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FOREWORD

This investigation was performed for the NASA Manned Spacecraft Center 's
Structures and Mechanics Division. Dr. Donald M. Curry was the technical monitor,
and Dr. Kenton D. Whitehead was the project manager. The study was conducted by a
project team consisting of Drs. K. T. shih, A. Gay, and O. Brevig, and Mr. R. C.
Day - Thermodynamics, Messrs. R, S. Wilson and P. T. Thorndyke - Stress,

S. T. Hitchcock - Weights, and T. C. Johnson - Costs. Programming and computer
coordination was performed by Ms. E. R. Neuharth. All work was done at the San
‘Diego Operation of the Convair Aerospace division of General Dynamics. Results

“of the study are published in two volumes: the Final Report (Volume I) and the User's
Manual (Volume II). '
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SUMMARY

A study was performed to continue the development of the computational tech-
niques for the design optimization of thermal protection systems for the space
shuttle vehicle. The resulting computer program was then used to perform initial
optimization and sensitivity studies on a typical thermal protection system (TPS) -
to demonstrate its application to the space shuttle TPS design. The program was
developed in Fortran IV for Convair Aerospace's CDC 6400, but it was subsequently
converted to the Fortran V language to be used on the MSC Univac 1108. Document-
ation for the study is reported in two volumes - the Final Report and the User's
Manual. The latter contains input instructions and sample problems to illustrate
use of the program.

The efforts of the investigation involved continued development. of theoretical models
describing performance of the TPS and the programming of the subsequent method-
ology. The program itself was effected in a modular fashion to allow continuing up-
dating of the methods. The logic of the computer code involves subroutines which
handle the following basic functions: (1) A driver link which establishes communi-
cation between the overlays of the program, (2) an overlay which handles the
thermodynamic analysis (including aerodynamic heating and the temperature res-
ponse of the TPS cover panel and underlying insulation) and the discrete element
stress analysis of the panel, (3) an overlay which performs the finite element stress
analysis for the RSI configuration, and (4) a link which predicts the weight and cost
of the TPS panel and supporting structure. For metallic panels, the system weight
and manufacturing cost is determined by identifying and evaluating these parameters
for each of the TPS's component parts. The RSI and ablator systems are evaluated
as a honeycomb panel with an additional external insulation. In addition, a system
total cost is predicted based on system weight and historical cost data of similar
systems.

Each of the major components of the program described above is complemented by
other subroutines which provide specialized calculations for the analyses.

Two basic types of input are provided, both of which are based on trajectory data.
In the first, vehicle attitude (altitude, velocity, and angles of attack and sideslip) is
input and external heat and pressure loads are calculated. In the second, heating
rates and pressure loads are provided to the program as a function of time. Stan-
dard program output includes heating rates, temperature, and stresses for the
discrete elements of the TPS analyzed as well as dynamic stresses and the number
of stress reversals for the panel and its weight and cost. A panel redesign technique
is included to increase the panel thickness to transfer mechanical loads and to in-
crease insulation thickness to protect the underlying load-bearing structure. Sub-
sequent investigations have shown, however, that the most efficient and economical
method of sizing the TPS is performed by manual iteration by the program user.
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Preliminary optimization and sensitivity runs have been performed to demon-
strate the sizing procedure in terms of varying panel size, material properties.
and configuration. Six different metallic panel cross-section geometries are pro-
vided along with an ablative system, and reusable surface insulation (RSI), the last
with or without a phase change material (PCM) embedded in the substrate.

An Optifnum design is then identified as the one giving either minimum weight or

“cost as a function of the parameters being varied for the investigation. Sensitivity

studies are performed by noting the change in system weight or cost due to the
variation in some independent variable such as trajectory or heatmg prediction

- method for an optimum panel configuration.
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SECTION 1
INTRODU CTION

This manual describes the computer program P5490 developed for use in opti-
mizing the design of the thermal protection system for manned spacecraft in terms
of weight and cost. A brief description is given of the capabilities and limitations
of the program followed by operation instructions and sample problems. Source
listings, descriptive paragraphs of all subroutines, and a flow chart of the program
are given in the appendices. '

The program starts by calling subroutine INPUT1 to read in portions of the data
necessary to perform the thermal protection system (TPS) sizing. Computations
are performed for four types of cover panel: (1) metallic, (2) ablator, (3) reusable
surface insulation (RSI), and (4) a carbon-carbon leading edge. Flat plate, carbon-
carbon cover panels may also be simulated. by simply inputting proper material
properties while using the metallic cover panel option. For the case of ablative

and RSI systems, a second input subroutine, INPUT2, is called to read in the
thermodynamic properties of the cover panel, underlying insulation, backup structure,
and backface environment. The second input routine was employed to permit use
of the formats already existing in the charring ablator program which is the back-
bone of the ablator and RSI analyses. In this manner, the two programs were kept
consistent. Program control was then returned to INPUT1 to allow input of para-
meters need to perform stress and acoustic fatigue analyses.

For a given trajectory, location on the spacecraft, and computational time incre-
ment, the subroutine THERMO computes local pressure and aerodynamic heating -
rate. The temperature response of the panels and underlying structure are com-
puted either by subroutine CONDTN (for the metallic and carbon-carbon configur-
ations) or by subroutine ABLATE for the ablator and RSI. Provisions are also

made in the latter routine for using either cold or hot wall heat fluxes. Of course,
all these routines have many auxiliaries which perform subordinate computations.
Subroutine STRESS performs a discrete element stress analysis on all configurations
but the carbon-carbon leading edge. For the case of the RSI panels, an additional
finite element stress analysis is performed by subroutine MAIN at the trajectory
design point identified by STRESS. (MAIN is the CDC 6400 version of a two-
dimensional stress analysis initally developed at Convair as the independent com-
puter program P2354.) Once the thermodynamic and structural performance of the
TPS have been assessed, the acoustic fatigue analysis subroutine FATIG computes
the dynamic response of the system and compares it to the lifetime requirements of
the vehicle. Next, weight and cost data are read into the computer via the sub-
routine DRVTPS, and weight of the system is computed by subroutine WTTPS.
Manufacturing costs of the system are developed from standard hour predictions

by subroutine COST for a wide variety of materials, and total systems costs for

 a wide variety of materials, and total systems costs (again, per unit area) are
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determined from subroutine COSTOT. In this, the second version of the TPS sizing
program, all automatic sizing procedures have been removed from the program. Ex-
perience gained in running the computer program during its development demonstrated
that such procedures were both expensive and time consuming when compared with
those effected by an experienced program user.

The computer program was developed simultaneously in Fortran IV for the CDC 6400
and in Fortran V for the Univac 1108 by the Convair-Aerospace Division of General -

Dynamics. The complexity of the program required several overlays; the resulting:
system can be run in 130,100 words octal. '
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SECTION 2
PROGRAM CAPABILITIES

The program has been written in modular fashion. This will provide ease of
modification. The following subsections describe the capabilities and limitations of
the program.

2.1 COORDINATE SYSTEMS

In this program, a rectangular coordinate system was adopted. The plane of symmetry
of the spacecraft (the pitch plane) is specified as the xz~-plane of the coordinate system
(Figure 2-1). The location on the spacecraft is described in the program by a charac-
teristic length which is either the distance from the leading edge to the point of o

: interest or the diameter of the
swept cylinder configuration.
The local body orientation is
defined by the effect angle of
attack y which is computed by
the program as a function of
body geometry (9 and @ in Fig.
2-1) and angle of attack a and
sideslip g3, a being measured
in the x, z plane and 8 in the
X, y plane.

Z

Fig'ure 2-1. Body Orientation
2.2 AERODYNAMIC HEATING

Two methods are employed to specify the aerothermodynamic environment :_ofvi:he local
TPS of interest. The first is to input the vehicle trajectory as a function of ‘ti.rgige (i.e.,
altitude, velocity, angle of attack, yaw angle). These points are tabulated data and
the trajectory at a specific time is established by linear interpolation. Freestream
properties of temperature, pressure, density, speed of sound, and viscosity are
determined from the 1963 Patrick AFB Atmosphere (subroutine PRA63). The second
technique is to input the local pressure and heat transfer rate (either steady state or
as a function of time).  This input provision can take two alternative forms, cold or
hot wall heat fluxes. The cold wall values are input with the RSI or ablator configur-
ations and can be corrected to hot wall values as a function of computed hot wall
enthalpy and an input fictional total enthalpy. )

2-1



Prediction of aerodynamic heating is performed by seven different options: (1)
conical flow field with detached shock at high angle of attack, (2) laminar or turbulent
swept cylinder, (3) cone, (4) wedge, (5) sphere, (6) laminar cylinder, and (7) *urbulent
cylinder. The first option is the technique which will be used most frequently since it
embodies the techniques recommended by the NASA Thermal Panel for windward sur-
face heating. At low angles of attack, flow field properties are predicted from a num-
ber of curve fits developed for real gases, and at high angles at which the shock
detaches, the real gas flow field properties are determined by a series of calculations
considering the specified shock wave angle, changes in properties across the shock,
and expansion to local Newtonian. The equation of state is a curve-fitted Mollier chart
- for equilibrium air. From the known flow field properties, laminar heating rates are
computed from the Blasius equation evaluated at the Eckert reference enthalpy and
the Colburn statement of Reynolds analogy. For turbulent flow, two heating prediction
techniques are available: the first is the Schultz-Grunow equation with the Eckert
reference enthalpy and Colburn's Reynold analogy, and the second is the Spalding-Chi '
method with the von Karman statement of Reynolds analogy. Transition between
laminar and turbulent flow is specified by Masek's transition criterion. The end of
transition region is determined by a value of Reynolds number equal to twice the initial
value. Transitional heating between the laminar and turbulent boundary layers is
calculated as a linear interpolation of laminar and turbulent heating values, the degree
-of turbulence depending on the turbulent fraction exhibited by the boundary layer with
respect to values of Reynolds number for transition onset and end. Cross flow effects
are also included to modify heating rates for the effects of three dimensionality. For
the cone and wedge flowfields of options (3) and (4), curve fits predict flow field pro-
perties for. the attached shock flow field. No provision is made for shock detachment.

The second option of the program, laminar and turbulent swept cylinders, is valid for
only high angles of attack and is applicable to geometries such as swept leading edges.
The laminar swept cylinder heating rates are predicted by Fay-Riddell and the tur-
bulent rates by the Beckwith-Gallagher method. In both techniques, flow field pro-
perties are computed for real gas shock waves. The transition criterion, suggested
by the NASA Thermal Panel, starts transition at a freestream Reynolds number based
-‘on body diameter of 10° and ends it at a value of 2 x 10°. The computer codes aero-
heating options of (6) and (7) are simply the laminar and turbulent swept cylinder tech-
niques independent of boundary layer transition. Spherical heating, is simply the
method originally posed by Fay and Riddell as applied to a sphere. '

2.3 STRUCTURAL TEMPERATURE RESPONSE

Two methods are now available for determining the structural temperature re-
sponse of the TPS. The first, an explicit statement of the energy equation, is used in
conjunction with the metallic configurations and the carbon—carbon leading edge. The
second, an implicit solution technique, is used for predicting performance of the
ablator and RSI structures, the latter with and without an underlying phase change
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material. The implicit scheme is limited to one-dimensional heat transfer. For
both heat transfer prediction methods property values for heat conduction analysis .
(density, emissivity, heat capacity, and thermal conductivity) are fed into the pro-
gram as constants or as functions of temperature. For the ablative and RSI systems,
the thermal conductivity can be input as a function of both temperature and pressure,
the laiter dependency being especially significatnt for the RSI. These points are
tabulated data, and the properties at a specific temperature are established by linear
mterpolatlon

For the case of the explicit solution, structural temperature response is evaluated
by either a one- or two-dimensional conduction program with internal radiation. The
structure is divided into an arbitrary number (maximum of 9 columns x 9 segments):
of nodes (Figure 2-2).

The CONDTN subroutine accommodates simulation of radiation heat exchange between
~nodes. There are two general expressxons ava11ab1e for calculatmn of radlatlon hw.t :
exchange. The equation '

€59 4 4 :
= AF (T*_T -
U 1-(-€) (=) i 5% 1) : .2

describes radiation heat exchange, Ql]’ between two parallel plates i and j, where
O is the Boltzmann's constant, € is the emissivity, A is the area, F is the view factor
and T is the temperature. Equation 2-1 is an approximate form. For rigorous cal-
culations the "overall interchange factor, " ?Ushould be comnuted and supplied as
part of the problem input. By substituting €. =€ =1 and F1j ij .into equation 2-2 we
have vt o

4 4 - _ U

Q. =0cA F (T, -T))
ij iij g i

AERODYNAMICALLY HEATED
OUTER SURFACE

u X(1) 1 X(@)
Yay|[1,14 2,1 3,1 | o] e | I, 1
+ 1, 2 J . . ' .

1, 3 L4 ° ° oo | o
J [ N J [ 3 ® [ ] [ X J [ 4
YJd) |1, d ° . . o | I, Jd
+ INNER SURFACE

Figure 2-2. Structure Segmentation
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The implicit, one-dimensional heat transfer routine is used to predict charring
ablator performance or the temperature prediction of the RSI either with or without
a phase change material embedded in the substrate. The RSI is simulated simply by
suppressing the chemical reaction of the outermost material. The ablator or RSI
material can have up to ten nodes, and up to 5 backup materials with 4 nodes each
used to simulate the backup structure. A schematic of the nodal breakdown for the
implicit routine is shown in Figure 2-3.

2.4 STRESS ANALYSIS

The stress analysis (subroutine STRESS) is performed for any of the six simply-
supported metallic panels (Figure 2-4 and 2-5) and for the RSI system (Figure 2-8).
Figure 2-4 gives overall geometrical dimensions for the panel, and geometries for
individual panel configurations are given in Figure 2-5. The loadings considered are
bending due to aerodynamic pressure and the internal forces induced by temperature
gradients within the panel cross section.

The panels are segmented for the stress analysis; Figure 2-6 shows the panel segmen-
tation together with the conduction matrices and Figure 2-7 gives the segmentation
for the RSI system. It is essential that the conduction input obeys the matrix given in
these figures.

The following property values of panel material are needed for stress analysis; they
are input as tabulated data. '

a. Young's modulus vs. temperature.

b. Cdefficient of thermal expansion vs. temperature.
Yield strength vs. temperature.

Ultimate tensile strength vs. temperature.

a0

Larson-Miller parameter for strain 1 vs. stress.

e

e

Larson-Miller parameter for strain 2 vs. stress.

Ultimate compressive strength.

Fon

Ultimate shear strength.

Shear modulus.

(=1
.
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2.5  ACOUSTIC FATIGUE AND PANEL FLUTTER

The acoustic fatigué analysis (subroutine FATIG) computes the fundamental frequency
of each of four different panel configurations (Figure 2-8). Noise computations are
performed for each of four different sources (turbulent boundary layer, boost engines,
jet flyback engine, or scrubbingby the exhaust of the jet flyback engines). Each sound
pressure level is a function of local geometry (e.g., the distance between the source
and the point of interest for the case if engine induced noise, or the run length dis-
tance for the turbulent boundary layer, Figure 2-9). The panel moment of inertia may
be computed in either of two ways. In the first case, the moment of inertia may be
input as part of the standard format. However, if this value is input as zero, the
value will be computed for the metallic configuration, Or for the honeycomb substrate
used in conjunction with the RSI and the ablator. Dynamic stresses are computed for
each sound pressure level; these are adjusted to account for a dynamic magnification’
factor due to resonance-and for a local stress raiser due to edge conditions. Critical
stress levels for each noise source are determined by equating the randomly applied
excitation energy to the allowed levels of stress as a function of number of stress
reversals determined by test. (The latter information is calculated external to the
program from data of the final report and is input as a third-degree least-squares
curve fit of stress in kips per square inch as a function of stress reversals.) The
composite critical stress is determined as the square root of the sum of the squares,
and the corresponding equivalent number of stress reversals is determined by equating
the total energy absorbed by the system at the composite critical stress to the sum of
all the energies absorbed by the application of random noises due to each of the four
possible noise sources. The resulting critical stress and number of stress reversals
are compared to the allowable values to see if they have been exceeded. - -

2.6 WEIGHT AND COST ANALYSIS

The weight and cost analysis predicts unit area weight and cost for six different
metallic panel configurations and both ablative and RSI systems attached to a honey-
comb panel. Three different concepts of heat post supports (Figure 2-10) are also
considered. The type of panel and support structure are input to the program by -
appropriate option parameters along with the panel and supporting structure geometry
(Figures 2-11 through 2-15). The total system weight per panel is computed as the
summation of weights of the various components, and weight per unit area is deter-
mined by dividing panel weight by panel area. Costs per unit area are determined
by calculating the material and manufacturing processes for each panel configuration
‘and then dividing by panel size. Each individual cost is calculated by identifying the
type of material purchased, the form in which it is purchased, and the operations
needed to manufacture-the part (clamping, drilling, inspecting, etc.) as well as the
manhours required for supporting activities (sustaining engineering, tooling, and the
like). At the present time these data are stored within the computer program as
tabulated values.
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Figure 2-10. Schematic of Supporting Structures

Costs are computed by two different techniques. The first predicts the costs of man-
ufacturing the TPS per unit area and includes materials and manufacturing costs.
This is performed by summing the manufacturing costs of the systems individual
component parts. Materials considered along with their complexity factors are given
in Table 2-1.

The program total cost prediction techniques are based on methodologies developed

for the space shuttle booster and orbiter as well as other cost models of the aerospace
industry. All costs are based on a TPS area of 10000 square feet and then normalized
to unit area. The total cost model is outlined in Table 2~2, and the embedded constants
of the routine are given in Table 2-3. The user may override the embedded values,
however, simply by supplying the proper input values to subroutine DRTPS. (See the
next chapter for details.)
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Table 2-1. Material Types and Complexity Factors

Material MATLID Material Complexity Factor F
Alumipum - “_1__ S 1_._0 S
Titanium 2 4, 2(
Inconel 718 3 4.2
Hastelloy X 4 4.0
Rene 41 5 4.2
- TD Nicrome 6 5.0
‘Columbium ‘C-6752 7 6.0
Columbium C-129Y 8 6.0
Haynes 188 9 4.2
Tantalum 10 6.0
Alloy Steel 11 3.8
Stainless Steel 12 4.2
Magnesium 13 4.0
Beryllium 14 5.0
L-605 ’ 15 ' 4,2

2-16



Table 2-2. Total Cost Model

Theoretical first unit cost (TFU)
AT

TFU = CF, Ky (W) | .
Engineering Design and Developments Costs (EDD)

EDD = K, (W)BT
Tooling Costs (TOOL)

CT

TOOL = Kg (W)
Hardware requirements : ? .non—recurring'

Ground fest hardware (G‘TH) : costs -
GTH =EGH TFU

Flight test articles (FTA)

FTA = FTH TFU
Flight test spares and replenishment parts (FTSRP) J
FTSRP = FTS TFU
Production articles (PA) also

PA = NPA TFU Sustaining Engineering
Tooling

recurring

in TFU .
production

Test article conversion (TAC)

TAC = ETA TFU

The total program cost (TPC) is obtained by a summation of non-recurring’

DDT&E(NR), recurring production (RP), and recurring operations (RO) costs.
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Table 2-3. Values of Total Cost Constants

AT "
BT
CT
K1
K2
K3
EGTH
FTH
FTS
NPA
ETA
oS
STPS

. 66"7
.187

. 86
.00171
.58

. 004324
.75

.0

.67

.0

.3
.332

22, 000
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SECTION 3

PROGRAM OPERATION INSTRUCTIONS

This section presents the information required for effective use of the program. The
instructions for correct program input are given in Section 3.1, a description of the
program output is given in Section 3.2, and error statements are shown in Section 3. 3.

3.1 INPUT

The input system has been designed to allow multiple cases with the complete input
data deck consisting of input packages for each case. The first case generally requires
"specification of all necessary parameters whereas, in subsequeént cases, a namelist
DATANU can be used to make changes of parameters. A complete input package is
composed of 30 records; a record is simply a convenient gathering of similar terms

or groups of terms. The input symbols are defined in Table 3-1, and the format
records are given in Table 3-2 and illustrated in Figure 3=-1.

The formats of data input are of the form nEw.o. Thus, a decimal point may appear
anywhere in the field. However, if the exponential notation E xx is used, it must be
right-hand justified. Any field may be left blank. The blank is mterpreted asa0.
(integer) or 0.0 (floating point).

The definitions of the input symbols are given in Table 3-1.

Data for the weights and cost analyses are also read in using conventional formats, but
they are read into the subroutine DRVTPS. Results of this analysis are output from
this portion of the program also. The weights/cost input variables are indicated also
in Table 3-1 starting with record 52.

3.2 OUTPUT

The program output consists of three distinct sections. They are illustrated in Section
4. The first includes the case identification and printout of the input data. The last
line of print is the phase END OF INPUT. This section of the output is accomplished by
the subroutine INPUT1. '

The second section of the output consists of results. Numerical values are printed on
the line below each heading. Output symbols are defined in Table 3-3.

The third section of the output is the debug results ocutput. This section presents the
values of parameters which are not normally required but which may be helpful in
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tracking down the source of errors. This is especially helpful when a new subroutine
is added or an existing subroutine is modified. The debug output is not printed unless
it is specially requested by means of input a 1 of NPRT in the input data.

3.3 ERROR STATEMENTS

" a.

ALTITUDE LT 0 OR GT 700000 FT - Trajectory corresponds to an altitude out of
range of PRA63 subroutine.

LOCAL VELOCITY SQUARE IS NEGATIVE - This comment is printed when a
calculated local velocity square becomes negative in subroutine THERMO. ~~

ERROR IN OBSPL COMPUTATION - Function Curve F out of range.

SEGMENT NUMBER IJ TEMPERATURE CHANGE IS GREATER THAN 500 DEG -
Conduction solution is unstable; however, the program normally readjusts the
computation true interval. The computation will be stopped for a readjusted

true interva.l less than 0.1 sec (subroutine CONDTN).

NO. OF TITLE CARD IS GREATER THAN 10 - Subroutine INPUT1 11m1ts title
cards to 10.

NO. OF TRAJECTORY IS GREATER THAN 99 - Subroutine INPUT1 11m1ts

traJectory cards to 99.

OX ARGUMENT ERROR IN TABLE - Error in Function Table.



Table 3-1. Input Symbols

Variable
Record Type Symbol
1 Alpha- TITLE

numeric
1 Integer JI
2 Integer ICONF

IQCON
IQINP
ITURB
IWALT
NANG
NCOLM
v v NSEG
2 Integer = NMAT

SN OGO W

Definition

Case identification and comments, maximum 10 cards.

- Indicator marking the last title card which specifies

the input data form, input a non-zero value.

Specifies body configuration, input a 1 through 7.
. Conical flowfield with detached shock
Laminar and turbulent swept cylinders

. Cone

Wedge

Sphere

Laminar cylinder

. Turbulent cylinder

Specifies variation of input heat transfer multipliers,
laminar and turbulent input a 1, 2, or 3

1. QCONL(I) = QCONT(I) =1 (no input required)

2. Input QCONL(I). QCONT(I) = QCONL(I)

3. Input both QCONL(I) and QCONT (I)

Specifies variation of trajectory cards, input a 1,2,or 4
1. Input trajectory '
2. Input local hot wall heat flux and pressure

4. Input local cold wall heat flux and pressure

Specifies turbulent prediction method; input a 1 or 2
1. Eckert reference enthalpy
2. Spalding-Chi

Specifies conditions of wall temperature, input a 1 or 2
1. Uniform
2. Nonuniform

Specified variation of input angle of attack, inputa 1 or 2
1. o, Bare function of trajectory
2. o =ALPHA(1), 8 = BETA(1)

Number of Columns < 9
1. One-dimensional heat conduction»
2-9. Two-dimensional heat conditions

Number of segments =9

Number of materials <9
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‘Table 3-1. Input Symbols (Continued)

Variable
Record Type Symbol Definition

2 Integér NRSG One-dimensional case (NCOLM=1) number of internal
radiation gaps -

Two-dimensional case (NCOLM>1) number of internal

radiation segments, for segments which have more than

, one face radiation interchange, count each face as one

-e - - - .. . ._sSegmentsg18 e ol

NCRC Specifies cobrdinate systems used for conduction analysis,
~ inputal

NSECT Panel configurations (see Figure 2-5) input a 1, 2, 3, 4,
5, 6 or (see Figure 2-7)7, 80or 9
1. Convair trapezodial
2. Flat corrugation with skin
3. Rib stiffened panel
4. Skin stringer
5. Open corrugation
B 6. Circular arc corrugation
7. Reusable surface insulation (RSI)
8. Ablator
9. Carbon-carbon leading edge

NINS Specifies input material number of the insulation (limited to
one material) to be sized. If insulation sizing option is not
used, leave blank. :

NF Number of flights.

NPRT Specifies output form, input a 1 if "long" print out option
is used. Leave blank for ''short' print out

ISTRES Specifies whether or not to conduct stress analysis, input
Oorl :
0. Onmit stress analysis
1. Call stress analysis

IFATIG Specifies whether or not to conduct fatigue analysis, input
Oor1l
0. Omit fatigue analysis
1. Call fatigue analysis

IWTCST Specifies whether or not to conduct weight/cost analysis,

v v input O or 1
0. Omit weight/cost analysis
2 Integer 1. Call weight/cost analysis
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Table 3-1. Input Symbols (Continued)

Variable
Record Type Symbol Definition
2 Integer IEQOS . Specifies equation of state, input 1 or 2
1. Real gas
2. Perfect gas
ITRAS Specifies location of virtual origin, input 1 or 2
1. Leading edge
2 Integer 2. Beginning of transition
3 Real THETA Direction angles
PHI - (see Figure 2-1)
XDST Distance from the leading edge, ft
DIAM - Diameter of a sphere or -cylinder,-ft
AROD Ratio of shoulder radius to body diameter
XEMIS Outer surface.emissivit
v v Y
3 Real FACC Factor to increase insulation thickness
4 Real STAAT Time to start computation, sec
DELTA Computation interval, sec
WROTE Print interval, sec
4 Real STOOP Time to stop computation, sec ‘ N
5 Real AS Pitch of corrugation or ribs, inches (see Figure 2-5)
R Radius of corrugations, inches (see Figure 2-5)
HH Depth of section, inches (see Figure 2-5)
TS Skin thickness, inches (see Figure 2-5) or facesheet
TF thickness of honeycomb substrate (see Figure 2~7)
TC Corrugation thickness, inches (see Figure 2-5) '
SL Overall width of panel, inches (see Figure 2-4)
v v SLS Overall length of panel, inches (see Figure 2-4)
5 Real BE Distance of reaction from panel edge, inches (see
Figure 2-5) ‘ :
6 Real Fo7 Secant yield stress Fg, 7 (Ramberg-Osgood) 1b/in2 (Ref 2)
i i UF Ultimate factor
DST Difference between two values of creep strain used for

Lawson-Miller data, inches/inches
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Table 3-1. Input Symbols (Continued)

Variable
Record Type Symbol Definition
6 Real EALL Allowable creep strain, inches/inches
CRN Shape parameter for stress strain curve (Ramberg-Osgood)
(Ref. 2)
BF } Width of flange or flat segment (Conf. 2) inches (see
TB Figure 2-6) or bond thickness in RSI (see Figure 2-7)
BFL} Width of inner flange (Conf. 4) 11_1 (Sée Figﬁré é-6 )or -
TR ‘ Thickness of RSI (see Figure 2-7)
v v BL } Width of lip on inner flange (Conf. 4) in. (see Figure 2-6 )
6 Real DC or RSI coating thickness (see Figure 2-7)
7  Real SN Exponent of Arhennius equation describing pyrolysis gas
generation
CA Coefficient of Arhennius equatioh describing pyrolysis
gas generation
XB Activation temperature of Arhennius equation describing
pryolysis gas generation
‘ CPGAS Specific heat of pyrolysis gas, Btu/lb
v v XMC Molecular weight of char
7 Real XMP Molecular weight of pyrolysis gas
8 - Alpha- HEADING  Title card to ablation input
numeric
9 Real TABL Temperature at which ablator starts, ‘R
9 Real TCHAR Temperature at which ablator stops, ‘R
TREC - Temperature at which char removal starts, ‘R
RHOV Density of virgin ablation material, 1b/£t3
RHOC Density of charred ablation material, Ib/ft3
TBLOW . Time of transition between laminar and turbulent blowing
EMV Emissivity of virgin ablation material
EMC Emissivity of charred ablation material
v * H300 Enthalpy of air at 300K, 129.06 Btu/lbm
9_ " Real VL _ Initial thickness of virgin ablation material, inches
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Table 3-1. Input Symbols (Continued)

Variable
Record Type
9 Real
v v
9 Real
10 Integer
v v
10 Integer
11 Real
11 Real
12 Real
12 Real

Symbol

HV

FV

TV
CHARK
CHARC
ABLK
ABLC
NP
NKC

NCPC

NKV

NCPV

NREC

IBLCK

TKC(I)

XKC(I)

TCPC(l)

CPC())

Definition

Heat of degradation of virgin material, Btu/lbm

View factor for external environment

Sink temperature of external environment, °R

Thermal conductivity of material at TCHAR, Btu/ft-hr-°R
Specific heat of material at TCHAR, Btu/lbm-°R

Thermal conductivity of material at TA-BL, Btu/ft-hr-°R
Specific heat of material at TABL, Btu/lbm-°R

Number of node points in ablation material

Number of points in char thermal conductivity - tempera~
ture table

Number of points in char specific heat - temperature
table '

Number of points in virgin thermal conductivity ~
temperature table. If zero, program reads record 13B
instead of Record 13A.,

Number of points in virgin specific heat - temperature
table

Number of points in surface recession - temperature
table

Specifies use of heating reduction due to blowing, input
Oorl,

0. No blowing heat transfer reduction |
1, Heat transfer reduction due to blowing

Temperature values in char thermal conductivit.y?
temperature table, °R

Thermal conductivity values in char thermal conductivity
- temperature table, Btu/ft-hr-°R

Temperature values in char specific heat - temperature
table, °R

Specific heat values in char specific heat - temperature
table, Btu/lbm- °R : L
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Table 3-1. Input Symbols (Continued)

Record

Variable
Type Symbol

13A

13A

13B

13B

14

14

15
15

16

16A

16B

Real TKV ()
Real XKV()
Integer NTKV
Integer NPKV
Real  PKV(J)

l TKV(])

Real  XKV(I,J)

Real  TCPV(])

CPV(]

TS
Real SR(I)
Integer NMB

Integer NPBS
Real BL
Integer NIFPCM

Integer NPC

Integer NFIL

Definition
Temperature values in virgin thermal conductivity -
temperature table, °R

Thermal conductivity values in virgin thermal con-~
ductivity - temperature table, Btu/ft-hr-°R

Number of points in virgin thermal conductivity -
temperature table

Number of different pressures in virgin thermal -
conductivity table

Values of pressure in virgin thermal conductivity -
temperature table, psf

Temperature values in virgin thermal conductivity -
temperature table, °R

Pressure dependent thermal conductivity values in
virgin thermal conductivity - temperature table,
Btu/ft-hr-°R

Temperature values in virgin specific heat - temperature
table, °R

Specific heat values in virgin specific heat temperature
table, Btu/lbm-°R '

Temperature values in the surface recession table, °R

Surface recession values in the surface recession -
temperature or time table, in./sec

Number of materials in backup structure

Total number of node points in backup structure

Total thickness of backup structure, in,

Specifies whether PCM is to be used or not, input 0 or 1
0. No PCM

1. PCMused

Material number for phase - change material (PCM) in
backup structure

Test to determine if filler material (honeycomb material)
is used in PCM
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Table 3-1. Input Symbols (Continued)

Variable

Record Type Symbol

16B

16B
17

18

18

19

20

20

21

N
[\

23

Real TMELT
HFUS

RH@ FIL
Real FIFR
Real XNPM(])

Integer NKPB(I)
Integer NCPB(])
Alpha- XIDNT(I)
numeric

Real TXK(J, )
Real XK(J,I)
Real TCPJ,I)

CPX(J, 1)

Real RHOBX(I)
XBM(I)
EMFB(I)
EMBB()

Real  H()

GAPX(I)

FTEST()
BTEST(I)

Definition
Melting temperature of PCM or temperature at which
solid-solid transition takes place ~°R

Latent heat of fusion of PCM or heat of transition for .
solid-solid transition ~ Btu/1b

Density of filler (honeycomb) material ~ 1b/ft>
Filler (honeycomb material) fraction in PCM

Number of nodes in each individual material in backup
structure

Number of points in each individual backup structure
material thermal conductivity - temperature table

Number of points in each individual backup structure
material specific heat - temperature table

Any 72 alphanumeric characterers used to describe
each individual material in the backup structure

Temperature values in backup material thermal con-
ductivity - temperature table, °R

Thermal conductivity values in backup material thei‘mal
conductivity - temperature table, Btu/ft-hr-°R

Temperature values in backup material specific heat —
temperature tables, °R

Specific heat values in backup material specific heat —
temperature tables, Btu/lbm-°R '

Density of individual materials in backup, 1b/ft3
Thickness of individual materials in backup, in,
Emissivity of front surface of each material in backup
Emissivity of back surface of each material in backup

Film coefficient between adjacent materials in backup,
Btu/ft2-hr-°R

Width of gap between adjacent materials in backup, in,

Test to determine the mode of heat transfer bétween
materials for the front and backface of each material

respectively
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Table 3-1. Input Symbols (Continued)

Variable
Record Type Symbol
23 Real =0
=+1
=-1
24 Alpha~- HEADNG
numeric
25 Real TENV
HENV
FENV
QLOSS .
=0
v v =1

26

27

28

29
30

31

Alpha- HEADNG
nur_neric

Real TEST2
=0
=-1

TEMPI

Real TEMDI

Integer NHP

Real HX(I)

TW{I)

Integer IPRINT

Definition
Conduction only between materials
Convective heat transfer only
Radiation only or radiation and convection heat transfer

Any 72 alphanumeric characters used to describe
properties of the environment

Temperature of interior cabin environment, °R

Film coefficient to interior cabin environment,
Btu/ft2-hr-°R

View factor and emissivity product for radiative heat
transfer to cabin interior

Boundary condition between last node of the backup

structure and cabin environment
Adiabatic surfaces
Radiation and/or convective loss

Any 72 alphanumeric characters used to describe the
initial temperature distribution

Determines the proper heat shield initial temperature
distribution

Constant, uniform initial temperature distribution
Arbitrary initial temperature distribution

Temperature to be used when constant temperature
distribution option is used, °R

Arbitrary temperature distribution values, to be used
only if TEST2 is negative, °R

Number of points in enthalpy — temperature curve fit

Enthalpy values in enthalpy — temperature table,
Btu/lbm

Corresponding temperature values in enthalpy — tem-
perature table, °R

- Specifies output form of RSI stress analysis, input a

1 if "long" print out option is used, Leave blank for
"short'" print out
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Table 3-1, Input Symbols (Continued)

Variable
Record _Type Symbol Definition
31 Integer NC Number of constraints, NC = 8
NH Number of vertical bars, 16 < NH < 40
PZ Axial load 1b/in
VB Poisson's ratio for bond

32 Real TALLW() Allowable temperature of the material, °R

33 Real EMIS() Emissivity of the material
34 Real RHO() Density of the material, 1b/ft
35 Integer ID(L,J) Specifies input of material property tables input a 1 or .

2 or leave blank to skip input

1. Read AY only (AX same as before)
2. Read both AX and AY

Integer MPT(I,J) Number of pairs or points
36 Real AX({,J,K) Independent variable
37 Real AY(I,J,K) Dependent variable
I=1, 2, ..., NMAT

o
[

. Heat capacity (Cp)
Thermal conductivity (k)

Young's modulus (E)

Coefficient of thermal expansion (@)

Yield strength (Fcy)

Ultimate tensile strength (Ftu)

Larson Miller parameter for strain 1 (E 1)

Larson Miller parameter for strain 2 (E 2)

O [¢2] ~3 [o7] (3] [ W [\
R]

Ultimate compressive strength (Fcu)

-
(=]
.

~ Ultimate shear strength (Fsu)
11, Shear modulus (G)

v L K=1, 2..., MPT(,J)

38 Real X(I) Width of the Ith Column, ft-
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Table 3~1. Input Symbols (Contimied)

Variable
Record Type Symbol ‘ Definition

39 Real QCONL(I) Laminar heat transfer multiplier of the Ith column,
omit if IQCON=1 or NCOLM=1

40 .. Real QCONT(() Turbulent heat transfer multiplier for the Ith column,
omit if IQCON #3 or NCOLM=1

41 Real Y(J) Thickness of the Jth segment, ft
42 Integer MAT(,J) Specifies materials of column I, segment J
A zero denotes a void

1-9, material number negative, The segment will be
grouped together with the right-hand side segment for
condition computations

Real TAMP(,J) Specifies initial temperature of column I, segment J, °R

l Omit record 18 if NCOLM=1 or NRSG=0
43 Integer NR(N) Specifies nodes with internal radiation exchange
Example: 18 means column 1, segment 8

For segments which have more than one side have
radiation exchange, treat each side as a segment in the
order of left-right-upper-lower

NI(N) Number of nodes to be interacted with node
NR(N), £ 9

v MR(M, N) Specifies nodes to interchange with node NR(N)
Real VFACT(M,N) View factors or gij with EMIS(I)=1

44 Integer IPFI Number of noise sources to be considered
1. Turbulent boundary layer

2. Rocket engine

3. Jet engine

4, Jet engine scrubbing

IPF(I) Identifies by number the noise sources
IPAD Specified if vehicle is on the pad

Zero - not on pad

Non-zero - on pad
KFLEX Flexural rigidity index

0. if structure symmetrical, rigid

v v ‘ ‘1. if unsymmetrical and/or flexible

3-12



.Table 3-1. Input Symbols (Continued)

Variable
Record Type Symbol

44 Integer NPAN

v ooy

5 Real DT(1)

>

AMACH
46  Real DT(2)
TT

WER

VS

DVEH
YCL

DREF

47  Real DT(3)
AE
VI
WEJ

TJ

Definition
Panel configuration index

1. flat plate 2. honeycomb sandwich
3, integrally stiffened 4. corrugated

Period of turbulent boundary layer noise excitation, sec
Run length of turbulent boundary layer, feet

Local Reynolds number

Local vélocity, ft/sec

Local dynamic pressure, psi

Local Mach number

Period of rocket engine noise excitation, sec
Rocket engine thrust, 1b

Rocket engine weight flow, 1b/sec

Rocket nozzle exit diameter, ft

Rocket exhaust velocity, ft/sec

Distance between point of interest and rocket engine
exit, ft - ‘

Vehicle diameter, ft

Buttline distance between panel and vehicle cehterline,
ft

Reference distance between noise source on pad and
rocket engine exhaust plane, ft :

Period of jet (flyback) engine noise excitation, sec
Nozzle exit area, ft' |

Jet velocity, ft/sec

Jet engine weight flow, 1b/sec

Vehicle velocity at flyback cr;xise, ft/sec

Jet engine thrust, 1b

Axial distance from point of interest to jet engine exit
nozzle, ft :
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Table 3-1. Input Symbols (Continued)

Variable
Record Type Symbol Definition
47 Real YP Radial distance from point of interest to jet engine
o nozzle, ft (less than 200 ft)
48 Real DT (4) Period of jet (flyback) engine scrubbing noise excitation,
sec : '
- HPAN Panel thickness, inches
HC Core thickness, inches (for honeycomb sandwich)
Al Panel moment of inertia, in%
AlY Panel moment of ihertia, in4 (for normal direction of
corrugated panel)
AW Panel length, ft
BW Panel width, ft
v v ~ EP Modulus of elasticity for panel, psi
49 Real C() Coefficients of a least squares, 3rd order curve fit of
allowable S-N data '
v v RHOP Panel material density, 1b /£t3

50  Real TIME(I) Time in trajectory, sec, I < 99

ALT(I) IQINP=1. Altitude, ft
2. Local heat flux, Btu/ft2-sec °R
3. Temperature of first segments °R
Note: QCONL(I) may be used to obtain a distribution
of Q(I) or TEMP(I, 1) .

VINF(I) If IQINP=1, free stream velocity, ft/sec
' If IQINP=2, 3 local pressure psia

ALPHA(I) Angle of attack, degrees (velocity for IQINP=4)
BETA(I) Yaw angle, degrees

HINSD(I) Convection heat transfer coefficient to internal fluid.
Btu/ft2-sec °R. (Input 1.E9 to keep last row of
segments at the initial temperature)

TINSD(I) Bulk temperature of internal fluid, °R

50 Real = NREADT Non-zero indicator marking the last trajectory card
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Table 3-1. Input Symbols (Continued)

Variable
Record - _Type = Symbol

Integer KINDP

* .

Integer KINDS
LENGTH
WIDTH
DLPANL
DWPANL
A

+ B

Integer MATLID
1COS

v .

Real PINS1
PINS2
PINS3
TINS1
TINS2

i TINS3

Integer NRIBS

Real  CHORD

Real  RADIUS

Real  GINSRT

Real TCORE

Real  TEDGE

Definiti

Specifies panel configuration, inputa 1,-2, 3, 4, or 5 -
1. Corrugated (either open or closéd)'
2. Integrally stiffened "

3. Honeycomb
4. RSI
5. Ablator

SpeCl.fIC supporting structnre conflguratlon, mput al,
2, or3

1. Configuration type A , ,
2. Configuration type B ' .
3. Configuration type C - ' :

Panel length, inches

Panel width, incheé

Panel length overlap, inches

Panel width overlap, inches

Distance between adjacent panels, inches

Air space gap between panel and insulation, inches

Material identification number (see Table 2-1) for
metallic pa.nel or substrate.

Specifies input of total cost data, input 0 or 1
0. No additional data required
1. Additional data input at end of welght/cost input

Densu:y of insulation type 1

Density of insulation type 2

Density of insulation type 3

Thickness of insulation type 1

Thickness of insulation type 2

Thickness of insulation type 3

Number of corrugations across panel width
Corrugation chord length, inches
Corrugation radius, inches

Weight of honeycomb inserts, 1b/100 inserts
Thickness of panel honeycomb core, in.

