW WEIGHT . .
L] 1C{.0CO WARS 38O,
» {c2.CC0 C
e 1C3.000C S]M BODY ADAPYER WFIGMT
e 1C4,000 C —
e 1C%.0C0 C FARWAKD SX1RY
o 1CheCOQ. ___ KFS=13.¢85+01A
e« 107.000 C AFT SKXHT/LAUNCH STRUCTURE ugrauv
e« 108,000 ASLSI®(E0LBW+(2,02BLOWT)) /400 L
*» 1C2.0C0 ASLqe--sscfkechceq(AABE/57.292578)0(LF#(DIA/a.))
= 110sCCO WASLS*eC0%640 (ASLS1+(ASLS2/D1A)) .
e {tt.0C0 C ATTACH SEP/STRUCTURE WEIGKT
®  1424CC0. _____ WAS=OS2,L*THASL/BBAWT . . -
= 113.000 C NBSE FATIRING
=  114.CCO WNFa o Q6CT7*CIADIA B
e 115.0C0 C TUNNEL “WEIGHTY
« 116000 WTAmalluelTH

116
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117
118
119
120
124

-
n
n

123
124
125
126
127
128
129
139
134
132
133
134
135
136
137
138
139
140
141
142
143
1ha
145
146

168
169
170

TABLE 5.4-4
PROGRAM LISTING (Continued)

s 117,000 C  AVIONICS WEIGHT

* 118,000 WAVe 1B2,0

* 119,000 C  TPS WEIGHT -

« 120,000 WNCTPSa,018%D1A#DY

*  121.000 SAMISSaVFSeWASLES*WASIWNF SWTNSWAVEWNCTPSeSRMIC _ _
= 122.000 WRECBVe, PARSWP I +WRR+WRP+WIWR$SRMRC

e 123,000 UNCERTR2UNC 1@ {YRECAV+SRMISS) +BUNC2® {BASSRM) R
= 1244CC0 BABWTSHASSRMLGRMISGewRECBY+UNCERTSEXPINS

= 1254000 BLAWT*ERAWTSPRAPHSFXPING — e -

»  124.4C0OC Bl AkaE Ay

« 127,800 LAMRS RUPH /ARLAW . ) e
« 128,000 IF(ABS(TRHAWT«BAOWT 4LEs10¢) GO YR 40

e 1294C00 Gs T8 37 _ o

« 130,300 40 WRITETICRI1000)

= 131,000 _WRITEIN17RI1C10) BAGSRM L _

= 132,0C0 WRTTELLICR10PU) WCASE,WUBINT,WNBZZ,WTTERsWINST,WIGN, BSRMC

e 133,000 WRITE(1CRI1030) WRFCHY L e
e 134,000 WRITEI1CR1C4]) wWPAR,S WP, WRR, WRP,) WWR, SRMRC

e 135,.CC0 WRITE(ICRS10501 SRMISS

* 136.C00 WRITEILO821060) WFGiWASLS, WAS,WNF , WINs WAV, WNCTPS,SRMIC

= 137.0C00 WRITECICRIICTI0) UNCERT EXPINSG

= 138400 WRITE(1:8210R0) BBEWT,PRUPB, | AMB,BGLAW

* 133.CC0 700 FARMATI//14x, 1 we®waRNING (88K AT CASE AND JOINT PARAMETERS#s#1)
* 140,0C0 800 FBRMAT(//17X, 142%uWaRNING | BAK AT NHZZLE PARAMETERS®®e1}

* 141.000 900 F2RMAT(//158X, 1 eadWaRNING | PBK AT INSULATION PARAMETERS®e®1)

o 1424CCO0 1000 FORMATI(//22X, VAEIGRT SUMMARY (PER SRM} o LB.t)

* 1434CCO 1010 FARMAT(//22X,'BASIC SRM WETGHT! 54X, 1t ,F1000,1)Y) _
* 1444000 1N20 FARMAT(/P2Xa 'CASE WEIGHT1,15X,F1040,/22%s

=  145,C00 TYUBINT WEIGHY ', 9Xa810000/22%, INBZILE WEIGHT ', 8X,

= 14K,C00 2F10001/22X, 1 THRUST TER WEIGHT ) 4X,F10eCs/22X%,

« 1474200 SHINGULATION WETGHT 1 6XsP 1000, /22X ' IGNITER WEJGHT !, 7X

e 143.C00 4sF10e0,/22x018AGIC SRM WT, CONSTe'»1XsF10e0)