Thickness of panel edge piece, in.
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Table 3-1. Input Symbols (Continued)
Variable
Record _Type = Symbol Definition
543 * Integer NRIBS Number of panel ribs
Real HRIB Height of panel rib, inches
Real TEDGE Thickness of panel edge piece, inches
| Real E1RIB Width of panel rib, outside leg, inches
Real E2RIB Width of panel rib, base leg, inches
Rea.lv E3RIB Width of panel rib, inside leg, inches
Real TI1RIB Thickness of panel rib, 6utside leg, inches
- Real T2RIB | Thickness of panél rib, base leg, inches
v Real TWRIB Thickness of panel rib, web, inches
544} ‘Real GINSRT Weight of honeycomb inserts, 1b/100 inserts
540 TCORE Thickness of panel honeycomb core, ihches
| TEDGE ' Thickness of panei edge piece, inches
TEXT Thickness of RSI or ablator, inches
$ PEXT Density of RSI or ablator, 1b/in3
551 Rveal ~GBOLT Weight of bolts, 1b/100 bolts ‘
GNUTPL Weight of nutplates, 1b/100 mutplates
GWASH Weight of washers, 1b/100 washers
TCORN | Thickness of corner piece, inches
TPOST Thickness of wall of corner post, inches
ODPOST Outside diameter of corner post, inches
- LTUBE Length of support tube, inches
TTUBE Thickness of wall of support tube, inches
| TFNG1 Thickness of support tube flange, inches
TBMLA Thickness of long beam, A, inches
TBMSA Thickness of short beam, A, inches
TDOUBC Thickness of long beam doubler channel, inches
v v TDOUBP ~ Thickness of corner doubler plate, inches
551 Real TPLATE Thicknéss of corner plates
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Table 3-1. Input Symbols (Continued)

Variable
Record Type Symbol

5561 Real  TSEAL
HBEAMA

: WBEAMA

552 Real  GBOLT
GNUTPL
GWASH

 GINSUL
TPOST

WPOST
553 Real  GBOLT
GNUTPL
GWASH
GCLAMP
TPOST
ODPOST
ODPOSR
TTUBE
TFNG1
TBMLC
TBMSC
WBMLC
WBMSC
TRIBL
TRIBS
WRIBL
WRIBS
| HRING
v v ODRING

Definition
Thickness of seal strip, inches
Height of long and short beams A, inches
Width of long and short beam A, inches
Weight of bolts, 1b/100 bolts
Weight of nutplates, 1b/100 nutplates
Weight of washers, 1b/100 washers
Weight of insulators, 1b/100 insulators
Thickness of Wall of corner post, inches
Width of post B, inches .
Weight of bolts, 1b/100 bolts
Weight of nutplates, 1b/100 nutplates
Weight of washers, 1b/100 washers
Weight of clamping washers, 1b/100 washers
Thickness of wall of corner post
Outside diameter of corner post, inches . :
Outside diameter of center post, inches
Thickness of wall of support tube, inches . .
Thickness of support tube flange, inches
Thickness of long beam C, inches
Thickness of short beam C, inches
Width of long beam C, inches
Width of short beam C, inches
Thickness of Ibng rib C, inches
Thickness of short rib C, inches
Width of long rib C, inches
Width of short rib C, inches
Height of the post of internal ring, center post C, inches

Outside diameter of beam support ring, corner post C,
inches

3-17



Table 3-1. Input Symbols (Continued

: Variable -
Record Type Symbol Definition
553 Real IDFNG1 Outside diameter of support tube, corner post C, inches

IDFNG2 Outside diameter of support tube, center post C, inches
HFNG1 Height of support tube flange, corner post C, inches
HFNG2 Height of support tube flange, center post C, inches
" |~ {  ~ TRINGI - - Thickness of post support ring, corner post C, inches -
v v TRING2 Thickness of post support ring, center post C, inches
56 Real AT Exponent of TFU costs -
' BT Exponent of engineering design and development costs
cr. . Exponent of tooling costs
CF1 ‘ Complexity factor of TFU costs
"EGTH Ground test hardware shipsets
. v ETA Test article conversion shipsets
57 Real FTH Flight test article shipsets
-FTS Flight test spares and replenishment parts shipsets
K1 Coefficient of TFU costs |
K2 Coefficient of engineering design and development costs
K3 | Coefficient of cooling costs
NPA | Production article shipéets
i ‘ oS Recurring operations shipsets (refurbishment)
57 'Real STPS Surface area of the TPS

'NOTE: In Tables 3-1 and 3~2, the superscripts on record 54 denote values of the
panel index KINDP whereas those on record 55 show values of the structural
index KINDS.
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Table 3-2. Input Records Format

Record Data ' 1,J, K Range Format

1. J1, TITLE I1,13A6
2. ICONF, IQCON, IQINP, ITURB, IWALT, 2014

___ _ | NANG,NCOLM, NSEG, NMAT,NRSG, - |- oo
NCRC, NSECT, NINS, NF, NPRT, ISTRES,
IFATIG,IWTCST, IEQOS, ITRAS

3. THETA, PHI, XDIST, DIAM, AROD,
'XEMIS, FACC 10F8.0
4 STAAT, DELTA, WROTE, STOOP ‘ 10F8.0
5 AS, R, HH, TS, TC, SL, SLS, BE ' 10F8.0
6. | FO7,UF,DST,EALL, CRN, BF,BFL, BL F8.0
7 SN, CA,XB, CPGAS, XMC, XMP 6E12. 8
8 | HEADING(K) 1,12 12A6
- 9A. TABL, TCHAR, TREC, RHOV, RHOC, o
| TBLOW 6E12.8
9B. | EMV,EMC, H300,VL,HV,FV 6E12.8
9C. ‘| TV,CHARK,CHARC,ABLK, ABLC S 6E12. 8
10. | NP,NKC,NKV,NCPV,IQBLCK 715
1. TKC(1), XKC(I) _ 1, NCPC 6E12. 8
12. TCPC(I), CPC(I) 1, NCPC 6E12. 8
13A. .| TKV(D),XKW() 1, NKV 6E12. 8
13B-1. NTKYV, NPKV, PKV(I) 1,NPK 215, 7E10. 5
13B-2. | TKV(I), XKV (1J) - 1, NTKV;1,NPKV| 8E10.5
14. | TCPV,CPV() ~ 1,NCPV 6E12.8
15. | TS(D),SR() 1, NREC 6EL2. 8
16. | NMB,NPBS, BL 215, E14. 8
17. | XNPM(]) 1, NMB 6E12. 8
18. NKPB(I), NCPB(I) 1, NMB 1015
19. XIDNT(, J) . 1,12;1, NMB 12A6
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Table 3-2. Input Records Format (Cont.)

Data

Record I,J,K RANGE Forfmat
20, | TXK(,J),XK({,J) 1, LK;1, NMB 6E12.8
21. | TCPQ,J), CPK({,J) 1, LCP;1, NMB 6E12. 8
22. | RHOBX(I), XBM(I), EMFB(I), EMBB() 1, NMB 6E12. 8
23. | H(I), GAPX(I), FTEST(I), BTEST(]) ,1,NMB _ 6E12.8
24. | HEADNG() 1,12 1246
25. | TENV,HENV,FENV,QLOSS 6E12.8
26. | HEADNG() | 1,12 1246
27. | TEST2, TEMPI 6E12. 8
28. | TEMDI() 1, NPF  6E12.8

29, | NHP L Is
30. | HX(), TW() | 1, NHP . 6E12.8
31. | IPRINT,NC,NH,NLC,NV,PZ,VB - 315, 2F10.0
32. | TALLW() 1,9 . 10F8.0
33. | XEMIS(Q) 1,9 .- 10F8.0
34. | RHO() 1,9 ' 10F8.0
35. | ID{,J), MPT(,J) 1, NMAT;1,11 - .- 2014
36. | AX(1,J,K) 1, NMAT;1,11; idi‘st'b

1, MPT(1,J) S
37. | AY(@,JI,K) 1,NMAT;1,11; _ 10F8.0
1, MPT(1,J)

38. | X(I) 1,9 10F8.0
39. | QCONL(I) 1,9 10F8. 0
40. |QCONT() 1,9 10F8. 0
a. |y 1,9 o 10F8.0
42. | MAT@,3), TAMPQ, J) 1,9;1, NSEG 9(I2, F6.0)
43. | NR(J), NI{J), MR(1, J), VFACT(, J) 1,9;1, NRSG 12,16,

: S 9(12, F6. 0)

44. |IPFI,IPF(I), IPAD,KFLEX, NPAN 1,4 2014
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Table 3-2. Input Records Format (Cont.)

Record | Data I,J, K Range Format
45, DT(1),XL, REY, VU,QL, AMACH 10F8.0
46. | DT(2), TT,WER,D,VS,XI, DUEH, YCL, 10F8. 0
DREF
~~47; | DT(3),AE,VJ,WEJ,VV,TJ,XJ,YP ~ [~~~ "~ " TOF8.0
48. | DT(4) '10F8.0
49. | HPAN, HC, Al, AIY, AW, BW, EP, TIMEF 10F8. 0
50. | c(1), RHOP 10F8. 0
51. | TIME(I), ALT(I), VINF(I), ALPHA(I), | 1,99 8F8.0,116
| BETA(T), HINSD(I), TINSD(I), XSTG(I),
NREADT
52. | KINDP,KINDS, LENGTH, WIDTH, 1214, 6E8. 0,
DLPANL, DWPANL,A, B, MATLID, ICOS o4
53. | PINS1, PINS2, PINS3, TINS1, TINS2, TINS3 9ES. 0
54-1. | NRIBS, CHORD, RADIUS ‘ 18, 9E8. 0
54-2. | GINSRT, TCORE, TEDGE 9ES. 0
54-3.| NRIBS, HRIB, TEDGE, E1RIB, E2RIB, 18, 9E8. 0
.| E3RIB, TIRIB, T2RIB, TWRIB
54-4.{ -
54c | GINSRT, TCORE, TEDGE, TEXT, PEXT 9E8.0
55-1.| GBOLT,GNUTPL, GWASH, TCORN, TPOFT,
ODPOST, LTUBE, TTUBE, TF NG1, TBMLA,
TBMSA, TDOUBC, TDOUBP, TPLATE, TSEAL,
HBEAMA, WBEAMA
55-2.| GBOLT, GNUTPL, GWASH, GINSUL , TPOST, 9ES.0
WPOST
55-3.| GBOLT, GNUTPL, GWASH, GCLAMP, TPOST, ‘9ES. 0
ODPOST, ODPOSR, TTUBE, TFNG1, TBMLC,
TBMSC, WBMLC, WBMSC, TRIBL, TRIBS,
WRIBL, WRIBS, HRING, ODRING, IDFNG1,
IDFNG2, HFNG1, HFNG2, TRING1, TRING2
56. | AT,BT,CT,CF1,EGTH, ETA 9E8. 0
57. | FTH,FTS,K1,K2, NPA,OS, STPS 9ES. 0
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Table 3-3. Output Symbols

Symbol Definition
TAU Time in trajectory for which output is given, sec. -
AL Altitude, ft
VI Free-stream velocity, ft/sec
AOFA Angle of attack, degrees
PI Free-stream static pressure, psia
AMI Free-stream Mach number
AME Local Mach number
RYI Free-stream Reynolds number/ft
PE Local static pressure, psia
Q) Boundary convective heat transfer rate at Ith Column, Btu/ft2-sec
QNET(I) Net external surface heat transfer at Ith Column, Btu/ft2 -sec
TEMP(1,J) Temperature of Ith Column and Jth Segment at time TAU
A Section area of the element C stress analysis, in, 2
XX X-coordinate of the element, in.
ZZ Z-coordinate of the element, in.
T Temperature of the element, °R
FT Thermal stress
FNET Total stress
EDOT Creep rate
FTU Ultimate tensile strength, 1b/in.2
FCY Yield strength, 1b/in.2
E Youngs modules, 1b/in.2 \
TIMS Design factor for ultimate tension
Y2MS Design factor for yield strength
Used for NSECT-1
C3MS Design factor for ultimate compression > through NSECT-6
C4MS Design factor for bucking of corrugation ' (Metallic panels)
F5MS Design factor for crippling of flange
F6MS Design factor for crippling of flange /
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Table 3-3. Oufput Symbols, (Cont.)

Symbol Definition

WBMS Creep rate _

DMAX Maximum deflection iiiigf}? ;zgsggi- 1
EMS Minimum of margins of safety (Metallic panels)
EMAX - Total creep strain

TS Corrugation thickness, in.

TC Skin thickness, in,

FVFT Maximum tensile stress in axial direction in face sheets Ib/ in2
FVFC Maximum compression stress in axial direction in facc; sheets 1b/ in?
FVCT Maximum tensile stress in coatings 1b/ in2

FVCC ~ Maximum compression stress in coatings 1b/ in?

FSIM Maximum shear stress in RSI lb/in2

FPIT Maximum principle stress in RSI 1b/in?

FPIC Minimum principle stress in RSI 1b/in?

FSCM Maximum shear stress in structural panel 1b/in?

FSBM Maximum shear stress in bond 1b/in2

FPBT Maximum principle stress in bond 1b/ in2

ZMAX Maximum normal deflection of middle span, in.
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SECTION 4
SAMPLE PROBLEM

4.1 SAMPLE PROBLEM No, 1

This problem concerns sizing a section of circular arc corfugation panel on the
bottom centerline of the space shuttle booster. Figure 4-1 shows the panel corruga-
tions. The panel is made of Rene' 41. For an initial trial, a thickness of 0.040 inch
is used. Figure 4-2 shows the conduction matrix which is used for structural tem-
perature response. QCONIL(I) is used to accommodate the separation and reattach-
ment of flow on the corrugations. For internal radiation, it is assumed (for simplicity)
that each surface element interacts only with the base element at the same column.

The inner surface is assumed to be an aluminum LO, tank which is kept at 168° R until
all the liquid oxygen is evacuated at 194 secondsin the tra]ectory F1gures 4-3 through
4-9 show card images of the input, and output of the sample problem

ALL DIMENSIONS :
ARE INCHES o " 6,0R

SEMI-SMOOTH CORRUGATION
Figure 4-1. Corrugation

AERODYNAMIC
0.028 HEATING RE-RADIATION
RENE!' 41 0.0067 FT
n | ? 1
RADIATION GAP - 1FT
) \ Y l :
ALUMINUM; : 0.0125 FT

_',

INNERWALL
Figure 4-2. Copduction Nodes
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4.2 SAMPLE PROBLEM NO. 2

This problem concerns sizing an RSI TPS on the bottom centerline of the space
shuttle orbiter. The configuration includes one inch of RSI, 0.3" RTV bondline, 0.6"
honeycomb substrate, and 1'" backup insulation. Card images for the input are given
in Figure 4~10, and selected output results are given in Figures 4~11 through 4-~17.
These results include, for the short part of the trajectory considered, results of the
. thermodynamics analysis, the discrete and finite element stress analyses, the fatigue
analyses, and the weight/cost results.

4.3 SAMPLE PROBLEM NO. 3

This problem is a typical sample case of the charring ablator analysis performed
with the modified computer program of Curry (Ref. 3) adapted to computer program
P5490B. The modifications and computer code simplifications to Reference 3 are
discussed in Reference 1. Typically the ablator is 1.0 inches thick with the backup
structure consisting of 0.1 inches thick aluminum. Listing of the computer input is
shown in Figure 4-18. Selected outputs are given in Figures 4-19 through 4-24,

4.4 SAMPLE PROBLEM NO. 4

This problem concerns sizing a phase change material (PCM) in the backup
structure of a TPS panel. For this sample problem a RSI outer panel was assumed
(0. 25 inches thick) with a 0.08 inch bond line (PD 200-F8), 0.5 inch metallic PCM
(Gallium) and a 0. 2 inch aluminum backup material. Card images for the input are
given in Figure 4-25, and selected output results are given in Figures 4-26 through
4-27. The computer output for this case is essentially identical to that given in
Reference 3. Basically the key output is the temperature distribution in the TPS
panel.
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Figure 4-3. Card Images of Input to Sample Problem No, 1
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49 0.1 0,01  ,001 .002 0.5 2.0 1.E7
50 254,56 =62,717 4,4189-,025179 180,

51 0.0 368,0 0.0 0.0 0.0 1,69 168.0
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51 638.0 19910.0 596.4 840 0.0 0.0 0.0 : 9
gg 1 1 6.00 24,00 1,00 1,00 0,50 0,50 2
54 5 2,00 6,00 - 0.30 0,30
55 0,40 0,50 0,10 0,01 0,02 0,50 0,60 0.02 0405

55 0.01 0,01 0.01 0,01 0,01 0.01 0.50 1.00

- Figure 4-3. Card Images of Input to Sample Problem No. 1
(Continued)
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THZIMAL PROTECTION SYSTEM

THEORETICAL FIRST UNIT COST (TF)

NON RECURAING COST

£N AND D
TOOL ING
GROUND TEST HARDWARE
FLIGHY TEST APTTICLES
FLIGHT TEST S AND RP

TOTAL NONRFOURIRING. TPS £0OST

RECURRING PRODUCTION CIOST
SUSTAINING ENGINEERING -
SUSTAINTING TOOLING -
PRNOUCTION ARTISLES

TEST ARTICLE CONVERSION

TOTAL RECURRING PONNUCTION COST

RECURRING JPERATINONS COST

REPLFNISHMENT S AND RP

TOTAL RECURRING OPERATIONS ‘COST

TOTAL TOoS PROGRAM COSTS

NUMBER OF 50DUSTION UNITS

COST SUMMRRY

COST g$/s52 77

461.49

222u8,06
1172.26
1723458
922.38
303420

26383.05

‘INCLUDEN IN TFY

INCLUDED "IN T5U
GE1.L3
139,65

59%.33

616071

614,7C

27597.68

Figure 4-9. Output of Sample Problem No. 1 -

Results of Total Cost Analysis
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REC ORUVD LB Ts Te{7Ts s Trojumz s e ofisfis [2o T2 [z [ [2s [o6 [27 T TR T30 131 (20 B3 [ s [Tt e mopaofan o mmmmmmmmmmmmmmmm SO 1o s o a6 PO NI sl )

1 SPACE SHUTTLE ORBITER RSI TPS = BOTTOM CENTERLINE
1 1K. D, WHITEHEAD AUGUST, 1972
2 1 1 1 2 1 1 1 3 5 18 1 7 0 20 1 0 0 0 2
3 O 0. 50. 20, 0.01 0,8 0.
4 0. Se 20, 100, .
5 1, 10, 0.5 0.05 .05 24, 24, 0.5
6 1.36t5 1.4 «005 «01 20. 3 1.5 1875
7 +2,0 +00 +4,0505 +09 +1,99 +04 +0,30 +00 12, 27.8
8 RSI ANALYSIS '
- 9A- 10000, - - -10000.- - - 10000, - 15,- - - - 106 - - 100.-- . _ [ —
98 0.8 0.8 - 129,06 1,5 100, 1,0
9C 0, 1l 1.0 1.0 1.0
10 8 2 2 0 2 2 0
11 0.0 1,0 10000, 1.
12 0,0 1.0 10000. 1.
1381 3 3 4.7 ' o147 +00147
1382 36U, 3.2E=2 1.9E=2 6.,1€E-3
{ 1460, 7e2E=2 5.0E=-2 2,5€=2
1382 2460, 1.6E=1 1.4E=1 1.0€~1
14 250, 0.1 2500, 0.3
15 +2200.0 +00 +9,0 =04 +8000.,0 +00 +9,0 -04
¥ 3 9 2.1 ‘
16A
17 3. . 3. 3.
18 2 2 2 2 . 2 e
19 MATERIAL PROPERTIES FOR RTV BONDLINE
20 250, 0.234 1250, 0.162
21 250. v 0.268 1250, 0.35
19 MATERIAL PROPERTIES FOR SUBSTRATE
20 160, 35, 1160, 35,
21 160, 0.08 1160, 0.38
19 . MATERTIAL PROPERTIES FOR INSULATION
20 250, O.u2 2460, 0.2
21 250, 0.18 2460, 0.272
22 88,6 0.3 0.8 0.8 ‘161.4 0.6
22 B 0.8 6o 1. 0.8 0.8
23 0. (1] O C.
23 0. 0. Oe 0.
24 _PROPERTIES OF bALKFACE ENVIRONMENT
25 530, 0, 0,5 1.,
26 INITIAL TEMPERATURE DISTRIBUTION
27 0.0 530,
29 9 .
30 0.0 0.0 42,9 1400.0 617.2 2400.0
30 791,90 3000.0 1113.0 4000,0 1500,0 4336.0
31 1 8 40 U446
32 - 1000U. 10000. 10000, 10000, 10000,
33 «85 +85 +85 85 «85
3y 135. 15, . 87. 300, 30,
35 2 9 1 9 1 9 1 9 2 9 1 9
35
36 540, 660, 860, 1060, 1260. 1310, 1360. 1410, 1460,
- 37 16,00E6 15,36E6 13.92E6 13,12E6 11.87E6 11.52E6 10.96E6 9,92E6 8,00E6
© 37 05.,22E=6 5.25E=6 5.80E=6 5.80E~6 5.80E=6 5.80F=6 5+80E-6 5.,80E=-6 5.,80E-6
37 126.0E3 113.,4E3 97,02E3 85,68E3 79.38E3 74,65E3 69.,93E3 65,21E3 60.48E3
37  134,0E3 120.6E3 1U7,2E3 99,83E3 89,78E3 85,43E3 81.07E3 76,72E3 72.36E3
: *JMJAJJuuwmmmmmmmmuwummmmmimmwlmﬂﬂﬂmmu.“humm%wmmmmmF@mMﬂﬁhmmmm@@ﬂﬂmwmﬁLMMJMﬂw

Figure 4-10. Card Images of Input to Sample Problem No. 2
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.RECORDhunnss

80000,
28000
27600,

1410,

9,92€6
5.80E=6

10,0

EAMRID! nuuummmmmmmmmmmmmammmmmmmmmmmmummmmmmmmmﬂmmm»rr

36 10000, 20000. 30000, 40000. 50000. 60000, 70000,
37 35000, 33400, 32250s 31400, 30550, 29700, 28830,
37 34250. 32500. 31400, 50550. 29800. 29100, 28350,
3s 2 9 1.9

35 1 2
36 5440, 660, . 8§00 ) 1050& 12605 1310. 13600
37 16,00E6 15.36E6 13.92E6 13,12E6 11.87E6 11.52E6 10,96E6
37  05.22E~6 5.25E~6 5.80E=6 5.80E=6 5.80E<6 5.80E=6 5.80FE=6
36 540, 1460,
37 500, 500,
37 7.30E6 7.90E6 A

35 2 2 1 2 2 2

35 1 2

36 540. 1460,

37 300, 300.
37  011.5E=5 11.5€=5
36 540, 1460,
37 500. 500.

36 540. 1460,

37 500. 500,

37 1.,20E2 1.,20E2

35 ~ 2 2 .1 2 2 2
35 2 2
36 S40. 1460,
37 2,00E4 2.00E4
37 3,00E=7 3,00E~7
36 540, 1460,
37 500. 500,
36 540, 1460,
37 500. 500.
36 S540. 1460,

37 8,00E3 B8.00E3
35 2 2 1 2 2 2
35
36 540, 1460,
37 2.,00E4 2.,00E4
37 3,00E=7 3,00E=7
36 540, 1460,
37 500 500,
36 540, 1460
37 500, 500,
41 1.
44 4 1 2 3 4 o0 1 2
45 100.0 100,0 1,0E7 8000.,0 1400,0 6.0
46 40,0 1.0E6 1000.0 12.0 100,0 20,0 40,0
47 20,0 3.0 1200,0 200.,0 650.0 1.0E4 10.0
48 10.0 A ‘ .
“9 05 0“5 002 A 261 2.1 100E7
50 35,2 U448 0,0 0.0 6.0
51 0. 400000, 25115, 3o,

3 250. 245017, 25084, 30,

8 setg v a0

| 1500. 49072, 867, 7.

51 2100. 0. 395, 7. .

52 T | 30. 18, S o1 ¢35 25
53 88,6 6.0 0.3 1,0 .
54"“ 1l

55=1 N

55«1 .01

11213141516}
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90000.
27100,
26650,

1460.
8.00€E6
5.80E‘6

Figure 4-10, Card Images of Input to Sample Problem No. 2 (Contmued)
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RECORD ;
1 1 CONVERGENCE STUDY OF CHARRING ABLATOR==K, D, WHITEHEAD, 2-4-72

1 3 & 1 2 1 1 3 2 18 1 8 100 1 1 1 1

2

3 0 0 32 32 .01 .85

4 0 +5 10 100

5 .05 .05 .05

6

7 +2,0 +00 +4,0505 +09 +1,99 +04 +0,30 +00 12, 27.8
8 TYPICAL CHARRING ABLATION MATERIAL PROPERTIES

9A  +9000.0 +00 9000.0 +00 +9000.0 +00 +15,0 +00 +10,0 +00 +400,00 +00
98 40,65 +00 +1.00 400 +129.06 +00 +1,00 +00 +250,0 +00 +1.0 +00
9C  +0,0°  +00 +0.12 400 +0,43  +00 +0,070 +00 +0,43 +00

10 5 2 2 7 2

11 +1460.0 +00 +0.12  +00 +1,0 +04 +0,12 400

12 +1460.0 +00 +0.43  +00 +1,0 +04 +0.43 400

1381 4 3 2.16E03 2.16E01 2.16E=1

1382 460.0 3.24E=2 1,91E=-2 6.50E=~3

13B2 960.0 5,05E=2 3.06E=2 1.26E=2

1382  1460.0 7.20E=2  5.4UE=2 2.48E=2

1382 1960.0 1,04E-1 7«92E=2 S5.40E=2 )
14 500.0 0.172 700.0 0,214 1000,0 0,25
14 3000,0 0.3

15 +2200,0 +00 49,0 =04 +8000,0 +00 +9,0 =04

16 i 3 +0.1 +00

16A

17 +3,0 +00

18 9 2 .

19 BACKUP MATERIAL IS 5026-39 0.1 INCHES THICK

20 +360.0 +00 40,065 +00 +460.,0 +00 40,065 +00 +560.,0 +00 +0,0655 +00
20 +660.0 +00 +0.066 +00 +760.0 +00 +0,0672 +00 +860.0 +00 +0.0684 +00
20 +960.0 +00 +0.069 +00 +1060.,0 +00 +0,07 +00 +1160.0 +00 +0,07 +00
21 +360,00 +00 +0.,43 +00 +1100,0 +00 +0,43 +00

22 +34,0 +00 +0.1 +00 +0,9 +00 +0,9 +00

23 +U0,0 +00 +y.0 +00 +0,0 +00 40,0 +00 -

24 HEAT TRANSFER TO CABIN ENVIRONMENT - HENV=0,0
25 +560,0 +00 40,0 +00 +v,0 +00 +0,0 +00
26 INITIAL TEMPERATURE IS CONSTANT
27 +U,U +00 +530.0 +00 +530.0 +00
29 2 : ,
30 0.0 0.0 342.,9 " 1400,0 617,.2" . 2u00,0
30 - 791.,0 3000,.,0 1113.0 4000.0 1500,0 - L 4336.0
30 2300.,0 6078, 0 320040 7050,0 3900,0 . 8120,0
38 . .
39 1,
40 1. .
4y 4 1 2 3 4 0 1 2
45 100.0 100.0 1,0E7 8000.0 140¢0,0 6.0 ‘
46 40.0 1.066 1000.0 12.0 100.0 20.0 40.0
47 20.0 3,0 1200.0 200.,0 650,0 1.0E4 10,0 10,0
48 10,0 . : . '
49 5 45 .02 2.1 2.1 1,0E7
50 3502 "“.8 0.0 000 6.0
51 0, 2.01 ' 25400,
51 sesgee0 e B *
51 4000, 0.00 350, ' 1
gg 5 1 30. 18. ot o1 «35 25 2
54=5 1, 33 +01 1.0 15.
55-1 o4 - el «012 «02 5 b 002 +0%
55-1 01 «01 01 .02 w02 .01 5 1.
L TR T 8 Tl e o st et el it i i sl s et Tl mle lelala el o g e e w IR SR e el nmmm sl

Figure 4-18. Card Images of Input to Sample Problem No. 3
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KECORD.\1213i S LR RREY EN I F N R Y ST Y 2 PN e ) ) Y Py e A e P I E e s K S G 3 C R OIEA) I S R S Y AR I

1 PCM CHECKOUT CASE

1 1 SAME CASE AS RUN ON PS5570

2 11 4 1 1 1 1 13 1 0 0 8 1 1 1 1
3 UQO 0.0 UOO 0'0 000 0-0 1.0

4 0.0 1.0 10, 400, :

5 S 10, 5 .05 .05 24, 24, .5

6 1,36LS 1.4 «005 .01 20, 3 1,5 «1875

7 +2.,0 +00 +4,0505 +09 +1,99 +04 +0,30 +00 12, 27.8
8 TYPICAL CHARRING ABLATION MATERIAL PROPERTIES

gA 10000,0+U0 +10000,0+00 +10000, +00 +34.0 +00 +16,5 +00 +400,0 +00
9B  +0.065 +U0 +1.00 +00 +129,06 +00 +0,25 +00 +250.,0 +00 +1,0 +00
gC  +U.0 +00 +0.12 +00 +0,43  +00 +0,070 +00C +0.43 +00

10 5 2 2 9 2 2

11 +1460.,0 +00 +0.12 +00 +1,0 +04 +0,12 +00

12 +1U60.0 +00 +0.43 +00 +1,0 +04 +0,u43 +00

134  +3606,0 +00 +0.065 +00 +460.0 +00 +0.065 +00 +560,0 +00 +0.0655 400
13A +660,0 +00 +0.066 +00 +760,0 +00 +0,0672 +00 +860,0 +00 +0.0684 +00
13A - +960,0 +00 +y.069 +00 +1060.0 +U0 +0,070 +00 +1160.0 +00 +0.070 +00
14 +360,00 +00 +0.43 +00 +1100.0 +00 +0,43 +00

15 +2200.0 +00 +9.0 ~04 +8000.,0 +00 +9,0 -04

16 3 13 0.76 +U00

16A 1

168 2 1 545%5,6 +00 34.4 +00 277,0 +00 0,0 +00 .-
17 +5.0 +00+3,00 +U0+5,.0 +00 : :
18 2 4 2 4 5 2 6 6

19 ELMERS GLUE OR WHAT ,PD200-F28 0.08 INCHES THICK

20 +250,0 +00 40,0641 +00 +3200.0 +00 +0,0641 +00
21 +310,0 +00 +y.245 +00 +760.0 +00 +0.345 +00 +1110.0 +00 +0.4 +00
21 +3200.0 +00 +0.4 +00

19 PCM IS GALLIUM CHEMICAL FORMULA = GA
20 0.0 +00 19.5 +00 3000.0 +00 19,5 +00

21 0.0 +00 0,082 +00 545,0 +00 0,082 +00 547,0 +00 0,095 +00
21 3u00,0 +00 0,095 ' :
19 BACKUP STRUCTURAL MATERIAL IS ALUMINUM .

20 +u,0 +00 +45.0  +00 +400.0 +00 +93,0 +00 +600.,0 +00 +106,0 +00
20  +800,0 +00 +111.0 +00 +1200., +00 +112,0 +00

21 ¥0.0 +00 40,17  +00 +3000.0 +00 +0,49  +00

19  FILLER IS TITANIUM .

20 250,0 400 11.3 +00 460,0 +00 11,3 +00 660, +00 10.9 +00
20  860.0 +00 10.5 +00 1060.0 +00 10,5 +00 3000.0 +00 11,0 +00
21 250.0 +00 0,12 +00 460,0 +00 0,12 +00 660, +00 0,133  +00
21  800.0 +00 0.146  +00 1060.,0 +00 0,157 +00 3000,0 +00 0,18)  +00

22 33.7 +00 0,08 +00 0.9 +00 0,9 +00 375,0 +00 0.5 +00
22 0.9 +00 0,9 +00 170.0 +00 0,2 +00 0.1 +00 0.1 +00
23 0.0 +00 0,0 +00 0.0 +00 0.0 400 0,0 +00 0,0 +00
23 0.0 +00 0,0 +00 0.0 +00 0,0 +00 0.0 +00 0.0 +00
24 HEAT TRANSFER TO CABIN ENVIRONMENT = HENV=0.0 .
25 +500,0 +00 +0.0 +00 +0,0 +00 +0,0 +00
26 INITIAL TEMPERATURE IS CONSTANT
27 +0,0 +00 +530.,0 +00 +530.0 +00
29 10 .
30 0,0 0.0 342.9 1400.,0 617,2 '2400,0
30 791.0 3000,0 1113.0 4000.0 1500,0 4336.0
30 2300,0 6078,0 3200.0 705040 3900,0 - 8120.0
31
51 ‘0. 2,01 25400,
51 e0 090 g
51 QUOO 0,00 350,

Lo a0t 77 i nlni slefit ulefah @ misE biasEhirmhi sk E b e ek s s e iale mmmmmmmmmmmmmmmmmmmmmmmmmmmnmn

Figure 4~25, Card Images of Input to Sample Problem No. 4
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SECTION 5

REFERENCES
Optimization Studies for Space Shuttle Thermal Protection Systems, Volume I,
Final Report, Convair Aerospace Division of General Dynamics, GDC-DDB-72-005,
30 September 1972, ‘

Shanley, F. R., Strength of Materials, McGraw-Hill Book Company, New York,
1957.

Curry, D. M., An Analysis of a Charring Ablation Thermal Protection System,

- NASA TND-3150, December 1965.



APPENDIX I

PROGRAM SOURCE LISTINGS



OOO0

10

20

OVERLAY (P5490,0,0)

PROGRAM P549¢B (INPUT=1021,0UTPUT=1021,TAPE1=1021+TAPE3=1021,
1

TAPE4=1021TAPESZINPUT» TAPEG=OUTPUT)

VERSION B OF PROGRAM P5490, TPS OPTIMIZATION STUDY PROGRAM

1 NOVEMBER 19731

COMMON/BLOCKE/ IPRINT, NCs» NHs NLCy» NV, PZ, VB
COMMON /FLAGS/ IFIRST, ISTRES» JFATIG, IWTCSY

COMMON /LINK/ NSECTeTCyTSeTSKINY ) TSKIN2,TINS1,TINS2, TINS3 ¢ XDST

COMMON /MOMENT/ AIIPMI

COMMON /SONIC1/ AE oAl sAIY = JAMACH ,AMF
16w vC(4) oD ¢+ OREF oDT(4) »DVEH 'EPEPP
2HF +HPAN L IPAD e IPF(4) (IPFI 'KFLEX oNENG
3GF QL  /REY ¢'RHOP  »TIMEF »TJ oTT
4vs ' VU 'VV 'WEJ  »WER o XI ' XJ
5YCL ' YP

COMMON BLANK (21487)

IFIRST=0

EXECUTE INPUT AND SIZING ROUTINES

CALL OVERLAY(5HP5490¢1,0¢6HRECALL)

IF (IWTCST.EQ.~1) GO TO 20 _

EXECUTE RSI ROUTINE IF RSI OPTION WAS SELECTED
IF (NSECT.EQ.7) CALL OVERLAY(SHPS5490+4+0)
EXECUTE FATIGUE ROUTINE UNLESS SUPRESS FLAG SET
IF (IFATIG.EQ.0) CALL OVERLAY(5HPS5490,2,0)
EXECUTE WEIGHT=-COST ROUTINE UNLESS SUPRESS FLAG SET
IF (IWTCST.EQ.0) CALL OVERLAY(SHPS490+3+0)

60 70 10

CALL OVERLAY(SHPSu90+3,0)

60 10 10

END

¢ AW
¢ HC
o NPAN
e VJ
o XL

*® @ w 9w e

OVONPNF N



10

20
30
'Y
50

60

FUNCTION TABLE(XsXTBoYTBIN)
THIS SUBROUTINE DOES LINEAR INTERPOLATION,
WHERE Y=F(X). IV WILL NOT EXTRAPOLATE,
OIMENSION XTB8(1),YTB(1)

I=1
IF (X,GEXTB(I),ANDJX,LE.XTB(N)) GO TO 10
WRITE (6:60)
TABLE=0,
RETURN
=1+
IF (X,GE.XTB(I)) 60 T0O 10
IF (YTB(]1=1)=YTB(I)) 20+30,40
YE(YTB(I)=YTE({I=1))/(XTB(I)=XTB(I=1) ) (X=XTR(I=]1))+YTa(I=1)
60 10 S0
YSYYB(I)
60 10 S0
YS(YTB(I=1)=YTB(I))/Z(XTB(I)=XTB(I=1) )% (XTB(I)=X)+YTR(])
TABLE=Y
RETURN

FORMAT (26HOX ARGUMENT ERROR IN TABLE)
END

T8L
TBL
8L
8L
T8L
T8L
TBL
TBL
TAL
TBL
T8L
T8L
T8L
T3L
TBL
T8L
TBL
T8L
TBL
TB8L
TBL
TAL
8L

OONONEFEUNP



FUNCTION TRPLAT (AyBrCrlsdsK) ' TRP

DIMENSION A(99011,9)eB(9+11,9) TRP

IF (C,LE.B(lsJel)) GO TO 30 TRP

DO 10 L=1+¢K , , TRP

IF (B(l.Juel)=C) 10,10,20 TRP

10 CONTINUE TRP
20 TRPLAT=A(I'J'L-1’§(A(IOJ'L"A(IOJ'L-I)’/(B(I'J'L)‘B(IDJ'L-I),“C-BTRP
1(IrdsL=1)) , TRP
RETURN TRP

30 TRPLAT=A(1,Jr1) , ' TRP
RETURN ' TRP

40 TRPLAT=A(I¢JeK) : TRP
RETURN ’ ’ B ’ i : ' -TRP -

END TRP

1-4
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OVERLAY (P5490,1,0)
PROGRAH TPSOPT

TPS
TPS
TPS

' COMMON /ABLTN/ TEUoQIN'DTSoTXZ(SO)oVELXvIQINPPvDELPOAPRNTOINT-PEP TPS
COMMON /ARRH/ATHETA(10) sAPyXBrSNsCAsXMTPT(10) »AOPT TPS
COMMON /BREV/ KUS¢KAS,KOS/NAP¢NPCyNIFPCMsDQIN1,DGIN2,NQIN3sKAsKU TPS

‘19 TMELT TPS
COMMON /CCPG/CPGAS TPS
COMMON /CCSDOT/SDOT 1PS
COMMON /CNDTN/ DEL»DTMAX» TTAUsITER T8
COMMON /DELX/ DELX1,DELX2/,DELX3 TPS

- COMMON /DMND/ DUMMY(1119) : ' TPS
COMMON /FLAGS/ IFIRST, ISTRES» IFATIGs IWTCST TPS
COMMON /HF/ HF1,HF2¢HF3 TPS
COMMON /KAN/ KAN1,KAN2,KAN3 . TPS
COMMON /LINK/ NSECTeTCoTSeTSKINL1sTSKIN2+TINS1»TINS2¢TINS3 ¢ XDST TPS
COMMON /MOMENT/ AII.PMI TPS
COMMON/OLA/Z TJO(10)CDJ(10) TPS
COMMON /PCM/ 0RIN100RIN200RIN3'QROTI'QROTZOOROTB TPS
COMMON /QST/ QST1,QST2,Q5T3 ‘ ' TPS
COMMON -/SONICY/ AE vAl vAlY 'AMACH ,AMF + AW » TPS

18w o C(4y) oD »DREF vOT(4) HODVEM 'EPJEPP 4HC v TPS

2HF s HPAN ¢ IPAD ' IPFl4) L1IPFI 'KFLEX »NENG +NPAN v TPS
. 3QGF e QL 'REY +RHOP ' TIMEF »TJ o TT 'VJ v TYPS
. 4VS- » VU 'VV ' WEJ s WER e X1 ' XJ ' XL v TPS
-SYCL ' YP TPS
. COMMON/TPS/A(20)+G(9) yReX(9) TPS
;. COMMON /UNDM/ IDUMMY(56) TPS

. EQUIVALENCE (NPF,IDUMMY (29)) TPS

COMMON AL r ALPHA(99) ,ALT(99) ¢ AME » AM]1 TIPS
. 19AOFA +»AOFE » ARCD vAS 1 AX(9+1149)0AY(9011/,9)TPS
. 2¢BATA +B8E +BETA(99) ,BF ¢+BFL eBL TPS -
- .3+DELTA »DIAM vDIST(9) +DST vE(20,99) JEALL TPS

LeEAT(20099)9EDOT(20+99) 1EMIS(9) sFACC 'FCU(200 99)0FCY(20'99)TPS

SeFNET(20) tFSU(20,99)»FT(20) ' FTU(20999) ¢+ FVE 'FO7 TPS

6¢6(20999) oHH » HINS +HINSD(99) »ICONF »ILINKO TPS

7+ IQINP + ITURB e IWALT 'MAT(9+9) »MPT(999) +»MR(Q,18) TPS
8eNCOLM ¢+ NCR . #NCRC o NF oNI(18) 'NINS TPS

Qe NMAT ¢ NMIN ¢+ NPRT 'NPSG 'NR(18) 'NRSG RS

$oNSEG ¢ NTRAJ ' N33 o PE ' PHI P ) TIPS

$:PINP(99) +QCONL(9) »QCONT(9) ,QINP(9G) ,LQNET(9) *RHO (9) TPS
$»RHOI ¢RYE 'RYI 'SL ' SLS +STAAT TPS
$,)ST] e STOOP 17(20,99) +TALLWI(9) »TAMP(9¢9) »TAU TPS
$,7CY ' TEMP(9,9) »THETA ' T1 'TIME(99) »TINS TPS
$eTINSD(99) (UF ' VFACT(9918) VI ' VINF(99) »WROTE TPS
$+XEMIS tXSTG(99) +XX(20) ' Y(9) 022(20) . TPS
DIMENSION TMAX(9) TPS
DIMENSION IA(1),IB(}1) TPS
EQUIVALENCE (IA/NSECT)» (IB,AL) ‘TPS
DIMENSION AM(15), FM(15) TPS
DATA AM / - TPS

1 100' 1.1 1¢2» 130 1,40 105' 1.6 107"1.80 1.9 2.0' 25 3,00 TPS

2 10,0, 30.0 / ) TPS
DATA FM / TPS

1. “52004820o490'0513'0560006600.830'10150103701 5701 7002 29,2.83¢ TPS

29,975, 31.0 / TPS

TPS
IF (IFIRST.NE.Q) GO TO 60 TPS

ODNPNEWN -



10
20
30
40
50
690

70

80

90

100

110
120

130

140

150
160

IFIRST=1

DO 10 I=1,56
IDUMMY (T1)=0

00 20 I=1,1119
DUMMY (1)=0,

D0 30 I=109
IA(1)=0

DO 40 I=1039
A(1)=0,

DO 50 I=1r,21487
IB(1)=0 .

60 70 80

DO 70 I=1¢9
Q(l)=0,
QNET(I)=0,

0O 70 J=1+9
TEMP(1¢J)=0.
CALL INPUT ROUTINE

CALL OVERLAY(5HPS5490¢1,196HRECALL)

IF (IWTCST.EQe=1) GO TO 500
OTMAX=DELTA

All=Al

EPP=EP

AMF=AMACH

IQINPP=IQINP

IF (NSECT.GT 6) TAMP(1,1)=TX2(1)
QF =QL.

IF (IQINP.GT 1) 60 T0 90
QL=0,

QF=0.,

160=0

ITER=0

IVF=0 v

1SS=0

1ST=0

ICK=1

YINS=0.0

00 100 I=1sNCOLM
DO 100 J=1¢NSEG'
TEMP(I,J)STAMP(I,J)
IF (NINS,EQ.0) GO TO 120
DO 110 J=1eNSEG
ZMAT (1,J)
TMAX(K)=0,0
IF (K,EQ,NINS) YINSSYINS+Y(J)
CONTINUE
TAUZSTAAT
TTAUSSTAAY
DELZSTAAT

IF (NSECT.LT«7.AND,NMAT,NE,0) DELTAZ1.0 -

APRNT=WROTE

IF (WROTE.GT.DEL) 60 TO 1“0
DEL=DEL-WROTE

GO 1O 130

IF (NCOLM,6T.1,0R,NRSG.,EQ.,0) GO TO 160

D0 150 I=1,NRSG
VFACT(1,1)=1,
TAU=TAU+DELTA

1-6

TPS
TPS
TPS
TPS

TPS .

TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS

TPS -

TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS

TPS

s
TPS
TPS
Ps
TPS
TPS
TPS
TPS
TPS
T™PS

TPS.

TPS
TPS
TPS

111
112

115



170
180
190

200
210

220
230

240

250

260

270

280

290

TEU=TAU=0.5%0ELTA

IF (NTRAJ=2) 220,200¢170

00 180 I=1+:NTRAU

IF (TEU=TIME(I)) 190,230,180

CONTINUE

ISNTRAV

IF (I=1) 200,200,210

1=2
FRE(TEU=TIME(I=1))/(TIME(I)=TIME(I=1))
AL (ALT(I)=ALT(I=1))%FR+ALT(I=1)
VIS(VINF(I)=VINF(I=1))%FR4VINF(I=1)
AOFA=(ALPHA(1)=ALPHA(I=1))%FR+ALPHA(I=1)
BATA=(BETA(I)=BETA(1-1))*FR+BETA(I=1)
HINS= (HINSD(I)=HINSD(I=1))xFR+HINSD(1=}1)
TINS=(TINSD(I)=TINSD(I=1))%xFR+TINSD(I-1)
X0 (XSTG(I)=XSTG(1=1))»FR4+XSTG(I~1)

IF (IQINP,6GT.1) GO TO 240

60 YO 270

I1=1 -

ALSALTI(I)

VISVINF (])

AOFA=ALPHA(L)

BATA=BETA(I)

HINS=HINSD(I)

TINS=TINSD(I)

X0=XSTG(1)

IF (IQINP.GT.1) GO TO 240

G0 'T0 270

00,260 I=1¢NCOLM

IF. (IQINP,.EQ.3) GO TO 250
QUI)=AL%QCONL(I)

PE=VI

.60 TO 260

TEMP(I+1)=AL*QCONL(I)

PEsV]

CONTINUE

60 70 360

CALL PRA63(AL'PI»TI/RHOI»ICK)
IF (ICK,EQ,0) GO TO 460

- IF (IFATIG.Ew.1) GO TO 310

AMI=VI/(49,01%SQRT(TI))
QI=Z0.,5%RHOI®VIx%2

IF (GI.LT.QL) GO TO 280
QL=ql

AMACH=AM]

vusv]
REYZRHOI*VURXL/(2,2TE=~8%TI%#*1,5/(TI+198,6))
IF (AMI,LT.1,) GO TO 310
FCNAMISTABLE (AMIy)AMsFM,15)
IF (FCNAMIJNE.O,) GO TO 290
WRITE (6,610}

60 TO 310

QFF=QI/FCNAM]

IF (QFF.LT.GF) GO TO 310

QF =QFF

AMF=AMI

TIMEF=TAU

IF (1SS,EQ,0) GO TO 310
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TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS

TPS.

TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS

- TPS

TS
TPS

- TPS

TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS

TPS

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

148
149

151

152
153
154
155
186
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
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300
310

320
330

340
350

360

370

380

390

400

410
420

EPP=0.,

00 300 I=1.NPSG

EPP=EPP+E (1, ISS)

EPP=EPP/NPSG

ALF=AQFA/57,2957795%
BET=BATA/57.2957795
PH=PHI/57.2957795
TASTHETA/S57,2957795
C1=COS(ALF)*COS(BET)*SIN(TA)
C2=SIN(ALF)*COS(BET)=»COS(TA)
CETA=C1+C2

AOFE=ASIN(CETA)

IF (ICONF.EQ,5) AOFE=1,5708
DIST(1)=ABS(XDST=X0)

IF (IWALT.LT.2) 60 TO 330

DO 320 I=2sNCOLM
DIST(1)=DIST(I=1)405%(X(]I)+X{I=1})
IF (PHILT.0.) GO TO 340

CALL FLOWF(I60)

IF (1GO,EQ¢1) GO TO 460

CALL THERMO

IF (PHI.EQ@.0) GO TO 350

IF (ALF,EQ.0.AND.,BET.EQ.0) GO TO 350
CETA=C1+C2%COS(PH)+SIN(BET)*COS(TA)xSIN(PH)
AOFE=ASINI(CETA)

CALL OFFCL

IF (NMAT,EQ.U) GO TO 450

IF (NSECT.GY.6) GO TO 370

CALL CONDTN 3SUBROUTINE

CALL OVERLAY(S5HPS5490r1,2»6HRECALL)
TAU=TTAU

60 70 390

DYS=DELTA

OELP=DEL

IF (IQINP.EQ.1) VELX=VI

IF (IQINP.EQ,4) VELXSAOFA

QINZQ (INT)

PEP=PE

CALL ABLATION ROUTINES

CALL OVERLAY (SHP5490+¢1+396HRECALL)
DO 380 J=1sNPF

TEMP(J)=TX2(J)

IF (NINS,EQ,U) GO TO 450

DO 4U0 I=1+NCOLM

DO 400 J=1eNSEG

K=MAT (I, J)

IF (TEMP(I10J)oGT,TMAX(K)) TMAX(K)ISTEMP(I,J)
CONTINUE

DO 410 K=1sNMAT

IF (TMAX(K) 46T, TALLW(K) cAND,K+GTNINS) GO TO 420
CONTINUE '
60 TO 450

YINS=0,0

D0 430 L=1.,NSE6G

KK=SMAT(1,L)

IF (KK NESNINS) 6O TO 430

_ Y(L)SFACCsY(L)

YINSSYINS+Y (L)

TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TRS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
™S
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS
TPS

174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
199
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231



430 CONTINUE ‘ ‘ TPS

WRITE (60570) KoKeTMAX(K) oKo TALLW(K)»TAU TPS
WRITE (6¢590) YINS TPS

IF (YINS.GT.1.0) GO TO 440 S TPS
WwRITE (69600) TPS

G0 1O 90 TPS

w40 WRITE (6+580) . TPS
wRITE (6+600) TPS

- STOP TPS
450 IF (NSECT.6GT.6.,0R,NMAT . EQ,0) DEL=DEL+DELTA TPS
60 TO 470 TPS

460 IST=2 TPS
GO0 YU 480 TPS

470 IF (TAU+,01#DELTA,LT.STOOP,AND,DEL+,01DELTA.LT, WROTE) GO TO 160 TPS
IF (TAU+,01%DELTA,GE.STOOP) IST=2 TPS

IF (NINS.EQel+sOR,ISTRES.NE,0.OR,NSECT.EQ.8.0R.NMAT.EQ,0) GO TO 480TPS
CALL STRESS(ISS,IST) TPS

480 IF (NPRT,EQ.1) CALL PRINTI(ISSvITER) TPS
IF (1ST,EQ.,2) GO TO 490 _ TPS
DEL=0, TPRS
ITER=Q TPS

vO0 TO 160 } . - . TPS

490 IF (IGO.EQ.1) WRITE (6+,550) TPS
IF (ICK.EQ.0) WRITE (6+560) TPS

IF (1FATIG.,EG.0,AND,ISTRES,NE,O0,AND NSECT,LT,8) CALL PANEL TPS

500 G0 TO (5100510+51095100520,5200530¢530) ¢ NSECT TeS
510 TSKINI=TS T0S
TSKIN2=TC _ TPS
TINSLI=YINS TPS

60 TO 540 TIPS

520 TSKIN1=0, TPS
TSKIN2=TC TPS
TINS1=YINS TPS

60 TO 540 TPS

530 TSKINI=TS TPS
- TSKINZ=TS - TPS
TINS1=BFL TPS
TINS2=BF . TPS
TINS3=TC ; TPS

540 RETURN TPS
- TPS

. TPS

550 FORMAT (46H »»xxs LOCAL VELOCITY SQUARE IS NEGATIVE s%s%x) TPS
560 FORMAT (42H **3%x% ALTITUDE.LT«0,0R.GT+700000 FT *%5*x%) TPS

570 FORMAT (//56HOx*sx%xx I NS UL ATION SI1ZING NOTE =xTPS
15x%//25H TEMPERATURE OF MATERIAL ,12+17H BECAME TOO HIGH.r/eH TMAXTPS
2(oI19¢3H) =eF5.006H DEG=R¢/TH TALLW(sI1s3H) =¢F5,006H DEG=Ry/7H TIMTPS

3t =eFS5.004H SECs/) TPS
580 FORMAT (43H THICKNESS OF THE INSULATION IS UNREALISTIC/3uH PROBLEMTPS
1 WAS DELETED AT THIS POINT) TPS
590 FORMAT (44H THICKNESS OF THE INSULATION WAS CHANGED TO »F6.4s3H FTTPS
1) TPS
600 FORMAT (34HO**xsx E N D O F NOTE sxsux) TPS
610 FORMAT (40H MACH NUMBER WAS OUTSIDE OF TABLE LIMITS) TPS

END TPS

232
233
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237
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239
240 -
241
242
243
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2u6
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2u8
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253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
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271
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273
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275
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285
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SUBROUTINE AIR(I+»JePeSeHeZyRHOPTR,CS)

Ll L =INPUT

1 P(LB/FT2)» S(BTU/LB=DEG R)

2 P(LB/FT2, H(BTU/LBM)

3 He S AND 1ST GUEST OF P
-J= «QUTPUY =~

1 Pe He S

2 Pe He S AND Z(DIMENSIONLESS)

3 Py He S AND RHO(SLUGS/FT3) .

4 P» He Se 2+ RHO, TR{(DEG R) AND CS(FT/SEC)
PPAZP/2116,224

PLOG=0.43429448%ALOG(PPA)

IF (1,EQ,1) GO TO 160

HY=H

L=1

DHM=1,0E6

DH=0,

IF (1,EQ,.3) GO YO 160

5=23,5

IF (L,6T,21) 50,160

DHPz=DH

OH=H=HY

IF (ABS(OHM) ,LT.ABS(OHP)) GO TO 30
DHM=DHP

SYM=S

L=L+}

IF (ABS(DH/HY) ,LT.0.001) GO TO 350
IF (L.EQ,2) GO TO 4O

DHS= (DH=DHP) / (S=SYP)

SYP=S

S=S=DH/DHS

GO TO 10

SYP=S

S=S«0,01%S*ABS(DH) /DH

60 TO 10

X220, 43429448%ALO0G(14,587834SYM)
IF (ABS(X2=1.60),6T7.0,01) GO TO 60

- X3=1.60

GO0 TO 90
IF (ABS(X2=1,76),6T.0,01) GO TO 70
X3=1.76 Co
60 70 90 -
IF (ABS(X2=1,92),6T,0,01) GO TO &0
x321,92
60 TO 90
WRITE (601060) SyHyHY
CALL EXIT
S=10,0%%X3/714,587834
60 TO 160 .
IF (L.GT,21) 150,170
DMP=DH
DHEH=HY
IF (ABS(LHM) ,LT,ABS(DHP)) 60 TO 120
DHM=DHP
L3L+1
1-10
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AIR
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AIR
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AIR
AIR
AIR
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AIR
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IF (ABS(DH/HY), L T.0.001) GO TO 350 A AIR

IF (L,EG,2) GO TO 130 AlIR
OHS=(DH=DHP) 7 (P=PY) AIR

YSP : AIR
P=P=DH/DHS AIR

60 TO 140 AIR

130 PY=P ] ' AIR
P=P=0,01%PxAES(0OKH) /DH AIR

140 PPA=pP/2116,224 : AIR
PLOG=0,.L434296448%ALOGIPPA) AIR

GO0 TO 100 : AIR

150 WRITE (6+1070) PoPYsHsHY AIR
CALL EXIT : AIR

160 SR=Sx14,587834 AIR
SRLOG=0,43429448%ALOG(SR) AIR
X152«39,1442+83, OSSB‘SRLOG-BB.28“2*5RLOG*SRLOG AIR

170 X151=«10,0%(PLOG=X15) AIR
1F (X151-40.,0) 190,180,180 AIR

10 115=¢0,0 . : AIR
GO TO 22v A AIR

190 IF (X151+40,0) 200,210,210 : AIR
200 T15=21,.0 : e o= AIR
60 TO 220 . AIR

210 T15=1,0/¢1, O#EXP(XISI)) - AIR
220 AZPLOGxPLOG _ AIR
b=SRLOG%SRLOG AIR
C=AxPLOG ' AIR
D=B2SRLOG ' . AIR
LOG(H/R)=F (LOGP,LOG(S/R)) . AIR

IF (SRLOG=1,6) 23092309240 AIR

230 HRCAL=12.,693869+5,3975312%PL0G=48,729217%SRLOG=.14961521%A~5,87887A1R
174#PLOG*SRLOG*48,19278%B+.90144132E~03%C+,091151473*A»SRLOG+1,.6282A1R

2829%PLOG*B=13.065267+*D AIR
GO0 10 340 - : AIR
240 IF (SRLOG=1.76) 2500250,310 ’ AIR

250 HR225=15643719446,6959228*PL0G+269.93097*SRLOG=,097179965%A~7,5379AIR
1714%PLOGHSRLOG=152,13866%R+,57029937E=-03sC+, 05836“795#A*SRLOG¢2 15A1IR

2927554PLOG#B+28.9409264D AIR
HR21Z=84,008522+2,5761318%PL0G+107.06198+SRLOG=.014352904%A~1,5313AIR
1194%PLOGHSRLOG=32,316439%8 AIR
XHZ=~61,2053+114,103%SRLOG=47,5532%8 AIR
XH1==10, 0% (PLOG=XH) AIR

IF (XH1~40.0) 260¢290,290 AIR

260 IF (XH144040) 270+280,280 ATR
270 TH=1,0 AIR
%0 TO 300  AIR

280 TH=1,0/(1.04EXP(XH1)) AIR
GO TO 300 AIR

290 TH=0.0 : © AIR
300 HRCALSHR21+(HR22=~HR21)%TH AIR
60 TO 340 AIR

310 IF (SRLOG=1,92) 3200320330 AIR

320 HRCAL==35,160671+,5366924%PLOG+56,99585#SRLOG=,022661358%A«,4B84703AIR
105*SRLOG*PLOG~27,641087%B+,58568B839E~03%C+,016299962#A+SRLOG+,1407AIR
23606»B*PL0G+4.712261%D AIR

: GO 10 340 AIR

330 HRCAL==114. 9“796#4.00“585*PL06+180'03“27*SRLOG-o0“1327787*A-Q 0366AIR
1535%PLO0G*SRLOG=90,76006%B+,40320694E=03%C+,024360248%A*SRLOG+1.046AIR
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22299%PLOG*B+15,467804=0D AIR 117
340 HR15:28,160664~2,2339873%PL06~59,053694*SRLOG+.054973544%A+3,71832AIR 118
157*PLOG*SRLOG+40,986503%8B=,4292698E=~03%C~,040726332%A%SRLOG=~1.3704ATIR 119

2505%PLOG#B=8,253645%D ATR 120
HRCAL=HR15+ (HRCAL=HR15) #T15 ATR 121
HRLOG=2, 3025851 «HRCAL AIR 122
HRZEXP (HRLOG) AIR 123
HZHR/8,1043525 ATR 124
G0 TO (3509200110) 1 AIR 125

350 GO TO (1050+360+5700360) J AIR 126
23F (LOGP,LOG (S/R)) ‘ AIR 127

360 X212=62,91=41,5%SRLOG , : ATR 128
X223272,945-45,75%SRLOG ATR 129
X234265,75=37.5%SRLOG AIR 130
X245262,92=32,0%SRLOG AIR 131
X2121==10+0% (PLOG=XZ12) ATR 132
X22312-10,0% (PLOG~X223) AIR 133
X23412=100 0% (PLOG=XZ34) AIR 134
XZ451==1040% (PLOG=XZ45) AIR 135

2CAL2=519.80374=23,753514*PL0G=983,90729%SRLOG+,37296957%A+30,.0843AIR 136
179%PLOG*SRLOG*+620.04168%B=,21648826E=~02%C~,23710079*A*SRLOG=-9.4969A1IR 137
203%PLOG*B=129,78921%D AIR 138

LCAL3I=36604006T4=15,517444%PL0G=647,42436%SRLOG+,18701758»A+18,.0403AIR 139
183%PLOG*SRLOG+379,598344B~,87958438E~03%C~,10580129*A*SRLOG-5.1888AIR 140
2254nPLOG*B~73,504269*D - AIR 141

LCALY=516+07331=16.59277*PLOG=808,498234#SRLOG+,071256235%A+16.,526BATR 142
113%PL0GASRLOG+418,45341%B+,9418334TE=03#C=,019727817*%A*SRLOG=3.994ATIR 143

28906%PLOG*B=71,038921%D AIR 144

IF (XZ2121-40.0) 370+400,400 : . . AIR 145

370 IF (X2121+40.,0) 38003900390 _ATIR 146

380 Tz12=1,.0 AIR 147

60 1O 410 ' ATIR 148

390 Tz12=1,0/(1,0+EXP(X2121)) , AIR 149

60 TO 4iv - . ' AIR 150

00 T1212=0,0 AIR 151

410 IF (X2231=40.0) 4204500450 AIR 152

420 IF (x2231+40.0) 43004400440 AIR 153

430 T223=1.,0 ’ _ AIR 154

60 TO 46u - | AIR 155

440 TZZ}:i.O/‘l-U*EXP(XZZBl)) AIR 156

' GO TU 460 . AIR 157

450 T17223=0.0 ATtR 158

460 IF (X2341=-40.0) 470¢5000500 . AIR 159
470 IF (X2341+40.0) 480,490,490 AIR 160 -

480 TZ34=1.0 AIR 161

60 T0 510 AIR 162

490 T234=1.,0/7(1.0+EXP(X2341)) AIR 163
GO 1O 510 AIR 164

500 T234=0,0 AIR 165

510 IF (xZuS1~=40.0) $520¢550,550 A AIR 166

520 IF (X2451+40,0) S30¢5400540 AIR 167

530 T1245=1,0 AIR 168

G0 10 560 AIR 169

9540 TZ“5-1.01(1.0+EXP(X2451)) ATR 170

60 71O 560 . AIR 171

550 TZ4520,0 AIR t72

560 ZCAL=1,0+(2CAL2=], 0)‘7212*(ZCAL}-ZCALZ)*TZZ3*(ZCAL“'ZCAL})&TZS“#(QAIR 173

1.0=2CALYL)*T245 AIR 174

1-12



sSZCAL ' AR
IF (J,EQ.4) 570,1050 AIR
LOG(RHO/RHOA)=F (LOGP»LOG(S/R) ) : AIR
570 XR122=16.5527+57,45%SRL.06G-30.,8036%B . AIR
XR23=499,544=938,91*SRLOG+609,028+B=135,995%D AIR
XRIY=360,507-634,5385SRLOG+389,174%8=82,4653sD AIR
XR45z489,628-458,58SRLOG+106.25+8 AIR
XR1213=10,0*(PLOG=XR12) AIR
XR231=~10,0* (PLOG=-XR23) AIR
XR341==10,0% (PLOG=XR34) : AIR
XR451==10,0% (PLOG=XRUS) o AIR
IF (XR121=40,0) 5800610:610 AIR
580 IF (XR121+440,0) 590+600,600 AIR
590 TR12=1.0 : AIR
G0 70 620 AIR
600 TR12=1,0/(1,0+EXP(XR121}) AIR
60 TO 620 ATR
610 TR12=z0.,0 AIR
620 IF (XR231~40.0) 630:660¢660 AIR
630 IF (XR231+40,0) 640¢650¢650 AIR
600.T323=1.0 ) . ' - . AIR
60 70 670 ) ' AIR
650 TR23=1.,0/(1.,0+EXP{XR231)) AIR
GO Y0 670 AIR
660 TR23=0,0 AIR
670 IF (XR341=40.0) 680¢7100710 ’ : . AIR
680 IF (XR341+40,0) 690+7000700 AIR
690 TR34=1,0 | ATR
60 YO 720 AIR
700 TR34=t. 0/(1.0+EXP(XR3u1)) AIR
60 10 720 AIR
710 TR34=0.0 AIR
720 IF (XR451=40.0) 730¢7600760 : AlIR
730 IF (XR4S51+40.,0) 7407500750 AIR
740 TR45=1,0 ‘ ' AIR
GO TO 770 AIR
750 TR4521,0/(1.0+EXP(XR4S1)) i AIR
GO YO 770 AIR
760 TRA520,0 AIR .
770 RHCL1=15,951867~,00228295%PL0G=15,9942428SRLOG+,6518726TE~02%A+,53AIR

ZCAL=1.0+4(2CAL~1,0)%T15 AIR

1079685%PLOG*SRLOG+3,1759742B AIR

RHCL2:1541,1666=63,93035%PL0G=2993,1662%SRLOG+,935437+A+84,30375%SAIR

1RLOG*PLOG+1938,7061%8=,004746016%C~,6128404%xASRLOG=27.422666*B*PLAIR
206-419,0881*L AIR
RHCL3=427.4745=18,126622%PLOG=T65.47626%SRLOG+.29343169%A+22,92687A1IR
17%PLOGHSRLOG+456.717%B=, 17033404E~02%C~,18068309%A*SRLOG~6,9143617A1IR
2+B*PL06G=-91.1318510 - AIR
RHCL4=206+423144-8,2270278%PL0G=329,54654SRLOG+,1324191%A+9,888416SAIR
1*PLOG#SRLOG+175,03931%B=+10178454E=02%C~,07654371#A*SRLO6=2,692014A1IR
24%B*PLOG~31.237834%D ATIR
RHCL55+399,52358+12.899477#PLOG+411,64144%SRLOG=+097694919%A=6,220A1R
14477#PLOG*SRLOG=106.67334B AIR
RHCAL=RHCL 1+ (RHCL2~RHCL 1) *TR12+ (RHCL 3=RHCL2)#TR23¢ (RHCLU4=RHCL3) #«TRAIR
134+ (RHCLS=RHCLY) xTR4S AIR
RH152=79,282533+6,3537078%PL0G+179.22721*SRLOG=,12607098%A=g ,40131AIR
122*PLOG*SRL06=129,95269%B+,10037437E~02%C+, 094185511#A#SRL06+3.125AIR
26966*PLOG*B+30,203862+D o . AIR
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RHCAL=RH15+ (RHCAL=RH15)%T15 AIR 233

RHRALG=2,3025851%RHCAL AIR 234
RHORHA=E XP {RHRALG) AIR 235
RHO=2 ,50 74 2E=3%RHORHA AIR 236
IF (JJNE,4) G0 TO 1050 AIR 237
TR = F(LOG(P)»Z)y AZAD = F(LOG(P))LOG(S/R)) : AIR 238
TS(EXP( (PLOG=RHCAL )*2,3025851)%273,15)/72CAL AlR 239
TR=1,82T AIR 240
IF (T=2100,0) 780,780,830 AIR 241
780 IF (T=1500.,0) 800,800,790 AIR 242
790 IF (PLOG+1.0) 830,830,800 : AIR 243
800 CONL1=SQRT(T/273,.,15) - AIR 2u4
IF (T=273.15) 810,810,820 AIK 2u8§
810 AOAO=CON1} AIR 246
GO TO 1040 ‘ AIR 247
820 AOQAQ==0,0753808+CON1%(1.12644~0,0552696%CON1) AIR 248
60 TO 1040 _ AIR 249
830 XA12=635,054=1220,4625RLOG+803,882%8=180,845%D AIR 2590
XA23=373,702=663,358*SRLOG+408,854%B=86,8056%*D AIR 251
XA34=1703,78=2602,97*SRLOG+1337,93%R=231,4224D AIR 252
XA22=10U43.37=1820,34%SRLOG+1076,36%B=215,445%D AIR 253
XA121==10.0% (PLOG=XA12) AIR 254
XA231==10.,0%(PLOG=XA23) AIR 255
XA341=«=10,0%(PLOG=XA3L) AIR 256
XA221==10.0%(PLOG=XA22) Alk 257

Al==4409,62414196,82259%PLOG+8746,46348SRLOG~3, 1650299*A-262 3294 T7AIR 258
1*PLOGXSRLOG=5786,449%B+,020004186%C+2,1429825%A%SRLOG+87,.589029*PLAIR 259
20G*B+1277.6718%D AIR 260

A212=1814+5117486,096078%PLOG+3315,60994SRLOG~1,7593034*A=107.,2534AIR 261
1%PLOG*SRLOG=2023,201%B+.0162876792C+1.1398134%A*SRLOG+33.659607*PLAIR 262

206G*8+413,41945%D AIR 263
A2222651 294481 ,405596*%PLOG=3099,0064*SRLOG+.69752668%A+U4B ,062596AIR 264
1*PLOG*SRLOG+907,70889%8 o AIR 265

IF (XxA221-40.0) 8500840,840 AIR 266

840 TA22=0.0 AIR 267
¢0 TO 8890 . AIR 268

850 IF (xA221+40.0) 860+8600870 AIR 269
860 TA22=1,0 . AIR 270
GO TO 88v AIR 271

870 TAg2=)1, 0/(1.0*EXP(XA221)) ' AIR 272
880 A2=A21+(A22-=A21)%xTA22 AIR 273

A3==3217.,8037+195,34964*PLOG*+5348, 21“3*SRLOG-“ 62684T75%R=221,12705AIR 274
1%PLOGHSRLOG=2970,8649%B+,044614358%C+2,7079177%A*SRLOG+63.042803*PAIR 275

2L0G*B+553.12007*D - AIR 276
AGS16976,939-476,10242%PLOG=1T445,315%SRLOG+3.6534057%A+246,41125*AIR 277
1PLOGASRLOG+4486,3118#B AIR 278

IF (XA121-40,0) 9000890+890 AIR 279

890 1A12=0.0 AIR 280
GO0 'TO 930 AIR 281

900 IF (XA121+40,0) 9100910,920 AIR 282
910 TAl12=1,0 AIR 283
GO TO 93¢ AIR 284

920 TA12=1,0/(1.0+EXP(XA121)) AIR 285
930 IF (XxA231=40,0) 950+940+940 AIR 286
940 TA23=z0.0 AIR 287
G0 TU 980 AIR 288

950 IF (XA231+40,0) 960,960,970 AIR 289
960 TA23z1,0 ATR 290
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970
980
990

1000
1010

1020
1030
1040
1us0

1060
1070

60 TO 980
TAR3=1,0/7(1.0*EXP(XA23L1))

1F (XA341~40,0) 100009909990
TA3u=0,0

G0 10 1030

IF (XA341+40.0) 101001010,1020
TA3u=1.0

60 70 1030
TAZU=1,0/7(1.0+EXP(XA3uL))
AOAO=AL+ (A2=A1)%TAL12+(A3~A2)2TA23+(A=A3)xTA3Y
CONTINUE

€S=1086,.98%A0A0

RETURN

FORMAT (35H ITERATION LIMIT EXCEEDED IN S=LOOP,3E15.4) -

FORMAT (35H ITERATION LIMIT EXCEEDED IN P=LOOP,4E15.4)
END
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10

20
30

40

50

SUBROUTINE BUCKNG(EsFTeFCR,FCYsFTUNCR)
UE=E#(1,~1¢/(1,4,4286%(FCR/F7) % (NCR=1)))
1F (.001%E.GE.ABS(DE)) GO TO 20
ETAQ=0,.7

ETAASF7/FCR

DO 10 ITERNO=Z1,30
ETAl:ETAA*((1./ETAO-1.)t2.333)tt(1./(FLOAT(NCP)-X.))
VETASETAL~ETAO

IF (ETA1,6T.1.) ETAL1=1,

IF (.01*ETAC,GE,ABS(DETA)) GO TO 30
ETAOSO.S*(ETAO+ETAL)

CONTINUE :

0 10 30

ETALzY,

FCR=FCR»ETAL

IF (1,1*FCY.GE,FCR) GO YO 40
FCR=1,1»FCY

IF (FTU.GE.FCR) GO TO &0

FCR=FTU

RETURN

END
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SUBROUTINE FLOWF({1G0) FLF

C } FLF
COMMON/FOT/AM2) AMUT sET2EMU)RHOE s TE o VEr WI(9) o XMI o, XM2eXV1sYVI, FLF
1PSsPYsRHOS sRHOY » SMU» TMU YMU, PO , FLF
COMMON/T1FO/1EQOS. 1TRAS : FLF
COMMON AL ¢ ALPHA(99) ,ALT(99) » AME e AMI FLF
1,AOFA ¢+ AOFE » AROD vAS vAX(991199)90AY(9011+9)FLF
2/BATA +BE +BETA(99) ¢+BF e BFL +BL. FLF
3,DELTA +DIAM +DISTI(9) 'DST vE120,99) sEALL FLF
4rEAT(20,99)+EDOT(20099)»EMIS(9) +FACC tFCU(20r99) 2 FCY(20099)FLF
SyFNET(20) 'FSUL20099),FT(20) eFTUL20,99) »FVE 'FO7 FLF
6¢G(20,99) o HH e HINS yHINSD(99) » ICONF 2 ILINKO FLF
7+ IGINP » ITURB o INALT 'MAT(9s9) H»MPT(9,9) »MR({(9s18) FLF
8sNCOLM ¢+ NCR o NCRC o NF »NI(18) " sNINS FLF

9 NMAT P NMIN »NPRT sNPSG +NR(18) " oNRSG FLF
$oNSEG e NTRAJ oeN33 ' PE ' PHI PI FLF
$/PINP(99) ¢+QCONL (Q) +QCONT(9) +QINP(99) jQNET(9) 'RHO(9) FLF
$)RHO1 'RYE eRYI eSL eSLS o STAAT FLF
$,STI +STOOP 'T(20,99)  ,TALLW(9) »TAMP(GQsQ) +TAU FLF
$)TC1 »TEMP(9,9) »THETA  »TI . fTIME(99) +TINS FLF
$¢TINSO(99) »UF »VFACT(9+18) oVI »VINF(99) +WROTE FLF

$ ¢ XEMIS P XSTG(99)  »XX(20) 'Y (9) 122(20) . FLF

¢ : FLF
Cexysx2ENTHALPY FUNCTIONS FLF
FENTL(T)=2,20864+40,22724T+0,11571E=4%T2T4+0,23676E~0sT%%3 FLF
FTEMP(E)=17.899+4,0675%E=,83884E=4»ESE~,JU9SE«6%EnxY FLF
CxxxxxFREESTREAM PROPERTIES FLF
CSI=49,01%SORT(TI) FLF
AMI=vI/CS1 FLF
AM2zAMI*AML FLF
VI2zvIex2 FLF
AMUIZFMUT(P1,TI) FLF
RYI=VI*RHOI/ZAMYI FLF
ATISFENTL(TI) FLF
STI=Aall+vI2rss0061.5 FLF
POSPIx(]1,+AM2/5,)%%3,5 FLF

IF (ST1.6T.705,0,AND,1EQOS, LT.Z) GO TO 10 FLF
TOSTI*x(1,+0.2%AM2) FLF

60 TO 20 FLF

10 CALL AIR(2:4¢P0+sS0eSTIvZeRHOONTO»CSO) FLF
20 XVI=vIxSIN(AOFE) FLF
YVI=v1#COS(AOFE) FLF
XMI=xVv1/CSl FLF
XMZ2=XMIxxM] ‘FLF
XM3SXMI & XM2 FLF
XV2=xVIxxV] FLF

IF (IWALT,.,EQ.1) GO TO 30 FLF
JWESNCOLM FLF

60 10 40 FLF

30 Jwsi FLF
40 DO 50 I=1rdW FLF
IF (NMAT,.EQ,0) TEMP(I,1)=540. FLF

50 WICI)SFENTL(TEMP(I,1)) FLF
GO TO (60¢310+1500150+310+310¢310) ICONF FLF

60 IF (AOFE,GT.0.524) GO TO 310 FLF
IF (AOFE,.LT.u) GO T10.80 FLF

IF (AMI,GT.1.0) 6O TO 150 FLF
CxsexsfFLAT PLATE FLF
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70

PE=P]
VE=vyI
TE=TI
EI=AIl
AME=AM]
EMU=AMYT
RHOE=RHO.
GO 7O 420

C*+xxsPRANDTL MEYER EXPANSION

80

90
100

110
120

130
1490

150

BETAI=SORT (AM2=1,0)
UNIZ140,34601%ATAN(,40825+BETAL)=57,29578%ATAN(BETAT)
IF (AOFE+.05) 90+90,70

UNEZUNI=57,29578%A0FE

IF (UNE=50,0) 100,100,110
AME==26,301065/(UNE=81,77828)+,78959002+,02791663*UNE
G0 70 140

IF (UNE=102.,32) 12001200130
AME==280,09435/(UNE=130.,19996)=,89411241+8,2845071E=03%UNE
60 10O 140

AME==284 ,84684/ (UNE=130,43433)=1,0199074+8,680369B8E=03%UNE
TRE(S,0+AM2)/(5,0¢AME%x52)

PRETR*%3,5 o

VRS (AME/AMI) *SQRT(TR)

PESPR*P]

TESTR*T1I

VESVR*V]

EISFENTL(TE)

RHOE=ZPE/ (1714,.,87»TE)

AMEZVE/ (49,01%SORT(TE))

G0 TO 420

IF (XMI,LE.0.05) GO TO 70

RMI=xvI/1086.0

RM2=RMI*RM]

RMISRMIwRrM2

IF (ICONF.NE.4) GO TO 240

CruaxxWEDGE

160
170

180
190

200

210
220

230

IF (XMI,GT.8.0) GO TO 160
EISAII*(,9167+,3203%XMI+,236%XM2=,U4BUE-3%XM3)
G0 TO 170
EISAII®(1.107=,2209%XMI+.3644%XM2=8,462E=3%XM3)
IF (xMI,5T7.1.8) 60 TO 180
PESPI%(1,041+.6938XMI+1,889%XM2m,0661%XM3)
60 70 190
PESPI#{=2:32+4,0454XMI+1,036%XM2+,0161%XM3)
IF (RMI,GE.0.6) GO TO 200

VRZ,1923+1 4043RMI+1,147%RM2+,3361%RM3

G0 TO 220

IF (RMI,.GT,.,6.0) GO YO 210

VRE,59584 . 449U eRMI +1 . 83B8%RM2=, 0331 *RMD

60 TO 220
VR=78,03=19.588RMI+3,13%RM2=, 05054%RM3
VE2z=vI2=1.0E6*VR

IF (VE2,6T.0,) GO TO 230

160=}1

RETURN

VESSGRT(VER)

GO TO 340

ConxkxCONE
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240

250
260

270

280
290

300

IF (XMI1,6T7.8,0) GO TO 250
EISAII*(1.03+,08278XMI+,2354%XM2=6,956E«4xXM3)
60 TO 260
EIZSAII*(1.106=,368838XMI+,3466%XM2=T7,T66E=3%XM3)
IF (XMl,GE.1.5) GO TO 270
PESPI%(1.,007+,3816%XMI+1,5225XM2=,1593%XM3)

60 TO 290

IF (XMI,GE.5.0) 60 TO 280
PESPI%(,2397+41,161¢XMI+1,06%XM2+,0489¢XM3)

60 T0 290
PESPI®(=3.18244,1775XMI+,83738XM24,0216%XM3)
IF (RMI,GE.4.4) GO TO 300
VR=0157*.75‘RMI*09661‘R"2*0069““*RM3

60 TO 220 ‘
VRZ6,187=1,038¢RMI+1,414%RM2~,0062%RM3S

G0 10 220

CeaxxxHIGH ANGLE OF ATTACK

310

320

330

340

350

360

370

380

390

IF (AMI,.G6T,1.0) GO TO 320
PESPl+RHOIxXy2 : :

60 Y0 330 -

SAZ]1,114%A0FEL+,977/7AM2

IF (SA,GT.1.5708) SA=1,5708
SMI=AMI*SIN(SA)

CESSIN(AQFE) *%2

CM31,833x(1l.=U55/AM2)
PESPI%(]1l,+.,7%AM2sCE%CM)
ES=AlI+XVv2/50061,5

IF (S5MI,G6T.1.0) GO TO 370

VEZYV1]

EISSTI=-VE*VE/50061,5

IF (E1,6T.1300.,) GO TO 350

TESFTEMP(EIL)

RHOE=PE/(1714.87%TE)

AME=SVE/ (49,01%SQRT(TE))

GO0 TO 360

CALL AIR(2+4+PEYSIEIVZoRHOEITENCS)
AME=VE/CS

IF (ICONF.,EQ,1) GO TO 410 _
IF (ICONF.EQ.3,0R,ICONF.EQ,4) GO TO 420
PSSPIs(1.40,2%XM2)%%3,5

PYSPO

60 70 380

VUSV]I#SIN(SA)

SM2=SMIsSM]

IF (ST1,67.705,0,AND.IEQOS,LT.2) GO TO 400
PYSPO® (6, 2AM2/ (AM245,) ) 283,55 (6,/ (T % AM2=1,) ) %x%2,5
PSSP0 {6 *SM2/ (SM245,.) ) %x43,5%(6,/ (T *SM2=1,) ) 822,5
PEY=PE/PS

AMEZSQRT (5.%(1,/PEY%**,286~1,))
TESTOsPEY*%,286

EISFENTL(TE)

VESAME®*49,01*SQRT(TE)

IF (ICONF.EQ,1) GO TO 390
PS:PIt(1.ZtXMZ)**S.S‘(Go/(7o*XM2-1.))tt2.5
TS=TI*(1,40,2%XM2)

RHOS=PS/ (1T714.87%TS)
RHOY=PY/(1714.87%T0)

RHOESPE/ (1714.87xTE)
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400

410

420

GO YO 410

CALL SHOCK(AII,PIlsPY¢RHOI,VU:S)
CALL AIR(12U4yPEsSIEI¢Z¢RHOE,TE.CS)
IF (EI.GT.STI) EI=STI
VESSGQRT((ST1-E1)%50061,.5)
AME=VE/CS

IF (ICONF.EQ,1) GO TO 410

CALL SHOCK(AII,PlsPY+sRHOI)VIS)
CALL AIR(3949PYsSeSTI»Z+RHOY»TO0,CS)
CALL SHOCK(AII,PI,PS»RHOI,XVI,S)

CALL-AIR(3+4,PSsSsESy2,RHOSsTS,CS) . _ _

IF (ICONF.EG,1) 60O TO 420
SMUZFMUT (PS,TS)
TMUZFMUT (PO, TO)
YMUSFMUT (PY, TO)
EMUSFMUT (PE, TE)

RETURN

END.
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FUNCTION FMUT(P,T)
VISCOSITY

66=ALO0G10(P/2116,)

HH=T/1800.

IF (HH,6T+3+5) GO TO 10

E=1,

60 70 20 :
SHH%(1,-.125%66)=6.5
B=1,5+,125%G6

CS1.,+,023*HH=(1,+TANH(A/B))
D= (HH=14 ,5=1.5%66G)/( +9+,1%GG)

E=Ce(1,-EXP(D))

IF (E.LT.0,05) E=0,05

FS2,27E=8*T**%1,5/(T+198,6)

FMUT=FE

RETURN

END
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SUBROUTINE MSMIN(A»BrJrK)
IF (B=A) 10+20,20
10 A=B
KsJ
20 RETURN
END
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SUBROUTINE OFFCL _ gFL

A ' FL
COMMON/FOT/AM2, AMUT »ET o EMU,RHOE , TE s VE o WI(9) ¢ XMI , XM2 o XVI,YVI, OFL
1PSPYRHOS +RHOY » SMUe TMU» YMU» PO OFL
COMMON/TIFO/1EQOS . ITRAS , OFL
COMMON/TPS/A(20)9Q(9) sReX(9) B OFL
COMMON AL oALPHA(99) ,ALT(99)  »AME s AMI OFL
"10AQFA » AOFE » AROD ' AS +AX(901109)0AY(9s1109)OFL
2,BATA +BE +BETA(99) ,BF +BFL 'BL OFL
3,DELTA »DIAM vDIST(9)  ,DST vE(20099) sEALL OFL
40EAT(20,99)+EDOT(20099) +EMIS(9) ,FACC - #sFCU(20¢99) ¢FCY (20¢99)OFL
S5»FNET(20) +FSU(20099)¢FT(20) »FTU(20099) +FVE +FO7 OFL
61G(20099) +HH 'HINS JHINSD(99) »ICONF  ,ILINKO OFL
7+1QINP » ITURD o IWALT 'MAT(9+9) oMPT(9,9) sMR(9,18) OFL
8+NCOLM +NCR oNCRC 'NF 'NI(18). +NINS OFL
9+ NMAT yNMIN +NPRT +NPSG »NR(18) +NRSG OFL
$sNSEG ¢ NTRAJ ~ oN33 +PE oPHT P OFL
$SIPINP(99) +QCONL(9) +QCONT(9) ,OINP(99) +ONET(9)  +RHO(9) OFL
$,RHOI +RYE . sRYI 'SL 'SLS 'STAAT OFL
$,STI +STOOP »T(20099) +TALLW(9) +TAMP(9¢9) ,TAU OFL
$,TCH ' TEMP(9,9) »THETA 'TI iTIME(99) - +TINS - OFL
$,TINSD(99) ,UF ~ WVFACT(9+18) V1 +VINF(99) +WROTE OFL
$ 4 XEMIS 'XSTG(99) XX (20) 'Y (9) 222(20) OFL
c = ~ oFL
Cxss8ENTHALPY FUNCTIONS OFL
FENTL(T)S2,286440,2272¢T40,11571E=4aT#T40,23676E=0¢T 423 OFL
FTEMP(E)=17,899+4, 0675-5-.aaeaae-utEtE-.34495E-6tEu3 OFL
CoasssLEE'S DISTRISUTION oFL
PH=PHI/57.2957795 ' OFL
VES,362¢XVI*SQRT( (1o +5,/XMI) 8 (1,=e715/XMI) ) #SIN(PH) OFL
VE=SQRY (VE*VE+YVI*YVI) OFL
EIZSTI=VESVE/50061 5 OFL
CE=SIN(AOFE) s#2 OFL
CM=1,833%(1,=,455/AM2) OFL
PESPI%(1,+,7¢AM24CESCM) OFL
IF (E1,67.1300,) 60 TO 10 OFL
TESFTEMP(EL) - _ oFL
RHOE=PE/ (1714 .87%TE) OFL
AMEZVE/(49,01%SQRT(TE)) OFL
60 TO 20 OFL
10 CALL AIR(2+4/9PE»SsEX+ZoRHOETE CS) OFL
AMESVE/CS OFL
20 P2=PH*PH OFL
PS=PHsP22P2 OFL
EMUSFMUT (PE, TE) oFL
A==, 00665*P5 OFL
B==,0038+P5 OFL
C=SIN(PH) %82 OFL
D=SIN(2,%PH) #PH=C _ OFL
HRZ (10, 840%C+A) sPH/SQRT( +5%( ,84sD+P25(B¢1,16))) OFL
Q@=Q@sHR OFL

" RETURN OFL
END OFL
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SUBROUTINE PANEL PNL

c PNL
COMMON /FLAGS/ IFIRST, ISTRESs IFATIGs IWTCSY PNL
COMMON /LINK/ NSECToeTCo»TSsTSKINS » TSKIN2,TINS1oTINS2¢sTINS3 o XNST PNL
COMMON /MOMENT/ AII.PMI PNL
COMMON/TPS/A(20)9Q(9) yReX(9) PNL
COMMON - AL vALPHA(99) ,ALT(99) » AME » AMT PNL
10AOFA ¢» AOFE +» AROD ' AS sAX(9911+9)9AY(0,11¢9)PNL
2+BATA +BE »BETA(99) ,BF »BFL 8L PNL
3,DELTA +DIAM »DIST(9) 'DST vE(20,99) JEALL PNL

- 4WrEAT(20099)vEDOT(20099) rEMIS(9) LFACC . .sFCU(20099)sFCY(20+99)PNL
SeFNET(20) »FSU(20099),FT(20) +FTU(20+99) oFVE 'FO7 PNL
6¢6(20+99) oHH W HINS +HINSD(99) +ICONF o ILINKO PNL
7+:1QINP » 1TURB s IWALT 'MATL9,9) »MPT(9,9) »MR(9,18) PNL
8+ NCOLM ¢+ NCR +NCRC oNF 'NI(18) +NINS " PNL
9)NMAT s NMIN » NPRT 'NPS6 +NR(18) +NRSG PNL
$)NSEG o+ NTRAY + N33 +PE ¢ PHI Pl PNL
$HPINP(99) +WCONL(9) »QCONT(9) ,LQINP(99) »ONET(9) »RHO(9) PNL
$,RHOI ¢ RYE +RY1 'SL 'SLS. 'STAAT PNL
$,STI » STOOP ¢ T(20099) HTALLW(9) +TAMP(Gs9) ,»TAU PNL
$»TC1 ' TEMP(9,9) »THETA ' T1 - +TIME(99) +TINg “PNL
S, TINSD(99) »UF " WVFACT(9,18)0vI1 'VINF(99) +WROTE PNL
$/)XEMIS ' XSTG(99) ,XX(20) ' Y(9) 022(20) PNL
DIMENSION ALPHE (20) PNL
EQUIVALENCE (TByBF)e (TFeTS)s (TR,BFL) PNL

C : C , PNL
60 TO (10e40+70+30001300360+210) NSECT PNL
CxxaaxCONFIGURATION NO 1 ' PNL
10 RHR=(R=HH) /R PNL
THETA=ACQS (RHR) PNL
BF=AS=2.%R*SIN(THETA) PNL.
TCL=TCxSIN(THETA) /THETA PNL
A1)z, 15 (AS=BF)xTS PNL
XX(1)=,05% (AS=BF) PNL
22(1)=,%5%TS PNL

D0 20 I=2:+5 PNL
A(I)=A(1) PNL
XXCI)=XX{I=1)42,8XX(1) PNL

20 Z2(1)=22¢}1) PNL
Al6)=,25%BF%(TS+TC) PNL
XX(6)=,5%AS=,37528F PNL
22(6)=,5%{TS+TC) PNL
A(7)=A(6)" PNL
XX{7)=XX(6)+,25%BF PNL
22(7)=22(6) PNL
ALPHE (1)=THETA=13./14, PNL
ALPH=ALPME (1) PNL
A(8)SReTHETAXTC1/7. PNL
XX(8)=ReSIN(ALPH) PNL
22(8)=R#COS(ALPH) =R+HMH+TS PNL

00 30 1=9,34 PNL
'ALPHE (1=7) SALPHE (1=8) =THETA/7, PNL
ALPH=ALPHE (1~=7) PNL .
A(I)=A(8) PNL
XX{1)=RaxSIN(ALPH) PNL

30 ZZ(1)=R«COS(ALPH)=R+HH+TS PNL
G0 TG 190 PNL
CxsaxxCONF IGURATION NO 2 PNL
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40 THETASATAN(HH/(.5%AS=BF))

BW=HH/SIN(THETA)
OX1=,1*(AS=BF)
A(1)=DX1x%xYS
XX(1)=.5#DXI
22(1)=,5*YS
00 50 I=2+5
AlI)=A(1)
XX(T)=XX{1=1)+DX1}
50 Z22(1)=22(1)
A(6)=,25%BF % (TS+TC)
XX{6)=,52AS=,37528BF
22(6)=,5%(TS+TC)
A(T7Y=SA(6) i
XX{7)=XX(6)+,25%BF
22(7)=22(6)
DBW=,.2%Bw
DXC=DBWeCOS(THETA)
DZC=0BWASIN(THETA)
A(8)=DBWsTC
XX{8)=.5%(AS=BF=DXC)
22(8)=TS+,5%(TC+D2C)
DO 60 I=9,12
A(I)=A(8)
XX(I)=XX{]=1)=DXC
60 22(1)=22(1=1)+D2C
A(13)=,25%8F «TC
XX(33)=,375%B8F
2Z113)=HH+TS+.5*TC
Al14)=A(1l)
XX(14)=,125%8F
22034)=22(13)
60 70 1990
CexexxCONFIGURATION NO 3
70 OX=,1%(AS=TC)
A(1)=0XsTS
XX(1)=,5%{AS«DX)
22(1)=,5TS
DO 80 I=2:,5
ALI)=ALY)
XX(I)=XX(I=1)=DX
80 22(1)=22(1)
A6 15HHaTC
XX(6)=,25¢TC
Z2(6)=.1%NHH
DO 90 I=7,40
All)=A(6)
XX(I)=XX(6)
90 ZZ{I)=ZZ2(1=1)+HH/S,
60 T0 19¢
Cxxx%2CONFIGURATION NO 4
100 ABRz 5% (AS=BF) /R
THETA=ASIN(ABR)
D2=R«RsCOS(THETA)
BWSHH=, 58 (TS+TC)=DZ
A(1)=,252BF»TS
XX(1)=.5%AS=,125%BF
22(1)=0,
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A(2)=A(1)
XX{2)=XX(1)=.25%BF
22(2)=0,
ALPH=1,1666*THETA
A3SzR*THETA*TS/3,
00 110 I=3,5
ALPH=ALPH=THETA/3,
A(I)=A3S
XX(I)=ReSIN(ALPH)