"_ 1494000 1030 FORMAT(//22X, tSRM RECAVERY wFIGHT 4 4Xa 1 {1aF1040st) 1)

e 183,000 1040 FORMAT(/22X) 1PAARACHUTE We IGHT!1 ,5X,F10402722X,

s 181,000 11PARACHUTE INSTI '24AX,F1000,/22%, 'RETRS RBCKET1,9X, .
« 152,000 2F1Cs01/72X, 1PRAPELLANT WEIGHT I, 4X,F104¢0s/722X,

= 153,000 IVWATER REC, HWD 'y 6XsF1000s/722%,1SKM RECe WTe CBNST,!

. 1S4.GCCO 12X, 51040}

® 195.CC0 1650 FARMAT(//22%, ) SAM INTERSTAGE STe'p2Xst{1,F104Qa7)")

* 1564300 1060 FERMAT(/PCXstFRAWARD SKIRT',8X,F1000s/722Xs

* 127,200 L1PAFY SKIRT STet,BX,F1060,/722Xs VATTACH/SEP STRUCT! I
*  158,C00 2ahX¥aF 10,00 /2pXs INOSE FAIRINGI ,;SX,F1040s722X,

* 1594300 3VTUNNEL WETGHT Y, BX,F1000,/22X, AVIBNICS WEIGHT1,8X, o
» 1604000 WF10002/22K, P TPS WETGHT 1 g §1X,F1000s/722Xs 1SRM INTERS, CONST!

= 161,000 SsuXyF1040) o

e 162,CC0 1070 FORMAT(/22Xs tUNCERTAINTY WY, 1,5X, ' (1,5 1040a' )1 ,/722X,

v 163,000 TVEXPENDARLESH, 99XV [V ,F 10602t} )
*  164,C00 10BO FBRMAT{/22X,1SQM BURNBUT WEIGHT1,2X,1(1,F1040,1) 1,

* 1654000 1//722Xs VSRM PRAP, WFIGHT'auXs 1 t1,F 10000 1) 10/722X, VLAMBDAY

e 166000 222X F5a3,/ /22K 18RM GROSS WEIGHT ! ,3Xs Y L(1,F1040s1))1)

= ié.cCC__ G 'BYTL . : - -

¢ 1£84000 9999 CALL LLBSFS

*« {169.0C0 STeR I
e 47CCCO END
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APPENDIX A
SINGLE FACE CORRUGATION SHELL WEIGHT MODEL

In advanced design studies, it is not practical to analyze each structural
item in sufficient depth to determine its associated weight. Therefore, weight
estimation models, correlated where possible to hardware, are required. These
models are not intended to yield optimized structural designs. They must,
however, provide data adequate to define reasonable weights and their sensitivities
to the design and performance criteria applicable to each advanced design study.

Spacecraft have body structural shells which vary from cylindrical or conical
cross sections to flat-sided, noncircular cross sections. It is necessary to
consider a structural concept that can accommodate all of these shapes and still
provide adequate strength and stiffness during all mission phases. Two basic
requirements of the inner body shell structure are to provide load paths for
carrying aerodynamic and inertia-induced loads (i.e., body bending moments, axial
loads, and shear loads), and to provide a pressure shell for carrying internal
pressures. When this latter condition occurs simultaneously with aerodynamic and
inertia loads, the structural shell is analyzed using beam-column analysis.

The analytical equations are developed for a single skin, stiffened longi-
tudinally with open-face trapezoidal corrugations as illustrated in Figure A-1.

Single-skin, open-face corrugations are analyzed as though each pitch of
skin corrugation acts as an individual beam-column. Beam-column length is equal
to the interval between frames. Boundary conditions consider the primary shell
skin to exhibit negligible hoop tension or compression capability; therefore,
each pitch of skin corrugation beams the entire lateral pressure loads to
structural frames. Extent of conservatism exhibited by assuming negligible hoop
capabilities is highly dependent upon shell deviation from a cylindrical cross

section. Cylindrical shells provide excellent load paths for carrying hoop loads.
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SYMBOLS USED IN EQUATIONS

i

tu

="
[¢]
<

rr
@]
Ie)

s
I}

o
-
o

o
0

av]
¢]
=

lav]