110 ZZ(!)-DZ-‘R-R#COS(ALPH))

AlB)=,125%BWaTC
XX(6)=,25*TC

22(6)=D2+.5%T5+,125%8Bw

00 120 I=7,9
A(l)=A(6)
XX(I)=XX(6)

120 2Z(1)=ZZ(1=11+,25+BW

A(10)=TCsBFL/4,
XX(10)=,125%BFL
ZZ(10)=HH
A(11)=A(10)
XX(11)=,375=BFL
22€11)=22(10)
A(12)=BLaTC
XX{(12)=,5*(BFL=-TC)

2Z2(12)=HH=.5%(TC+BL)

60 70 190
CxxxxxCONFIGURATION NO S
130 HR=1,<,5%HH/k
THETASACQS (HR)

BFS,5%AS«2 ,#R*SIN(THETA)

A(l)=s,25xBF«TC
XX(1)=,125%BF
Z22(31)=0,
A(2)zA())

 XX{2)=.375%8F
22(2)=0,
ALPH1==0,1«THETA

 A27=,2#ReTHETAXTC
D0 140 I=3,7
A(I)=SA27

ALPH1=ALPH1+¢,25THETA
XX(I)=,5%BF +R*SIN(ALPH1)
140 Z2Z(I)=R-R*COS(ALPH1)

00 150 I=1.7
=8=]
AlL+7)=A(J)
XX(1¢7)=,5¢AS=XX(J)
150 ZZ(1+7)=HH=22(J)
60 70 190
Csx22xCONFIGURATION NO 6

160 THETA=ACOS(1.=,5%MHH/R)
ASZ2,.%(2,*R=HH) s TAN(THETA)

ALPH1z=-0,1%THETA
A152,2*RsTHETA=TC
DO 170 I=1,5
A(l)=ALlS

ALPHl:ALPHl#.ZtTHETA
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170

180
190

200

XX({I)=ReSIN(ALPHL)
22(1)=R=R=COS{ALPH]L)
DO 180 I=1,5

=6=1

A(l+5)=A15
XX(I45)=58AS=XX(J)
2Z(145)=HH=22(J)

IF (IFATIG.NE+0.OR,AI1,GT.0) RETURN
XXMI=0,0

AREA=0,0

FIRSTM=0,0

00 200 I=1,NPSG
XXMISXXMI+A(1)5Z2(1) %2
AREA=AREA+A(])
FIRSTM=FIRSTM4+A(I)eZZ(])
22BAR=FIRSTM/AREA
OMI=2,#(XXMI=-AREA®2ZBAR**2)
PMI=OMI* (SLS/AS)

RETURN

CosaxxCONF IGURATION NO 7

210
220

230

D0 220 I=1,NPSG
xx(1j)=o,

A(1)=TF

A(2)=0,

A(3)=TF

A(4)30,

A(5)=TR/ 14,
Z2(1)=TC+TR+TB+1,5¢TF+HH
22(2)322(1)=.5% (HH+TF)
22(3)=22(2)=¢5% (HH+TF)
2214)=22(3)=.5%{TB+TF)
22(S)222(4)=.5%(TB+A(5))
A(6)I=TR/T7.
L2(6)S22(5)=.5%(A(S)+A(6))
DO 230 I=7s11

AlLI)=A(6)
22(1)=2Z(1=1)=A(6)
A(12)=A(S)
2Z(12)=TC+.5%A(12)
A(13)=7C

2Z(13)=,5%TC

60 TO 19y

END

1-27

PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL,
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL

PNL

PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL
PNL

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217=



SUBROUTINE PRA63(ALT»PINFyTINF,RHOINFICK) PRA

PRA
DIMENSION PB(14)+21(5)ePK(6¢5) ¢ RHOK(6+3) e TK(6+¢5) 1 VTK(603), PRA
12B(14),TMB(14),LMB(14),DMB(14),MB(14) PRA
REAL LMB,MB¢MWT PRA
DATA PBASE/6,23101759E=5/ PRA
DATA (ZI(I)eI=1,5)710832.1,17853, 3.28000..49000..8300u / PRA
DATA (PK(I)eI=1,30) /1,6871582E=2+=1,1425176E~40r=1,3612327PRA

1E=9¢7.3624145E=149=1,0800315E=17+3,3046432E=229=7,9910777E=2+=8,10PRA
24643BE~5,=5,5522383E=9/,3+1116969E~13+~1,6687827E=17+3,8319351E~22/,PRA
39.8414277E=1+1=2,6976917TE=4+8.522TS41E=9+=3,9620263E=13+1,.01464T1E~PRA

4170=1,0264318E-22y PRA
51¢14118495E1+=4,11497477E=40143366U855E=81=3,59518975E=13» PRA
65.10097254E=18+=2,89055894E=23y PRA
79.99324461+1=2+58298177E=4+3.76139346E=9,=4,20887236E=14 PRA
81.60182148E-19/,~1,92508927E~25/ PRA
DATA (RHOK(I)sI=1018) /1.3302117E=2=8,8502064E=57=4 ,21430PRA

156E=9+5,9517557E=13¢=3,9TUUTB9E=1717.8771273E~22+1,2667122E=1» PRA
2=10337314TE=4+2.0667371E=9+2+3396109E=13+~3,2562503E=17¢7+9035209EPRA

3=2219,2751266E=19=1,4349679E~4¢1=2,8271736E=9+4,7480092E-1U» PRA
41.8863246E=18¢~4,2702411E-23/ PRA
DATA (TK(I)e1=1,30) /2.9667877E2'-6 7731001E=3,8,4619805E«PRA
17¢=1.7004049E=10r1,1451454E=14,=2,4898788E~19¢ PRA
22.6892151E2-4.3075352E-30-8.9159672€-7o-2.8929791E-11o5.072u856E-IPRA
35¢=1,1490372E=19,» _ PRA
43.7064557E20r=3,2858965E~212.0645636E=69=4,3283944E~11+=5.T7507242E=PRA
51708.,2924583E-21 PRA
62.044798E102.0769838UE~=2¢=8,63038789E=T7.1., 66392“175‘110 PRA
7=9¢30076185E=17/y=4,09005108E=22, PRA
8=4,98865953E203,92137281E~29~4,95180601E=7¢1=3,26219854E=12, PRA

9 9.666503I6U4E=1T¢=4,T884U2TIE=22/ PRA
DATA (2B(I)eI=1034)/ PRA
19.E411.ES0101ESe1.2ED11e5E501¢6E591,7ES5¢1.,9E502,3E5¢3, E50Q.5505 ESPRA
216.E5+7.,E5/ PRA
DATA (TMB(I)sI=1014)/ 180.650210.,651260,65¢360,65+960.65+» PRA
111210¢65012106501350¢65¢1550465+1830:6502160.6502420.65025909.65¢ PRA
22700,65/ PRA
DATA (LMB(I1).» I:l' 1“,/ 3.5"305.5'3'1005‘302005-3' 150E-3’ 10 «E=3,PRA

17 eE=395,E=304:E~3¢ 3035‘3'2065‘3'1.75‘3'10 1€=3 1.15-3/ PRA
DATA (MB(I)eIZ1,14)/ 2B.9644¢28,88¢028,56¢128407126.92+126.66,26.40¢PRA
125¢85024.70022,66019:94017,94016,84916,17/ PRA
DATA (DMB(I)eI=1014)/ w0 eBUYE=S ) =3,20E=51=4,IE=59=3,833E~5) PRA
12222 ,60E=59¢=2 ¢ 75E~5¢=2,875E=51=2,914E=5¢=2,72E=5+=2.0E=5¢=1,1E~5» PRA
2‘00675-50‘00675-5/ PRA
DATA (PB(I)eI=1+14)/¢172204361E=ly315971712E=5,,774389807E~6" PRA
1.2659771115’6'.5358“93835-7..39128“9“5E-7002959111175-70 PRA
2.178715656E~71,739258171E=8¢.200573116E=8/ ,430456606E=9¢ PRA
3.117315480E=9¢,370198961E~10/,,128115330E~-10/ PRA
PRA

10 Z=ALT*,30u8 PRA
IF (2,67,700000,) GO TO 160 PRA

IF (2,LY,0,) GO TO 160 PRA
N=}1 ' PRA

IF (2=83004.) 20050050 PRA

20 IF (2=ZI(N)) 40,30030 PRA
30 N=N+1 x PRA
G0 TO 20 PRA
40 Z2222#2 - PRA
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23=22%2 . PRA

24=22%22 PRA
25=22#%23 PRA

GO0 TO 90 ' PRA

50 IF (Z=90000,) 130, 60-60 PRA
60 IF (Z=ZB{(N)) 80,140+70 ) PRA
70 N=N+31 PRA
60 70 60 PRA

80 N=N=} ‘ PRA
60 TO 140 PRA

90 TEMPK-TK(1vN)*TK(ZON)tZ4TK(3'N)t22§TK(“oN)tZB+TK(5.N)#ZQ+TK(6.N)#ZPRA
15 PRA

IF (Z-28000.) 100,110,110 PRA

100 PRES=10, OOOOOOOtExP(PK(10N)#PK(aoN)tz+PK(3'N)tzz+PK(Q'N)t23+PK(5.NPRA
11%Z4+PK(6¢rN)%xZ5) PRA
DENS=(1,16790729)%EXP(RHOK {1 sN) +RHOK (2 ¢ N) #Z4+RHOK (3o N) % Z24+RHOK (4 NI} PRA
1:23+RHOK(5.N)t24+RHOK(6oN)¢25) PRA

60 70 150 PRA

110 PRES-.000960665tEXP(PK(1-N)+PK(2'N)tZ+PK(3:N)t22+PK¢4oN)t23+PK(scNPRA
1) *Z24+PK (62 N)%25) _ PRA
120 DENS=34,83676*(PRES/TEMPK) . o PRA
60 TO 150 PRA

130 TEMPK=180.65 PRA
PRES:PBASE*EXP((-1.373301523&12‘(2-8300Q.))/(180.65*(6344860.+Z)t(PRA
16344860,+83004,))) PRA

60 10 120 PRA

140 MWT=MB(N)+DMB(N)*(2«2B(N)) PRA
TEMPM=TMB(N) +LMB(N) *(2=2B(N)) PRA
TEMPK=(MWT/28.9644) *TEMPM PRA
PRES-EXP(ALOG(PB(N))*(1.373301523E12/(LM8(N)t(634u860 +Z2)%(6344860PRA
1,4ZB(N))))=ALOG(TMBIN)/(TMB(N)+(LMB(N) % (Z=2B(N)}))))) PRA
DENS=34,83676%PRES/TEMPM PRA

150 PINFSPRES*208.8576 PRA
TINF=TEMPK%1,8 PRA
RHOINF=DENS#*0.0019404 . PRA
I1CK=1 PRA

G0 10 170 PRA

160 ICK=0 PRA
170 CONTINUE PRA
RETURN : ’ PRA

END _ PRA
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SUBROUTINE PRINT1(1SS,1ITER) ' PRN

) PRN

COMMON /FLAGS/ IFIRST, ISTRESs IFATIGs IWTCST PRN
COMMON/TPS/A(20)+Q(9) yRe X(9) PRN
COMMON AL +ALPHA(99) ,ALT(99) » AME v AM] PRN

1 AOFA » AOFE » AROD ' AS vAX(9+11,9)eAY(9,11,9)PRN
2¢BATA ¢ BE vBETA(99) v BF ¢+ BFL BL PRN
3.,DELTA ' DIAM o DIST(9) +DST 'E(20099) PEALL PRN
4rEAT(20,99) 1EDOT(20099)EMIS(9) 'FACC 'FCU(20099) oFCY (20199)PRN
S'FNET(20) +FSU(20099),FT(20) 'FTU(20099) »FVE 'FO7 PRN
616(20+99) rHH 'HINS - +HINSD(99) o+ ICONF - o ILINKO PRN
79 IGINP » ITURB e IWALT 'MAT(9,9) MPT(9,9) +MR(9y18) PRN
8¢ NCOLM + NCR o+ NCRC oNF eNI(18) ¢+ NINg PRN
S/ NMAT P NMIN ¢ NPRT ' NPSG 'NR(18) ' NRSG PRN
$+NSEG s NTRAJ o N33 PE 'PHI Pl PRN
$S»PINP(99) +QCONL. (9) »QCONT(9) 1QINP(99) »ONETI(9) ¢RHO(9) PRN
$»RHQI 'RYE eRYI 'SL : 'SLS +STAATY PRN
$)ST1 e STOOP 2 T(20:99) o TALLW(9) ' TAMP(9r0) »TAUV PRN
 TRL*S) ' TEMP(9,9) »THETA T +TIME(99) +¢TINg PRN
$¢TINSD(99) ¢UF ' VFACT(9918) VI ¢VINF(99) »WROTE PRN
$¢ XEMIS ' XSTG(99) P XX(20) ' Y(9) 0 22(20) : PRN

' PRN

N=ISS ' . PRN
CALL SECOND(CPTIME) PRN
WRITE (6+80) ITERCPTIME ' PRN
WRITE (6,30) TAU»ALrVI»AOFA,PI,AMI,AME,RY1,PE PRN
WRITE (6¢50) (1,1=1+9)9QeQNET i ] PRN

DO 10 J=1+/NSEG ’ . : PRN

10 WRITE (6+60) Jo(TEMP(! J)r12199) : : . PRN
IF (NINS,EQs1.0R,ISTRES.NE.0) GO TO 20 PRN
WRITE (6¢70) (A(X)vXX(I)'ZZ(I)'T(IoN)vFT(I)cFNET(I)'EDOT(!) FTU(I,PRN
INYoFCY(IoN)rECIWN) yIS1oNPSG) PRN
20 WRITE (6,40) o . PRN
RETURN PRN
PRN

30 FORMAT (20X3HTAU»10X2HAL»10X2HVI 8X4HAOFA¢10X2HPI ¢ 9X3IHAMI » OX3HAME » PRN
19X3HRYI»10X2HPE/12Xe9E12.4) PRN
40 FORMAT (iH1) PRN
50 FORMAT (//711X1HI»9112//78X4HA(Y)»9EL12.4/5XTHANET(I)¢9EL12,4/) PRN
60 FORMAT (2X7HTEMP(1,12,1H)+9E12.4) PRN
70 FORMAT (//11X1HA,10X2HXXe10X2HZ2»11X1HT ¢10X2HFT »8XUHFNET » 8X4HEDOT »PRN
19X3NFTU»9XIHFCY» 11XIHE/Z/Z7(10EL12,3)) PRN
80 FORMAT (lHOvSXZSHNUMBER OF TIME STEPS = »110+,20X9HCPTIME = ,F10.3/PRN
1) PRN
END PRN
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SUBROUTINE SHOCK(AII.PI+PY,RHOI,VU,S)

=1

RY=3.5%RHO1 .

IF (M,6T,11) GO TO 30
VYZ=RHOI*VU/RY

VY2ZVY%VY

vu2zvusvy

PYSPI+RHOI%#VUR (VU=VY)
HY=AII+(VvU2=VY2)/50061.5

CALL AIR(2+3¢PYsSrHYe2Z,RYP,TYsCS)
DRSRYP=RY

=M+l

IF (ABS(DR/RY) ,.LT.0,0031) 6O TO 20
IF (RYP,LT.RHOI) RYP=RMNOI
RYQ=RY

RYSRYP

60 10 10

PYSPY+RYPRVY2

RETURN

WRITE (6,40) RY,RYQ

CALL exIT

FORMAT (35H ITERATION LIMIT EXCEEDED IN R=LOOP,2E15.4)

END
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10

20

30
40

50

SUBROQUTINE STRESS(1SS,IST)
STR
COMMON /CNDTN/ DEL +DTMAXTTAU»ITER STR
COMMON ZLINK/ NSECTeTCoTSeTSKINYTSKIN2)TINSL1,TINS2,TINSI W XDST STR
COMMON/TPS/A(20)/9Q(9) yR¥X(9) STR
COMMON AL ¢+ ALPHA(99) ,ALT(99) » AME rAM] STR
‘1 »AOFA ¢ AOFE »AROD 'AS 1AX(9,11,9)¢AY(9,1199)STR
2:BATA +BE +BETA(99) »BF 1BFL 'BL STR
3sDELTA vO1AM 'DIST(9) »DST vE(20099) 1EALL STR
GrEAT(20,99)vEDOT(20+99)EMIS(9) HFACC ¢tFCU(20999) ¢FCY(20+99)STR
S'FNET(20) ¢FSU(20,99),FT(20) 'FTUL20+99) oFVE 'FO7 7 STR
69G(20+99) oHH s HINS +HINSD(99) ,»ICONF » JILINKO STR
7eIQINP ' ITURB s IWALT 'MAT(9+9) sMPT(999) +MR(9Q,18) STR
8y NCOLM ¢ NCR +NCRC o NF eNI(18) ' NINS STR
9)NMAT s NMIN ¢+ NPRT 'NPSG ¢eNR(18) 'NRSG STR
$¢NSEG 'NTRAJY o N33 'PE ' PHI Pl STR
$»PINP(99) »QCONL(9) »QCONT(9) ,GINP({99) JONET{(9) +RHO(9) STR
$)RHOI 'RYE +RYI 'SL 'SLS ¢ STAAT STR
$,STI e STOOP 2 T(20,99) »TALLW(9) +TAMP(9r0) ,TAU STR
$9TCY ¢ TEMP(9+9) oTHETA ' TI ¢t TIME(99) +TINg STR
$+TINSD(99) (UF ' VFACT(9,18)rV1 ' VINF(99) +WROTE STR
S XEMIS 't XSTG(99) »XX(20) ' Y(9) 022(20) STR
DIMENSION BMMAX(99) ¢EDO(20) ¢ SUME (20)»PX(20) STR
REAL MSCCs MSCTy MSFC, MSFT, MSHS, MSIC»s MSIT , STR
EQUIVALENCE (TF,TS)» (DC.BL) STR
STR
M=l STR
KM=y STR
R1liM=0, STR
R12M=0. STR
R23M=0, STR
R4im=0,. STR
R42Mz=Q, STR
R5iM=0, STR
RS2M=0, STR
155215541 STR
I1=1ss STR
J=ISS STR
GO TO (10010+/40+70031000320,140), NSECT STR
DO 20 I=1.5 STR
T(I,J)STEMP(IrY) STR
IF (T(IoJ)GT«TALLW(1)) GO TO 610 STR
CONTINUE : STR
T(6rJ)= 5% (TEMP(6¢1)+TEMP(6¢2)) STR
T (TrJ)=S*(TEMP( T+ 1)+TEMP(T,2)) STR
T(BryJ)=TEMP(6+3) : STR
00 30 I=9.,14 STR
K=15=] STR
T(IeJ)=TEMP(Ke4) STR
60 71O 160 STR
00 50 I=1+5 STR
TCLoJ)=TEMP (K1) STR
IF (T(IsJ)GT«TALLW{L1)) 60 TO 610 STR
CONTINUE STR
XT=25 . %TS/HH STR
T(OIJ)SXTE*TEMP(191)4(1,=XT)4TEMP(1+2) STR
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60

70

80

90

100

0O 60 I=7+10
K=ley

T(IsJIZTEMP (1K)
GO TO 160

DO 80 I=1+5
K=T7=]
T(IsJ)=TEMP(K,1)
IF (T(IsJ)eGT.TALLW(1)) 6O TO 610
CONTINUE

DO 90 I=z6+19
K=l=4
T(IsJISTEMP(L¢K)
T(100J)ZTEMP(2/y6)
T(Ll1,J)STEMP(3,6)
T(12:J)=TEMP (4,6)

60 TO 160
DO 110 1-4914
=l=3

IF (K.6GT.9) K=9

- Tl JIZTEMP (K1)

110

120

130

140

150

160

170

180

IF (T(IsJ)eGT.TALLW(L)) GO TO 610
CONTINUE

T(1ed)=T(70d)

TC2,J)=T(6¢J)

T(3»J)IZ=T(S5»y)

G0 TO 160

DO 130 I=3,1y

K=]w2

TLyJISTEMP({K})

IF (T(IsJ)eGT.TALLW(1)) GO TO 610
CONTINUE

T(1eJ)ZT(Sey)

T(2¢J)=T (40 J)

. 60 7O 160

K=15

00 150 I=1r12

IF (1 ,EQ,U440R.J.EQ,5) K=K~}
T(LoJ)=TEMP(K=1)
T(13,J)=TEMP(1)

IF (ISTL,GE.l1) GO TO 190
IST=1

L=IABS(MAT(1,1))

IF (NSECT.EQ.7) L=1
CFSFLOAT (NF ) »WROTE/7200,
FCYD=AY(L+501)

CALL PANEL

RimM=o0,

R2M=¢0,

R3M=0,

R4M=0,

RSM=0,

R6M=(,

OMAX=0,

wBMs=100,

DO 180 I=1+NPSG
EDO(1)=0,

SUME(I)=0.

IF (M,EQ.2.,0R«KM,GT,1) 60 TO 2090
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C*2255xCORRUGATION BM AT M!D SPAN

190

200
210

220

230

240

250

260

270

280

290

300

W=PEXAS/ 144,

SLP=SLS=2,.%BE

BMMAX (ISS)=wxSLPsSLP/8,

IF (NSECT.EQ,7) CRFS-ABS(H*SLP/(2.*(HH+TF)))
D0 600 N=II,1SS

SUMA=gQ,

SUMPX=0,

SUMTA=0,

SUMMX =0,

SUMXX=0,

SUMAZ=0,

L=IABS(MAT(1,1))

DO 300 I=1.NPS6 )

IF (M,EQ,2,0RXKM,GT,1) GO TO 290
IF (NSECT.NE,7) GO TO 270

GO0 70O (2200230022002“092500250v2500250v2509250025092509260)

L=1
FCY(XoNISTRPLAT(AY,AXo T(I¢N) o LoSeMPT(L,5))
FTUCI yN)STRPLAT(AYsAXyT(I/N)2oLe6sMPT(L,6))
60 TO 280

L=2

- FCUCTWN)STRPLAT(AY sAXsT(I+N) +L.e99MPT(L,9))

FSUCL o N)=TRPLAT(AYsAXsTCIoN) oLp10o/MPT(L,10))
GUIIN)STRPLAT(AYAXsTUIoN)»Lo11,MPT(Lr11))
60 10 28V

=3
FSUCLIN)STRPLAT(AY s AXeT(IsN)oLe10.MPT(L,10))
FTUCLIN)ISTRPLAT(AY)AX»T(IsN)rLe6sMPT(L6))
G(IsN)IZTRPLAT(AY, AXDT(I N)YsLel1oMPT(L,11))
60 TO 280

L=4
FCU(ION’-TRPLAY(AYOAXOT(ION)OL'9OMP7(L99’)
FSUCIoN)STRPLAT(AYsAXyT(IoN)oLo10,MPT(L,10))
FTUCL o N)STRPLAT(AY»AX»T(INYsLeooMPT(L¢6))
G(LoN)=STRPLAT(AY)AXeT(IoN)oLr11,MPT(L,11))
G0 TO 280

L=5
FCULTIINIZTRPLAT(AYsAX»TC(IoN) v LeQsMPT(L»9))
FTUCIJN)STRPLAT(AY»AX»T(IIN)sls6oMPT(L»6))
60 TO 280
FCYC(IoN)STRPLAT(AY 2 AX»T{I N LeSoMPT(L,5))
FTUCLoN)STRPLAT(AY»AXeTCIeN)eLo6eMPT(L»6))
E(IsN)STRPLAT(AY)AXeT(IoN)oLo 3 MPT(L»3))
ALFASTRPLAT(AY s AXeT(IoN) eLo 4o MPT (L&)
EAT(INISEC(I/NI%ALFA2(T(I)N)=530,)
EATAZEAT (IN)®A(])

AE=E(IoN)#A(D)

SUMA=SUMA+AE

SUMTASSUMTA+EATA

SUMMX=SUMMX+AE®22( 1)
SUMXX=SUMXX+AESZZ(1) %2
SUMAZ=SUMAZ+EATA%Z22(1)

IF (NSECT.EQ,7) L=}

ABAR=SUMTA/SUMA

SBAR=SUMAZ/SUMTA

ZBARSSUMMX/SUMA

XXIZ2 ., % (SUMXX=2BAR®SUMMX )
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XXM=2 ., *SUMTA* (ZBAR=SBAR) STR 175

XXWSXXM/XXT STR 176
WX=BMMAX {N)/XXI STR 177
DFLS(410428WX=,125%XX¥)*SLS*x%2 STR 178
DMAX1=AMAX1 (ABS (DMAX) » ABS(DFL)) . STR 179
IF (ABS(DMAX1) ,EQ,ABS(DFL)) OMAX=DFL : . STR 180
CxaxxxTHERMAL STRESS ' - STR 181
DO 310 I=1,NPSG ’ - STR 182
FT(I)ZE(IsN)x(ABARXXWk (ZBAR~ZZ (1)) )=EAT(I,N) : STR 183
310 FNET(II=SFT(I)=wX3E(I+N)%{(2ZBAR=2Z(1)) STR 184
IF (NSECT.NE.7) GO TO 330 : : STR 185
DO 320 I=5,13 STR 186
PX(I)SFNET(I1)*A(]) o STR 187
320 SUMPX=SUMPX+PX{1) ' .STR 188
CxxxxxSTRESS DUE TO APPLIED BM ~° STR 189
CxaxxxxpUCKLING OF SKIN - ’ - STR 190
330 IF (M.EQ,2) GO TO 350 : STR 191
IF (NSECT 6T.2) 60 TO 350 STR. 192
IF (FNET(1).6E,0,) GO TO 350 . STR 193
F7=FO07%FCY(1,N)/FCYO R STR 194
FCR=3.,62%E(1/N)%(TS/(AS=BF))»x%x2 - - —— e D STR- 195 .
CALL BUCKNG(E(loN)oF?oFCRpFCY(loN)oFTU(loN)oNCR - " STR 196
IF (FCR,GE.ABS(FNET(1))) GO TO 350 : SRR STR 197
DO 340 I=1,4 B STR 198
340 A(I)=0, STR 199
m=2 ' STR 200
G0 70 210 . ‘ STR 201
350 IF (NSECT.NE.3) 6O TO 370 ‘ T o - STR 202
C#*x2xBUCKLING OF LEG SECT NO 3 o ' . .-STR 203
BF=AS A . STR 204
- N3=0 ' ' ’ ’ R - STR 205
FTT=0, - STR 206
- DO 360 1=6¢NPSG : : : Coo i o §TR 207
- IF (FNET(I)«6T,0.) GO TO 360 ' "ty STR 208
T N3I=N3+1 ‘ S s <T'STR 209
FTTSFTT+FNET(I) . Lty o LY STR 210
360 CONTINUE , STR 211
IF (N3,EQ.0) GO 7O 370 STR 212
BF3=.2¢HH*FLOAT(N3) . STR 213
FAVE=FTT/FLOAT(N3) - o : o STR 214
J=NPSG=N3+1 - o . STR 215"
FTISFOT*FCY(JoN) /FCYD . SYR 216
FCRZ,3858E(JsN)x(TC/BF 3) %%2 ’ STR 217
CALL BUCKNG(E(JIN) oF7yFCRIFCY(JeN) »FTU(JrN) »NCR) . STR 218
WB==FCR/ (FAVE*UF) =%, . o STR 219
GO TO 380 ‘ I ‘ STR 220
370 wB=100, ' STR 221
Cxxxa2CREEP RATE STR 222
380 wBMSSAMIN1 (WBMS,WB) - STR 223
DO 600 I=1,NPSG : ‘ ' ' STR 224
IF (A(I).LE.O.) FNET(I1)=0, ~ STR 225
FXSFNET(]) . STR 226
IF (NSECT.EQe7,AND,(I,EQ.2,0R.1,6T.3)) GO TO 390 - © - STR 227
PLML=TRPLAT(AY AXsABS(FX)sLe7+MPT(L,7)) _ . STR 228
PLM2=TRPLAT(AY gAX 1 ABSIFX) oL o8+MPT(L,8)) ' - STR 229
E13PLM1/T(LI/N)=20, STR 230
E25PLM2/T(I»N) =20, S T STR 231 .

IF (ABS(E1)+LT.30,0,AND,ABS(E2),LT+30,0) GO TO 400 : STR 232
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EDOT(1)=0.0 STR

GO TO 410 STR

390 EDOT(I)=0, STR
60 70 990 STR

400 EDOT(I)=ABS(OST/(10.,%%E2=10,%%E1)) STR
410 IF (NSECT.EQ.7) GO TO 990 STR
Ctt‘ttSTRUCTURAL INDICES FOR THE SELECTION OF CRITICAL TRAJECTORY POINTSSTR
IF (FX.6T+0s) GO TO “20 STR
R11=0, STR
R22==FX/FCY(I¢N) STR
R3IJ=R22 ' STR
RU4Z-FX/E(ToN)« . - STR
nSS-SQRT(RZZtRuu) STR

GO TO 430 STR

420 RIL=FX/FTU(LN) STR
R22=FX/FCY(IN) STR
R33=¢, STR
R44=0Q, STR
RS55=0, - STR

430 RIM=AMAX1(RIMIR11) STR
: R2M=AMAX 1 (R2MrR22) STR
RIMZAMAXL (RIMIR33) STR

IF (R3IM,NE.R33) GO TO u40 STR
1321 STR
N3=N STK
FN3=FX STR

440 60 TO (450,490,490, 4600470,480), NSECT ~STR
450 IF (1,GE,8) GO TO 48C STR
60 TO 490 STR

460 IF (1,6E.3.,AND,I.LE,5) GO TO 48¢ STR
GO TO 4990 STR

470 IF (I,GE.3. AND,I,LE.12) 60 TO 480 STR.
GO 70 490 STR

480 RUM=AMAXL (R4MIRUY) STR
IF (RUM NE.R44) GO TO 490 STR
4] STR

" N4=N STR
FNO=FX STR

490 60 TO (530'500.550'51005009530)o NSECT STR
500 IF (I,GE.13) GO TO 520 STR
60 TO 530 STR

510 IF (I.,GE.11) GO TO 520 STR
GO TO 530 STR

520 RSM=AMAX]1 (RBMIR55) STR
IF (RSM NERS55) GO TO 530 STR
15=1 STR
NS=N STR
FNS:Fx STR

530 GO TO (540+540,550,5600560,580), NSECT STR
540 IF (1.,EQ,6,0Re1,EQ,7) GO TO 570 STR
60 TO 580 STR

650 IF (I.LE.5) 6O TO 570 STR
60 TO 580 STR

560 IF . (1.,LE.2) 60 TO 570 STR
GO 70 S80 STR

570 R6M=AMAX)1 (R6MIRES) STR
IF (R6M.NE.R55) 60 TO 580 STR
Ie=3 STR
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580
590
600
610
620

N6=N

FN6=F X

IF (NSECTJEQ.7.AND,(I,EQs2,0R,I,GT.3)) GO TO 590
SUME(I)=SUME(I)+CF»(EDOT(I)+EDO(I))
EDO(I)=EDOT(I)

CONTINUE

GO 7O 620

IFLAG=1

IF (IST,EQ.2) GO YO 630

RETURN

CxxexaULTIMATE TENSION

630

IF (IFLAG.EQ.1) GO TO 860
IF (NSECT.EQ.7) GO TO 820
TIMS=1,/ (R1M*UF )=},

CxxuxxYIELD STRENGTH

Y2MSZ1./R2M=1.

CaxxsxULTIMATE COMPRESSION

640

IF (R3M,LE.O0,) GO TO .640 . ' :
FCUU=AMIN1 (1, I#FCY(ISoNS)oFTU(ISONS))
C3MS==FCUU/ (FN3%UF ) =1,

G0 TO 650 | e

C3Ms=100.

Cx»xx5xBUCKLING OF CORRUGATION

650
660
670

680
690

700

IF (R4M,LE.O0,) GO TO 700

GO TO (660+700,700,670+680,680), NSECT
TX=TC1

00 TO 690

TX=TS

G0 TO 690

TXSTC

FT=SFGT7eFCY(I4sNU) /FCYO
FCRz,3%E (T4 N4 ) xTX/R

CALL BUCKNGI(E(IUsNG) sF7oFCRIFCY(IGoNU) )FTU(T4,NG4) oNCR)
CUMSz=FCR/ (FNURUF ) =1,

60.T0 710

CuMs=100,

Cx++xxCRIPPLING OF FLANGE

710

720

730

740
750

760
770

780
790

IF (RSM.LE.0,) GO TO 740

GO TO (740072007405 72007200740) ¢ NSECT
I=z1s

N=N%

M=1

TX=TC

FCC=1, SBS*FCY(IoN)/(SQRT(FCY(IoN)/E(IvN))tBF/TX)##.SOG-

IF (1.1%FCY{(IeN) LTFCC) FCC=1.1%FCY(I)N)
IF (FTUCL#N)LT,FCC) FCC=FTU(INN)

IF (M ,EQ,2) GO TO 800

FSMS==FCC/ (FNSkUF ) =1,

60 10 750

FS5MS=100,

IF (R6M.LE,0,) GO TO B10 ‘

60 TO (760¢760,770,770,780,810), NSECT
TXSTC+TS

60 70 79¢

TX=TS

6O TO 790

TX=TC

M=2
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- ..STR

. STR

STR

STR

STR

- STR

STR
STR
STR
STR
STR
STR
STR
STR

"STR

STR
STR

-STR
_STR
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318
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I=1le ’ STR 349

N=Ne STR 350
G0 TO 730 ' STR 351

800 FEMSz=FCC/ (FN6SUF)=1, . STR 352
60 TO 840 . STR 353

810 F6MS=100, STR 354
60 TO 840 STR 355
Cesaxx MSXXZ100, INDICATES MARGIN IS NOT APPLICABLE, STR 356
820. MSFT=100, A ' STR 357
IF_(RLIM/NE+G.) MSFT=1./(RLIMUF)-1, STR 358
MSFC=100, » ~ STR 359

IF (R12M,EQ.0.) GO TO 830 STR 360
FCRWS,5%(G(2/N12) *E(2)N12)$E(112/N12} ) 28,333 STR 361
F7SFO7#FCY (112/)N12) /FCY0 STR 362
CALL BUCKNG(E(I12/N12)sF7+FCRWyFCY(112,N12)sFTU(I12¢N12),NCR) STR 363
FCRD=3,%E(I112/N12) % (TF/DC) %2, STR 364
CALL BUCKNG(E(I12¢N12)sF7sFCRDIFCY(I112,N12)sFTULL112¢N12)4NCR) STR 365
FCR=AMIN1 (FCKW,FCRD) | STR 366
MSFC=FCR/ (R12M&FCY(112/N12))=1, STR 367

830 MSHS=100, , STR 368
IF (R23M,NE.0O+) MSHSZ1,./(R23M&UF)=1, STR 369
MSIT=100, STR 370

IF (R4IM NEeGe) MSITS1,/(RUIMSUF)=1, STR 371
MSIC=100, STR 372

IF (R42M,NE.us) MSICZ1,/(RUMIUF)e1, STR 373
MSCT=100, STR 374

IF (RSIM,NE«Oe) MSCT=1./(RSIMSUF) =1, ' STR 375
MCSS=100, STR 376

IF (R52M,NEeJe) MSCCS1,/(R52MSUF)=1, STR 377
Coxxas SELECTION OF MAX CREEP STRAIN AND MIN M,S, STR 378
840 EMAXZ0, STR 379
IF (NSECT.EQ.7) 60 TO 870 STR 380

U0 850 1=1,NPSG STR 381

850 EMAX=AMAX1 (EMAX»SUME (1)) STR 382
EMSZAMINL (T1MS ¢ Y2MS » C3MS » C4MS 1 FSMS ) FEMS » WBMS) STR 383

860 IF (NPRT,EQ.1) CALL PRINT1(ISS,ITER) STR 384
IF (IFLAG.EQ.1) GO TO 970 , STR 385
WRITE (6,1220) T1MS)Y2MSsC3MS+C4MSFSMS sFEMS ) WBMS »DMAX9EMSIEMAX  STR 386

G0 TO 880 STR 387

870 EMAXSAMAX1(SUME (1) »SUME(3)) , STR 388
EMS=1000000000, STR 389
CALL MSMIN(EMS,MSFT¢N11sNMIN) STR 390
CALL MSMIN(EMS,MSFCoN12¢NMIN) STR 391
CALL MSMIN(EMS,MSHS¢+N23¢»NMIN) STR 392
CALL MSMIN(EMS,MSIT,N41sNMIN) | STR 393
CALL MSMIN(EMS,MSICoN42¢NMIN) STR 394
CALL MSMIN(EMSsMSCToNS1sNMIN) STR 395
CALL MSMIN(EMS,MSCCoNS2,NMIN) STR 396

IF (NPRT.EQe1) CALL PRINT1(ISS,ITER) ' STR 397
WRITE (6+1230) MSFToMSFCoMSHSsMSIToMSICoMSCT)MSCCoDMAXEMS)EMAX  STR 398

880 IF (KM,EG.2) GO TO 920 STR 399
C*xx##SELECTION OF MIN M,S, STR 400
IF (EALL,GE«EMAX,AND.EMS.GE.0.) GO TO 980 STR 401
KMz2 STR 402
R11M=0, STR 403
R12M=0, STR 404
R23M=0, - STR 405

R33M=0. STR 406
' 1-38



890

900

910

920

930
940

950
960

970
980

990
1000
1010
1020

1030

R4imM=0, STR
R42mM=0, STR
RS1M=Q, STR
R52m=z0, STR
0T=.010 STR
IF (NSECT.EQ.7) DT=,05 STR
AMAXZEMAX STR
AMSSEMS STR
IF (NSECT.EQ.7) 60 TO 900 STR
TC=TC+0T STR
IF (NSECT.EQ.3,0R,NSECT.EQ,4) TS=TS+DT STR
GO Y0 910 STR
HHSHH+DT STR
IF (HH,LT.6,) GO TO 910 STR
WRITE (6,1270) STR
WRITE (6901250) STR
HHS=HH=DT STR
RETURN STR
11=1 STR
WRITE (6+1260) TC»TSeHH - STR
WRITE (6+1250) . STR
M=1 STR
60 70 17¢ STR
IF (EALL ,GE.EMAX.AND.EMS.GE.O0.,) GO TO 980 . STR
IF (EALL.GE.EMAX) GO TO 930 STR
DEDT=1,E2% (AMAX=EMAX) STR
IF (NSECT.EQ.7) DEDT=(AMAX=EMAX)/,05 STR
DT1=(EMAX=,99%EALL)/DEDT STR
60 10 9uy STR
0T1=0, STR
IF (EMS,GE.0) 60 TO 950 STR
OMDT=1 ,E2% (EMS~AMS) STR
IF (NSECT.EQ.7) OMDT=(EMS=AMS)/,05 . STR
DT2=(,05=EMS)/DMDT - STR
60 TO 960 STR
DT2=0, .STR
DT=AMAX1(DT1,DT2) STR
KMz} STR
60 70 890 e STR
WRITE (691240) TALLW(1)eIeT(I»J) " STR
CALL EXIT STR
WwRITe (6,125y) STR
RETURN " STR
IX=1 : STR
GO TO (1000 1050 1000.1080.1110 111001110 1110'1110 1110.1110 IIIOSTR
1,1160) IX . . STR
RIZFX/FTUCIXN) STR
IF (K1,LT«0.) R1=0, STR
IF (R1=«R11iM) 1020,1010,1010 STR
R11M=R} STR
I111=1IX STR
N11=N STR
R2==FX/FCY{(IXxN) STR
IF (R2,LT+04) R2=0, . STR
IF (R2=R12M) 1040,1030,1030 STR
R12M=R2 STR
112=1Ix STR
N12=N STR

1-39

407
408
409
410
411
412
413
414
415
ki6
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437

438

439
440
441
442

443

Guy
445
446
447
448
449
450
451
452
453
454
455
456
457
458

4%9

460
461
462
463
464



1040 GO TO 1210 STR 465

1050 R3=CRFS/FSU(IXeN) STR 466
IF (R3=-R23M) 107010601060 STR 467
1060 R23MzR3 _ STR 468
123=2 . © STR 469
N23zN STR 470
1070 60 TO 1210 STR 471
1080 R3=(ABS(SUMPX))/FSUCIXsN) ' STR 472
IF (R3-R33M) 1100,1090,1090 STR 473
1090 R33M=R3 : STR 474
133z4 STR 475
N33zN A | : STR 476
1100 60 TO 1210 , STR 477
1110 R1ZFX/FTU(IXN) STR 478
IF (R1.,LT.0.) R1=0, STR 479
IF (R1=R41M) 1130,1120,1120 STR 480
1120 R41MzR1 STR 481
141=IX STR 482
NG 1=N STR 483
1130 R2Z=FX/FCU(IX/N) STR 484
IF (R2,LT.0.) R220, STR 485
IF (R2-R42M) 1150,1140+1140 STR 486
1140 R42M=R2 ‘ STR 487
142z1x | STR 488
N4 2=N STR 489
1150 60 TO 1210 STR 490
1160 RISFX/FTUCIX/N) . STR 491
IF (K1,LT,0.) R1=0, STR 492
IF (R1=-RS1M) 1180,1170,1170 A STR 493
1170 RSIM=R1 STR 494
151=1X | - STR 495
N51=N STR 496
1180 R2==FX/FCU(IXsN) . STR 497
IF (R2,LT.0¢) R230, STR 498
IF (R2=-R52M) 1200+119001190 STR 499
1190 R52M=R2 - STR 500
152=1x STR 501
N52=N : STR 502
1200 60 TO 1210 STR 503
1210 CONTINUE STR S04
G0 TU 580 | STR 505
c B STR 506

1220 FORMAT (//52H0%%»*sx S T RE S S ANALYSIS N OTE =*xxx/STR 507
1/8X4HT1IMS » BXGHY2MS » BXUHCIMS » BXHHCUMS » BXUHFSMS 0 BXUHF6MS » BXUHWBMS »8XSTR 508
24HOMAX » 9XIHEMS » BX4HEMAX/10E12.4) ~  STR 509

1230 FORMAT (//52H0%*xsx S TRE SS ANALYSIS N OTE »*xxx/STR 510
1/8XUHMSF T » 8X4HMSFC o BXUHMSHS » BXUHMSIT » BXUHMSIC ¢ 8XUHMSCT » BXUHMSCC»BXSTR 511

24HDMA X » QX IHEMS s BXYUHEMAX/L10E12,4) STR 512
1240 FORMAT (///7101H ' T I T T TS YT L L) STR 513
1PROBLEM ABORTED RN eRRRRBERRSR//42H STR 514
2 ALLOWABLE TEMPERATURE/IEL15.5+35Hs OF THE TPS IS EXCEEDED BSTR 515
3Y ELEMENTI3s16H, TEMPERATURE = E15.5) STR 516
1250 FORMAT (34HO**x*x E N D O F NOTE sssax) STR 517

1260 FORMAT (//58H STRESS CONSTRAINTS EXCEEDED - PANEL THICKNESS RESIZESTR 518
10 70 /8H TC =F6.374H IN,/8H TS SF6.3+4H IN./8H HH =F6.3¢4STR 519

~ 2H ING/) ' STR S20
1270 FORMAT (//64n PANEL THICKNESS HAS EXCEEDED 6 INCHES - STRESS ANALYSTR 521
1S1IS ABORTED) , STR 522

ENO STR 523~
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SUBROUTINE THERMO THR

of THR
"COMMON/FQT/AM2, AMUTI +E 1+ EMU,RHOE, TEoVEvHI(9)oXMIoXMZoXVIvYVI. THR
1PS+PY RHOS»RHOY ,SMU» TMU» YMU» PO THR
COMMON/TIFO/1EQOS, ITRAS THR
COMMON/TPS/A(20):Q(9) ¢sRe X(9) - "THR-
COMMON AL ¢t ALPHA(99) ,ALT(99) » AME »AM] THR
1,)AOFA + AOFE + AROD v AS. tAX(991199)rAY(9911+9) THR
2¢BATA +BE oBETA(99) ,BF ' BFL e BL THR
3+DELTA +DIAM yDIST(9) +OST eE(200,99) PEALL THR
4eEAT(20,99) »EDOT(20099) vEMIS(9) eFACC oFCU(20'99)oFCY(20999)THR
5¢FNET(20) ¢tFSU(20999)oFT(20) eFTU(20¢99) ¢ FVE »FO7 . THR
69sGW(20+99) »HH +HINS ¢HINSD(99) » ICONF » ILINKC THR

T IQINP * ITURB e IWALT 'MAT(9,9) 'MPT(9+9) +»MR(9r18) THR
8y NCOLM *+ NCR +NCRC o NF eNI(18) - oNINS THR
9y NMAT ' NMIN o NPRT ' NPSG oNR(18) *NRSG THR

$ ¢ NSEG 'NTRAJ ¢ N33 +PE oPHI Pl THR
$+PINP(99) +QCONL (9) ¢ QCONT (9) ¢QINP (99) ¢GONET (9] »RHO(9) THR
$yRHOI 'RKYE 'RYI 'SL eSLS ¢ STAAT THR
$,STI +STOOP 2 T(20+,99) ¢ TALLW(9) e TAMP(999) »TAU THR
$,TCH 'TEMP(999) »THETA ' TI " oTIME(99) ~ »TINS . THR
$rTINSD(99) oUF ¢ VFACT(9+18)0VI1 'VINF{(99) +WROTE THR:
$e XEMIS ' XSTG(99) o XX(20) e Y(9) 022(20) - : THR
ODIMENSION 6G(10) ~ THR
DATA (G(I)e I=1+10)/9,28099=4,.734,0, 66859v-h.18775-29-5.50555-40 THR
12.8306TE=4¢=2,125E«5¢8,0162E=7r~=1, 59015-8v1.3236€~10/ : THR

C THR
CxxxxxENTHALPY FUNCTIONS THR
FTEMP(E)=17,.899+4, 0675tE-'8388“E-R*E*E-.3“955-6*E**3 . 7 THR
FENTL(T)=2.2864+40.2272%T+0, llS?lE-“#T*T+0o236765-9tT¢t3 “THR
PR=Z0,71 THR
JWINCOLM THR

IF (IWALT.EQ,1) Jw=l THR

60 TO (10030,10,10,2700270,290) ICONF THR
Cxxxx(ROSS=FLOW CORRECTION + - THR
10 IF (AOFE.EQ.0.) GO TO 20 ﬂ " THR
VBARZ ,448%(,745+3,14%AROD)xTAN(AOQFE) - THR
VX0D=2,*VBARx=DIST(1)/DIAM “:“fTHR
XFLO=SQRT((1,=-1,/EXP(VXO0OD))/VX0D) o THR
XFLL=1./XFLO S THR
XFLT=(o5%VX0U/ (1,21 /EXP{.5%VX0OD)))»%0, 2 T THR

GO0 TO 30 g - THR

20 XFLL=1.0 “THR
XFLO=1,0 " THR
XFLT=1,0 CTHR

30 DO 260 I=1,Jw THR
Cxx#%xxTRANSITION THR
RYU=RHOE*VE/EMU THR

IF (ICONF.EQ,2) 60 TO 50 THR
RYEZRYU*DIST (1) - THR
REC=0,84 THR
IC=s THR
.60 70 90 THR-
40 ROMU=SQRT (RHOR/RHOE*RMU/EMUY) THR
CAZ,664%ROMUSXFLO THR
TBL=CAxDIST(I)/SQRT(RYE) THR
CB=CA%RYU**(,3/AME THR
FOL=CB#SQRT(DIST(I)) THR
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50

60

70

ao

90

FDT=12.686=17.264xAOFE+23,777*A0FEs»2
IF (FDL.GT.FOT) GO TO 60
IC=1

60 10 120

RYE=RYU*DIAM

RYT=1,E5

IF (RYE.GT.RYT) GO TO 70
1C=1

REC=0,84

60 10 90

XVO= (FDT/CB) xx2
RYT=RYU*XVO

IF (RYE,GT.2.*RYT) GO TO 80
1c=2

TFR=RYE/RYT=14.0

60 TO 90

I1¢c=3

REC=0,89

IF (ICONF.EQ,2) GO TO 130
RECI=EI+REC*VE%®3%2/50061.5

Cx+#x3ECKERT REFERENCE ENTHALPY

100
110
120

130
140

150
160

170

180

190
200
210

RI=0,28%£1+0,22#RECI+0, SaWI(I)
IF (R1.6T.1300,) GO TO 100
TRSFTEMP(R])

RHOR=PE/ (1714.87»TR)

60 10 110

CALL. AIR‘2'“'PEOSORIOZORHOR'TROCS)
RMU=FMUT (PE» TR)

IF (IC.,EQ.5) 60 TO 40
RYR:RHOR#VE*UIST(!)/RMU

IF (IC,NE+2.,0R,REC,NE,0.84) GO TO 130
RYRL=RYR

RHOL=RHOR

REC=(¢ .89

RECIL=RECI

60 10 90

GO TO (140.1700170) IC

IF (ICONF.EQ.2) 6O TO 270
CF20,644/SART(RYR)
ST=0,5#¢CF/PRx%(2,/3,) _

HWS32 .1 74%RHORVE=STaXFLL*QCONL(])
GO TO 160

HW=H=QCONL (I)

1D=3

60 70 210

IF (ITURB.EG.,2) GO TO 240

IF (ICONF.EQ,2) GO TO 290

IF (ITRAS,EG,2) RYR=RYR*(DIST(I)=XV0)/DIST(I)
CF=0,370/(ALOGL1O(RYR) ) 52,584
ST=0.5#CF/PR%%(2,/3,)
HWT=32,174=RHORSVE*STxXFLTxQCONT (1)
GO TO 200

HWTSHsQCONT (1)

1022

IF (IC,NE+2.,0R,ID, NE.Z) 60 TO 220
RYR=RYRL

RHOR=RHOL

GO TO 140
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220

230

IF (IC.NE.2) GO TO 230
HW=TFR*HWT+(1.0=TFR) *HW
RECI=TFR*RECI+(1,0-TFR)*RECIL
IF (IC.EQ.3) HW:HNT

H=Hw

Q(I)=H*x (RECI=-WI(I))

60 TO 260

CxxsxxSPALDING=CHI

240

250

260

D1=SWI(I)/EI

D2=0,2%*REC*AMEx%2

03=1.0+02=-D1
DY=SQRT(D3Ixx2+4,0xD1%D2)
DS=ASIN((2.0#D2=D3)/704)+ASIN(D3/04)
FC=(D5/SGRT(D2) ) %%x=2
FRE(RECI/WI(I))%%0,772/D1%%0,702
FX=FR/FC

IF (ITRAS,EQ,2) RYE=RYE#*(DIST(1)=XV0O)/DIST(I)
D6=ALOG(FX#RYE)

u7=1.0

D8=v.0

DO 250 K=2,10

D7=DoxD7

DB=D8+G(K)*D7?

CF=(EXP(DB+G(1)))/FC

SST1 .45, %SART(FC*CF/2, )% (PR=1.+ALOG( (S5 ,%PR+1.)/6,.))

5T=0,5%CF/SS
RHOR=RHOE

60 TO 180
CONTINUVE

GO TO 340

Cxx*xxxFAY-RIDDELL

_270

280

WMUZFMUT (PE» TEMP(1,1))

RHOW=PE/ (1714.872TEMP(1,1))

RMW= (RHOW*WMU) s%x(Q , 1

RMO= (RHOY*YMU)%%0,4

DUX=2 ,#SQRT (2. (PY=PI)/RHOY)/DIAM
H=30,25%xRMO*RMWxSQRT (DUX)

IF (ICONF.EQ.5) GO TO 280
H=0,75%Hx (SIN(AOFE) ) %%x1,2
RECIL=STI

RECI=ST!

IF (AROD,LT.0«0001) GO TO 280
H=HXSQRT (0, 745+3,14%ARO0OD) 71,5215
IF (ICONF.EQ.2) GO TO 150

1S=1

60 71O 310

CxxaxaBECKWITH=GALLAGHER

290

300
310

RMS= (RHOS*SMU) %x%0,8
DUX=2,2SQRT(2.%(PS=PI)/RHOS)/DIAM
H=1,.30622*%(VI*COS(AOFE)/TMU) %0, 6tDUXtao.2tRMS
REC=,916=¢122*%A0FE+,258%A0FE*%2a , 1 *AOFE*%]
RECI=REC#STI

1F (AROD,LT.0.0001) 60 TO 300

HEHx ( (0, 745+3.14%AR0D)/72.,315)*x0,2

IF (ICONF.EQ.2) GO TO 190

1S=2

00 330 I=1,Jw
IF (IS,EQ.2) GO TO 320
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320
330
540

350
$60

G(I)=Ha(STI«WI(I))sQCONL(I)
60 1O 334
G(I)=H*(RECI=WI(1))*QCONT(I)
CONTINUE

IF (IWALT.EQ.2) GO TO 360
DO 350 I=1,NCOLM

@(I)=6(1)

RETURN

END
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OO0

10
20

30
40

OVEKLAY (PS5490,1,1) IN1

PROGRAM INPUT1 INL

IN1

COMMON/BLOCKE/Z IPRINT, NCy» NHe NLCe NV PZ» VB IN1

COMMON /FLAGS/ IFIRST: ISTRESs IFATIG» IWTCST IN1

COMMON /ZLINK/ NSECToTCoTSeTSKINL o TSKIN2»TINSLyTINS2¢TINS3eXQST INI

COMMON /SONIC1/ AE vAlL oAlY +AMACH ,AMF s AW e INL

16W oCl4) oD +DREF vOT(4) LOVEH 1EPLJEPP »HC ¢ INL
2HF s HPAN ¢ IPAD »IPF(4) ,IPF1 +XKFLEX ¢NENG + NPAN v 1IN
3QF e QL +REY ¢+ RHOP ' TIMEF ,TJ o T7 'VJ ’ IN1
uvs VU ' VV 'WEY » WER o X1 ¢t XJ e XL ’ INL
sYCL ' YP IN
COMMON/TIFO/IEQOS, ITRAS IN1

COMMON/TPS/ZA{20)¢Q(9)vRe X(9) IN1

COMMON AL yALPHA(99) H,ALT(99) » AME »AM] INL

1,AQFA » AOFE » AROD v AS v AX(9911,9)rAY{9s11+,9)INL
2/BATA » BE 'BETA(99) ,BF 'BFL 'BL IN1
3,0ELTA +DIAM +»DIST(9) oDST 1E(20,99) JEALL IN1
4oEAT(20,99)+ED00T(20099)EMIS(9) »FACC 'FCUL20999) v FCY(20099) INY
S5yFNET(20) +FSUC20099)»FT(20) FTU(20099) e FVE 'FO7 INL
61G(20,89) o-iH s HINS sHINSD(99) HJICONF +ILINKO INL
T IQINP » ITURB e IWALT ¢MAT(9,9) 'MPT(9,9) +MR(9,18) INt
8+ NCOLM ¢ “CR +NCRC o NF +NI(18) +NINS IN1
9y NMAT e NMIN o NPRT +NPSG 'NR(18) 'NRSG IN1
S NSEG e NTRAY + N33 s PE +PHI P IN1
$)PINP(99) +»GCONL(9) +QCONT(9) +QINP(99) (+QNET(9) +RHO (9) IN1
$oRHOIL ' RYE 'RYI eSL 'SLS ' STAAT IN1
$,STI » STOOP 21 T(200,99) +TALLW(9) »TAMP(999) »TAU IN1
$,TCL ' TEMP(9,9) +THETA oTI ' TIME(99) »TINS IN1
$rTINSC(9Y) »UF ' VFACT(9,18) V] ¢VINF(99) +WROTE IN1
%, XEMIS s XSTG(99) yXX(20) 1 Y(9) 022(20) INY
IN1

ODIMENSION CONF (7)o TURB(W) o WALT(4) s ANGL (4) +QLOC(3,4)9ID(9,9) INY

ODIMENSION ANL (4) o ANRMS(4) s ANML(4) o SCR{L) $PF (&) oCY(4),,SLD(W), INL

1SPMAX (&) »TITLE(13) INY
INt

UDATA CONF/SHPLATE » SHCYL » 4HCONE » SHWEDGE » §HSPHERE ¢ SHL=~CYL ¢+ 5SHT<CYL/ 1INl

DATA TURB/ HHECKERTs 6HSPALDIs eH ¢ 6HNG=CHI / IN1

UATA WALT/ 6HUNIFORy» 6HNONUNI,» gHM v 6HFORM / INL

DATA ANGL/ &HVARIEDe: 6MCONSTA,» gH ¢+ BHNT / IN1

DATA QLOC/ 6HCALCULs 6HATED » 6H » 6HINPUT » 6HO- HOT, IN1

1 6H wALL » 6HINPUT » 6HT + 6H s 6HINPUT » 6HQ= COL, IN1
2 6HL WALL/ ' INL
IN1

INL

INY

WRITE (6+.440) IN1

00 20 I=1r10 IN1

READ (S»450) JIHLTITLE INL

IF (EOF»5) 3urlo0 IN1

WRITe (62460) TITLE IN1

1IF (Jl1.6T«0) GO 10 ugQ INi

CONT INUE IN1

WRITE (6,470) IN1

STOP IN1

READ (5,480) ICONF»IQCONsIQINP,ITURB s IWALT»NANG¢NCOLM+NSEGsNMAT /NRIN1

1SGINCRCINSECTININSsNF ¢ NPRTy ISTRES»IFATIGY IWTCST ¢ IEQOS,» ITRAS INL
NPSG=14 INY
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50

60

70
80

90
100

110

IF (NSECT.EQ.%) NPSG=12
IF (NSECT.EQ,3,0R.NSECT.EQ,6) NPSG=10
IF (nSECT.EQ,7) NPSG=13

READL (5,490) THETA,PHI»XDST,DIAM,AROD,XEMIS,FACC

HEAD (5,490) STAAT,DELTA,WROTE,STOOP

IN1
IN1
INY
INY
INY

WRITE (6+570) CONF(ICONF)sTURB(ITURB) »TURB(ITURB+2) +WALT(IWALT),WAIN]

ILTO(IwWALT+2) o ANGL (NANG) o ANGL (NANG+2) o (QLOC(IIQINP) »I=1,3)

WRITE (6+580) THETAPHI

WRITE (6+590) XDST,DIAMsARODIXEMIS,STAAT,STOOP,DELTA,WROTE

IF (NMAT.EQ.0) GO TO 340
REAU (5,490) AS,ReHH»TS»TCoSLISLS/BE

READ (5¢490) FO7oUFsDST+EALLICRN,BF ,BFL,BL

NCRZIFIX(CRN)
IF (NSECT.EQ.7) GO TO S0

IN1
INY
IN1
INL
IN1
INY
NG
INY

WRITE (6+800) ASIRyHHITSeTCoSLISLSIBEIFOTIUF+DSTIEALL +CRNeBF »BFL#BINY

1

IF (NSECT.NE,.8) GO TO 60
CALL ABLATION INPUYT ROUTINE
CALL INPUT2

G0 TO 140

ASZ1,

INY
INy
IND
iNy
INL
Ny

WRITE (60810) ASsRyHHsTS»TCoSLISLSIBEIFOTIUFsDSTIEALL »CRNsBF 9BFL,RINY

1L

CALL INPyUTZ2

KEAD (5,500) IPRINTINH,P2)VB
NC=y

NLC=1

NV=7

WRITE (6¢550) IPRINTINCoNHyNLC/NV.PZ)VB
READ (5,490) (TALLW(I),I=1,9)
READ (5,490) (EMIS(I),I=1,9)

READ (5,490) (RHO(I)»I=1,9)

DO 100 I=1,NMAT

READ (5,480) ((ID(I+J)sMPT(IsJ))pJd=1r11)
DO 100 J=1r,11

IF (ID(1+sJ).EQ.,0,) GO TO 100
KKSMPT (I J)

IF (JU,EQ,.,1) GO TO 80

IF (ID(IsJ).EQ.2) GO TO 80

DO 70 K=1,KK
AX{IoJeK)=ZAX(IrJ=1,K)

GO0 TO 90

READ (5+490) (AX(IoJrK) e K=19KK)
READ (5,490) (AY(I,JeK)sK=1okK)
CONTINUE

WRITE (6:600) (I,1=1+9)

WRITE (6+700) (TALLW(I)eI=1,NMAT)
WRITE (6¢720) (EMIS(1),1=1,NMAT)
WRITE (6+720) (RHO(I),I=1+,NMAT)
WRITE (69730)

U0 110 I=1.NMAT

WRITE (6+760) I,(AX(IoJr1)pAY(Iodrl)rd=1s4)

DO 110 K=2+9

WRITE (6¢780) (AX(IeJdsK))AY(I»J)K)rJ=tel)

WRITe (60740}
DO 120 I=1i.NMAT

WRITE (6¢760) Io(AX(IoJrl1)eAY(I9Jel)eJ=5,8)

DO 120 X=2,9
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N1
INL
N1
IN1
IN1
INL
INY
IN3
IN1
IN1
N1
INt
N1
IN1
INg
IN1
IN1
IN1
IN1
N1
IN1
IN1
INL
IN1
IN1
IN1
IN1
IN1
IN1
IN1
INL
INL
IN2
IN1
IN1
IN1

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
77
78
79
a0
81
R2
a3
a4
85
86
B7
88
89

91
92
93
9y
95
96

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
1is
115



120

130
140

150
160

170
180
190
200

210

220

230

260

270
28U

290
300
310

320
330

WRITE (6+780) (AX(I!J.K)oAY(!ode)oJ=508)
wRITE (6¢750) :

DO 130 I=1,NMAT :
WRITE (6¢770) Io(AX(IoJdel)pAY(IeJr1)rJ=Ge11)
U0 130 K=2,9

WRITE (62790) (AX(YoJoK)rAY(I0JyK)eJ=9,11)
READ (59490) (X(I)»I=1,9)

K=9 .

IF (NCOLM,GT.1) GO TO 150

K=1

IF (X(1),EQ.0.) X(1)=1,

IF (JQCON=2) 160,180,200

DO 170 I=1.9

GCONL(I)=1,0

QCONT(I)=1,0

60 70 210

READ (5,490) (QCONL(I)r»1=1,9)

DO 190 I=1,9

QCONT(I1)=QCONL(I)

60 10 210

READ (5¢490) (QCONL(I)9»I=1,9)

READ (50490) (QCONT(I)»I=1,9)

"WRITE (6+610)

IF (NSECT.LT.7) GO TO 220

WRITE (60630) XsQCONLQCONT

GO0 TO 280 .

RKEAD (59490) (Y(I)eI=1,9)

00 230 J=1,NSEG :

READ (5,510) (MAT(I+J)sTAMP(I10J)sI=1+K)

IF (NCOLM.GT.1) GO TO 240

WRITE (60620) Yo (MAT(1,I)92I=1+9),(TAMP(1,1),1=1,9)
60 TO 28¢

WRITE (6+630) X»QCONL»QCONT

WRITE (6,640) (MAT(Iv1)eI=1,9),Y(1),(TAMP(I,1),1=21,9)
DO 250 J=2¢NSEG

WRITE (69650) Je (MAT(I,J)e1=109),Y(J)r (TAMP(I,+J)r1=1,09)
WRITE (60660)

IF (NRSG,EQ.u) GO TO 280

DO 260 J=1»NRSG

READ (59520) NR(J) o NI(J) v (MR(Y»J) o VFACT(IVJ)»I=1,9)
WRITE (6+670)

DO 270 J=1+NRSG

WRITE (6¢680) NR(J)oNI(J) o (IMR(I,J)sVFACT(IvJ)r1I=1+9)
IF (IFATIG.NE.N) GO TO 340

READ (5,480) IPFIZ(IPF(I)oI=1+4),IPADIKFLEXyNPAN
00 330 Ni=1.IPFI

N2=IPF(N1Y

GO TO (290,300,310,320)» N2

READ (5,490) DT(N2) s XLsREY,VU»GL » AMACH

GO 7O 330

READ (59490) DT(N2) e TTIWERyDeVSeXI9oDVEHYCL,DREF
GO YO 330

READ (5+490) DTIN2)rAE» VU WEJIVV e TU e XJ»YP

60 TO 330 :

READ (5,490) DT(N2).

CONT INUE

READ (5,490) HPANsHCI»AI+AIY AWIBWIEP» TIMEF

READ (5,490) (C(1)yI=1+4)+RHOP
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INL
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IN1
IN1
IN1
IN1
IN1
IN1
IN1
IN1
IN1
INL
IN1
IN1
IN1
IN1
IN1
IN1
IN1
IN1
INY
IN1
IN1
IN1
IN1
IN1
IN1
INY
IN1
IN1
IN1
INL
IN1
IN1
IN1
IN1
IN1
IN1
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137
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139
140
141
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148
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150
151
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WRITE (60820) IPAD,KFLEXsNPANeDT»XLoREYVU)QLrAMACH¢TT ,WERD»VSeXTIINL
1,DVEH,YCLDREF, AE.VdoWEJ.VV!TJ;XJ'YPpHPANoHCoAI AIYrAW,BweEP, TIMEFIN]

2+CsRHOP IN1
340 IF (JI.EG.3) GO TO 390 , IN1
DO 350 I=1,99 IN
READ (5,530) TIME(I)sALT(I),VINF(I),ALPHA(I)#BETA(I) ,HINSD(T)TINSINI
1D(1) +XSTG(1) »NREADT INL
NTRAU=I INY

IF (NREADT.GT.0) GO TO 360 IN1

350 CONTINUE _ INY
= - WRITE (6e5%0) - - - - - . Dol o -~ - .INR
STOP : INL

360 IF (NANG,LT.2) GO TO 380 1IN
0O 370 1=2+NTRAJ INY
ALPHA (I)SALPHA(1) INL

370 bETA(I)=BETA(1) INg
380 WRITE (6,560) ((1,TIME(I),ALT(I))VINF(I)sALPHA(T) /BETA(I) \HINSD(I)INL
1o TINSD(I) s XSTG(I))s1=19NTRAU) IN1
390 WRITE (6,690) IN1
IF (NMAT,GT.0) GO TO 400 : ' INL
x(1)=1, , IN1
QCONL (1)=1,0 , . Ny
QCONT (1)31,0 INY

400 0O 410 I=1.9 _ INY
xtly=x(1ys12, - IN1

410 v(I)=v(I)/12, IN1
IF (NCRC,LTs¢) GO TO 430 : "IN
XX(1)=X(1) . IN1

DO 420 IS2¢NCOLM : ' 5 _ INL

420 xX(I)=XX(I=1)+X(1) ' IN1
430 WRITE (6,440) , INY
- RETURN _ IN2
INY

440 FORMAT (1H1) INY
450 FORMAT (11+13A6) , INY
460 FORMAT (1X13A6) INY
470 FORMAT (////94HOs»s#% NUMBER OF TITLE CARDS IS GREATER THAN 10 OR IN1
1J1 WAS NOT ENTERED ON LAST TITLE CARD xaxkx%) IN1
460 FORMAT (20I4) . IN1
490 FORMAT (10F8,0) INL
500 FORMAT (15¢5X¢15:2F10.0) INL
510 FORMAT (9(12/F6,.0)) ‘ INY
520 FORMAT (I12+1619(12,F6.0)) : IN1
530 FORMAT (8F8.0¢116) INY
540 FORMAT (////87THO%xs#% NUMBER OR TRAJECTORY CARDS IS GREATER THAN 9IN1
10 OR LAST CARD WAS NOT FLAGGED »axx%x) . INL
550 FORMAT (///3u4HOx%sx% R S I I NP U T sxxkx//16X6HIPRINT»13X21IN1
IHNC » 1 3X2HNH s 1 2X3HNLC » 1 3X2HNV » 13X2HPZ » 1 3X2HVR/TX9511592E15.3) INL

960 FORMAT (///44HOos*sx2 TR A JECTORY I NP UT sexxn//7uXIHISING
IXTHTIME(I) 6X6HALT (L) SXTHVINF (1) 4X8HALPHA(I)SXTHBETA(T)4X8HHINSD (1) INY

2UXBHTINSD(I)ISXTHXSTG(I)//(15:8E12.4)) IN1
570 FORMAT (///7//25H PROGRAM OPTIONS USED/27H - . CONFIGURATIONINI
1=~ vA6/27TH TURBULENT HEATING= ,2A6/27H WALL TEMPEIN}
2RATURE= +2A6/27H ANGLE OF ATTACK=- 1 2A6/2TH LOCAL INi
3HEAT FLUX=- »3A6/) IN1
580 FORMAT (/5Xs46HDIRECTION COSINES OF OUTER NORMAL FROM SURFACE/14H INi
1 THETA = oFS5.1/714H PHI = oF5.1) _ INt
590 FORMAT (/5Xs30HDISTANCE FROM LEADING EDGE yFBsle3H FT/35H BIN]
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10DY DIAMETER : 'FB.,49s3H FT/35H4 SHOULDER RADIUS/BINL

200Y DIAMETER +F8.4/35H EXTERNAL SURFACE EMISSIVITY 'F6.2//35IN1
3H INITIAL TIME : +F8.104H SEC/3SH END TIME IN1
4 " oF841, “H SEC/35H - CALCULATION TIME INTERVAIN}
sL »FBe1r4H SEC/3SH PRINT OUT INTERVAL 'FBelr4H IN1
6SEC//) INL
600 FORMAT (///50H0s»x%xx M A T E R I A L PROPERTTIES sxxsx//IN]
116H MATERIAL NUMBER#S{(TXe1H=rI1,1H=)) INL
610 FORMAT (///45H0#*x%xx C O ND U C T I ON I NP UT sxx22//) INY
620 FORMAT (108H SEGMENT NUMBER | -1 “2e -3 INL
1l == -bH=- . =b= -] 8= =9=/18H THICKNEIN]
2SS FT '9F10,4/18H MATERIAL v»9110/18H INITIAL TEMP, R IN1
319F10,0//7) : IN1
630 FORMAT (111H COLUMN NUMBER, I -1- -2- 3= INi
1 —4e  =8= . =fe -7- -8- -9-/21H WIDTINA
2Her X(I) IN '9F10,4/16H HEATING FACTORS/21H LAMINAR IN1
3 +9F10,.,1/21n TURBULENT +9F10,.1) IN1
640 FORMAT (/21H SEG.NO,¢e b = '1'011001”‘91907110/1“H THICK,»Y(J) IN1
1S9F7.4sF1l0e002H*%»FB8.0+7F10,0) IN1
650 FORMAT (/18XeiH=9I1s1H=99I110/F21.499F10,0) INg
660 FORMAT (1X0¢6U{1H=)//5XsBH==NOTE~=/27H * = MATERIAL NUMBER/3IN1
17H *x = INITIAL TEMPERATURE DEG R//) INt
670 FORMAY (/55H0U*x*xx R A D I AT I ON INTERCHANGE #=xxxIN1
1x//754H SEG Nu. NI . INTERCHANGE NEIGHBORS AND VIEW FACTORS/) IN1
680 FORMAT (1Xe2h (91291H)eI5+2Xe9(2H (+s12+1H) 1F6.3))) IN1
690 FORMAT (///3cHO*x*xxx E N O 0F I NP UT skekx) IN1
700 FORMAT (18HOALLOWABLE TEMP, Ry9F10,.3) IN1
710 FORMAT (11HOEMISSIVITY7X9F10,.3) IN
720 FORMAT (1BHOMATERIAL DENSITY 9F10,3) IN1

730 FORMAT (///1oH MATERIAL NUMBER,8X14HHEAT CAPACITY,9X20HTHERMAL COIN1
INDUCTIVITY »9X14HYOUNGS MODULUS » 8X22HTHERMAL EXPANSION COEF/12X4(12INL
2X2HAX s LOX2HAY) ). iy IN1

740 FORMAT (///16H MATERIAL NUMBER,8X14HYIELD STRENGTH,9X20HULT TENSILINL

1E STRENGTH05X22HLARSON-MILLER STRAIN 1/,4X22HLARSON=MILLER STRAIN 2IN1
2/12X4 (12X2HAXs10X2HAY)) IN1
750 FORMAT (///16H MATERIAL NUMBER,3X24HULT COMPRESSIVE STRENGTH,SX18HIN1
1ULT SHEAR STRENGTH,10X14HSHEAR MODULUS/12X3(12X2HAX,10X2HAY)) INL
760 FORMAT (/I19¢7X4(2X2E12+3)) INS
770 FORMAT (/1997Xe3(2X2E1243)) INL
780 FORMAT (16Xr4(2X2E12.3)) IN1
790 FORMAT (16X»3(2X2E1243)) IN1

800 FORMATY (///3bHO%xs»x S T RE S § I NP UT sesss//13X2HAS, LUX1HRINL
19 13X2HHH 13X2HTS, 13X2HTC 9 13X2HSL » 12X3HSLS » 13X2HBE/B8E15,3//712X3HFOTING
291 3X2HUF 0 12X3HDST » 1 1X4HEALL » 12X3HCRN ¢ 13X2HBF » 12X 3HBFL » 1 3X2HBL /8E151IN1
3.3) IN1

810 FORMAT (///36HO%s%%% S T RE S S I NP U T sexxi//13X2HAS, 1UX1HRIN]
10 13X2HHH» 13X2HTF ¢ 1 3X2HTC ¢ 13X2HSL » 12X 3HSLS » 1 3X2HRE/8E 15,3/ /1 2X3HFOTINY
20 13X2HUF » 12X3HDST» 11 X4HEALL ¢ 12X3HCRN ¢ 1 3X2HTB ¢ 13X2HTR» 1 3X2HDC/8E 15, INL
33) IN1

820 FORMAT (///38H0o*ssxx F A T 1 G U E INPUT t#tt*//llX“HIPADlOXINl
1SHKFLEX » 11 X4HNPAN, 10XSHDT (1) » 10XSHDT (2) »10XSHDT(3) » 10X5HDT () » 13X2INL
2HXL/3I15¢5€153//12X3HREY » 1 3X2HVU 1 1 3X2HQL » 10XSHAMACH ¢ 1 3X2HTT» 12X3HINL
SWER» 1UX1HD ¢ 1OX2HVS/BE15¢3//13X2HXT 0 1 1XUHDVEH» 12X3HYCL + 11 X4HDREF » 1 3IN1
YX2HAE 1 13X2HV U2 1 2XIHWEJ» 1 IX2HVV/BE1543//713X2HTJr 13X2HXJ 9 13X2HYPr 11X INY
S4HHPANy 1 3X2HHC » 13X2HAT ¢ 12X3HATY » 13X2HAW/BE15+3//13X2HEW» 1 3X2HEP » 10 IN1
6X5HTIMEF011X4HC(1)ollX“HC(Z)ollX“HC(S)oilX“HC(u)ollX“HRHOP/BEIS.B)INl

END ; IN}
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SUBROUTINE INPUTZ ' ’ IN2

SR IN2
COMMON /ABLTN/ T+QIN/DTSeTX2(30) s VELXs IQINPP,DEL » APRNT INT»PE IN2
COMMON /ARRH/THETA(10)»APXBsSN,CA,XMTPT(10) »AOPT IN2
COMMUN /BREV/ KUS»KAS)KOS/NAP,NPCoNIFPCM,DAINL,PUIN2,NQIN3,KAIKYU IN2

1o TMELT IN2
COMMON /CCPG/CPGAS = - : : IN2
COMMON /CCSDOT/SDOT ' IN2
COMMON /DELX/ DELX1¢DELX2/DELX3 IN2
COMMON /DUMND/ TKC(9) XKC(9) ¢ TCPC(9) s CPC(9), IN2

1 TKV(9)y . XKV(9,T7)e  TCPV(9)y CPV(9) XNPM(4), IN2

2 RHORX (&) o XBM(4)r» °~  EMFB(4), EMBB(4)» NKPB(4)» IN2

3 NCPB(4) o TXK(9y4) XK(9yl4), TCP(9s4) CPX(9r4)s IN2

4 NPM(4), GAPX (&) FTEST(4) BTEST(4)»  TEMDI(30), IN2

5 TX1(30)e TX2T(10+6)» TUL1(30), TUL2(30) A(30), IN2

6 B(30), C(30), D(30), | S(10) R(10)s IN2

7 AB(5¢6)» 8B(5,6), CB(5¢6) QB(506)' SB(5¢6)» IN2

8 KB1(506) RB2(5+6) TY(30), CPB(9+6) ¢ OxB(6)e IN2

9 XMDG(10) s RHO(10) CP(10), CYK(L0) e XKB(9¢6)s IN2

$ HlW) IEM(10)) PKV(7)s ' XV(10)» TS(10)s IN2

$ SR(10) HX(20) CTwW(20) IN2
COMMON /HF/ HF1,HF2sHF3 C IN2
COMMON /KAN/ KAN1,KAN2,KAN3 , IN2
COMMON/OLA/ TJO(10),CDJUI30) S IN2
COMMON /PCM/ GRIN1,QRIN2,QRIN3,QROT1+QROT29QROT3 : IN2
COMMON /@ST/ GST1,0ST2,0ST3 IN2

COMMON /UNDM/ABLCy ABLK» BL»CHARC » CHARK ¢ DT, Dx, €MV, EMC,IN2
1 ERR2, ERR3,» ERR4, ERRS, FENV, FV» HENV, HV, H300, 117, 15,1IN2
2 Ios NCPCy» NCPV, NKCe NKVe NMB, NP+ NPBS, NPF, NREC, NRS,IN2
30LO0SS, RHOC» RHOV, TABL.TBLOW,TCHAR,TEMPI, TENV,TEST2, TREC, TV.INZ
4 VLs VLVsXLOST»XLSTVe XMCe XMDC,» XMDT» XMP, XMT, XNP, NHP,IN2

S NTKV, NPKVy1GBLCK * IN2
UIMENSION XIDNT(12,4), HEADNG(12) , IN2
: : ‘ IN2
‘ IN2
Is=2 ' : IN2
Ie=2 o . IN2
117=2 IN2
INT=1 IN2
NTKV=0 IN2
NPKv=Q IN2
NPC=( ‘ : IN2
KUS=10 " ' : - IN2
KAS=10 ' ‘ IN2
KOS=10 IN2
KANL1=0 ; : B IN2
KAN2=0 ‘ C : o INg S
KAN3=Q - : : : -IN2.
XLOST=0,0 IN2
XMT=90,0 i L - IN2
XMDT=0.0 N C . - o IN2
ERR2=0,0 : : , ’ IN2
ERR3=0,0 - ' : IN2
ERRu=0,0 . . . © IN2
XMDC=0,0 - ‘ i : . IN2
XLSTv=0,0 ' . i N2
NRS=2 : IN2
ERRS=0,0 IN2
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10

20
30

40

50

60
A
a0
90

100
110

SDOT=0,.0
AOPT=1,0

WRITE (6+670)

LOCATION FACTORS FOR CONVECTIVE AND RADIATIVE HEATING
READ (5:,610) SNyCA,XBsCPGAS ) XMC, XMP

WRITE (6+680) SNyCArXB

WRITE (6+690) CPGASeXMC o XMP

PROPERTIES OF ABLATION MATERIAL
READ (5,600) (HEADNG(K) K=1,12)

IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2

READ (5+,610) TABL,TCHAR»TREC,RHOVIRHOC ) TBLOWIEMV,EMCyHI00s VL o+ HVeFVIN2

1, TV.CHARK s CHARC ABLKABLC

READ (5¢620) NP,NKCoNCPCINKV¢NCPV,NREC,IQBLCK
READ (5+610) (TKC(K) s XKC(K))K=1,NKC)

READ (5,610) (TCPC(M}CPC (M) M=t ,NCPC)

IF (NKV,.6GT.0) GO TO 20

READ (5¢650) NTKVeNPKV, (PKV(I)yI=1,NPKV)

DO 10 I=1/NTKV - : Co-
READ (5¢660) TKV(I)r (XKV(I,J)eJ=1oNPKV)

GO TO 30

READ (5+610) (TKVIL) e XKVIL) oL=1,NKV)

READ (5+610) (TCPVI(N)sCPVIN) ¢NZ1,NCPV)

READ (5,610} (TS(I)eSR(I1)I=1/NREC)

WRITE (6,640) (HEADNG(K) K=1,12)

IN2
INg
IN2
IN2
IN2
IN2
IN2
INg
IN2
IN2
IN2
IN2
IN2

WRITE (6+700) TABL»TCHARI TRECRHOVIRHOC »TBLOW»EMV o EMC yH300 s vl e HV» FIN2

1Vs TVCHARK s CHARC s ABLK ¢ ABLC
vL=vL/12,0
vLvavl

WRITE (69710) NPyNKCoNCPCoNKVINCPVINREC s IGBLCK s NTKY e NPKV

IF (NKV.GT.0) GO TO S50

WRITE (6+720) (PKV{I)eI=1+NPKV)

WRITE (6.,730)

VO 4o I=1sNTKV

WRITE (6/,740) TKV(I) s (XKV(IeJ)rJ=1eNPKV)
CONT INUE )

WRITE (6,750) (TCPV(I),CPV(I)sIz=1sNCPV)

GO TQ 8¢

WRITE (6,760)

KLLL=MINQ (NKV yNCPV)

WRITE (69770) (TKVIL) o XKVIL) o TCPVIL) s CPV(LYoL=1,KLLL)
IF (NKV=NCPV) 60,80¢70

KLLbLL=KLil+l .

WRITE (6¢780) (TCPVIL)CPVIL) rL=KLLLL»NCPVY)
60 T0 80

KLibLL=kKLLL+1

WRITE (60790) (TKV(L) o XKV (L) oL=KLLLL /NKV)
wRITE (6,800)

KLLL=MINQ (NKC o NCPC)

WRITE (6+770) (TKC{L) o XKCI(L)»TCPCIL)CPC(L)sL=1,KLLL)
IF (NKC=NCPC) 90,110,100

KLLLL=KLLL+L

WRITE (6,780) (TCPC(L)H»CPC(L)L=KLLLLI/NCPC)
60 10 110

KLLLL=KLLL+Y

WRITE (69790) (TKC{L),XKC(L) L=KLLLLNKC)
WRITE (6,810)

1-51
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120

130

140

150

160

WRITE (6+820) (TS(I)eSR{I)sI=1,NREC)

PROPERTIES OF BACK-UP STRUCTURE

WwRITE (60830)

READ (5+630) NMB,NPBS,BL

NAMB=ZNMB

READ (5,020) NIFPCM

IF (NIFPCM) 130,130,120

CONTINUE

PCM INPUT

READ (5,840) NPC/NFIL,TMELT  HFUS,RHOFILFIFR
NAMB=NMB+NF IL

CONTINUE

READ (5,610) (XNPM(K) oK=1,NMB)

READ (5,850) (NKPB(I)NCPR(I1)»1=1,NAMB)
D0 140 K=1,NiMB
NPM(K)=XNPM{K)+0,00000002

CONTINUE

WRITE (6+,860) NMB,NPBS,BL

blL=BL/12,0 :

DO 200 I=1,NAMB

LKSNKPB( 4}

LCP=NCPB(I)

READ (5,600) ((XIDONT(K,e1))oK=1012)

READ (5+610) ((TXK{(JrY) o XK(J21))sJd=1,LK)
READ (5,610) ((TCP(Je1)sCPX(JrI))oJz=1eLCP)
WRITE (6¢870) (XIDNT(KeI)oeK=1912)

WRITE (6.,880)

KLLL=MINO (LK LCP)

00 150 N=1.KLLL

WRITE (6eT770) (TXK(NeI)eXK(NeI)oTCP(NeI),CPX(N,I))
CONTINUE

IF (LK=LCP) 160,2000180

KLLLL=KLLL+1

< DO 170 N=kLLLL,LCP

170
180

190

200

210

220

230

WRITE (69780) (TCP(NoI)1CPX(NoI))
CONTINUE

GO0 7O 200

KLLLL=KLLL+]

U0 3190 NaKLLLL,LK

WRITE (6+790) (TXK(NeI)eXK(N/I))
CONTINUE

CONTINUE

READ (S,010) (RHOBX(L)XBM(L) EMFB(L)EMBB(L) +L=1+NMB)
READ (S,610) (H(U)»GAPX(J)»FTEST(J) »BTEST(J) »J=1/NMB)

WRITE (6+890)
00 210 LuLJ=1s,NMB

IN2
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IN2
IN2
IN2
IN2
IN2
INe
IN2
IN2

IN2

IN2
IN2
IN2
IN2
IN2
IN2
IN2
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iN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
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IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2

WRITE (6+900) LLJsRHOBX(LLJ) +XBM(LLJ)»EMFB(LLJ) »EMBB(LLJ) » XNPMILLUIN2

1)

CONTINUE
IF (NIFPCM,LE.D) GO TO 220
WRITE (60910)
WRITE (6+920) NPC,»TMELT HFUSRHOFIL,FIFR
CONTINUE
WRITE (6,930)
DO 230 J=1,NmMB
WRITE (6+940) JeH(J)2GAPX(J)'FTEST(J) ¢BTEST(J)
CONTINUE
1-52
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124
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126
127
128
129
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131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
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189
160
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240

250
260

270
280
290

310

-320

330

IF (NIFPCM) 450,4500240
CONTINUE

CALCULATION OF REQUIRED PARAMETERS FOR HANDLING PCM

NUB=NPC-1

NBC=NPC=2

NAP=NP

IF (NBC.E6,.0) GO TO 260

DO 250 JL=1+NBC

NAP=NAP+ (NPM(JL)-1)

NAP=NAPRP+ (NPM(NUB) =2)

KUSNP+1

DO 280 1=1.NMB

KUM=NPC=]

IF (KUM) 290+,290+270

KUSKU+NPM(I)

CONTINUVE '

KASKU+NPM(NPC)
DELXA=XBMINPC=1)/(24 ¢ % (NPM(NPC=1)=1))
DELX2=XBMINPC) /(24,2 (NPM(NPC)=1))
DELX3=XBM(NPC+1) /(26 ¢ (NPM(NPC+1)=1)
HF 1=RHOBX (NPC ) xDEL X2%HFUS
HF2=2 ., #HF 1

HF 3=HF 1

LAK=SNKPB (NPC)

LEK=NCPB (NPC)

IF (FIFR.EQ.Us) GO TO 380

CALCULATION OF EQUIVALENTY PROPERTIES OF PCM AND FILLER

LO=NKPB (NAMB)
LASNCPB (NAMB)
00 330 J=1.LAK
00 320 Ik=2,L0

: IF (TXK(IK/NAMB)=TXK(JyNPC)) 3203109300
300 CKFILS=XK(IK=)1oNAMB)+(XK{IKyNAMB)aXK (IK=]pyNAMB) )x(TXK(JyNPCITXK(IKIN2
" 1=1oNAMB) )/ (TXK(IK/NAMB)=TXK(IK=1,NAMB))

60 Y0 330
CKFIL=XK (IKoNAMB)
60 TO 330
CONTINUE

XK{JoNPC)SXK (JeNPC) ¢+ (CKFIL=XK (J)NPC) ) =FIFR

DO 370 J=1,LtK
DO 360 IK=2.LA

IF (TCP{IKsNAMB)=TCP{JU/NPC)) 3603509340

IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
iN2
IN2
IN2
IN2
IN2
IN2

IN2

IN2
INg
N2
IN2
IN2
IN2
N2
IN2
IN2
N2
IN2
IN2
IN2
IN2
IN2

IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2

340 CPFIL=CPX(IK=1)NAMB)+(CPX(IKsNAMB)=CPX(IK=1,NAMB))%x(TCP(ysNOCI=TCPIN2

350
360

370
380

390
400

1(IK=1,NAMB) ) /(TCP(IK/NAMB)=TCP(IK=1,NAMB))
60 TO 370
CPFIL=CPX (1K +NAMB)
60 TO 370
CONTINUE
CPX(JsNPCISCPX (JoNPC) +(CPFIL=CPX(JsNPC) ) #FIFR
WRITE (6+950)

WRITE (6+880)
KLLL=MINO (LAK sLEK)

13NPC

00 390 N=i,KilL
WRITE (6/,770)
CONTINUE

IF (LAK=LEK) 400,440,420

KLLLL=KLLL+}

1-53

(TXKAN,»I) 9 XK(NoI) o TCP(N» 1) yCPX(N, 1))

IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
N2

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
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224
225
226
227
228
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230
231
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4310
420

430
440

450

460

470
480

490

500
510

1520

530
540

DO 410 N=KLLLL,LEK

WRITE (6+780) (TCP(NsI)sCPX(N/I))
CONTINUE

60 TO 440

KLLlLzKLLL+l

00 430 N=KLLLL,LEK

WRITE (6,790) (TXK(NsI)oXK(NeI))
CONTINVE

CONT INUE
RHOPC=(1,=FIFR) *RHOBX (NPC)

RHOBX (NPC ) SRHOBX (NPC) + (RHOF IL=RHOBX (NPC) ) ¢F IFR
WRITE (6+960) RHOBX(NPC)+RHOPC
CONT INUE

PROPERTIES OF ENVIRONMENT

READ (5,600) (HEADNG(L) L=1,12)
READ (5,610) TENV/HENV,FENV,GLOSS
WRITE (6,640) (HEADNGI(L)/L=1,12)
WRITE (6+970) TENV.HENV,FENV,QLOSS

INITIAL TEMPERATURE DISTRIBUTION
READ (5,600) (HMEADNG(L) L=1,12)
NPF=NP+NPBS

 XNP=NP

DXSVL/ (XNP=1,0)
READ (5,610) TESTZO?EMP;

IF (TEST2) 470,480,460

WRITE (6,980)

STOP

REAU (5+610) (TEMDI(K) K=1¢NPF)
D0 490 K=1,NPF

IF (TESTR.EQ,0,0) TEMDI(K)=STEMPL
TXl(h)-TEMDI(K)

TX2(K)=TX1(K)

TULL(K)=TX1(K)

TUL2(K)=TX1(K)

CONT INUE

LENP+1

D0 510 I=1,NMB

LNSNPM(T)

U0 500 J=1,LN

TX2T(Jo I)=TEMDI(L)

L=L+1

CONTINUE

CONTINUE

WRITE (6+640) (HEADNG(L) L=1012)
IF (TEST2) 520¢5309530

WRITE (6,990) .