all

all

w d B R OR LA

= o= H‘ Q
1 =
Q

-

o X TN O T H B T oo

[

ultimate tensile strength, lb/in2
compressive yield strength, lb/in2
Young's modulus of elasticity, lb/in2

crippling stress, lb/in2

allowable column stress, lb/in2

reference bending stress employed in plastic bending analysis, 1b/in2
applied, ultimate axial load, 1b

allowable column load per Johnson's equation, 1b

critical column load per Euler's equation, 1lb

axial load at failure, 1b

applied, ultimate uniform radial loading, 1b/in

applied, ultimate pressure, lb/in2
applied, ultimate bending moment, in-1b

bending moment due to lateral load and corresponding to y in-1b
allowable bending moment in plastic bending, in-1b

maximum final or total deflection, in

maximum deflection due to lateral and/or moment plus initial
eccentricity - in

ratio of P/Pcr or Pall/Pcr, scalar

deflection magnification factor, scalar
crogs—-sectional area of beam or colunn, in2
beam-column length, spacing between frames, in
effective beam-column length, L' = L//E;, in
thickness, in

element width used in crippling equations, in
corrugation pitch, in

area moment of inertia, in

material density, lb/in

static moment of area about neutral axis for plastic bending, in3
section modulus, in

unit weight, 1b/ft2

radius of gyration, in

fixity coefficient, scalar
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- ‘ p—— - s
fs =0.488 t s I-.— ‘

s =20t = ! {
te =051, \_/ ‘e
by = 6.0 ¢, by
b,= 1501 ]
View A-A
FIGURE A-1

SINGLE-SKIN, TRAPEZODIAL CORRUGATION GEOMETRY
(Sizing Model)

The following work develops the shell sizing model which is taken directly
from Reference b.

Beam Columns - A beam-column is a compression member which is also subjected

to bending loads. Bending may be caused by eccentric application of the member,
lateral loadings, or a combination of these.

The final deflection at the center is:

- 1
¥y, (l—a)
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The moment on the column can then be expressed by the following equation:

M =Py +M

The margin of safety of a beam—column can be calculated using the following

interaction formula:

R, +R =1,
where
Yo
Rb - Pall(l—a) + Mo
M
and
R = Pall
€ F A
cc

Substituting the ratios Rb and Rc into the interaction formula yields the

following equation:

2
P
cY Pa11 Pcr Pcryo Mo Pall Mo
F A \?P =~ \F a2 T H "M RS "M t1=0.
cc crY ce all all cr all

This is a quadratic equation with Pall/Pcr as the unknown. It can be solved

by the usual quadratic formula:

Pall } -b + Vbz—Aac '

Pcr 2a
where
P
a= cr
F
cc
Pcr Pcryo Mo
b:-FA+M + 1
cc all all
Mo
c=-yx + 1
all

The negative sign before the radical gives the proper answer when substituted

into the following expression:

o o Pan1
all cr Pcr

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY = EAST
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Before proceeding, it is necessary to solve for the quadratic equation
coefficients, a, b, and c, in terms of the single-skin, open~face corrugation
geometry. This is accomplished in five basic steps:

(1) determination of allowable crippling stress (Fcc) — To determine allowable

crippling stress, the following geometric relationships are used:

- 5 o t t = 0.05s A = 0.1025s°
' ”] s s 4
= _ ) t_ = 0.025s I = 0.0074s
/ﬂ ®/ T b, = 0.30s
S b = 0.75s
w

From Reference b, the crippling stress for a no-edge, free element may be

found from the equation:

FC .595 E
Fcc = 1.41 E b,0.81
@
For a given element, the maximum value allowed for FCc is Ftu' In any

equation used for determining the composite crippling stress of a skin corrugation,

it is necessary to account for three geometrically different elements as follows:

b
f _ 0.30s _

Element 1, where EZ—— 0.025s 12

bw 0.75s
Element 2, where T " 0.025 30

and ¢

s _1l.s -

Element 3, where ts = 0.05s 20.

The following combinations of conditions are possible stress levels for the
skin-corrugation elements:

(a) no elements working at Ftu

(b) one element working at Fy

(c) two elements working at Ftu

(d) all three elements working at Ftu

For each possible combination, a composite FCC of skin corrugation is

obtained from the following equations shown in Table A-1.