WRITE (6,1000) (TEMDI(K) K=1,NPF)
60 TU 540

WRITE (6,1010) TEMPI

IF (AOPT,EQ.Ues) GO TO 560
AP-CA#(RHOV-RHOC)tt(SN-l )
DO 550 I=1.NP :
TUL2(I)=2e/(1e=SN)

RHO (1 )=RHOV

IF (TX2(I).LE.TABL) 60 TO 550
WRITE (6,1020)
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STOP IN2
550 CONTINUE IN2
IN2

ENTHALPY AS A FUNCTION OF TEMPERATURE IN2

560 READ (5,620) NHP IN2
READ (S5»610) (HX(K) s TW(K) ¢K=1¢NHP) IN2

DO 570 1=1,NP IN2
[EM(1)=0 ; . IN2
XMDG(I)=0.0 IN2
THETA(I) =1, IN2
XMTPT(1)=0. IN2

70 CONTINUE IN2
00 580 !=1.1v IN2

580 CDJ(1)=0, ' IN2
DQIN1=0, IN2
VRIN230, IN2
DOIN3=0, IN2
Q@ST1=0, IN2
QSTZ:OQ IN2
QST3=0, , - B} IN2
QRIN1=0, : . IN2
QRIN2=0, : : IN2
QRINS=0, : IN2
QROT1=0, IN2
QROT2=0, IN2
@ROT3=0, IN2
XV(1)=0,0 _ IN2

D0 590 I=2/NP ' IN2

; XV(1)=XV(I=1)+DX IN2
590 CONT1NUE IN2
RETURN ‘ IN2

N : IN2

600 FORMAT (12A6) _ IN2
©10 FORMAT (6E12.8) IN2
620 FORMAT (715) IN2
630 FORMAT (215,1E14,8) IN2
64U FORMAT (///71x012A6) N2
650 FORMAT (215,7E10,5) IN2
660 FORMAT (8E10,5) _ IN2
670 FORMAT (///40HO%»%3% A B L AT I ON I NPUT xxtxs) IN2
680 FORMAT (//¢5Xe27HARRHENIUS EQUATION IS USED,/+5Xs»2HN=E16,7¢5Xs2HA=IN2
1E16,7+5X 1 2HBZEL16.7) , IN2
690 FORMAT (/+5Xs6HCPGASSEL16+7oSXo4HXMCZ1EL1667 95X WHXMPS9E16,7) IN2

700 FORMAT (/2XIbHTABL=OEIZoSOZXO6HTCHAR=!5120503x05HTREC20512o5'3X!5HIN2
1RH0V3051205'5x05HRH°C:051295021X/1X'6HTBLOU=O512050“X0“HEMV20512051N2
204X s 4HEMCS9EL12.50 3X 0 SHH300=¢E12,5:5X » 3HVLS0E12,5/4X» 3HHV=0E12,5+,5XIN2
3.3HFV:.E12.555x:SHTv=0512.502X06HCHARK='E12.5o2Xo6HCHARC=oE12.5/2xIN2
495HABLK=)EL12.593X9»5HABLC=0E12,5/) IN2

710 FORMAT (2X03HNP=011004X0“HNKC3011404X'5HNCPC201!404x'“HNKV:oIIQO“XINZ

105HNCPV=oII“OQXOSHNREc=v11“0“X07HI°BLCK='11QOQX05HNTKV=01‘4.4Xo5HNIN2
2PKV=,114) , . IN2
720 FORMAT (/32X+15HVIRGIN MATERIAL//3X,BHPRESSURE»uXeT(EL5+5)) IN2
730 FORMAT (/3Xs11HTEMPERATURE »5X ¢ 20HTHERMAL CONDUCTIVITY) IN2
740 FORMAT (2X0EL12,501Xe7(E15,5)) IN2
750 FORMAT (/QSX.BHSPECIFIC/25X.llHTEMPERATUREv11XouHHEAT/(2410E12.507IN2
1X+E12,5)) IN2
760 FORMAT (/32Xs15HVIRGIN MATERIAL/ZOX.?HTHERMAL.BBXoBHSPECIFIC/3X0IIINZ

1HTEMPERATURE » X » 12HCONDUCTIVITY, 19X 1 1HTEMPERATURE ¢ 7X » 4HHEAT) IN2
1-55 ' :
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770 FORMAT {(2XeE12,5:4X0E12:,5,18X0E12,.593X9E12,5) IN2

780 FORMAT (4BX+E12,593X0E12,5) IN2
790 FORMAT (2X»E12,5)4XsE12,:5) , IN2
600 FORMAT (//33Xs14HCHAR MATERIAL/20X, 7THTHERMAL 38X 8HSPECIFIC/3X»11IN2

LHTEMPERATURE » 4X ¢y 12HCONDUCTIVITY, 19X ¢ LIHTEMPERATURE » 7X » 4HHEAT) IN2
810 FORMAT (//28X923HSURFACE RECESSION TABLE//25X/,11HTEMPERATURE »8X»11IN2

1HSR = IN/SEC) _ IN2
820 FORMAT (24X+E12,5sTX¢EL2.5) . IN2
830 FORMAT (//10Xs31H PROPERTIES OF BACKUP STRUCTURE/) IN2
840 FORMAT (215:4E12,5) IN2
850 FORMAT (1015) - IN2

860 FORMAT (/4X0»35HNO, OF MATERIALS IN BACK=UP SHIELD=:114/“X-40HTOTALIN2
1 NUMBER OF NODES IN BACK=UP SHIELD=/,114/4Xs28HTHICKNESS OF BACK=UPIN2

2 SHIELD=,E12,5//) IN2
870 FORMAT (//12A6) IN2
880 FORMAT (//20X¢»7HTHERMAL »38X¢8HSPECIFIC/3X s 11HTEMPERATURE p4X, 12HCONIN2

10UCTIVITY 19X+ 1IHTEMPERATURE » 7X ¢ 4HHEAT) IN2
890 FORMAT (///55Xs10HEMISSIVITY/8X,8HMATERSIAL ySX» THOENSITY » TXsQHTHICKINZ

INESS»7X s SHFRONT s 9X o UHBACK » 7X» L1 4HNODES/MATERTAL /) IN2
900 FORMAT (11Xre113,8X0EL0e%rtXiEL10 4 14X2EL0e4rUX2EL10.496X9FE10.47) IN2
910 FORMAT (///+4Xs41HADDITIONAL DATA FOR PHASE CHANGE MATERIAL) IN2
920 FORMAT (/sbX)WHNPC=r» 1S9 2Xe6HTMELT=9E12,512X 9 LSHHEAT OF FUSION=,E12IN2

1,502Xs THRHOFIL=yE12.5¢2X+SHFIFRS,E12,.5) IN2

930 FORMAT (//4Xy60HADDITIONAL DATA FOR INDIVIOUAL MATERIALS IN BACKUPIN2
' 1 STRUCTURE//11Xy8HMATERIAL»5Xr»16HFILM COEFFICIENT 15X, 13HGAP THICKNIN2

2ESSs8XsSHFTESTy 13X, SHBTEST) . IN2

940 FORMAT (13Xs1I3,12XeE104499XsE10,407XrELL.497X)ELL,4/) N2
950 FORMAT (///¢4Xs39HEQUIVALENT PROPERTIES OF PCM AND FILLER) IN2
960 FORMAT (///¢5Xs25HEQUIVALENT DENSITY OF PCMsE12.5,2Xs26HDENSITY OFIN2
1 PCM DURING MELT/)E12.5) CINg

970 FORMAT (/4Xs12HTEMPERATUREZ£12,5,4X s 17HFILM COEFFICIENT=/E 2, 594X IN2
. 1+12HVIEW FACTORZ/,E12+5s4XsTHQ LOST=,E12,5) IN2
980 FORMAT (//4Xs52HLINEAR TEMPERATURE DISTRIBUTION IS NO LONGER ALLOWINZ
1ED) IN2

990 FORMAT (4XyS52HTEMPERATURE DISTRIBUTION IN HEAT SHIELD 1S ARBRITARYIN2
1/) , .. - IN2
1000 FORMAT (8E12,5) IN2
1010 FORMAT (//4Xs64HTEMPERATURE DISTRIBUTION IN HEAT SHIELD IS UNIFORMINZ
1 AND EQUAL TO E10.4/) IN2
1020 FORMAT (////15X,43HPROGRAM DOES NOT PERMIT INITIALIZATION WHEN22H IN2
1THERE IS INITIAL CHAR) _ IN2

END , . IN2
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10
20

30
4y

50

60

OVERLAY (P5490,1,2) CND

PROGRAM CONDTN CND

CND

COMMON /CNDTN/ DELoOTMAX,TTAU,»ITER CND

COMMON/TPS/ZA(20)¢G(9)sR1X(9) : CND

COMMON AL e ALPHA(99) ,ALT(99) ¢ AME v AMI CND

1,A0FA + AOFE » AROD ' AS vAX(9911+9)9AY(9+11+9)CND
2+BATA *BE +BETA(99) +BF ¢ BFL BL CND
3+sDELTA +OIAM ¢DIST(9) 'DST vE(20,99) JEALL CND
4sEAT(20,99)EDOT(20099) 1EMIS(9) ,FACC »FCU(20099) »FCY(20+¢99)CND
S¢FNET(20) «FSUL20:,99),FT(20) 'FTU(20¢99) e FVE +FO7 CND
60G(20+99) sHH s HINS 'HINSD(99) » ICONF » ILINKO CND
TeIQINP +ITURB o IWALT 'MAT(9+9) +MPT(9,9) +MR(9,18) CND
8+NCOLM +NCR ¢ NCRC +NF o NI(18) +NINS CND
99 NMAT +NMIN ¢ NPRY ' NPSG eNR(18) +NRSG CND
$¢NSEG ¢ NTRAJ e N33 'PE e PHI Pl CND
$oPINP(99) +GCONL(9) +»QCONT(9) +QINP(99) HQNET(9) »RHO(9) CND
$¢RHOI ' KYE 'RYI 'SL ' SLS ' STAAT CND
$9STI 'STOOP .- »T(20099) »TALLW(9) »TAMP(999) »TAU ' CND
$,TCL oTEMP(9o9) +THETA ' TI ' TIME(99) »TINS CND
$2TINSD(S9) »yUF ¢t VFACT(9,18) VI 'VINF(99) +WROTE CND
$oXEMIS o XSTG(99) »XX(20) v Y (9) 022(20) CND
DIMENSION A1(9,9)+A2(9+9)+A3(9+,9) ,NRA(18)»AN(4)»Q2(9))VF(9,18) CND

10X(9) +DY(9¢9) rAU(9,9) yOET(9,9) CND
. CND

DO 440 JIJ=1,10 CND

I1=0 CND

Al1S=0, CND

@SS=0, , CND

IF (NRSG,EQ.u) GO TO 20 CND

L=0 CND

VO 10 I=1eNRSG CcND

NRA(1)=NR(I) CND

X220, CND

00 70 I= 1-Nc0LM CND

IF (NCRC,LT.2) GO TO 30 CND

X1sX2 CND

X2=XX(I)»w2 CND

DX(1)=3, 1“16t(x2-x1) CND

60 TO 40 . CND

DX(I)y=X(1) CND

IF (IGINP.EQ,3) GO TO 50 CND

QNET(I)=Q(I)=0,476E=12XEMISATEMP (1,1) 2%y CND

00 70 J=1eNSEG CND

KSMAT(I,J) CND

K=IABS(K) CND

IF (K.,EQ.,0) 60 TO 70 CND

CPSTRPLAT(AYAX s TEMP(I»J) e KoloMPT(K,1)) CND

EK=1,8E3/TRPLAT(AY s AXyTEMP(IoJ) yKs2/ MPT(Ke2)) CND

AL(I»J)SCPERHO(K) 2DX(I) =Y (J) CND

XYSDX(IY/Y(J) CND

A3(I,J)=EK/XY CND

IF (NCRC,EQ.2) GO TO 60 CND

OY(I,J)zvY () CND

A2(1,J)=EKEXY CND

GO TO 70 , CND

A2(T9J)=,31832EKALOGIXX{T) /{XX(L)=,5¢X (1)) )/Y(J) CND

DY(I+J)=6.2832%XX(I)%Y(J) CNO

I1-57
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70

80
90

100

110
120
130
140
150
160
170
180

190

200

220
230
240

IF (1,eQ,1) 6O TO 70

AB(T, J):.SletEKtALOG((XX(I)‘.StX(I))/XX(I-I))/Y(J)

CONTINUE

DETMAX=0,0

NEWDT=0

DO 340 JUs1.NSEG

DO 340 I=1,NCOLM

IF (MAT(1,J).EQ.0) GO TO 340
IF (IQINP.EQ,3,AND, J.EQ 1) GO TO0 190
@s=0,

DO 330 K=1/,4

GO TO (8Uv90,100,110), K

IF (I,EQ.1) GO TO 120

IF (MAT(I=1rJ)) 120021001340
IF (I.,EQ,NCOLM,OR MAT(I+J),LT.0,) GO TO 120
IF (MAT(I+1,J)) 1600210,160
IF (U.,EQ.1) GO TO 130

IF (NCOLM.,EQ,1). GO TO 150
IF (MAT(1rJ=1)) 1500210,150
IF (J.EQ,NSEG) 60 TO 320

IF (MAT(Is,U%+1)) 190,200,190
GUN(K) =0,

60 1O 33U

QAN(3)=ONET ¢})*DX (1)

GO YO 330

GN(1)==0ii(2)

60 TO 330 '

QN(3)==02(1)

G0 TO 339

IF (NCRC,LE.1) GO TO 170
SAZAZ (T ,u)+A4(]I+1,D)

00 10 180
SAZAZ(I,J)+A2(I+10J)
GN(2)=(TEMP(I+1,J)=TEMP(1,J))/SA
60 TU 330

ANCY)SCTEMP (Lo J+1)=TEMP(I J) )/ (AS(T2J+1)+A3(I,J))
Q2(I)=AN (&)

IF (IQINP.EQ.3,AND.J+EQ,1) GO TO 340
GO0 YO 330

GN(K)=0,

1IF (NCOLM.6T,1) GO TO 210
lJd=i

M=31

=L+l

N=JU+2

60 TO 240

QN(K) =0,

IF (NRSG,EQ@.0) GO TO 330
NRP=z10%1+J

DO 220 L=1+/NRSG :

IF (NRP,EQ.NRA(L)) 60 TO 230
CONTINUE .

60 TO 330

NRA(L)=0

IJaN1 (L)

00 310 II=1,1V

IF (NCOLM.,EQ.1) GO TO 250
MSMR(II,L)/10
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250

260
270

280
290

300
310

320

330

340

NIMR(II)L)=10%M

IF (IVF.EQ.1) GO TO 300

IF (K.EQ,1,0R«K,EQ,2) GO TO 260
RL=DX(I) :

60 TO 270

RLSDY (X, )

M1SMAT(I,J)

E1SEMIS (ML)

M2IMAT(M,N)

IF (M2.EQ.0) GO TO 280
E2ZEMIS(M2)
E123E1%E2/(1e=(1,~E1)%(1.=E2))
60 710 290 '

El2=¢1 '
VF(IIOL)=0.“76E-12*E12ORL*VFACT(II’L)

GRSVF(II,L)*(TEMP(My)N) s8U4=TEMP (] ,J) %*4)

UN(K)=AN(K)+QR

GO0 Y0 330 '
AN(4)=HINS#DX (L)« (TINS=TEMP(I,J))
IF (HINS,GE«1<E9) QGN(4)==GS
QAS=QS+ON(K)

WSS=0SS+QS

Al1SzZAL1S+AL(1, )

IF (MAT(IeJ).LT,0.) GO TO 340
OET(I,J)SDELTA%QSS/ALS
DETMAX:AmAxltDETMAXoABS(DET(Ivd)))
A1S=g,

wss=o,

CONTINVUE Co :

IF (VETMAX.GT+10,) GO TO 350

 ODEL=DEL+DELTA

350

360

370
380

390

ITERSITER+)
TTAUSTTAU+DELTA

OSTP=STOOP=TTAU

IF (DETMAX.LT+3) GO TO 360

60 TO 380

DOELTA=DELTA
DELTA=DELTA#*(5,0/DETMAX)
DWRT=WROTE=-DEL _
DELTA:AMINI(DELTAoDTMAXADSTP'DWRT)
DEL=DEL+DELTA

ITERSITER+1

TTAUSTTAU+DELTA

USTP=STOOP=TTAU

NENDT:{

60 TV 399 .

IF (DETMAX,GT.0,01) GO TO 370
DELTA=2,0%(DELTA+0.5)

GO 10 380 :
DELTA=DELTA*(6,75/DETMAX)
OWRT=WROTE=DEL

iF (OWRY ,EQ.0+0) DWRT=10,0
DELTA:AMINI(DELTA.OTMAxoDSTPoDWRT)
DO 430 J=1sNSEG

D0 430 I=1,NCOLM

IF (NEWDT.NE,1) 60 TO 400
DET(I.J):DET(IoJ)t(DELTA/DDELTA)

1-59

CND
CND
CND
CND
CNO
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND

“CND

CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND
CND

116
117
118
119
120

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

167

168
169
170
171
172
173



400

410
420
430

440 -
%S0

11=11+1

IF (MAT(1+,J),LT.0,) 60 T
TEMP(IsJ)STEMP(T+J)+DET(
IF (11.,LE.1) GO TO 420
DO 410 I2=2:11

13=2]1=-12¢+2 -
TEMP(I3=1,J)=TEMP(I3»J)
11=0 .
CONTINUE

IF (DEL.EQ.WROTE.,OR,TTAU
CONT INUE

RETURN

END

0 430
Ied)

+£EQ,STOOP) GO TO 450
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OOOOOO0OMCO

OVERLAY (P5490,1,3)
PROGRAM ABLATE

STRUCTURES AND MECHANICS DIVISION
THERMO=STRUCTURES BRANCH
THERMAL PROTECTION SYSTEMS SECTION

THIS PROGRAM DETERMINES THE PERFORMANCE OF A CHARRING ABLATOR

ANALYSIS AND PROGRAM DEVELOPED BY DONALD M, CURRY *

COMMON /ABLTN/ ToQINoDTSvTXZ!SO)oVELX'IGINPPodELoAPRNTOINToPE

COMMON /ARRH/THETA(10)»APsXBrSNyCA»XMTPT(10),AOPT
COMMON /BREV/ KUS+KAS,KOS,NAP, NPCoNIFPCM'DQINloDQINZoDQ!N3oKAvKU ABL

1, TMELT
COMMON /CCSDOT/SDOT
COMMON /DELX/ DELX1+DELX2,DELX3

COMMON /ZDMND/ TKC(9)» XKC(9),
1 TKV(9), XKV(99T) o TCPV(9) .,
2 KHOBX (4)» XBM4) EMFB(4)»
3 NCPB(4)» TXK(Ool) o XK(9yl4)
4 NPM(4) GAPX(4)» FTEST (&),
5 TX1(30)s TX2T(10+6), TUL1(30),
6 B(30), C(30), D(30),
7 AB(5006) BB(5¢6) CB(5¢6)
8 RB1(5¢6) RB2(596)» TY{(30),
9 XMDG(10) » RHO(10)» CP(10),
$ H{4)» - IEM(10) PKV(T)»
$ SR(10), HX(20)» Tw(20)

COMMON /HF/ HF1,)HF2+HF3
COMMON /KAN/ KAN1,KAN2,KAN3
COMMON/OLA/ T1J0O(10)eCDJ(10)

TCPC(9)
CPVI(9) e
EMBB(4)
TCP{Osl4) »
BTEST(4)»
TUL2(30)
S(10)
DB(5¢6)
CPB(9¢6)»
YK(10)
Xv{(10)

COMMON /PCM/ 0RIN100RIN200R1N300R0T1oQROTZ'QROTS

COMMON /QST/ QST1,QST2,QST3

COMMON /UNDM/ABLCy» ABLK» BL»CHARC » CHARK »
1 ERR2, ERR3» ERR4s» ERRS» FENV) FVo
2 Ios NCPCs» NCPvs, NKCe NKVy NMB,
3QLOSSs RHOC» RHOVe TABL . TBLOWsTCHAR,TEMPI,
4 Ve VLVIXLOST»XLSTVe XMC» XMDC,

S NTKV, NPKV,»IQRLCK
UIMENSION XVPNT(10)

DT, DX,
~HV, H300,
NPBS, NPF,
TENV,TEST2,
XMP, XMT,

DATA BETAL Bt TAT,FBLOWL»FBLOWT/0,25+04201,44¢0,87/

" DT=DTS/3600,

QHW=QIN
QCONX=QIN
@BLOCK=0,0
4=0,

HWS0.
HTX=0,

IF (XMDT,LE+0¢01,AND.IQINPP,NE.4) GO TO 180
COMPUTE HEAT BLOCKAGE AT FRONT SURFACE

IF ([17=1) 40e40s20

IF (I17=NHP) 30,30,40

IF (TX2(INT)=TW(I17)) 60+90,50
WRITE (6+550) TX2(INT)

GO0 TU 540
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CPC(9)s ABL
XNPM(4), ABL
NKpB(L4)» ABL
CPX(9+4),» ABL
TEMDI (30)» ABL
A(30), ABL
R(1U)» ARL
SB(506)e ABL
OxB(6)s ABL
XKB(9:6)e ABL

Ts(10)s ABL

EMy,
117,
NREC,
TREC,
XNP,

ARL

ABL

ARL

ABL

ABL

ABL
EMC, ARL
15, ARL
NRS, ABL
TV.ABL
NHP , ARL
ABL

ABL

ABL

ABL

ABL

ABL

ARL
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ABL
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ABL

ABL
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50 117=117+1 : T ~ ABL

G0 71O 20 ’ ABL

60 IF (TX2(INT)=Tw(I17=1)) 70,90,80 _ . ABL
70 117=117=1 ’ . ABL
GO 7O 10 ' ABL

80 Hw-HX(117‘1)+((HX(II?)-HX(II?-I))I(TW(II?)-TN(II?-l)))t(TXZ(INT)-TABL
1W(l17=1})) ABL

GO TO 100 ’ ABL

90 HW=HX(I17) ABL
100 HTX-H300+((Vtht*Z)/50056 5) " ABL
IF (XMDT.LE.0+01.0R,IQGBLCK.,EQ,0) GO TO 110 _ A : ABL

" FBLOW=FBLOWL " ABL
BETA=BETAL ABL

IF (T.GT.TBLOW) FBLOWSFBLOWT ABL

IF (T.GT.TBLOW) BETASBETAT _ ABL
XM2=XMP/ (1 4 =XMDC/XMDT% (1 ,=XMP/XMC) ) ABL
ALPHA=FBLOW* (28,97/XM2) **BETA ABL
BCOF=XMDT* (HTX=HW) /7 ( @HW®3600., ) ABL
XABZALPHA*BCOF - ARL

IF (XAB,LE.0.) GO TO 110 ABL

IF (XAB,0T.4U.) XAB=40. . ABL
G=XAB/(EXP(XAB)=l,) , ABL

IF (6,6T.1.) G=1, ~ ABL
QWB=GxQHw ABL
QBLOCK=QHW=QwB B "~ ABL

110 CONTINUE ABL
IF (IQINPP.NE.4) GO TO 180 ABL

‘ ‘ ABL
COMPUTE Q=HOT WALL : ABL

2= (HTX=HW)/ (HTX=H300) o ABL

IF (2=1.0) 120,140,150 4 ABL

120 IF (2) 130,130,150 ' ABL
130 QHW=0,0 ) ARL
60 TO 170 ‘ ABL

140 QHW=GCONX ABL
60 TO 160 : ABL

150 QHW=ZxQCONX ) ABL
160 IF (QHW,EQ.0,) GO TO §70 ’ ABL
422= (QHW=QBLOCK ) /QHW ABL

IF (222=042) 170,170,180 ABL

170 GBLOCK=0,8%QHW _ ‘ - ABL
: ABL

NET HEAT INTO FRONT SURFACE ABL

180 IF (IEMCINT)) 190,190,210 ABL
190 IF (TX2(INT)=TCHAR) 200,200,210 "ABL
200 EMX=EMV ABL
60 TO 22u ABL
.210 IEM(INT)=1 ABL
EMXSEMC ABL

220 QIN=QIN=QBLOCK=(4,8333E~13)4EMXsFV2((TX2(INT) ##4)=(TVsat)) ABL
QIN=QIN*3600,0 ABL

ABL

CHECK FOR FRONT SURFACE RECESSION (CHAR LAYER REMOVAL) ABL -
CALL RECESS(XMDC/»XLOST,»TREC,OT»RHOC»TSsSRoTX2(1) +NREC »NRS+ERRS» SDOABL

17) - ABL

IF (ERRS5) 230¢230,540 4 - ABL

230 VLVSVLV=XLOST " ABL
XLSTV=XLSTV+XLOST ABL
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XLSTI=XLSTV#12,0

<40
250

260
<70

280

290
300

310

320
330

40

350

360

370

DXV=VvLV/Z (XNP=1, 0)
XV(I)‘O 0
XV(I)=XV{I=1)+DXV
CONTINUE

UX=DXV

IF (ERR4) 25ye250,540
CALL COEFF (NPFT,SDOT)
1F (ERR2) 2600260540
IF (ERR3) 2700270,540
CALL SWUFTLA,BsCyDeTYINPFT)
U0. 260 IS1.NP
TX1(1)=TX2(1)
ITX2(L)=TY(]I)

CONTINUE

CALL MDTGAS

XMDT=XMDG (INT)+XMDC
LTSnNP+1

DO 310 I=1.NNB
LLT=NPM(])

IF (1.,EQ,1) GO TO 290
IF (GAPX(1=1).£Q.0.) GO TO 290
KKT=1

G0 TU 30V

nKT=g

00 310 JU=KKT LLT
TX2T(Je I)=TY(LT)
LT=LT+1

CONTINUE .

Lo 340 1= 1. NMB

IF (1.EG.,1) o0 YO 320
IF (GAPX(1=1).EQ.0.,) GO TO 330
60 Tu 340
TX2T(1+1)STY(NP)

00 TO 34u

LXSNPM(I=1)

TX2T (1o I)STXZ2T(LXeI=1)
CONTINUE

LM=NP+1

U0 350 I=1.NMB
LZ=NPML(T)

V0 350 J=1.L2
TX2(LMI=TX2T(Je 1)
LMSiLM+1

CONTINUE

IF (NIFPCM) .510+510¢360
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ABL
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ABL
ABL
ABL
ABL
ABL
ABL
ARL

CALCULATION OF ACCUMULATED HEAT IN PCM NODES DUE TO HEAT OF FUSIONARL

CONTINUE

IF (KAN3,6T.u) GO TO 510

IF (KAN1,GT.0) 60O TO 380

IF (TX2(KU),GE,TMELT) 60 TO 370
G0 TV 51y

TX2(KU=1)=TMELT

TXZ(KU)’TMELT

- 60 TU 420

380

IF (KAN2,6T.0) GO TO 400
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320

400

410

420

430
440

450

460
470

480

490

500
- 9510

IF (TX2(KU+1)GE.TMELY) GO TO 390
GO TOU 510

TX2(KU+1)STMELT

KUS=«10

60 TO 420

IF (KAN3,GT.U) GO TO 510

IF (TX2(KA)GE,TMELT} GO TO 410
60 TO 510

TX2(KA)=STMELT

IX2(KA=1)=TMELT

KO0Sz~10

CONTINUE

TJO(1)=,5% (TX2(KU=~2)+TX2(KU=1))
TJO(2)=Tx2(KU)
TJO(3)=, 5% (TX2{KU)+TX2(KU+1))
TJO(4)=TX2({KU+L)

TJO(H )=, 5% (TX2(KU+1)+TX2(KA=1)}
TJO(6)=TX2(KA)

TJO(T )=, 5% (TX2(KA)+TX2(KA+1))

CALCULATION OF CONDUCTIVITIES FOR HEAT BALANCE OF PCM NODES

THIS IS OONE IN SUBROUTINE COND
CALL CAND _
BISSDELX1/CDJ{1)+DELX2/CDU(3I)
BESzVELX2/CDJU(2)+DELX2/CDJ(W)
BAS=DELX2/CDJ(4)Y+DELX2/CDJ(6)
BOS=0ELX2/CO0J(5)Y+DELX3I/COU(T)

IF (KAN1,GT.U) GO TO 450
QRINIZ(TJUO(1)=TUO(3))/(BIS%3600,)
QROT1I=(TU0(2)=TJUO (W) ) /7 (BES®I600,)
LQAIN1I=(QRIN1-QROT1)%DTS
Q@ST1=QST1+DQIN1

IF (@ST1-HF1) 440,440,430
KAN1=10

KAS=10

CONTINUE

60 TO 510

CONT INUE

IF (KAN2,GT.0) GO TO 480
WRINZ=(TJ0(2)=TJO(4)) /(BES%3600,)
WROT2=(TJO(4)=TJUO(6) )/ (BAS%3600,)
DQINZS(QRIN2=QROT2)%DTS
QST2=QST2+DAIN2

IF (QST2=HF2) 470,470,460
KAN2=10

KUS=10

CONTINUE

G0 YO 510

CONTINUE

QRINAS(TJO(4)=TJO(6)) /(BAS%3600,)
QROTA=(TJO(S)=TUO(7))/(BOSx3600,)
UQINS=(ORIN3I=QROT3)=0TS
WST3I=QSTI+DGIN3

IF (QST3«HF3) 500,500,490
KAN3=10

K0S=10

CONTINUE

CONTINUE

IF (UEL+41.01%DTS,LT.APRNT) RETURN
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QIN1=QIN/3600. ' ' - ABL
WRITE (6+560) TOVELXoQINlnXMDG(INT)oXMDCoXMDTOXLSTI'QBLOCK.QHN.HTXABL

1oHW 2 ) ) ABL
TIME=T+,5%DTS , ‘ ’ S . ABL
WRITE (6:,570) TIME ) . _ _ " ABL,
WRITE (6+580) , ) A " ABL

IF (NIFPCM,LE.0) GO TO 520 . ABL
WRITE (6¢590) QRIN1,URINZ»QRIN3,QROT1,QROT2,0QROT3 ABL
WRITE (6,590) UQINIoDGINZoDOINBoGSTlcOST2005T3 ABL
WRITE (6+600) (CDJ(J)9U=1s7) P ‘ A ABL

520 CONTINUE , ' ’ ABL
00 530 I=1,hP , , ‘ ABL

530 XVPNT(I)-XV‘I)#12.+XLSTI ' ABL
WRITE (69610) (XVPNT(I)vTXZ(I)oTHETA(I)oXMTPT(I) I=S1,NP) ABL
IJsinP+1 » ’ ABL
WRITc (6,620) ‘ ' ‘ ARL
WRITE (6+630) (TX2(I1),I=1J,)NPF) ’ ) : ABL
WRITE (6+640) o -~ ABL
RETURN , ’ : ' - " ABL

540 STOP - - - R S e - o ABL
ABL

550 FORMAT (1HO0.80H THE RANGE OF THE ENTHALPY-TEMPERATURE CURVE FIT WAABL
1SEXCEEDED AT A TEMPERATURE OF »1E1044) - ABL

560 FORMAT (6HOTIME=)E12.5015X,9HVELOCITYZ»EL12,5012X 1 4HAIN=VEL12,5/19H ABL
16AS ABLATION RATE=+E12.5¢:2X+19HCHAR ABLATION RATE=,E12, 502X.20HT0TABL
2AL ABLATION RATE=+E12,5/17H RECESSION DEPTH=/+E12,5,4X,7HGBLOCK=,E1ABL
'32.5014X011HQ HOT WALL=,E12,5/5H HTX=¢E12,.5,16X, 3HHW=,E12, 5018X92HZA8L

- 4SeEL2,5/) ~ ABL
570 FORMAT (1HO»72HTEMPERATURE DISTRIBUTION IN HEAT SHIELD AT THE END ABL
10F THE TYIME STEPy T= »E12.5:1Xs7THSECONDS//) . ABL
580 FORMAT (4X,49HTEMPERATURE DISTRIBUTION IN THE ABLATING MATERIAL//)ABL
590 FORMAT (2Xe6(2XeEL12:5)) ‘ "ABL
600 FORMAT (2X»7(2X¢E12.5)77) Co ,ABL
610 FORMAT (30X»1HX»4X¢s11HTEMPERATURE »2XsSHTHETASX»5HM DOT /¢ (24X F10ARL
T 1e50F10.1eF10.U9EL6,7)) ’ ABL
620 FORMAT (//uXvQQHTEMPERATURE DISTRIBUTION IN THE BACK=UP STﬂucTURE/ABL
1/) _ABL
630 FORMAT (6X0E12,5¢5E16.5) = . ... ABL
640 FORMAT (//) ’ ’ ' . A8L

END o 7. ABL
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SUBROUTINE CAND

THIS ROUTINE CALCULATES THE CONDUCTIVITIES REQD DURING MELTING CAN

OF PCM

CAN

CAN

COMMON /BREV/ KUS¢KAS,KOSINAP, NPCoNIFPCMvDOINl;DQINZ.DQINB-KA.KU CAN

1o TMELT

COMMON /OUMND/ TKC(9)»

1 TKV(9), XKV(9,7)» T
2 RHOBX (&) » XBM(4)» £
3 NCPB(4) » TXK(9,4)» X
4 NPM(&) - GAPX(4) FT
5 TX1(30)e TX2T(10+6)¢ TU
6 © B(30) C(30)»

7 AB(5+6) BB(S,6) C
8 RB1(596)¢  RB2(5:6)r

9 XMDG(10)» RHO(10)

3 Hi4), IEM(10)»

$ SR(10) HX(20)»

COMMON/OLA/ TJO(10),CDJU(10)

COMMON /UNDM/ABLC, ABLKs ‘BL»CHARC o CHARK »
FVe HENV,
NP,

1 ERR2, ERR3y» ERRY4, ERRSe FENV,
2 160 NCPCe NCPV, NKCe NKV»

XKC(9),
CPV(9),

MFB(4)

K(9,4),
EST(4),
L1(30),

0D(30}),
B(Ss6)

TY{(30), -

cP{10),
PKV(T7),
TW(20)

NMB

'

TCPC(9)»
CPV(9)
EMBB(4) »
TCP(9¢4)r
BRTEST(4)»

TUL2(30)

S(10)
OB(S5,6) ¢
CPB(9+6)
YK(10)»
XV(10)»

DT, Dx,
HV, H300,
NPBS, NPF,

3@LOSSe RHOC» RHOV, TABL»TBLOW:TCHAR,TEMPI, TENV,TEST2,

4 ViLe VLVIXLOST,XLSTVse XMCs XMDC, XMDT,

5 NTKVe NPKV,IGBLCK .
RO 100 J=1,7
I=NPC
IF (JJEQ,7) I=NPC+i
LKP=NKPB(I)
10 IF (I5=1) 40+40,20
20 IF (15«LKP) 30,30,40.
30 IF (TJO(JU)=TXK(1I5,1)) 60090,50
40 G0 TO 110
50 I52I5+1
" 60 TO 20
60 IF (TJO(J)-TXK(IS-le)) 70,90+80
70 15S15~1
60 70 10

XMP' XMT'

CAN

CpC(9),» CAN

XNPM(4)s CAN

NKPB(4), CAN
CPX(9r4)s CAN
TEMD1 (30), CAN
A(30)s CAN
R(10), CAN

. SB(5+6) s CAN
DXB(6)s CAN
XKB(9+6)s CAN
TS(10)) CAN

EMV,
117,
NREC,
TREC,
XNP,

CAN
CAN
EMC CAN
I5,CAN
NRSy CAN
TV, CAN
NHP, CAN
CAN

- CAN
CAN

CAN

- CAN
CAN

CAN

CAN
CAN
CAN
CAN
CAN
CAN
CAN
CAN

80 COJ(JIISXK(IS=2oI) ¢ ((XK(ISrI)=XK(IS=1» I))/(TXK(IS!I)'TXK(15-101)))*CAN

1(TJO(J)=TXK(IS=1,1))
G0 TO 100 »

90 CDJ(J)=XK(I51)

100 CONTINUE

- 15=2

110 CONTINUE
RETURN
END
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SUBROUT

INE COEFF (NPFT,SDOT)

THIS SUBROUTINE DETERMINES THE COEFFICIENTS OF THE MATRIX

COMMON /ABLTN/ TeQINsDTS,TX2(30) VELXe JQINPP, DEL+ APRNT» INTPE

COMMON /ARRM/THETA(10)+APeXBeSNyCA»XMTPT(10)+AOPT
COMMON /BREV/  KUS+KAS,KOSINAP, NPCoNIFPCMvDQINl DQIN?vDQINBvKA Ku COF

1, TMELT
COMMON /CCPG/CPGAS
COMMON /UMND/ TKC(9)» XKC(9)»

1 TKV(9)» XKV(Gs7)o» TCPV(9),

2 RHOBRX(4) » . XBMi4) EMFB(4) »

3 NCPo(4) e TXK(9,4)» XK(9,4),

4 NPM(4) GAPX(4)» FTEST(4),

s TX1(30), TX2T(10:6)» TUL1(30),

6 B(30) C(30)» D(30),

7 AB(5e0) BB(S5s6) CB(5:6)

8 hB1(506) RB2(5s6) TY(30),

9 XMDG(10) RHO(10) CP(10),

% i), IEM(10)» PKV(T7)»

% SR(10Q) HX(20)» Tw(20)
COMMON /KAN/ KANIOKANZ!KAN3 C
COMMON/SID/ NUP
COMMON /UNDM/ABLC, ABLK)» BL+CHARC CHARK

1 ERRgs ERR3s ERRY4, ERRSe FENV FV, HENV,

2 “loe NCLPCs NCPVe NKCr NKV» NMB, NPy

34L0SS» RHOCe RHOVy TABLTBLOW,TCHAR,TEMPI,

4 VLy VLVeXLOST#XLSTVe XMC, XMDC, XMDT,

S NThRVe NPKV, LGBLCK
KIP==-10
KAP=NPC+}

KOP=z~10

CALL PROP

IF (ERR2.,EQe¢1.0) RETURN
XFGi1=1.

XFG2=1,

XIFG3=0,

IF (AOPT.NE.us) XFGI 0.
IF (AOPT NE.Ue) XIFG3=1.

IF (TX2
YNPZNP
S(INT)=

ROINT)I=(140)/7((DX/20)%((1,0/YK(INT))+ (1. OIYK(INTOI))))

ACINT)=

(1).L1.TABL) XF62=0,
(RHO(INT)*DX#CP(!NT))/(Z 0xDY)
0.0

BUINT)==(S(1)+R(1))
CUINT)IZR(1)

OUINT) -QIN-S(l)*TXZ(l)*(XMDG(I)-XMDG(Z))*HV/Z *XFGI+XF62*CA*DX/2 COF
1%HV (RHO (1) «RHOC) ##SN2EXP (=XB/TX2(1) ) sXIFG3+XMDG(1)*CPGAS/2, *GIN/YCOF
2K(1)*0X+RHO(1)*CP(1)*SDOT*QIN/2 /YK {1)*DX

XFG2:si,

JNTSINT+1

NPP=iNP=
XFG2=1.

1

00 10 I=UNT.NPP

XI=1

S(I)=(RHO(I)=Dx*CP(I))/0T
RUDIS(1,01/70(DOX/7(2,02YK(I)))+(DX/(2,0%YK(I+1))))
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TCPC(9) s
CPV(G)
EMBB(4)»
TCP(994)
BTEST(4)»
TUL2(30)
S(10)»
DB(5+6) ¢
CPB(9+6)
YK(10)»
XV{(10)e

or, Dx, -

Hv, H300,
NPBS, NPF .
TENV,TEST2,

XMP, XMT,

COF
COF
COF
COF
COF

COF
COF

CPC(9)y COF
XNPM(4),y COF
NKPB(4)s COF

CPX(9e4), COF
TEMDI(30), COF
A(30), COF
R{10), COF
-SB(5¢6)y COF

DXB(6)s COF .

XKB(9s6)y» COF
Ts(10)s COF

EMV,

117,
NREC,

TREC, .

XNP,

CoOF
COF
COF

EMC.COF'

“ IS5 COF
NRS,COF

- TV.COF.
- NHP,COF

COF
. COF

COF-

CoF

. COF.

COF
COF
‘COF

.COF

COF
COF

COF -

COF

COF:.
COF .
COF
COF -

COF
COF
-COF

COF
CoF
COF
: COF
- COF
COF
COF
.COF
COF
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10

20
30

40

50

60

70

80

A(L)=(R(I=1)=XMDG(I)*CPGAS/2.)

BI)Z=(R(I=1)+R(I)+RHO(I)*CP(I)#SOOT* (YNP=XI}/(YNP=1,))=S(I)
CCII=(R(I)+X#DG (1) #CPGAS/2.+RHO(I ) #CP (I )#SDOT*(YNP=XI)/(YNP=1,))

IF (Tx2(I).LT.TABL) XFG2=0,

COF
CoF
COF

COF

D(I)==S(I)*TX2(I) ¢ (XMDG(I)=XMDG(I+1) ) *HVEXFG1+XFG24XIFG3*CAxHV* (RHCOF

10(1)=RHOC) %sSNREXP (=XB/TX2(1) ) *0X
XFG2=1,
CONT [NUE

RINP)=(1, 0)/((DXB(1)/(2,0%XKB(1,1)))+(DXB(1)/(2,0%XKB(2¢s1))))
SINP)= (RHO(NP)#DX#CP(NP)+RHOBX(1)*CPB(1:1)#DXF(1))/(2 0*0T)

A(NP)=R(NP=1)

b(NP)—‘(XMDG(NP)tCPGAS§R(NP-1)+R(NP))-S(NP)

CINP)ZR(NP)
IF (TX2(NP).LT.TABL) XFG2=0,

COF
CoF
COF
COF
CoF

CoF .