A-5
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TABLE A-1
EQUATIONS

. Esz. 0.595
Define Z = T E
tu
Lower Upper
Limit 2 Limit Z
0 5.3 555 = 0.1215 Z
tu
F
5.3 8.02 §35-= 0.094 Z + 0.146
tu
F
8.02 11.11 553 = 0.0328 Z + 0.634
tu
FCC
11.11 % == 1.
tu

(2) determination of allowable buckling load (Pc) - The allowable buckling

load is calculated from Johnson's Parabola for short columns:

2,00, 32
F.c (L'/k) A

45 E

P =F A-

For the skin-corrugation structure with a full fixity as the assumed boundary
condition, the Johnson's equation becomes:

o F F
P_=0.10251L cc 5 - cc
(L/s) 2.8546CF

2

Calculating the column stress from Johnson's equation,

Pc
F = —
c A
It must be verified that FC is equal to or greater than one-half of Fcc' If
this is not the case, then basic Euler column equation replaces Johnson's equation,

or: P
2 _EI
‘Pc =7 £ 3 and F = —<
@ ¢ 4
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(3) determination of initial deflection (yo) and initial moment (Mb) -
These values are obtained from "Formulas for Stress and Strains," by R. J. Roark,
4th ed., dated 1965, for a beam carrying a uniform lateral load. The equationms,

after substituting appropriate geometries, are:

gt
Yo T 72,84 3
Es
and
-1 2
M0 = k2 Cf qSL

The values of kl and k2 are given in Table A-2.

TABLE A-2
FIXITY CONSTANTS
fixity condition Cf kl k2
both ends fixed 4,00 1.00 12.00
both ends pinned 1.00 5.00 8.00
one fixed, one pinned 2.04 2.30 9.95
one fixed, one free 0.25 47.97 4.00

(4) determination of allowable bending moment (Mall) - In determining the
allowable bending moment, the basic plastic bending equation found in Reference b

is employed:

Mar = Q@+ Q) Fy
Substituting the geometric relationship for the skin corrugation into this

expression, the following expression for Mall is obtained.

_ 3
Mall = 0.0193s Ftu

(5) quadratic equation coefficients - The coefficients a, b, and c are

expressed as follows:

2
l:‘CC Fcc:
P -
- (L/s)? 2.8546C_ g
F_A F
ccC cC
(L/s)?
A-7
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k, k, C P M
_ 152 % L Jc4 Lb1l o0
b= - [(ato) + 2t 2D @Y § 21, and
L all
1 L.2
c=1- D D).
0.0193 k2 Cf s Ftu
where
2 Fcc Fcc2
- - = - h ! tion
if Fc > 1/2 }cc’ PC .1025L (L/S)z 58540 Cf EKJO nson's equation)

2 EI
whH?

The subroutine utilizes an iterative process where values of the skin thick-

IfF < 1/2 F , then P =1 (Euler's equation)
c cc c

ness (ts) are varied until Pall approaches P, or the margin of safety approaches

zero. As shown on Figure 1, the value calculated for tg must satisfy the require-

ment:
t
S
— =t >t ., .
2 ¢ — minimum
The value tminimum represents a minimum sheet thickness, based upon manufacturing

and/or handling limitations used in the aerospace industry.
Using the relation between skin thickness (tS) and equivalent thickness ()

shown on Figure A-1, the shell %nit weight is determined by:

W=144 p t

Circular Shells - As previously discussed, cylindrical and conical shells are

capable of carrying hoop loads. However, the present equations do not account for
this capability. Therefore, conical shells, which are employed on ballistic
vehicles, cargo propulsion modules, and launch vehicle adapters, are conservatively

sized by the techniques for noncircular shells.
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A.l - General Instructions - This is a program for finding the unit weight of

a single-face corrugation shell for a given running load, operating temperature,
and material. A linear expression giving unit weight in terms of running lecad is
produced as well. Three outputs are given which can be used as inputs to the
Aerosurface Calculation Program.

REQUIRED INPUT

The input form used is the "namelist" type which eliminates any fixed

format problems. The namelist variables used are given below.

Name Variable Units
E Young's Modulus of elasticity at operating temp. lb/in2
FTU Ultimate tensile strength at operating temp. lb/in2
KCY Compressive yield strength at operating temp. lb/in2
MATL(1),I=1,3 Material Name -
RHO Material Density 1b/in3
RS Rib Spacing in
TEMP Operating temperature °F
Q Running Load 1b/in
FIX Indicator of fixity condition -

1 - both ends fixed oo

2 - both ends pinned
3 - one end fixed, one end pinned

4 - one end fixed, one end free

LIM Variable limiting number of points per run (for
LIM = 50, Q RUNMAX = 32000 1b/in.)

Table A-3 is a typical input file for various materials, temperatures, and
pressures. Tables A-4 through A-10 are the resulting outputs for these data, and

Table A-11 is a Fortran listing of the Shell Program.

A-9
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1l

2.

U1

000

000

.000
.000
.000

6.

noo

.000
. 000
.000
.000
.000
.000
.000
.000
.000

. 000

28 FEBRUARY 13973

TABLE A-3
SAMPLE INPUT FILE

ALUM 2021-T861
E=10.5E+06,FTU=71000.,FCY:63000.,RHO=.1,R§=20.,TEMP:?O.
0=1.4,FIx=3,LIN=43%

ALUM 2014-T651
E:10.7E+o6,FTu=66000L,FCY:59000.,Rﬂ0:.101“
ALUM 2219-T87
E=10.5E+06,FTU=6M000.,FCY:53000.,RH0=.102“
ALUM T7075-T651
E=10.3E+06,FTU=78000.,FCY=69000.,RHO:.101“
ALUM T7079-T651
E:lD.3E+06,FTU=76000.,FCY:69300.,RHO=.099"
TITANIUM 6AL=4V
E:16.0E+06,FTU:160000.,FCY=15“OOO.,RHO=.160“
TITANTUM GAL=HAY
E=13.1E+06,FTU=113000.,FCY=98000.,R10=.16O

TEMP=600.%

A-10
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ALUM 2024-T861
E= .105C 08 PsSI

Ri0= ,100 L3/IN3

FIXITY COEFFICIENT= 2,04

TABLE A-4
RESULTING OUTPUTS

TEMP= 70, F 0=

FTu= 71000, PSI FCY=

RIB SPACING= 20.0 IH

l1.40 P

63N000.

ORUN WBAR K oruN
100. .51 10 7590, 2
200. .61 7 80n0. 2
300. .68 5 8500, 2
4oo, CTh 3 9nonon, 2
500. .80 5 35n0. 2
600, .84 5 10000. 2
700. .88 5 11000, 3
800. .92 6 12000, 3
900. .95 6 13000, 3
1000. .08 6 14000, 3
1500. 1.12 6 15000, 4
2000, 1.23 5 16000, y
2500, 1.32 5 17000, ]
3000. 1.42 5 18009, 4
3500, 1.51 5 19910, L
4000, 1.62 it 20000, 5
§500. 1.71 4 21000. 5
5000, 1.81 5 22000. 5
5500. 1.91 5 23000, 5
6000. 2.02 5 2un00. 6
6500, 2.12 5 25000, 6
7000. 2.23 5
SLOPE= ,000227 PSF/LB/IN CB= .68 PsF
FA= 63444, PSI TAU= 22010. PSI
WBAR= .000227 # NRUN + .68
A-11

S1

PS1

WBAR

.34
Al
.55
.66
7
.39
11
.34
.57
.80
.04
.23
.51
.15
.99
.23
Lu8
.12
.96
.20
A5
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TABLE A-5
RESULTING OUTPUTS

ALUM 2014-T651 TEMP=  70. F 0= 1,40 PSI
E= .107¢ 03 PSI FTu= 66000, PSI  FCY= 59000. PsSl

Ri10= ,101 LB/IN3 RIB SPACING= 20.0 IN

FIXITY COEFFICIENT= 2.04 (ONE END FIXED, ONC PINNED)
ORUN WB AR K ORUN WBAR K
100. .52 10 7500, 2.4 5
200. .62 7 8000. 2.53 5
300. .69 5 8500, 2.64 5
400. .75 3 9000, 2.76 5
500. . 80 5 9501. 2.38 5
600. .85 5 10000, 3.00 5
700. .89 5 111000. 3.23 5
800. .93 5 12000, 3,48 5
900. .96 6 13000. 3.72 5

1000, .99 6 14000, 3.97 . 5
1500. 1.13 5 15000, 4,21 5
2000, 1.24 4 16009, L, 46 5
2500. 1.34 5 17000, 4,71 5
3000. 1.44 5 18000. 4,97 5
3500, 1.55 4 19000, 5.22 5
4000. 1.65 h 20000, 5.47 5
4500. 1.75 5 21000, 5.73 5
5000. 1.86 5 22000, 5,98 5
5500. 1.97 5 230090, 6.24 5
6000, 2.08 5 24000, 6.50 5
6500. 2.19 5 25000, 6.75 5
7000, 2.30 5
SLOPE= ,000240 PSF/LB/IN CB= .66 PSF
FA= 60672, PSI TAU= 20460, PSI