Cor
CoOF
COF

DINP)=(=S(NP)®TX2(NP) ) +XMDG (NP ) xHV*XFG1+XFG2%CA*HV /2, (RHO (NP) =RHOCOF

1C) sxSNEXP (=XB/TX2 (NP) ) #DX#XIFG3

D0 250 I=1,NmMB

IF (NPC,EQ.0) GO TO 20

IF (KAS,LT«0.AND,I.EQ,NPC) GO TO A0
IF (KOS,LT.0.AND,I,EQ.KAP) GO TO AD
CONTINVE

IF (I=1) 30,30,40

AB(1,I)=A(NP)

bB(1,1)SBINP)

CB(1s1)=CINP)

DB(L,I)=D(NP)

G0 TO 140

LENPM(I=1)

IF (FYEST(l)) 100,500100

CONTINUE

IF (NPC,£Q.0) GO TO 60

IF (KAS.LT.0.AND,I1,EQ.NPC) GO TO 90
IF (KOS,LT.0,AND,I,EQ,KAP) GO TO 90
CONTINUE

- CoOF
CoF
COF
COF
CoOF
COF
CoF

. COF -

CoOF

- COF

COF
CoF
COF
COF
COF
CoF
CoF
COF
CoF

SB(1yI)=(RHOBX(I)=CPB(1+1)4DXB(I)+RHOBX(I=1)%CPB(L,I -1)*DXB(I-1))/COF

1(2.0%DT)

CoF

RBL(1,I)=(1,0)/7((DXB(I=1)/(2,0%XKB(LsI=1)))+(DXBR(I=1)/ (2, O#XKB(L-ICOF

101=1))))

RB2(1,1)2(1,u)/7((DXB(I)/ (2, 0*XKB(1,1)))+(DXB(I)/ (2, OtXKR(ZoI))))

AB(1,I)=RB1(1,])

bB(1,1)2(=(RB1(1»I)+RB2(1,1)+SB(1, I)))

CB(1,1)=RB2(ir])
DB(1,1)=(=(SB(1o1)&TX2T(1,1)))
IF (KOP,LT.0) GO TO 70
AB(1,1)=0.0

DB(loI)-DB(l I)-RBI(I I)tTMELT
CONTINUE

GO Tu 140

MODIFICATION OF FIRST NODE OF PCM DUE TO HEAT OF FUSION
THIS IS THE HALF NODE OF THE FACE SHEET

CONT INUE

KLOK=1

I=NPC=1

IF (KOS.LE.CG) I=NPC
LNF=NPM(])

CoF
COF
CoOF
COF
CoF
COF
CnHF
CoF
CoF
CoF
CoF
CoF
COF
COF
CoF
CoF
COF
COF
COF

RBL(LNF,1)= (1-0)/((DXB(I)/(ZoO*XKB(LNF-le,))+(DXB(I)/(2 O=xKBR(LNFCOF

1¢1))))
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COF

113
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agQ

RBZ(LNF.I)-(loO)/((DXB(I*I)/(2 OxXKB{1,I+1)))+(DXB(I+1)/ (2, 0#XKB(2COF

1»I+1))))

AB(LNF»1)=RBL(LNF,1)

BBILNF,1)=0,0 -

CB(LINF, 1)=RB2ILNF,I)

00BI=DQINL/DTS

IF (KOS,LE.D) DOBI=DQIN3/DTS

DB(LNF 1) =008I+(RB1I(LNF o I)+RB2(LNF,I) )sTMELT
LOZLNF=-1

MODIFICATION OF NODE AHED WHEN FIRST PCM NODE AT TMELT
CB(LO,I)=0,0
UB(LO,I)=DB(LO,I)=RB2(LO»I)*TMELT

KIP=310

1=KLOK

GO 1O 20

CONTINUE

C MODIFICATION OF FIRSTNODE OF PCM DUE TO HEAT OF FUSION

- C

C

100
110

120
130

140

150

160

THIS IS THE FIRST HALF NODE OF PCM
SBUieI)=0.0

CoF
COF
CoF
CoF
CHF

-COF

CoF
CoF

COF

CoOF
CoF
COF
CoF
COF
CoF
COF

-COF

CoF

RBL(1,1)=(14u)/((DXB(I=1)/(2,0%XKB(LrsI=1)))+(DXB(1=1)/(2,0%xXKR(L=1COF

1,I=1))))

RB2(1,1)=(1,0)/7((DXB(I)/(2,0«XKB(1oI)))+(DXB(I)/ (2, O*xxe(a.x))))
AB(1,I)=RrB1(1»])

BB(1,I)=0.V

CB8(1yI)=rB(Le])

DABI=DQIN1/DTS

IF (KOS,LE.0) DABI=DUIN3/DTS
OB(1,1)=pABI+(RBI(1+I)+RB2(1,1))aTMELT

GO TU 1ly4u

IF (FTEST(I)) 110+509+120
0Z(1,73E=«09)/(1,0/EMBB(1«1)+1,0/EMFB(]1)=1,0)

0 TU 130

6=0,0

bB(l-I)'&RHOBX(I)tCPB(loI)*DXB(I))/(2 0xDT)
RB2(1,I)=(1eu)/7((DXB(I)/(2.0XKB(1»I)))+(DXB(Y)/ (2, OthP(Zox))))
AB(1sI)=H{I=1)44,0%6%(TX2T(LeI=1)%%3)

bBU1 )1 (=(H(I=1)+4,02GR(TX2T (1, 1) %x3)+RB2(1,1)4+SB(1,1)))
CB(1,1)=RR2(}1r]I)

DB(1yI)=3,0%0%((TX2T Ly I=1)%xl)=(TX2T(1,])xx4))=SB(1, I)#TXZT(I 1)
LFSNPM(TI)=]

VO 170 J=2sLF

IF (KUS,LT.0.,AND,I.EQ,NPC} GO TO 160
SB(JU»I)=(RHOBX(I)«CPB(JeI)=DXB(1)) /DT

CoF
COF
CoF
CoF
CoF
CoF
CoF
COF

- CoF

COF
COF
COF
COF
COF
COF
COF
COF
COF
COF
COF
COF
COF
COF

RBLC(UsIN=(140)/7((DXBUI)/(2,0%XKB(J=1¢1)))+(DXB(I)/(2,08XKB(JsI)))ICOF
RB2(JrI)S(1,u)/7((DXB(I)/(2,0%XKB(J+1¢1)))+(DXR(I)/(2,0%XKR(J,1))))COF

AB(UsI)=RBL(Jr])

BB(UrI)=(=(RB1(JrI)+RB2(J» 1) +SB(U,I)))

CB(JrI)=RB2(JrI)

DBlU» [)=(=(Sb(Js1)2TX2T(Jr1)))

IF (KIP,LT.0) GO TO 150

MODIFICATION OF CENTER PCM NODE WHEN FIRST NODE AT TMELT
AB(J»I)=0,0

0B(JUrI)=OR(JrI)=RBL(JII)*TMELT

KIP==10

CONTINUE

GO0 7O 170

MODIFICATION OF INTERIOR NODE OF PCM DUE TO HEAT OF FUSION
CONT INUE
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CoOF
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COF
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CoF
CoF
COF
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117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
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141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
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161
162
163
164
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166
167
168
169
i70
171
172
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RBL1(UrI)=(1.0)/((DXB(I)/(2.0%XKB(J=1+1)))+(DXB(I)/(2,0%XKB(Jr1))))ICOF
RB2(JUeI)=(1,0)/7((DXB(I)/(2,0¢XKB(J+1¢I)))+(DXB(I)/(2,08XKR(JrT)))ICOF

AB(JeI)=RB1(Je I) CoF
6B(Us»1)=0,0 COF
CB(JrIV=RB2(Jr ) COF
VDB(J,I)= DGIN¢/DTS0(R81(J9I)+R82(J.I))*TMELT CoOF
CB(J=1,1)=0,0 COF
DR(J=191)=DB(J=1,1)=RB2(J=1+1)*TMELT COF
JKSNPM(I=1) COF
CB{UK,I=1)=0,0 COF
DB(JK»I=1)=08(UK)I=1)=RB2(JK»I=1)=TMELT CoF
KOP=+10 COF

170 CONTINUE CoF
IF (I=NMB) 180,260,260 : COF

180 LNF=NPM(]) COF
IF (BTEST(I)) 210,190,210 COF

190 SB(LNFsI)=S(RHOBX({I)*CPB(LNF,I)*DXB(I)+RHOBX(I+1)xCPR(1,1+1)xDXB(I+COF
11))/(2,0%CT) COF
RBLI(LNF2I)=(140)/((DXB(I)/(2e0%XKB{LNF=1,I)))+(DXB(1)/(2,0%xxXKR(LNFCOF
1:10))) COF

- RBZALNF,I)=(140)/7((DXB(I+1)/(2,02XKB(1s1+1)))+(DXB(I+1)/(2,0%*XKB(2COF
10,141 ) ' COF
AB(LNF,I)=RBLILNF,1) COF
BB(LNFrl)=(= (RBI(LNF:I)+R82(LNF.I)+SB(LNFoI))) . COF
CB(LNF,I)=RB2(LNF,1I) CoOF
DB(LNFI)=(=(SBILNF»I)2TX2T(LNF,1))) COF

1F (KOP,LT.0) 60O TO 200 : CoOF
ABILNFe1)=0,.u CoF
DB(LNF»I)=DBI(LNF¢I)=RBI(LNF+I)%TMELTY COF

200 CONTINUE ' CoF
G0 TO 250 COF

210 IF (bTEST(I)) 220,190,230 COF
220 6=(1,73E~-09)/(1,0/7EMBB(I)+1,0/EMFB(I+1)=1,0) CoF
60 10 240 ; COF

230 6=0,0 _ COF
240 SBILNF»I)=(RHOBX(I)*CPB(LNF,1)%DXB(I))/(2.0%DT) COF
RBL(LNF,I)=(1, 0)/((DXB(I)/(Z.O#XKB(LNF-lvI)))+(DXB(I)/(2 0xXKB (LNFCOF
1:10))) COF
AB(LNF»I)=RB1(LNF,I) COF
BB(LINFeI)=(=(RBI(LNF o I)+H(I)+SBILNF,I)+4,0%G%(TX2T(LNF,I)*%3))) COF
CBILNF IISH(L) 44 ,0%Cx(TX2T (1, I+1)2%x3) CHF
DBILNFsI)Z30%GR( (TX2T(1eI4+1)%%4)=(TX2T(LNF, 1) %x4))=SRE(LNF,T)*TX2TCOF
1(LNE,I) COF
250 CONTINUE CoF
260 MNZ=NPM(NMB) COF
IF (QLOSS)Y 280,270,280 COF

270 SB(MN,NMB)=(RHOBX (NMB)xCPB (MN,NMB)*DXB (NMB))/(2,0%DT) COF
RB1(MNeNMB)=(1,0) /7 LOXB(NMB)/ (2, %XKB (MN=1yNMB) ) Y+{DXB(NMB) /(2 ,0%XKCOF
1B(MN,NMB)))) COF
AB(MN,NME)=RB1 (MN,NMB) COF

BB (MN,NMEB) = (={RB1 (MN,NMB) +SB(MN,NMB) ) ) , COF
CB(MN,NMB)=0,0 COF
DB(MN,NME)I = (~(SB{MN)NMB) xTX2T (MN,NMB) )) COF

60 10 290 CoF

280 SB(MN,NMg)=(RHOBX (NMB)*CPB (MN/,NMB) %xDXB (NMB) )/ (2,0%DT) COF
RB1(MNyNMB)=(1,0)/7((DXB(NMB)/(2,0¢XKB(MN=1yNMB)) )+ (DXR(NMB) /(2.0%XCOF
1KB(MN,NMB) ))) CoOF

AB (MN,NMg ) =RB1 (MNyNMB) COF
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185
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187
188
189
190
191
192
193
194
195
196
197
198
199
200
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290

300
310

320
330

BBIMN/NME) =(=(RB1 (MNsNMB) +HENV+ (1 ,73E=09) *FENV*4, 0% ( TX2T (MN,NMB) x*COF

15)+S8(MN,NMB)))
CB(MNyNMB)=0,.0 -

CoF
CoF

OB (MN)NMB ) = (=~ (HENVETENVHFENV* (1, 73E«09) % ( (TENVA*4)+3, Ot(TXZT(MN NMCOF

1b)*%4) ) +SBIMNINMB) «TX2T (MN,NMB)))

L=NP+)

DO 330 I=1,.NMB
K=NPM(I)

IF (1,EQ6,1) 60 TO 300

IF (GAPX(I=1).EQ.0,) GO TO 300

KT=}

60 TO 310

KT=2

VO 320 J=KTiK
A(L)=AB(JUr )
b(L)=BB(JrI)
CLr=CB(uUr 1)
Q(L)=DB(JU» 1)

L=bl+y

CONT LNUE

CONYINUE

NPFT=L=1

IF (KAS,LT.0) NUP=NAP
IF (KUS.LT.0} NUP=NAP+1
IF (KOS,LT.0) NUP=NAP+2
RETURN

END

1-71

CoF
COF
COF
COF
COF
COF
COF
CoF
COF
COF
CoF
COF
COF
COF
COF
CoOF
COF
CoF
COF
COF
COF
COF
COF

233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259



OO0

SUBROUTINE MIDTGAS

MOT

THIS SUBROUTINE DETERMINES THE MASS FLOW RATE FROM THE MDT
ABLATING NODES MDY
MOT

COMMON /ABLTN/ TeQINeDTS»TX2(30) ) VELX s IQINPP,DEL » APRNT, INT, PE MDT
COMMON /ARRH/THETA(10) sAP¢XBrSN,CA»XMTPT(10),A0PT MDT
COMMON /CCSDOT/SDOT ‘ : MDY
COMMON /UMND/ TKC(9)» . XKC(9) TCPC(9) CPC(9), MDT
1 TKV(9), XKV{iG,7), TCPV(9) s CPV(9) XNPMC4), MOT
2 RHOBX (&), XBM(4) . EMFB (&), EMBB(4)» NKpBl4), MDY
3 NCPB(4), TXK(O9s4) e XK(9ol)y TCP(Qyl4) CPX(90s4)y MDT
4 NPM(4), GAPX (4) FTESY(4), BTEST(4)» TEMDI (300, MDT
5 TXL(30)r TX2T(10s6)» TUL1(30), TUL2(30) A(30), MDY
6 B{30), Ct30)» N(30), S{10) R(10), MDY
7 AB(506) 8B(5:6) CB(5+6) DB(5:6) ¢ -SB(Se6) s MDT
8 RB1{Se6) RB2(5:6) TY(30), CPB(O,6) DxB(6)y MDY
9 XMDG(10)» RHO(10), CP(10), YK(10) XKB(9s6)s MDT
$ H&), IEMC(10)» PKV(T), XV(10)e TS(10) ¢ MDT
$ SR(10), HX(20)» TW(20) MoT
COMMON /UNDM/ABLC, ABLK. BL s CHARC , CHARK » DT, Dx, EMy, EMC,MDT
1 ERRgs ERR3s ERR4, ERRSy FENV, FVy HENV, MV, H300, 1117, IS,MDT
2 I6s NCPCe NCPV, NKCr NKVse NMB, NP» NPBS» NPF, NREC, NRS,MDT
3QLOSSs RHOC» RHOV: TABLITBLOW¢TCHAR,TEMPI, TENV,TEST2, TREC, TV MDT
4 VL, VLV XLOST, XLSTV, XMCy XMDC, XMDT, XMp, XMT, XNP, NHP,MNT
5 NThyv:, NPKV»1GB8LCK MOT
MDY

MNY

00 10 I=1sNP MDY
10 TuLi(I)=TUL2(D) MDT
XNP=NP MDT
KISNP MDT
KI1=NP=) MOT
IF (TX2(NP) .GE,TABL) TUL2(NP)STUL1(NP)=AP*DT*EXP (=XB/TX2(NP) ) MDT
IF (SN.,EQ.1.) GO TO 20 MOT
RHO (NP ) =RHOC+ (RHOV=~RHOC) *( (1+=SN) *TUL2 (NP) )% (1,/(1+=SN)) MOT
GO0 TQ 39 MDT
20 RHO(NP)=RHOC+(RHOV~RHOC) *EXP (TUL2 (NP)) MDT
30 CONTINUE MDY
THETA (NP ) S (RHO (NP ) «RHOC ) / (RHOV=RHOC) MDY
IF (THETA(NP) LE,,01) RHO(NP)=RHOC MOT
IF (THETA(NP) «6T+1,0) RHO(NP)=RHOV MDT
XMT=0, MDT
XMDG (NP) =XMT MoT
DO 9p I=1,KI11 MDT
KIZNP=I MOT
ZKI=K1 MDT
IF (TX2(KI).GE,TABL) GO TO 40 MDT
IF (SDOT,EQe0.) GO TO 50 MDY
TULa(KI):(TULl(KI)+soortor/oxt(pr-th’/(xNP-l.)‘TuLa(KI+1))/(1.+SMDT
100T#DT/DX* (XNP=ZKI)/ (XNP=1,)) MDT
60 ‘70 50 MDT
40 CONTYINUE MOT
TUL2(KI)=(TUL1(KI)-APtDT‘EXP(-XB/Txa(KI))*SOOT*DT/DXt(XNP-ZKI)/(XNMDT
IP-I.)*TULZ(KI+1))/(1.+SDOT¢DT/DX¢(XNP-ZK1)/(pr-l,;) . MDT
50 CONT1INUE MDT
IF (SN.F@.1.) GO TO 60 MDT
RHO (K1) =RHOC+ (RHOV=RHOC) % ( (1+=SN)#TUL2(KI) )%%(1,/(1«=SN)) MDT
60 TO 70 MDT
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60 RHO(K])=RHOC+(RHOV=RHOC)*EXP(TUL2(KI)) MDT 59

70 THETA(KI)IS(RHO({KI}=RHOC) / (RHOV=-RHOC) MOT 60
IF (THETA(KI)«LE.,01) RHO(KI)=RHOC : MDT 61

IF (THETA(KI).G6T,1,0) RHO(KI)=RMHOV MDT 62

IF (TX2(KI).LT,TABL) GO TO 80 MDT 63
XMTZXMT+CASDX /2. ( (RHO(KI)=RHOC ) # aSN*EXP (=XB/TX2(KI) )+ (RHO(KI+1)=RMOY 64
1HOC ) xxSN*EXP (=XB/TX2(KI+11}) MDY 65
80 XMTPT(KI)=IXMT MDY 66
AMDG (KT ) =XMT MDT &7

90 CONTINUE : MDY 68
RETURN MOT 69
END MDY 70~
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SUBROUTINE PROP

PRP

THIS SUBROUTINE DETERMINES THE PHYSICAL PROPERTIES OF THE PRP
HEAT SHIELD STRUCTURE PRP
PRP

COMMON /ABLTN/ T,QINsDTSs»TX2(30),VELXs IQINPP,DEL » APRNT, INT/PE PRP
COMMON /ARRH/THETA(10) s AP ¢XBrSNoCAyXMTPT(10) ¢ AOPT PRP

COMMON /DMND/ TKC(9)» XKC(9)» TCPC(9)» CPC(9),y PRP
1 TKV(9) XKV(9e7)» TCPV(9), CPV(9) XNPM(4)y» PRP
2 RHOBX (&) XBM(4) ¢ EMFB(4) , EMBB(4)» NKPB(4)» PRP
3 NCPB(4)» TXK(O9el4) XK(9y4), TCP(9s4) CPX(9:4), PRP
4 NPM(4) » GAPX(4) FTEST(4), BTEST(4)» TEMDI(30) PRP
5 TX1(30)» TX2T(10,6), TUL1(30), TUL2(30) A(30), PRP
6 B(30) C(30)y D(30), S(10)» R(10), PRP
7 AB(5:6) BB(S5¢6) CB(5¢6) DB(5¢6) SB(5¢6)» PRP
8 RB1(506) RB2({S5,6) TY(30), CPB(9+¢6) DxB(6)s PRP
9 XMDG(10) ., RHO(10) CP(10), YK(10) XKB(9¢6)¢ PRP
$ Hi4)» TEM(10) s PKV(T) . XV{(10)» TS(1G) s PRP
$ SR(10), HX(20) TW(20) PRP

COMMON /UNDM/ABLC, ABLK: BL » CHARC  CHARK ¢ OT, Dx, EMy, EMC,PRP
1 ERR2, ERR3¢ ERR4, ERRSs» FENV» FVy HENV, HV, H300, 117, 15,PRP
2 Ios NCPCe NCPV, NKCe NKV» NMB, NP+ NPBS, NPF, NREC, NRS,PRP
3wL0SS, RHOCs RHOV, TABL TBLOW!TCHAR,TEMPI, TENV,TEST2, TREC, TVsPRP

4 Vi, VLV XLOST, XLSTVe XMCy XMDC, XMDT, xXvp, XMT, XNP, NHP,PRP

5 NTKy, NPKV/s1lOBLCK

DO 4U I=1/NP

IF (KHOVL.EQ.RHOC) GO TO 20

IF (RHO(1).NE.RHOC) 60 TO 10

CALL QDOT(1eTX2(I1) s TKCeYK(I) s XKC»DUMINKC)

CALL GDOT(1¢TX2(I)sTCPCICP(1)+CPC,DUMINCPC)

G0 TU 40

IF (THETA(I).LT,.99) GO TO 30

CALL GDOT(LrTX2(I)pTKVoYKLI) o XKV eDUMsNKVeNTKVeNPKV »PKV,PE)
CALL QDOT(1+TX2(I) o TCPVICP(I)CPV/,DUMINCPV)

GO TO 40

YK(I)=CHARK+ (ABLK=CHARK)* ( (RHO(1)«RHOC)/(RHOV=RHOC))
CP(])=CHARC+ (ABLC=CHARC)*( (RHO(I)«RHOC)/(RHOV=RHOC )
CONTINUE »

DETERMINATION OF PROPER BACK=UP SHIELD MATERIAL PROPERTY

00 230 I=1,NMB
DXB(L)SXBM(I)/((XNPM(I)=1,0)%12,0)
LKP=NKPB(I)

LCP=NCPB(I)

NN=NPM(T)

DO 220 J=1NN

IF (I5=1) 80,80r60

IF (I5=LKP) 70,70,80

IF (TX2T(Jel)=TXK(IS¢1)) 1000130,90
WRITE (6+250) I,TX2T(J,1)

ERR2=1.0

GO 10 240

1521541

GO TO 60

IF (TX2T(Je1)=TXK(1IS5=1,1)) 110,130,120
I5515=1
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120

130
140
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160
170
180
190

200

21U
220

230
240

250

GO TO S50 PRP

XKB(JpT)=XK(I5=1o1)4( (XK(I5s1)=XK(I5=1, I))/(TXK(IS.T)-TXK(Is-l I1))PRP
1)#(TX2T(Jr I)=TXK(IS=1,1)) PRP
GO 10 140 - PRP
XKB(Jr I)=XK (15, 1) ' PRP
AF (le=-1) 80,80,150 PRP
IF (le=LCP) 160,160+80 PRP
IF (1X2T(JeI)=TCP(I60+1)) 1800210+170 ~ PRP
16=16+1 PRP
60 TO 150 PRP
IF (TX2T(JeI)=TCP(16~1,1)) 190,210,200 PRP
l6=io=-1 PRP
GO TO 140 PRP
CPB(JyIN=CPX(16=1+I)+((CPX(I6+I)=CPX{I6=1¢I))/(TCP(16+1)=TCP{16=1,PRP
1)) = (TX2T(Je 1) =TCP(I6=101)) PRP
G0 TO 220 PRP
CPB(U,1)=CPX (160, 1) PRP
CONTINUE _ PRP
15=2 PRP
16=2 L PRP
CONTINUE R B . PRP
RETURN PRP
PRP

FORMAT (1HU+» 32H THE RANGE OF ONE OF THE NUMBRER +12,71H BACKUP STRUPRP

1CTURE PROPERTY CURVE FITS WAS EXCEEDED AT A TEMPERATURE OF ,E12.5)PRP

END PRP
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SUBROUTINE QDOT(KeXeAXI2YsAYI+DERINyNTyNP,AZI»2Z)
DIMENSION AX1(1),AYI(9,7)sAZI(1)

[=0

IF (N-2) 10,70,30
IF (ww=1) 90sc0,30
Y=AY1(1)

DER=0,

G0 70 230

-IF (K) 400140040

I=1+}1

IF {(N=I) 80,80,50

IF (Xx=AXJI(I)) 60¢60040

IF (I=1) 70,70,80

=2

Jzle-1
DER=(AYI(I)=AYI(J))}/Z(AXI(I)=AXTI(U))
Y2AYI (D) +(X=AXI(J))*0ER

GO YO 230

DO 100 I=1.NT

IF (AXI(I).GTex) GO TO 110
CONTINUE

I=NT ,

IF (L,LT,2) (=2

Lsl=1

DO 120 J=1/,NP

IF (AZ2I(u)eGT42) GO TO 130
CONTINUE

J=NP

IF (U, LY.2) u=2

MSJ=1
DERLIS(AYI(IeJ)=AYI(LoJ) I/ (AXI(I)=AXI(L))
DER2=(AYL (Lo M)=AYI (L M))/(AXI(I)=AXI(L))
YISAYI(LoJ)+(X=AXI(L))%DERY
Y2=AYI(LoM)+(X=AXI(L))%DER2
DER=(Y1=Y2)/(AZI(J)=A21(M))
YSY2+4(2=AZ1 (%)) xDER

GO TO 230

I1=1+1

IF (N=1) 21002100150

IF (x=AXI(I)) 160,160,140

IF (1-1) 200,2009370

IF (ABS(AXI(]I)=X)=ABS(AXI{I=1)=X)) 190,190,180
IF (I-=2) 190,190,210

Jisl~1

Je=1

J3SI+}

GO TO 220
Jiz=l

Jesi+l

J3SI+2

60 TO 220
Jvisi-2
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C

c

Ja=1-1
J3=1

eDY
eDT
00T

220 AT ((AYI(J3)~AYI(J2))/ (AXI(JBI=AXTI(J2))=(AYI(J1)=AYT(U2))/(AXI(J1)}=GDT

1AXI(J2) ) )/ (AXI(JB)=AXI(J1))

BI(AYI(J1)=AYI(J2))/(AXI(JL)=AXI(J2))=Ax(AXI(JL1)=AXTI(J2))
YS(Ax (X=AXI(J2))+B) % (X=AXI(J2))+AYI(J2) '

DER=2 ,#Ax (X=AXI{(J2))+B
230 RETURN

END
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SUBROUTINE RECESS(XMDC,XLOST,TREC,DToRHOC»TS,»SRyTX2¢NREC,NRS)ERRS,RCS

1S50071) - RCS
) RCS

THIS SUBRROUTINE DETERMINES THE FRONT FACE LOCATION AND CHAR MASS RCS
REMOVAL RATE RCS
RCS

RCS

DIMENSION TS(10),SR(10) RCS
IF (1X2=-TREC) 10,20¢20 A RCS
XMDC=0,0 RCS
XLOST=0,0 RCS
s00T=0,0 . RCS
GO 1O 120 ' ) ; - - RCS
IF (NRS~1) 5005030 L RCS
IF (NRS=-NREC) 40,40050 ' RCS
IF (TX2=TS(NRS)) 700100+690 : RCS
WRITL (60130) TX2 RCS
ERR5=1,0 _ RCS
60 TU 120 RCS
NRSENRS+1 RCS
60 1O 30 RCS
IF (TX2=TS(NKkS=1)) 80,100+90 RCS
NRS=NRS=1 RCS
60 70 20 RCS
SX=SA (NRS=1)+( (SRINRS)=SR(NRS=1))/(TS(NRS)=TS(NRS=1)) )% (TX2-TS(NRSRCS
1-1)) RCS
w0 TO 110 ' RCS
SXZSR (NRS) RCS
XLOST=300.0%SX*DT RCS
XMDC= (XLOST=RHOC) /DT RCS
SDOT=5X%300.u RCS
RETURN . RCS
. RCS

FORMAT (1HO»75H THE RANGE OF THE SURFACE RECESSION TABLE WAS EXCEERCS
10ED AT A TEMPERATURE OF r1PE12.5) RCS
END RCS
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SUBROUTINE SwWUFT(A9BsCeDe TN}

THIS SUBROUTINE DETERMINES THE FORWARD TIME STEP TEMPERATURES
BY SOLVING THE TRI=DIAGONAL MATRIX

COMMON /BREV/ KUS/»KAS,KOS»NAP/NPC/NIFPCMyDQINL1)DQIIN2,DQIN3sKAIKU
1» TMELT

COMMON/S 1D/ - NUP

OIMENSION A(30)+B(30)+CU30)+D(30),T(30),CP(30),0P(30)
IF (NPC,EQ.0) GO TO 10

IF (KAS,GT.0,AND,KUSGT.0.,AND.KOS,6T.0) GO TO 10
M=N

N=NyP

CONT INUE

CP(1)=C(1)/B(1)

DP(1)=D(1)/B(1)

DO 20 I=2.N

CPIII=C(I)/7(B(1)=A(Ll)%CP(I=1))
DPCI)=(D(I)=A(]1)&DP(I=~1))/(B(1)=A(I)%CP(]l=1))
CONTINUE

TI(N)=DP(N)

NMIzNw]

DO 30 Jz=1,NM1

I1=Ney

T(DHH=DP([)=CP(I)=T(I+1)

CONTINUE

1IF (NPC.,EC.0) GO TO 60

IF (KAS,GT,0,AND.KUS+GT+0.AND,KOS,6T.0) GO TO 60
TINUP+1)=TMELT

K=NUP+2

CPiK)=C(K)/B(K)

DP(K)=D(K)/B(K)

KKSK+1

DO 40 I=KK,M

CPINI=C(IV/{B(1)=A(])sCP(1=1))
OP{I)=(D(I)=A(I)2DP(I=~1))/(B(I1)=A(II%CP (I=1))
CONTINUE

T(M)=DP (M)

NMlzie]

DO SuU J=1/NM]

1=M=y

T(I)SDPULI)=CPUI)xT(I+1)

CONTINUE

NzM

CONTINUE

RETURN

END
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OVERLAY (P5490,4,0)
PROGRAM RSICHMP

OIMENSION ALFAI(ZO)oC(SO)vDX(Zl)'DZ(“l)vGG(lO)oKT(SO)oKX(SO)oKZ(SORQI
1)eNL(5) Vv (50)
UIMENSION A(40,40) »AH(41921)9AT(40+,20) 9AV(41,21)sFH(40,10)/)FP(40,1RSI
10)sFS(40,10) »FSM(40010)»FV(40,10)0sGX(U1s21)0R(40, 40),TH(41,21) ¢ TVI(RSI

2410,21)

OIMENSION B8(40,1,40)

COMMON/BLOCKAZA ¢

DELX
Fv ’
Il '
Ja e
KKw . ¢
MS ’
PX ’
XZ1 ’
9s NTEST1
COMMON
1»AQOFA
2+:BATA
3:0ELTA

BNCNE OGN -

AH

DELZ » DX
66 ¢ GX
12 e 14
J5 ’ JTA
KSwl » KSw2
NCASE + NH1
Q r R
x22 v X204

AL

¢ AOFE

» BE

v OIAM

v Al
v D2
v H1
e 15
¢ JTB
¢ KT
¢ NL
¢ SF
¢ X25

s ALPHA(99)
- »AROD
»BETA(99)

¢oDIST(9)

4oEAT(20+99)vEDOT(20099) vEMIS(9)
'FSU(20099) +FT(20)

SeFNET(20)
6¢G(20,99)
7eIQINP

8/ NCOLM
9yNMAT
$/NSEG
$»PINP(99)
$,RHO1
$,STI
$oT7CY
$»TINSD(99)
9 XEM]IS

WRITE (6¢60) NMIN,N33

o M

» ITURB

» NCR

' NMIN

' NTRAJ
+GCONL.(9)
' {YE

¢ STOOP

+ TEMP(9,9)

v UF
¢ XSTG(99)

DO 50 NTEST=1r2
GO 10 (10+20) NTEST

10 NTEST1=NMIN
G0 TO 30
20 IF

30
40 A(II)=0,0

CALL MAIN

CALL MATRX4

CONTINUE
RETURN

50

s HINS

e IWALT

o NCRC

o NPRT
'N33
¢QCONT (9)
+RYI

v 7(20,99)
o THETA

'VFACT(9,18)»VI

e XX(20)

(N33 EQ.NMIN) GO TO 50
NTEST1=N33
DO 40 II=1,12299

RSI
RS1

RSI

RS1

RSI

ALFAL » AV r B e C ¢ RSI
FH » FP ¢ FS ¢y FGM + RSI
H2 v HU » HS y I » RSI
IR v J v J1 0 U2 » RSI
JTC v K » KCL v K1 ¢ RS]
KX » K2 e L e M ¢ RSI
NLJ ¢ NV1 ¢ PARTA » PARTB , RSI
™ r TV r V 0 X ¢ RSI
Zx1 » Z2X2 v 2X4 v ZX5 RSI
RSI

' ALT(99) ¢ AME e AM] - RSI
vAS : vAX(9+11+9)+AY(9911,9)RSI
+BF ' BFL e BL RS1
oDST vE(20099) sEALL RS1
'FACC 'FCU(20999) »FCY(20099)RSI
1FTU(20+99) ¢ FVE 'FO7 RSI
+HINSD(99) » ICONF e ILINKO RSI
'MAT(9,9) JMPT(9,92) +MR(9y18) RSI
oNF eNI(L8) +NINg RSI
+NPSG 'NR(18) ¢ NRSG RS1
' PE ' PHI 'PI RSI
»QINP(99) JQNET(9) *RHO (9) RSI
'SL 'SLS ' STAAT RSI
' TALLW(9) TAMP(9¢9) ,TAU RS1
' T ' TIME(S9) #TINS RSI
¢ VINF(99) ' WROTE RSI

'Y(9) 022(20) RSI
. RS1I

RSI

RSI

RSI

RS1I

RS1

RS1

RS1

RS1I

RS1

RSI

RSI

RS1

RS1

60 FORMAT (1H1sx NOW FOLLOWS OUTPUT FROM PROGRAM P2354 STRESSs CALCULRSI

1ATED FOR TwO TIME FRAMESs SPECIFIED BY

2=%013¢% ,%//)

END
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SUBROUTINE INPUTX

INX

DIMENSION ALFAL1(20)¢C(50)DX(21),D2(41)p66110),KT(50) ,KX(50) KZ(SOINX

1) eNL(S) eV (50)
OIMENSION A(4O0,40) AH(41021)¢AI(40,20) sAV(U4Y

INX
01 21) o FHUGD010) s FP (40, 1 INX

10) pFS(N0,10) pFSM(U030) oFV(40+10)sGX(ULs21)oR(40140) s TH(GLe21) e TV(INX

241021) INX
VIMENSION B(40,1,40) : INX
COMMON/RLOCKAZA » AH ¢ Al » ALFAL o AV e B s C e INX

1 DOELX » DELZ » DX v D2 v FH v FP » FS v FSM o INX

e Fv v GG v GX ¢ H1 v H2 ¢ Hu ¢+ HS P | v INX

3 11 e 12 v 14 v IS e IR e J v J1 v J2 e INX

4 Jy r JS v JTA v JTB » JTC ¢ K v KCL v K3 v INX

S KRw » KSwl » KSW2 o KT v KX v K2 e L ' M e INX

6 My v NCASE » NH1 o NL o NLJ v NV1 ¢+ PARTA » PARTB » INX

7 Px r ¢ R ¢+ SF v TH v TV ) v X e INX

8 XZ1 y X22 v X24 v X25 v 2X1 v ZX2 v 2XY4 ¢ ZX5 INX

9y NTEST1 INX
COMMON/BLOCKS/Z IPRINT, NCs NHy NLC» NV, PZ, VB INX

COMMON /LINK/ NSECT»TC»TS»TSKIN1,TSKIN2,TINS

1,TINS2¢TINS3 e XDST INX

COMMON AL . oALPHA(99) ,ALT(99) _s AME - - 9+AM] INX
1,AQFA ¢ AOFE » AROD vAS tAX(9911,9)+sAY(9s11+9) INX
2¢BATA v BE vBETA(99) »BF »BFL sBL INX
3,0ELTA LDIAM ¢DIST(9) ' DST rE(20999) fEALL INX
G)EAT(20,99)»EDOT(20,99) EMIS(9) LFACC »FCU(20999)sFCY (20»99) INX
SeFNET(20) FSU(20099),FT(20) tFTU(20099) »FVE 'FOY INX
60G(200,99) » HH P HINS +HINSD(99) » ICONF » ILINKO INX
7y IQINP ¢ ITURB - v IWALT 'MAT(Q,9) yMPT(9,9) 'MR(9,18) INX
8,NCOLM # NCR + NCRC ' NF ' NI1(18) +NING INX
9y NMAT o NMIN ¢ NPRT 'NPSG +NR({18) ' NRSG INX
$¢NSEG ' NTRAY P N33 +PE 1 PHI 'PI INX
$yPINP(99) +GCONL(9) »QCONT(9) ,»QINP(99) »GNET(9) ' RHO (9) INX
$,RHOI ' RYE »RYI »SL “eSLS 'STAAT INX
$,ST] » STOOP v T(20+99) ,TALLWI(9) »TAMP(9+9) »TAU INX
$¢7C1 ¢+ TEMP{(999) o THETA ' TI s TIME(92) +TING INX
$eTINSD(99) »UF o VFACT(9,18) V1 r VINF (99) 'WROTE INX
3, XEMIS s XSTG(99) »XX(20) 1 Y(9) v22(20) INX

DIMENSION MTL(13) ' INX

DATA(MTL(I) ¢ 1=1013)72020 1030408040404 040404495/ INX

EQUIVALENCE (TB,TINS2), (TF,TSKIN1), (TRyTINS1) INX

SEE COMMENT ON PZ IN SUBROUTINE INPUTH, INX
IPRINT = NON=-ZERO INTEGER FOR DE=BUG PRINT-QUT. INX

IPRINT = 0 OR BLANK FOR OMJISSION OF DE=-BUG PR

INT=0UT. INX

NV IS AN INPUT PARAMETER, BUT NOTE MANY STATEMENTS SET UP FOR THFE INX

PARTICULAR VALUE NV = 7.
FVE=(1,~VB)/(1,+yB)/(1,-2,.%VB)
E(4,NTESTL1)SE(4yNTEST1)%FVE
NH1=NH=1
NV1I=NVel
NLJ=NH+2
DX(1)=HH+TF
DX(2)=TR
OX(3)=2 .5 (TR+.,5%TC)/7,
ux(4)=DX(3)

DX(5)=DX(3)
DX(6)=,.5x0X(3)
DX{nv)=1,0
OX(NV+1)=1,0
N1=NH=15

I-ol

INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
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10

20
30

40

50

60

70

80

N2=nN1+4

N3=Ng+6

00 10 I=1/NHI
UZ(I)=.5%SL/(N1+5)

IF (1,6T.N1) DZ(1)=Dz2(1)/2,
IF (1.6T,N2) DZ(I):DZ(I)/S;
IF (1.6T.N3) Dz(I)Y=Ds(1)/4,
CONTINUE -

DZ(NH)=1,0

DZ(NH+1)=1,0

DO 30 J=1.7
AH(1,J)=DZ2(1)/72, o T ' -
DO 2u I=z/NH} 4
AH(TpJ)=,5%(VZ(1=1)+DZ2(1))
AH(NH,J)=DZ(NH1) /2,

00 4y J=1+6

U0 4¢ I=goNH

TH(I ) =T(2%JeNTESTL1) =530,
U0 50 I=1+,NPSG

LLEMTL(I)
ALFAl(I)-TRPLAT(AY;AX.T(IoNTESTl)oLkaoMPT(LLoQ))
U0 60 I=1,NHL

AV(Is1)=TF

AV(Ls2)=TF

AV(Ie3)=DX(6)

AV(I4)=DX(3)

AV(I,5)=0X(3)

AVIIeB)=UX(3)

AV(I»?7)=TC

00 70 J=1.7

DO 70 I=1+NH . .
TVLI»J)I=T(28U=1 yNTEST1)=5304
00 80 I=1+06

LLEMTL(2%1)
GG(I)=TRPLAT(AY,AX,T(2%1, NTESTI)oLLolloMPT(LLrll))
RETURN

END

1-82

INX
INX
INX
INX
INX
IMX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX
INX

59
60

62
63
64
65

67
68
69
70
71
72
73
74
75
76
77
78
79
R0
31
a2
83
84
35
86
87
88
89
90
a1
92
93
oy
95=-
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241+21) INY
DIMENSION B{40,1,40) INY
COMMON/BLOCKA/Z/A » AH ¢ Al » ALFALl ,» AV ¢ B e C e INY
1 DELX o DELZ ., DX v D2 v FH s FP ¢ FS ¢+ FSM o INY
2 Fv ¢ GG » GX ¢ H1 v H2 ¢ H4 v HS v 1 v INY
3 I v 12 v 14 v 15 e IR ' J v Ji1 ¢ J2 e INY
4 Jb ¢ JO v JTA v JTB e JTC r K e KCL v KI y INY
S KRw sy KSW1 » KSW2 » KT » KX v K2 e L ¢ M v INY
6 MS » NCASE » NH) ¢ NL e NLJ ¢ NVi » PARTA » PARTB , INY
7 PX ¢ Q@ ¢+ R v SF e TH v TV ' V ¢ X e INY
8 XZi ¢ X22 v X24 ¢ X25 ¢ 2X1 y 2X2 v 2X4 v ZX5 INY
9, NTEST1 INY
COMMON/BLOCKUS/ IPRINT, NCe NHe NLC» NV, PZ, VB INY
COMMON Al e ALPHA(9Q) ,LALT(G9) ¢ AME v AM] INY
1+ AOFA » AOFE ¢+ AROD ' AS _ ¢AX(9+11,9)9AY(Q¢11,9)INY
2+:BATA »BE ¢+BETA(99) ' BF 'BFL ' BL INY
3,DELTA 'CIAM vDIST(9) 'DST 'E(20099) JEALL INY
4+EAT(20+,99) rEDOT(20099) e EMISI(9) oFACC tFCU(20¢99) rFCY(20+99) INY
SeFNET (20) 1 FSU(20099)oFT(20) 'FTU(20+199) +»FVE FO7 INY
6r6G(2U,99) o HiH e HINS 'HINSD(99) »ICONF + ILINKO INY
7:IQINP ¢+ ITURB e INALT +MAT(9,9) 'MPT(9,9) +MR(Q,18) INY
8¢ NCOLM » NCR ¢+ NCRC o NF 'NIC(18) +NINg INY
Q9 NMAT ¢+ NMIN +NPRT 'NPSG +NR(18) ' NRSG INY
$+NSEG e NTRAY ' N33 +PE 'PHIY Pl INY
SrPINP(99) ¢ WCONL (9) ¢ QCONT(9) ¢+QINP(99) tONET(9) - ¢RHO(9) INY
$»RHOI 'RYE 'RYI eSL 'SLS ¢ STAAT INY
$,STI e STOOP ¢eT(20099) »TALLW(9) »TAMP(9¢9) »TAU INY
$yTCY ' TEMP(9,9) ,THETA eT1 ' TIME(99) * TINg INY
$rTINSD(99) »uUF ¢ VFACT(9,18),VI 'VINF(99) +WROTE INY
$ XEMIS + XSTG(99) ' XX(20) ' Y(9) 0 22(20) INY
C IF PZ IS ZERO, READ IT IN AS SUCH, DO NOT OMIT A DATA CARD. INY
PX=SPL/144 . INY
C PRESSURE PE 1S SENT VIA COMMON FROM PREVIOUS CALCULATION, INY"
NLJ=NH+2 INY
DO 10 I=1*NH INY
KZ(I)=I INY
KX(I)=7 INY
KY(I)=2 INY
C(I)==PX%AH(Ir7) INY
KZ (NH+1) =NH INY
KX{NH+1)=1 INY
KT{NH+1) =1 INY
CINH+1)=PZ2%,.5 INY
KZ(NH+2)=NH INY
KX(NH+2)=2 INY
KT(NH+2) =1 INY
CINH+2)=PZ%,5 INY
RETURN INY
END INY

SUBROUTINE INPUTY

INY

DIMENSION ALFAL1(20)9C(50)sDX(21)+D2(41)+GG(10),KT(50),KX(50)KZ(S50INY

1) oNL(5)»V(50)

INY

DIMENSION A{40+40) 0 AH(41021)0AT(40,20) AVIN1+21)sFH4D»10)Y»FP(LOV1INY
10)sFS(40,10)9)FSM{KOr10)sFV(UO0»10)s6GX(U1+s21)sRIUO0,40),THI4L1,21),TVIINY

1-83
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SUBROUTINE InPUTZ
DIMENSION ALFA1(20)

1) /NL(5) rv(50)

INZ

vC(50),DX(21),D2(41)»G6(10)yKT(S50),KX(50),KZ(SO0INZ

INZ

DIMENSION A(40,40)9AH(41021) 0 AI(40,20)»AVIUL1,21)2FH(40,20))FP(40,1IN2
10) yFS(40+10) s FSM(U0010) sFV(40010) 1GX(41,21)oR(4D,40) o TH(41921) s TV(INZ

241¢21) INZ
DIMENSION B8{(40s1eu0) ) INZ
COMMON/RLOCKA/A o AH e Al » ALFA1 , AV ¢ B v C » INZ
1 OELX » DELZ » DX v DZ v FH » FP » FS » FSM ¢ INZ
2 Fv » GG ¢y GX v H1 v H2 v H4 ¢+ H5 v 1 v INZ
3 I1 v I2 v 14 e I5 v IR ' J v J1 v J2 v INZ
4 Jy » JS y JTA e JTB v JTC v K ¢ KCL ¢ K1 ¢ INZ
5 KRW e KSW1 » KSW2 ¢ KT ¢ KX v K2 e L o M e IN2Z
6 MS » NCASE o NH1 e NL e NLJ ¢ NVI o PARTA » PARTB » INZ
7 PX v Q ¢+ R v SF v TH v TV ) v X v INZ
8 x«1 » XZ2 ¢ X24 » X25 r ZX1 » ZX2 r ZX4 » ZX5 INZ
9r NTESTI1 : INZ
COMMON/BLOCKS/ IPRINT, NCy» NHe NLC» NV, P2y VB INZ
COMMON al s ALPHA(99) ,ALT(99) » AME i AM1 - IN2Z
1,AQFA » AOFE ¢ AROD v AS 'AX(9,11,9)9AY(9,1199)INZ
2:BATA ' BE +BETA(99) ,BF 'BFL eBL INZ
3,DELTA 'OIAM #DIST(9) eDST 'E(20099) sEALL INZ
4sEAT(20,99)vEDOT(20+99)EMIS(9) +FACC ~ oFCU(20199)»FCY(20,99) INZ
SeFNET (20) 'FSU(20099),FT(20) 'FTU(20099) ¢FVE 'FO7 INZ
616(20999) sHH yHINS +HINSD(99) » ICONF ¢ ILINKO INZ
7+ 1QINP + ITURB » INALT 'MAT(9,9) »MPT(9,9) +MR(9s18) INZ
8¢ NCOLM ¢ iNCR s NCRC o NF oNI(18) ' NINS INZ
9yNMAT + NMIN ¢+ NPRT 'NPSG ¢NR(18) 'NRSG IN2
$:NSEG ' NTRAY eN33 PE o PHI 'PI INZ
$9PINP(99) *»QCONL (9) +QCONT(9) ¢+QINP (99) 'ONET (9) *RHO(9) INZ
$9RHOI ' KYE 'RYI 'SL . #SLS 'STAAT INZ
$,ST] »STOOP #1T7(20+099) HTALLW(9) »TAMP(9r9) »TAU INZ
$»7CY1 yTEMP(9,9) »THETA ' T1 »TIME(99) »TINS INZ
$»TINSD(99) oUF ' VFACT(9,18),Vv1 'VINF(99) »WROTE INZ
S XEMIS e XSTG(99) »XX(20) ' Y(9) v22(20) INZ
CONSTR=10.%%20 : - IN2
D0 10 I=1.7 INZ
KZ(1)=1 IN2Z
KX(I)=1 INZ
KT(I)=1 INZ
Cl1)=CONSTR INZ
KZ (8)=NH IN2
Kx{g)=1 INZ
KT(8)=2 INZ
C(8)=CONSTR INZ
RETURN INZ
END INZ