WBAR= ,000240 * NRUN + .66

A-12
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TABLE A-6
RESULTING OUTPUTS

ALUM 2219-T387 TENMP= 70. F nz= 1,40 PSI
E= .105C 08 PsI FTu= 64nn0. PS1  FCY= 53909, PSI

Ri10= .102 LB/IN3 RIB SPACING= 20,0 IN

FIXITY COEFFICIENT= 2,00 (ONE END FIXED, OHE PINNED)
QPruUN WBAR K NR U WBAPR i
100. .52 10 7500. 2.54 5
200. .63 7 8nnn. 2.67 5
300. .71 Yy 8500, 2.79 5
4oo, CT7 y 9000, 2.92 5
500, .82 5 9500. 3.05 5
600. . 86 5 10000, 3.18 5
700. .91 5 11000, 3. 44 5
800. .95 5 12000. 3.70 5
900. .98 6 13000, 3.96 5

1000. 1.01 6 14000, 4,23 5
1500. 1.15 5 15000, .50 5
2000. 1.26 5 16000, u,77 5
2500. 1.37 5 17000, 5.04 5
3000. 1.48 5 18000. 5.22 5
3500, 1.60 Yy 19000. 5.59 5
40090, 1.71 3 20000, 5.86 5
4500, 1.82 5 21000, 6.14 5
5000. 1.94 5 22000. 6.U42 5
5500. 2.06 5 23000. 6.69 5
6000. 2.18 5 24000. 6.97 5
6500. 2.30 5 25000. 7.214 4
7000, 2. 42 5
SLOPE= .000260 PSF/LB/IN CcB= .64 PsSF
FA= 56462, PSI TAU= 19840, PSI

WBAR= .000260 * NRUN + .6l
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TABLE A-7
RESULTING OUTPUTS

ALUM 7075-T651 TEMP= 70, F n= 1,40 prsI
E=  L103E 08 Pst FTu= 78000, PsS1 Fcy= 69000, P51

RHO= .101 LB/INZ RIB SPACING= 20,0 IN

FIXITY COEFFICIENT= 2,04 (OHE END FIXED, ONE PINNED)
QRUNM W3 AR K ORUN HBAR K
100, .51 10 7500, 2.29 5
200. .61 7 8009, 2.39 5
300. .69 5 8500, 2.49 5
400. .75 3 9n00, 2.60 5
500. .80 5 9500, 2.70 5
600. .85 5 10000. 2.81 5
700. .89 5 11000, 3.02 5
800. .93 6 12000, 3.214 5
900. .96 6 13000, 3.46 5

1000. 1.00 6 140090, 3.€8 5
1500. 1.13 6 15000. 3.90 5
2000. 1.24 5 16000, h,12 5
2500. 1.34 6 17000, 4,35 5
3000. 1.43 5 18000. 4,58 5
3500, 1.52 5 190090, 4,80 5
4000. 1.61 5 2000N, 5.03 5
4500. 1.71 4 21000, 5.26 5
5000, 1.80 4 22000, 5.49 5
5500, 1.89 5 23000. 5.72 5
6000. 1.99 5 24000, 5.96 5
6500. 2.09 5 25000, 6.19 5
7000. 2.19 5

SLOPE= .000215 PSF/L3/IN cB= .72 PSF

FA= 67641, PS1 TAU= 24180, PsS1

WBAR= ,000215 * ORUI + T2
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TABLE A-8
RESULTING OUTPUTS

ALUM T7079-T(51 TEMP= 70, F 0= 1,40 P31
E= .103E 08 PSI FTU= 76000, PS1 FCY= 630NN, PS!1

RI10= ,099 LB/IN3 RIB SPACING= 20.0 IN

FIXITY COEFFICIENT= 2,04 (ONE END FIXED, OHE PINNED)
ORU!N WBAR K NRUI UBAR K
100. .50 10 7500, 2.26 5
200. .60 7 8000, 2.36 5
300. .68 5 8500, 2.46 5
400. CTh 3 9000, 2.57 5
500, .79 5 9500, 2.67 5
600. .83 5 10000, 2.78 5
700. .88 5 11000, 2.99 5
800. 91 6 12000, 3.20 5
900, .95 6 130N0. 3,42 5

1000, .98 6 14000, 3.64 5
1500. 1.11 6 15000. 3.86 5
2000. 1.22 5 16000. 4,08 5
2500, 1.31 6 17000. 4,31 5
3000, 1.40 5 18000, 4,53 5
3500. 1.49 5 19000. 4,76 5
4000, 1.53 5 20000. 4,993 5
4500. 1.68 4 21000. 5.21 5
5000. 1.77 y 22000, 5.u4 5
5500. 1.86 5 23000. 5.67 5
6000. 1.96 5 24000, 5.90 5
6500 . 2.06 5 25000. .13 5
7000. 2.16 5

SLOPE= .000214 PSF/LB/IN CB= .70 PSF

FA= 66721, PSI TAU= 23560. PSI

WBAR=  ,000214 # NRUN + .70
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TABLE A-9
RESULTING OUTPUTS

TITANTIUM GAL-4V TEMP= 70, F 0= 1,40 Ps]
E= .160E 08 PST FTU= 160000, PSI FCY= 154000, PSI

RHO= 160 LB/IN3 RIB SPACING= 20.0 IN

FIXITY COEFFICIENT= 2.04 (OME EHD FIXED, ONE PINNED)
ORUL WBAR K ORU!! UBAR K
100. .67 13 7500. 2,61 5
200. .81 8 8000, 2.63 5
300. .92 7 85n0. 2.75 5
koo. 1.00 6 9000, 2.82 5
500. 1.07 5 9500, 2.90 5
600. 1.14 4 10000. 2.97 5
700. 1.19 3 11000. 3.13 4
800. 1.25 5 12000, 3.23 3
900. 1.29 5 130n00. 3.43 5

1000. 1.34 5 14000, 3.59 5
1500. L 1.52 7 15000, 3.75 5
2000. 1.67 7 16000, 3.92 5
2500. 1.80 7 17000, 4,08 5
3000. 1.91 7 18000, 4,25 5
3500. 2.01 7 19000, h,on2 5
4009, 2.10 6 20009, 4.59 5
4500. 2.19 5 21000, §.76 5
5000. 2.26 5 22000, h.93 5
5500. 2.33 6 23000. 5.10 5
6000. 2.40 6 24000, 5.28 5
6500. 2.47 5 25000, 5.45 5
7000. 2.54 5

SLOPE= ,000161 PSF/L3/IN CB= 1.38 PSF

FA= 143173. PsSI TAU= 49600, PSI

WBAR= ,000161 * QRUN + 1.38
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TABLE A-10
RESULTING OUTPUTS

TITANIUM BAL-4v TEMP= 600, F n= 1,40 PsI
E= .131t 08 Psl FTu= 118000. ™S1  FCY= 98000. PSI

RHO= .160 LB/IN3  RIB SPACIHG= 20.0 IN

FIXITY COEFFICIENT= 2,04 (ONE END FIXED, OHE PINHED)
ORUIL WBAR K ORUN YBAR K
100. 712 12 7500. 2.99 3
200. .88 7 8000. 3.09 5
300. .99 6 8500, 3.20 5
400. 1.03 5 9009, 3.31 5
500, 1.16 4 9500. 3.43 5
600. 1.23 I 10009, 3.54 5
700. 1.29 5 11000, 3.77 5
800. 1. 34 5 12009, h.0n 5
900. 1.39 5 13000. 4,24 5

1000. 1.44 5 14000. b 43 5
1500. 1.64 7 151000, h.72 5
2000, 1. 80 7 16000, 4,97 5
2500. 1.93 6 17000, 5.22 5
3000. 2.05 5 18000, 5.47 5
3500. 2.16 6 19079, 5.72 5
4000. 2.26 6 20000. 5.97 5
4500, 2.36 5 21000, 6.23 5
5000. 2,46 5 22000, 6.43 5
5500. 2.56 5 23000. 6.74 5
6000, 2.66 5 24000. 7.00 5
6500. 2.78 4 25000. 7.26 5
7000. 2.88 h

SLOPE= .000236 PSF/LB/IN cB= 1.25 PSF

FA= 97750. Ps1 TAU= 36580. Pcl

WBAR= .000236 *# QRUI + 1.25
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