I- 84
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SUBROUTINE MAIN ’ MAN 1
TWO OIMENSICNAL STIFFENED SHEET MAN 2
MAN 3

CDC VveRSON MAY 1967 MAN 4
PROGRAM nUMc R 23554 MAN S

_ MAN 6

LeRe #1TTKOW MAN 7
_ MAN 8

VIMENSION ALFAI(ZO)OC(SO)oDX(Zl)002(41)oGG(IO)oKT(SO)on(SO)o“Z(SOMAN 9
1) oNL(S) v (DD) MAN 10
OIMENSION A(40,40) pAH(41021) v AT(40+20) pAV(41921)9FH{4O0,10)/FP(40,IMAN 11
10) PFS(U0,10) »FSMIL0r10) sFVIN0210) sGX(81,21) )RIUOILUOI,THI(UL921) 9 TVI(MAN 12
241021) MAN 13
ODIMENSION B8(40,1,40) MAN 14
COMMON/BLOCKA/A » AH v Al » ALFAL o, AV O v C » MAN 15
1 DeELx » DELZ » DX v UZ v FH y FP v FS ¢ FSM s MAN 16
2 Fy v GG ¢ GX e H1 s H2 y HY » H5 v I » MAN 17
3 I v 12 e 14 e 15 v IR v J v J1 v J2 ¢ MAN 18
4 Ju » JB v JTA v JTE » JTC v K v KCL » K1 » MAN 19
5 KRw » RSl , KSw2 » KT » KX r KZ v L. _ o M » MAN 20
6 MS » NUASE » NH1 ¢+ NL » NLU » NVIL » PARTA , PARTB , MAN 21
7 Px ' W » R ¢ SF e TH e TV vV r X v MAN 22
8 X1 ¢ X22 v XZ4 v X25 v ZX1 v 2ZX2 v 2X4 v 25 MAN 73
9, NTEST) : MAN 24
COMMUN/BLOGK -/ TIPRINT, NCe WHe NLC» FiVy PZy VR ) MAN 25
COMMON al e ALPHA(99) ,ALT(99) » AME ¢+ AMT MAN 26
1+A0FA ‘ » LOFE » AROD »AS ' AX(90.11,0)0AY(0,11,9)MAN 27
22 BATA o LE +BETA(3I9) +BF _ » BFL e BL MAN 28
3.DELTA o IAM eDIST(9) +DST . E(20+99)  sEALL MAN 29
LeEAT(20+99)9cDOT(20099) EMIS(9) +FACC 'FCU(20999)»FCY(20099)MAN 30
SeFNET(20) v +SU(20099) 0FT(20) 'FTU(2N999) ¢ FVE 'FO7 MAN 31
60Glgur99) 0i1H P HINS +HINSD(99) » ICONF "o JLINKO MaN 32
72 IQINP +1TURB » IWALT yMAT(9,9) »MPT(Q,2) sMR(0s18) MAN 33
8y NCOLM » NCR o+ NCRC o NF 'NI(LB) e NING MAN 34
9, NMAT ' NMIN e NPRT s NPSH 'NR(18) + NRSG MAN 35
5y NSEL einTRAJ e N33 ' PE ? PHI PY MAN 36
BePINP(Y9) s GCONL (9) +QCONT(9) »QINP(99) »QNET (9) +RHO(9) MAN 37
$,RHUL o YE 'RYI ' SL +SLLS : ' STAAT MAN 38
$»STI 1 STOOP 2 T(20+99) ' TALLW(9) ' TAMP(9rg) »TAU MAN 39
$,7C1 ¢t TEMP(9+9) »THETA ' T1 ' TIME(9C) »TINg MAN 40
e TINSDI9Y)Y yuUF yVFACT(9,18)ev1 ¢+ VINF(99) +WROTE MAN 41t
$9XEMLS s XSTG(99) XX (20} ' Y(9) v22(20) MAN 42
10 JTA=] ‘ MAN 43
JTBzo ' MAN 44
JTC=4 MAN 45
REWIND JTA MAN 46
REWIND JTHE MAN 47
REWIND JTC , MAN 48
CALL INPUTX ‘ MAN 49
MS=z %NV MAN 50
IF (LPRINT.EWwe0) GO TO 110 MAN 51
WRITEL (6,440) MAN &2
Ks2 MAN 53
KX(1)=NV1+6 MAN 54
DO 4u I=1eNh _ MAN 55
K=SK+KX (1) v MAN 56
IF (K=56) 30+30,20 MAN &7
20 WRITE (6,450) MAN S8
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K=Kx(1) ' MAN

30 WRITE (6,460) 1 ' MAN
WRITE (6+470) (JoDX(J) o AHUI»U) vE(2%JeNTEST1)» T(2xJ NTEST1) 9 ALFAL(2MAN
1%J) pU=1,iWV1) MAN

40 CONTINUE MAN
WRITE (6,480) - . MAN

K=2 ' MAN

KX (1)=NH1+6 , ' MAN

V0 70 JS19NV MAN
KSK+KX(1) ' MAN

[F (K=56) 60+60¢50 MAN

50 wRITE (6+450) : MAN
: K=KX(1) ~ .- ; : - - : . .. . MaN
60 WRITE (6+490) J MAN
WRITE (6¢470) (I,DZ(I1)sAVII J)sE(2%U=1,NTEST1)»T(2xJ=1,NTEST1)»ALFMAN
1AL(2%J=1)r1=1eNH1) MAN
70 CONTiNUE MAN
WRITE (6¢500) ’ MAN

K2 ' MAN
KX(1)=NVi+e : MAN
THICK=1, ' ' , MAN

U0 100 I=1leiNml MAN
KRK+KX (1) MAN

IF (k=%H6) 90+90,80 MAN

60 WRITE (6+,450) MAN
KSKx(4) MAN

G0 1131+1 ' MAN
wRITEL (6+51C) 1,11 ‘ , MAN
WRITE (6+520) (JrTHICK,GG(U)»J=1sNVY) : MAN

10U CONTLINUE MAN
WwRITE (6,450) ' : MAN

110 VO 140 U=1,NLC MAN
CALL INPUTY MAN

1IF (IPRINT,EG.0) GO TO 120 . MAN
WRITE (6¢530) J MAN
WRITe (60540) (KZ(D)oKXCI) oKT(T)oC(1)eI=1oNLJ) MAN

120 DO 130 I=l,NiLd - MAN
KRW=g* (KX{1)=1)+KT(I) MAN
KOL=RZ(T) MAN
BIKRWrJeKCL)I=C(T) MAN

130 CONTINUE : MAN
140 CONTINUE MAN
CALL INPUTZ : MAN

IF (IPRINT.EQ.0) GO TO 150 MAN
WRITE (6,550) _ MAN
WRITE (6+5640) (KZ(I)oKX(I)oKTLI)»C(I)2I=1eNC) - MAN

150 DO 430 I=1liurs _ MAN
14=] MAN
15=1 : MAN

IF (1=1) 160+160,170 MAN

160 I1=NH+1 MAN
I2=11 _ MAN
KSW1z1 _ . MAN

GO TO 200 : MAN

170 11=]=-1 MAN
12=11 MAN

IF (1=NH) 18ur190,190U MAN

180 KSW1=2 MAN
1-86 '
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c

190
200

THIS CALCULATION ASSUMES FIXED THICKNESS OF 1 INCH,

210

220

230

cuo
250

260

270
280
290

300

60 TO 200

KSW1z3

DO 360 J=1,NV
TH{LoJ)=TH(I +J) %ALFAL (2%J)
IVELoJIZSTV(I e J)*ALFAL (2%J=1)
AHCI o J)=AH(I v J) #E (2%JWNTEST1)
AVIIoJ)IZAV(I J)%E (22J=1sNTEST1)
GX(IsJ)=u6G(J) /4,0 .

IF (I1,EQ.NH) GX(I,J)=0.

IRZ2a (J=-1)+1

Je=su

v5=J

IF (J=1) 210,210,220

JISNV+L

Ji=Jl

KSwW2z=1

G0 TO 250

Jizu=-l

NN

IF (u=NV) 235,240,240
KSwW2z2

60 T¢ 250

KSwex3
2X1zZL2Z2(11) /D ()
AZ1=1,0/ZX1
£X2=0z(12)/Daly2)
Xx22=1,0/72%e
CXGZUZ T /DA u)
XZ4=1,0/2X4
LXBTLZ (IS5 /ua(US)
A2521,0/72ZX5
H1S6Xx(I1,J1)
H2=GXx (120J2)
HUSGaA (I pJe)
AS=GX(15,J5)

MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN
MAN

ACIRPIR)SHI®ZX14H2%ZA2+HU*ZXU+HEXZXS+AV(I2/,J2)/D2(12) +AV(I5,U5) /DZMAN

1(I5)

A(IR)IR+1)=H ]I ~H2=H4+HS
A(IR+1vyIRISA(IRIIR+Y)

MAN
MAN
MAN

ACIR+1pIR+1)ITHLIRXZ1+H2RXZ24HUAXZ2U+HEXXZ2S54AH(TH»Js) /DX (JU) +AH (15, USMAN

1)/0x(JU%)

GO TO (260+2600270) ¢ KSW2
A(IRy IR42)==12%62X2=H5%2ZX5
A(IRyIR+3)==H2+H5
A(IR+1,IR+2)=H2=H5

ACIK+19)IR+3)=H2xX22+H58XZ5=-AH(15/,)JS) /DX (JS)

GO TG (280+200,320)¢ KSW1
GO TO (3009,230,290)¢ KSW2
RIIRy JR=2)==HUx2 X4
R{IRyIR=1)=HuG
R(IR+1sIR=2)=HY
ROIR+1/,)IR=1)==HYyxX24

GO TO (300,3U0»310)r KSW2
R{IRy IR4+2)3=i15%2X5
RUIRyIR+3)==i5
R{IR+1yIR+2) ==H5
K{IR+19IK+3)=~HE2XZS
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118
119
120
121
122
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124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
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143
144
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149
150
151
152
153
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310 KOIRy [JR)ZHU%ZX44+HERZXS=AV(I5¢J5)/DZ(15) MAN

R{IRsIR+1)SH4~HE MAN
R{IR+1/)IR)==HU+HS MAN
RUIR+1,IR+1)==HURXZU4=H5%XZ5 MAN

320 60 10 (330,330,340),» KSW2 MAN
330 A(IR+2)IRI=A(IR,IR+2) MAN
ACIR+2,IR+1)=A(IR+1+IR42) MAN
AUIR+3,IRI=A(IRIR+3) . MAN
ACIR+3yIR+1)=ZA(IR+1/IR+3) - MAN

340 WSAV(12,J2)%TV(12,)J2)=AV(ISJS)#TV(IS,J5) MaAN
XZTAH (T4 ) JU ). TH(TG y JB) =AH( IS, JS)#TH(IS»J5) MAN

DO 350 K=1sNLC - MAN
BUIR)KeIN=B(IR,Ko1)+Q ) . _ . _ ~ MAN
BOIR+1 /Ky I)ZB(IR+1¢Kes I +X MAN

350 CONTINUE . MAN
360 CONTINUE MAN
GO TU (370,370+390) ¢ KSW1 MAN

S70 WRITE (JTE) R MAN
DO 380 K=1eMS R MAN

u0 380 Jz=1eM§ o MAN
R(K,u)=0,0 MAN

380 CONTINUE MAN
390 DO 410 J=1eNC o MAN
IF (KZ(U)=1) “10ou000u10 MAN

40U KRW=2x(Kx{(J)=1)+KT(J) MAN
A(KRw o KRW)ZA(KRWoKRW)+C(U) MAN

410 CONTINUE MAN
 WRITE (JTA) & ' MAN
U0 420 Kzlemy ' MAN

U0 420 JzileMs MAN

420 A(Ky»J)=0,0 MAN
430 CONTINUE MAN
REWINU JTA ‘ MAN
REWIND JTB _ MAN
RETURN MAN

MAN

40 FORMAT (1H1,42X,3SHPROPERTIES OF HORIZONTAL STIFFENERS//) MAN
450 FORMAT (1H1) MAN

w60 FORMAT (//47Xr24HHORIZONTAL STIFFENER NO,13//21Xs7HSEGMENT ;4 X ¢ 0HLEMAN

AINGTH 10Xy 4HAREA » 10X » THMODULUS » 6X » 11HTEMPERATURE » 3X » 14HTHERMAL COEFMAN
2F /) MAN
470 FORMAT (125+5E15,5) MAN
480 FORMAT (1H1su43X,33HPROPERTIES OF VERTICAL STIFFENERS//) MAN

4G0 FORMAT (//48X922HVERTICAL STIFFENER NO,I3//21Xs THSEGMENT »4X, 6HLENGMAN

1TH'1uxoanARLAv10xo7HMODULUS;6Xp11HTEMPERATUREo3X0luHTHERMAL COEFF ,MAN
2//7) _ MAN
0200 FORMAT (1H1/r<9X,20HPROPERTIES OF PANELS//) MAN
510 FORMAT (//35A240HPANELS BETWEEN HORI ZONTAL STIFFtNERS NO,13,4H ANDMAN
1I3/7/7u2X s SHPAVEL p 4 X9 OHTHICKNESS 4 X s 1 3HSHEAR MODULUS//) MAN
520 FORMAT (42X913,2E15.5) MAN
930 FORMAT (1HUOr»&45X»24HLOADING CONDITION NUMBERI3/Z/Z46X, 1H296x01HX95XouMAN
IHTYPE X » UHLUAD/ /) ' ) MAN
5S40 FORMAT (40X»317,E15.5) MAN
950 FORMAT (1H1e54X, 11HC0NSTRAINTS//46X.1HZo6Xo1HX05X:4“TYPE.3X.10HCONMAN
1STRAINT/ /) MAN
END : MAN
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SUBROUTINE MATRXY

MTu

DIMENSION ALFAI(ZO)OC(SO)'DX(21)oDZ(“l)rGG(lU)oKT(SO)'KX(SO)vKZ(SOMT“

1) eNL(5) 2V (50)

MT4

VIMENSION A(4O0,L0) o AH{41921)»AT(H0,20),AVIG1,21)9FHI40+10)sFP(40,IMTY
1U) oFO(40,10) o FSM(U0210) oFV(4U210),6X(UL+21),RI40,40),TH(UL,»21)0TVIMTY

241021) MT4
UIMENSION BE(40,1,40) MTuy
COMMUN/BLOCKAZA o, AH v Al o ALFAY » AV v B y C o MTY

1 DELX o VELZ » DX v D2 » FH ¢ FP v FS v FQM » MTy

2 FyV ¢ 66 r GX v HI v H2 v Hu4 v HS v 1 v MT4

3 11 e 12 v I4 v I5 v IR v J v JI y J2 ¢ MTy

4 Ju ¢ JS e JTA e JTOB y JTC v K v KCL ¢ K1 » MTY

% KRw » KSul o KSW2 » KT ¢ KX v K2 e L ' M ¢y MTY

6 MS v NCASE » NH1 » NL ¢+ NLJ » NV1 » PARTA » PARTB , MT4

7 Px ¢ Q@ e R ¢ SF v TH e TV 'V ¢ X » MTH

8 XZ1 y X22 ¢ X284 v X25 ¢ 2X1 ¢ 2X2 y 2X4 v 2X5 MTY

9y NTESTI! MTy
COMMON/BLOCKE/ TPRINT, NC» NHe NLC» NV, PZ, VB MTu
COMMON Al r ALPHA(99) ,ALT(99) » AME e AMY MTy

10AOFA ¢ AOFE ¢ AROD ' AS ?AX(9011+9)rAY(9911,9)MTY
2¢:BATA ' BE . ¢+BETA(99) - ,BF - +BFL™ ~ 7 7 TeBL MT4
3¢DELTA 'UIAM +DIST(9) +DST E(20099) JEALL MTY
4yEAT(20,99) +EDOT(20099),EMIS(9) ,FACC ' FCUL20099) s FCY(20099)MTY
SeFNET(20) »FSU(20¢99),FT(20) 1FTU(20+¢99) e FVE 'FO7 MT4
60eG(20+99) orH ' HINS +HINSD(99) ,ICONF e ILINKO MT4
- TrIQINP - o lTURB e IWALT 'MAT(9,9) +MPT(9,9) 'MR(Qy»18) MTY

8 NCOLM ¢+ NCR o+ NCRC o NF 'NI(18) e NING MT4

e NMAT e NMIN ¢+ NPRT ' NPSG +NR(18) ' NRSG MTy

$ 2 NSEG 1 NTRAJ ' N33 ' PE ' PHI 1PY MTY

$sPINP(99) +OCONL(9) »QCONT(9) (QINP(99) ,ONFT(9) ' RHO(9) MT4
$,RHOI '<YE +RYI 'SL ' SLS ' STAAT MT4
$¢ST] ¢+ STOOP e T(20099) H»TALLWI(9) »TAMP(9e9} »TAU MT4
$,TC1 ¢ YEMP(999) »THETA ' T1 e TIME(9Q) ¢+ TINS MTY

e TINSD(99) ouUF ' VFACT(9918)0vI ' VINF (99) 'WROTE MT4

%o XEMLS ' XSTG(99) e XX(20) ' Y(9) 0 22(20) MTG
NDIM=40 MT4
SF=0.0 MT4
READ (JTA) A MTY
WRITE (JTC) & MTY
VO 70U K=2¢NH MTy
OO 20 I=1.MS MT&
VO 10 J=1MS MTY
AI(I,J)=0.0 MTY
AI(I,1)=1.0 MT4
CONTINUE MTu
CONTINUE MT4
CALL SIMEQ(NDIM,MSeMSyA»AI,SFeV M) MTy
00 TO (30,16Ur170)e M MTu
KEAD (JTB) R MTY
DO 4U I=1,MS MTu
DO 40 J=1,MS MTy
AI(I,J)=0.0 MT4
D0 40 IJz1,Ms MT4
AT(I»IIZAT (I J)=R{IJe1)%A(1Jrd) MTu
CONTINUE MTy
READ (JTA) A MT4
00 50 I=z1MS MTY
D0 50 Jz1eMS MTu
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50

70

50

90

100

110

120

130

140
150

160

170

GO0 50 IJu=leMs

AL yD)SA(TI,D)+AT(TI,IJ)IRXR(TIJ,J)

CONTI1INUE

wRITE (J7C) A
VO 6U Iz=1eMS
VO U Jz=1eNLC
V0 60 lJuz=leMs'

BlloJeKIZSR(T)JyK)+AI(Io1J)B(IJpJeK=1)

CONTINUE

CONTY INVE
BACKSPACE JTC
READ (JTC) A
HREWIND JUTA

UO 80 Iz1eMS

U0 8uU JT1sNLC
AT(Io)=bllrdriiH)
CONTINVE

CALL SIMEQINUIMyMS,NLCsArAI»SFoV M)

VO TO (QusltuelTY)e M
U0 1U0 I=1,¥>

UO 100 J=1y & C
BlIsueNHIZA(L e J)
CONT I NUE

U0 190 KI=2/,nH
K=NH+1=K]

D0 110 I=1.M5

U0 110 J=1,hlC

U0 110 Iu=1lsmS

B(I,urK)ZB(IedyK)=R{I,IJ)*A(IJr )

LONY {NUE
BACKSPACE JTo
bACKSPACE JTu
READ (JTB) K
BACKSPACE JUTC
BACKSPACE uTC
READ (JTC) A
DO 120 I=1,MS
DO 120 J=1,nNLC
AI(I,U)=B(lrJeK)
CONTINUE

CALL SIMEQ(NOIMyMS,NLCIAsAT»SFeV M)

60 7O (150,160,170)»
DO 140 I=1.Ms

DO 140 J=1,NLC
BlIJrK)IZA(] )
CONTINUE

CONTINUE

REWIND JTR

REWIND JTC

CALL SECOND(CHRON)
WRITE (60180) CHRON
CALL STRESZ2

KETURN

WwRITE (6+190)

STOP

WRITE (6,200)

STOP

M
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M4
MT4
MT4
MT4
MTY
MT4
MT4
MT4
MT4
MT4
MT4
MTy
MT4

CMTY

MT4
MTy
MTY
MT4
MTY
MT4
MTu
MTY
MTy
MTY
MTY
MT4
MT4
MTY
MTy
MTy
MTY
MTy
MT4
MT4
MT4
MTL
MTu4
MT4
MT4
MTuy
MT4
MTUY
MTy
MTL
MYy
MTy
MT4
MT4
MT4
MTy
MTY
MTY4
MT4
MT&
MT4
MT4
MTY
MT4

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

76
77
78
79
80

az
a3
ay
a5
86
a7
a8
a9
90
o1
92
93
9y
95
96
97
98
99
100
101
102
103
104
105
106
107
108

109

110
111
112
113
114
115
116



" 180 FORMAT (1H1r+ NOW ENDING OVERLAY(2,0)s ALIAS PROGRAM MATRX4, JUST MT4 117
1PRIOR TO ENTLRING SUBROUTINE STRESS. CLOCK READS #9F7.,3¢* SECONDSMT4 118

2,%/) . MT4 119
190 FORMAT (///17H OVERFLOW OCCURED) MT4 120
200 FORMAT (///19H MATRIX IS SINGULAR) - MT4 121

END ‘ MTH 122«
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SUBROUTINE MAX(AsIMAXJMAX)AMAX, IFLAG)

IFLAG = 1 FOK SIGN AS IS.
OIMENSION A(40,8)

AMAX=0,

Vo
0O
60
IF
s
IF

30 I=1eIMAX.

30 J=1rJMAX!

TO (10020) IFLAG

(A(I,J)eGT.AMAX) AMAXSA(I,J)

T0 30

(ABS(A(1+u)) ,GT,AMAX) AMAXSABS(A(I,J))

CONT INUE

RETURN
ENU

1

1-92

IFLAG = 2 FOR ABSOLUTE VALUE OF A(I.J),
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SUBROUTINE MIN(A,IMAX,JMAX,AMIN, IFLAG)

IFLAG = 1 FOx SIGN AS IS,
DIMENSION A(40,8)

AMIN=0,

DO 30 I=31.,IMAX

D0 30 J=1,UMAX

GO TO (100,20) IFLAG

MIN

IFLAG = 2 FOR ABSOLUTE VALUE OF A(1,J) ,MIN

IF (A(I+J) JLT<AMIN) AMIN=A(I,J)

GO 1O 30

IF (ABS(A(Le¢J)) LT,AMIN)
CONT INUE

RETURN

END

AMIN=ABS(A(I.J))
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SIMEQ

SUBROUTINE

10IM

NN

MM

OeT

IND

NOGO

IND

SIMEQ(IDIM,NN,MM,A,B,DET, IND,NOGO)

SULVES THE EQUATION AX=B WHERE A,X, AND B ARE MAYRICES
) WHERE ’

I5 A FIXED POINT CONSTANT OR VARIABLE WHOSE VALUE
MUST BE EQUAL TO THE MAXIMUM VALUE THAT MAY EVER BE
ASSUMED BY THE SUOSSCRIPT I OF THE MATRIX A(I»J), THIS
VALUE IS IDENTICAL WITH THAT USED IN THE DIMENSION
STATEMENTS WHEN SETTING THE UPPER LIMIT OF THE
SUBSCRIPT, '
iS A FIXED POINT VARIABLE OR CONSTANTY WHOSE VALUE
MyST EQUAL THE NUMBER OF ROWS IN THE MATRIX A,
I5> A FIXED POINT VARIABLE OR CONSTANT WHOSE VALUE
MUST EQUAL - THE NUMBER OF COLUMNS IN THE MATYRIX B,
IS THE SOURCE PROGRAM FLOATING POINT VARIABLE USED T0O
Jt.SIGNATE THE ELEMENTS OF MATRIX A,
15 THE SOURCE PROGRAM FILLOATING POINT VARIABLE USED TO
LDeSIGNATE THE ELEMENTS OF MATRIX B,
MyST BE A FLOATING POINT VARIABLE WHOSE VALUE SERVES
As A SCALE FACTOR BY WHICH SIMEQ MULTIPLIES THE VALUE
OF THE DETERMINANY OF A, AFTER THE EXECUTION OF THIS
SURROUTINE, DET CONTAINS THE SCALED VERSION OF THE
G TERMINANT,
MJST BE A FIXED OR FLOATING POINT VARPIABLE DESIGNATING
¢ ONE-DIMENSIONAL ERASABLE ARRAY OF LENGTH AT LEAST
EwUAL TO THE NUMBER OF ROWS IN MATRIX A, IT IS IN THIS
A~EA SIMEQ KEEPS A RECORD OF THE COLUMN PERMUTATIONS,
i5> A FIXED POINT VARIABLE WHICH WILL BE ASSIGNED THE
FIXED POINT CONSTANTS, _

1 IF THE SOLUTION wAS SUCCESSFUL.

3 IF THE MATRIX A WAS SINGULAR,

v

DIMENSIONS _
ICIM X IDIM IF MM.IS LESS THAN OR cQUAL TO IDIM
I.IM x MM IF MM IS GREATER THAN [DIM
IuIM x MM
IGIM

NOTE '
FOR MATRICES THE ROw DIMENSION MUST BE THE SAME AS
THAT GIVEN ABOVE, THE COLUMN DIMENSION MUST AT LEASY

" Be THAT GIVEN ABOVE,

FOR THE VECTOR THE DIMENSION MUST AT LEAST BE THAT
GIVEN ABOVE

EXECUTION OF THIS ROUTINE DESTROYS THE ORIGINAL A AND
8 MATRICES

AFTER A SUCCESSFUL EXIT FROM THIS SUBROUTINEs THE
ANSWERS OR THE X MATRIX REPLACE THE A MATRIX.
THIS REPLACEMENT IS DONE ACCORDING TO THE SCHEME,

A(Y,J) 1S REPLACED BY X(I:J)

DIMENSION A(IDIMy1)+B(IDIMs1)0oIND(})
SET INITIAL CONSTANTS
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20

30

N=NN
M=MM
NOGO:I

SPECIAL CONSIDERATION WHEN THE ORDER OF MATRIX A IS 1,

IF (N.NE.1) GO YO 20
IF (A.EQ.,0,) GO TO 180
HOLD=A
00 10 I=1.M
A{1,1)=B{1,1)/HOLD
DET=DET=HOLD
RETURN
NMi=N=}
NPLlaN+1
INITIALIZE DETERMINANT
DETM=DET
INITIALIZE COLUMN INDICATORS
DO 30 I=1»N
IND(II=I .
BEGIN TRIANGULARIZATION TO GET UPPER TRIANGLE
DO 140 K=l )hNMm1
KP1zK+1
KREK
KC=K
SEARCH FOR PIVOTAL ELEMENT
BIGAZABS(A(KK))
DO 50 I=K»N
00 4y J=KeN
IF (BIGA,GE.ABS(A(I+J))) GO TO 40
BIGAZABS(A(I J))

. KRS}

40
50

60

70

ao

90

KC=J
CONTINUE
CONTINUE
TEST FOR SINGULAR MATRIX
IF (BIGAEQ.U.) GO TO 180
UPDATE DETERMINANT
DETM=DETM%A(KR,KC)
INTERCHANGE ROWS
IF (KR,EG.K) GO 10 80
DO 60 I=Kk'N
HOLU=A(K, 1)
A(KoI)=A(KR,I)
A(KR,I)=HOLD
INTERCHANGE ELEMENTS OF RIGHT HAND SIDES
DO 70 L=1eM
HOLD=B(KsL)
B(KsL)=B(KReL)
B(KR¢L)=HOLD
CHANGE SIGN OF DETERMINANT DUE TO ROW INTERCHANGE
OETM=-DETM
INTERCHANGE COLUMNS
IF (KC.,E@.K) GO .TO 100
DO 90 J=1rN
HOLD=A(JsK)
A(JosKIZA(JIKC)
A(J,KC)=HOLD
INTERCHANGE COLUMN INDICATORS
I=ZIND(K)
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SMQ
SM@
SMQ
SMe
SMe
SMa
SMQ
SMQ
SMG
SMQ
SMa
SM@
SMQ
SMQe
SMQ
SMe
SM@
SMa
SMQ
SMQ
sSma
SMQ
SMa
SME
SMQ
sMQ
SMQ
SMQ
SMQ
SMQ
SMQ
SMQ
SM@
SMQ
SMQ
SMQ
sSMQ
SMQ
SMQ
SMQ
SMQ
sMQ
SMG
SMQ
SMQ

SMa@

sMa
SMQ
SMQ
SMQ
SMQ
SMQ
SMQ
SMQ
SMQ
sMQ
SMQ
SMG
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100
110

120

IND(K)=IND(KC)
IND(KC) =}

CHANGE SIGN OF DETERMINANT DUE TO COLUMN INTERCHANGE

VETMz=DETM

ODIVIDE REQUCED EQUATION=ON, BY LEADING ELEMENT

00 110 I=KP1,N
A(K»E)ZA(KII)ZA(K,K)
DO 120 L=1,M
BIKIL)I=B (KoL) /A (KoK)
REDUCE MATRIX AND RIGHT HAND SIDES

D0 140 I=KP1.N

130
140

150
160

17v

180

vO 130 J=KPL1N
Alle)=A(TIsd)=A(], K)tA(K.d)
U0 140 L=1,M
b(IoL)'B(le)-A(IoK)tB(KOL)
FINAL TEST FOR SINGULAR MATRIX
IF (A(NsN),.Cue0,) GO TO 180
COMPUTE FINAL DETERMINANT
DET=DETM=xA (NyN)
BACK SUBSITITUE TO OBTAIN SOLUTION VECTORS
U0 160 L=,
BINyLISR(NIL) /A (iNpN)
VO lo0 I=1s341
HOLU=Q,
NS
VO 150 KC=1ed
K=NPl=KC
HOLD=HOLD+A(UrK)%B(KoL)
blJelL)=B(JeL)=HOLD
REARRANGE SOLUTION VECTORS T0 ORIGINAL ORDER
DO 170 I=1.fn
JEING(T)
VO 170 LztieN
AlJrL)=B(]WL)
RETUK!N
SINGULAR MATRIX = REDUNDANT SET OF EGQUATIONS
NOGO=3
VET=y,
RE TUKN
ceNO
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SUBROUTINE STRES2

ST2

DIMENSION ALFA1(20)+C(50),DX(21),DZ2(41),6G(10),KT(50),KX(50)KZ(50ST2

1)oNL(5)»V(50)

ST2

DIMENSION A(40.,40), AH(Q1021)0AI(Q0020)oAV(Qlo?l)oFH(QOolD)oFP(QOoISTZ

10)/FS (40, lu)rFSM(QOOIO)vFV(QOoIO)oGX(QloZl)oR(“Oo“O) TH{41,21),TVI(ST2

241021) ST2
DIMENSION B(40,1,40) ST2
COMMON/BLOCKA/A » AH v Al e ALFAL1 » AV r B s C » ST2

1 DELX » DELZ » DX e D2 ¢ FH s FP ¢ FS ¢+ FSM ¢ ST2

2 Fv » GG » GX ¢ H1 » H2 e Hu y HS v I ¢ ST2

3 I1 e 12 v 14 v IS e IR ' J e J1 r J2 ¢ ST2

4 J§ ¢+ JS v JTA v JT8 v JTC r K » KCL v K1 s ST2

5 KRw v KSwl » KSW2 o KT v KX v K2 ' L ¢ M » ST2

6 MS » NCASE , NH1 » NL o NLJ ¢ Nvi » PARTA » PARTB o, ST2

7 PX v Q ¢+ R - o SF e TH e TV Y] e X ¢y ST2

8 Xz1 y X22 v X2Z4 v X25 v Z2X1 ' Z2X2 y 2X4 e ZX5 ST2

9, NTESTI ' ST2
COMMON/BLOCK/ IPRINT, NCy NHe» NLCe NV, P2, VB ST2
COMMON AL 'ALPHA(99) +ALT (Q9) - _eAME s AMT ST2
1,A0FA + nOFE + AROD ) 1AS “2AX(9+1149)9rAY(9911,9)ST2

29BATA ' BE +BETA(99) JBF +BFL 8L ST2
3,DELTA ' IAM eDIST(9) eDST eE(20099) SEALL ST2

4rEAT(20+99)9EDOT(20¢99) EMIS(9) LFACC sFCUL20999) e FCY(20+991ST2

SeFNET(20) FSU(20099)FT(20) 'FTU(20099) o FVE 'FO7 . 8ST2

6¢6(20099) onH ' HINS 'HINSD{99) » ICONF » ILINKO ST2
7+ IGINP » 4 TURB s IWALT 'MAT(9,9) HMPT(9,9) +MR(9y18) ST2

8¢ NCOLM ¢+ NCR » NCRC o NF eNI(18) ¢+ NINS ST2

Qs NMA | ¢t NMIN ¢+ NPRT 'NPSG eNR(14) ' NRSG ST2

$ ' NSEG ' NTRAY ' N33 ' PE ' PHI P ST2

SePINP(99) *QCONL. (9) *QCONT(9) »QINP (99) +ONET(9) +RHO (9) ST2

$oRHOY ' RYE 'RYI 'SL 'SLS +STAAT sT2

$,ST] e STOOP 2 T(20099) ¢ TALLW(9) y TAMP(9r9) »TAU ST2
$+TC1 ¢y TEMP(Q,9) »THETA ' TI ¢+ TIME(99) »TINS ST2
$rTINSD(99) oUF s VFACT(99s18) VI - o VINF(99) »WROTE ST2

Sy XEM]S s XSTG(99) »XX(20) ' Y(9) 022(20) ST2
KX(1)=NV+8 ST2
00 230 L= lodLC ST
K=1 ST2
VO 40 I=1»NH ST2
11=1+1 ST2
VO 20 J=1rNV1 ST2
IR=2%x(J=1)+1 ST2
DELX=B(IR+3¢/LeI)=B{IR+1eL»1) ST2
FHEI»JI=(DELX/DX(J)=TH(I¢J) )2E(2aJsNTEST1) ST2
IF (1-«NH) 10,20,20 , ST2
PARTAZB(IR+1,LyI+3)4B(IR+3,LoI+1)=B(IR+1)L,I)=B(IR+3, LoI) ST2
PARTB=B(IR+2/,L,I+1)+B(IR+2,L 1 I)=B(IReL,I+1)=B(IR,L,]I) ST2
FSUIeJ)=6GX(IoJ)x(PARTA/DZ(1)+PARTB/DX(J)) 22, ST2
DELZ=B(IRsLe141)=B(IRsLs 1) ST2
FVUI»JIS(DELZ/DZ(I)=TV(IJ) ) %E(22J=1 ) NTEST1) ST2
CONT INUE ST2
IR=2xNV1+] ST2
IF (I1=NH) 30/,50,50 ST2
DELZ=B(IReL»I*+1)=B(IR,Lr 1) ST2
FVIINV+LIS(CELZ/DZ(I)=TV(I,NV))sE(22NV=1 /NTEST1) ST2

NOw GENERATE AN ARTIFICIAL VALUE AND PRINT IT OUT IN THE COLUMN ST2
PRECEDING THE TRUE FINAL VALUE, ST2
FVCIoNVISFV(IWNVSL)/E(25NV=1/NTEST1)*E (28NV1=1)NTEST1) ST2
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50

60
70

80

90

100

FSM(1s1)=FH(102)/2.

DO 60 I=2¢NH
FSM(I.I)‘SQRT(FH(IoZ)t*2+FS(I =192)%%2)
D0 70 J=2¢6
FSM(1sJIS(FV(1,J+1)=FH(1rJ)) /2,

DO 80 I=2.NH

00 80 J=2+6

FSM(I,J)=SQRT((FV(I= 1.J+1)-FH(I J)IER2/04 ,+FS(1=19J) *%2)

FP(1,1)SFH(1/,2)
00 90 I=2,NH
FPUEo1)SFH(1,2)/2,+FSM(101)

IF (FH(1,2).LT,0.) FP(Ivl)-FH(IoZ)IZ.-FSM(I 1)

CONTINUE
DO 100 J=2eNvi
FPUL1poJISFVI(1,J+Y1)

IF (ABS(FH(1,J)),6T,ABS(FV(1sJ+1))) FP(1,J)SFH(1,J)

CONTINUE
DO 130 I=2sNH
00 130 JU=2,Nv1

CFPS= 5% (FV(I J+2)+FH(I)yJ+2))+FSM(1,J)

110

120
130

140

150

160

170

FPD=FPS=2.%FSM(T1,J)

IF (ABS(FPS)=ABS(FPD)) 120,110,110
FP(I sJ)S(FV(L=1,J¢1)+FH(I1,U))/2,4FSM{1,J)
60 TO 130 ,
FPUIoJ)S(FVII=1oJ+1)+FH(I»J))/2,=FSM(I,J)
CONTINUE

WRITE (6,240)

WRITE (6+250)

WRITE (6:260)

WRITE (6,270)

WRITE (6,280)

WRITE (6+290)

DO 140 I=1,NH1

WRITE (6+300) I+s(FVIIoJ)eJ=1,8)
CONTINUE

WRITE (60310)

WRITE (6+320)

WRITE (6¢330)

WRITE (6,340)

WRITE (6+350)

D0 150 I=1,NH

WRITE (61360) [o(FH(I,J)eJd=196)
CONTINUE

WRITE (6+370)

WRITE (6+380)

WRITE (6¢390)

WRITE (6+340)

WRITE (6+350)

DO 160 I=1.NH}

WRITE (6¢360) I¢(FS(IsJ)eJ=146)
CONTINUE

WRITE (6,400)

WRITE (6,410)

WRITE (6.,220)

WRITE (60430)

.00 170 I=1,NH

WRITE (6¢360) I,(FSM(I,J)eJU=1rNV1)
CONTANUE '
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ST2
sT2
ST2
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ST2
ST2
ST2
SY2
ST2
ST2
sT2
ST2
ST2
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ST2
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ST2
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ST2
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WRITE (6,440) ’ ST2 117

wRITE (6,410) ST2 118
WRITE (6,420) : ST2 119
WRITE (6,430) ST2 120

U0 180 I=1eNH ST2 121
WRITE (6¢360) I+(FP{I1sJ)eJ=1,NV1) ST2 122

180 CONTINUE ST2 123
. WRITE (6,450) ST2 124
WRITE (60460) ST2 125
WRITE (60470) ‘ ST2 126
WRITE (6.480) ST2 127

00 190 I=1,NnH ] ST2 128
WRITE (6+490) I»(B(Jelel)eu=2e14,2) ST2 129

190 CONTINUE ST2 130
WRITE (6,500) ST2 131
WRITE (6s460) ST2 132
WRITE (6,470) ST2 133
WRITE (6,480) ST2 134

DO 200 I=1eNnH ST2 135
WRITE (60490) I1+o(B(Jr1eI)ed=1013,2) ’ ST2 136

200 CONTINUE ST2 137
FIND MAX/MIN STRESS VALUES IN FACE SHEETS. ST2 138
CALL MAX(FVeNH1,2)FVFT,1) ST2 139

IF (FVFT.LT.Us) FVFT=0, ST2 140
CALL MIN(FVINH192¢FVFC» 1) ST2 141

IF (FVFC.GT,0.) FVFC=0, ST2 142
FIND MAX/MIN STRESSES IN COATING, ST2 143
FVC1=0, ST2 144

00 210 I=1enNtit . ST2 145

IF (FV(I+¢8).GT,FVCT) FVCT=FV(Iv8) ST2 146

210 CONTINUE ] ST2 147
IF (FVCT,LT.us) FVCT=0D, ; ST2 148
FvCC=0, ST2 149

00 220 I=1.NHY ST2 150

IF (FV(1+8).LT,FVCC) FVCC=FV(I.8) ST2 151

220 CON1Y INUE ST2 152
IF (FvCC,GT.U0.) FVvCC=o0, ST2 153
FIND MAX SHEAR STRESS IN INSULATION, ST2 154
CALL MAX(FSM¢NH»0eFSIM,2) ST2 155
FIND MAX/MIN PRINCIPAL, STRESSES IN INSULATION, ST2 156
CALL MAX(FPoNH,6,FPIT,1) ST2 157

IF (FPIT.LT.U.) FPIT=0, ST2 158
CALL MIN(FPolH»69FPIC, 1) ST2 159

IF (FPIC,GT.U.) FPIC=0, _ ST2 160
FIND MAX SHEAR STRESS IN CORE. ' ST2 161
CALL MAX(FSsNH1,1+FSCM,2) ST2 162
FIND MAX SHEAR STRESS IN BOND, ST2 163
CALL MAX(FSM,NH,1,FSBM,2) ST2 164
FIND MAX PRINCIPAL STRESS IN BOND : ST2 165
CALL MAX(FPoNH,19FPBT 1) ST2 166
ZMAX==B(2r101) ST2 167
WRITE (6¢510) ST2 168
WRITE (6¢520) ST2 169
WRITE (6¢530) FVFT)FVFCeFVCToFVCCIFSIMFPIT,FPIC/FSCM,FSBM,EPBTZMST2 170

1AX ST2 171
230 CONTINUE ST2 172
RETURN ) ST2 173

ST2 174
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240 FORMAT (1H1,u45XssAXIAL STRESSES IN LONGITUDINAL BARS=%*///) ST2
250 FORMAT (15X +«LONGITUDINAL BAR NUMBER=%¢+10H = & % % %x,//) ST2
260 FORMAT (33X »*xSEGMENT®» IX» 10 14X o828 p1UX o350 14X, 54w 1UXr25%, 14X, 26572

1o1u4xXeT7H,14X0*8%) ST2
270 FORMAT (3X»*NUMBER=) ST2

280 FORMAT (13X++INNER FACE*¢5X»*OUTER FACE*es7X¢*R,S,.1. ‘aQX'*R Seloe*09ST2

IXrEReSeIe*rIX PRSI o%9pOXr%ReSeI.%08Xr xCOATING=) ST2
290 FORMAT (15Xe*SHEET*+10Xs*SHEET*,9X» AT BOND%»52Xr*AT COATING*e///)ST2
300 FORMAT (5X»lc92X98EL15,5) ST2
510 FORMAT (1H1,46X,sNORMAL STRESSES IN TRANSVERSE BARSx///) ST2
320 FORMAT (26X+#BARS BETWEEN LONGITUDINAL 'STIFFENERS=*)10H * & & & ST2

1%9/7) ST2
330 FORMAT (16X *SEGMENT*»6Xs %1 = 2%,10Xr*2 = 3%910X0%3 = 4x,10xe%4 = ST2

15%010Xs %5 = 6%910X9%6 = T%) 572
340 FORMAT (16X»xNUMBER=®) ST2

350 FORMAT (30Xo«CORE®,11X,*BOND%r10Xe¢%R.S,1I, *993X2%R .S, T,%9)9X2%R+S+1,%5T2

119Xs3RSelex///) ST2
360 FORMAT (18Xe12,3X+6ELS5,5) : ST2
370 FORMAT (1H1,53X,*SHEAR STRESS 1IN PANELS#%///) ST2

380 FORMAT (26X»*PANELS BETWEEN LONGITUDINAL BARS*,10H % % * % %,//ST2
1) ST2
390 FORMAT (16X'*PANLL*'8X9‘1 - 259 10Xo%2 = I*)10Xo%3 = Uxp10Xrslh = 52ST2

10)10X9%5 = 6%9110Xs %6 = 7%) ST2
400 FORMAT (1H1/,»A39X,xMAXIMUM SHEAR STRESSES IN BROND AND INSULATISTZ2
10N%///) ST2
410 FORMAT (4uUXx»xLONGITUDINAL BAR NUMBER#*,10H % x x % x) ST2
420 FORMAT (14X»xTRANSVERSE=®) ST2

430 FORMAT (13xXs%BAR NUMBER#*/)6Xr *BOND®» 12X s %34 1UX p#Ukr 14X s 25%,1UX 9 265T2

15odluXo%7%///7) ST2
440 FORMAT (1H19»39X,xMAXIMUM PRINCIPAL STRESSES IN BOND AND INSULATIONST2
1=x//77) ST2
450 FORMAT (1H1,54X,*VERTICAL DEFLECTIONS%///) _ST2
460 FORMAT (21XrxLONGITUDINAL BAR "NUMBER%,10H % % = x x) ST2
470 FORMAT (8X»#VERTICAL®) ST2
480 FORMAT (7XoxBAR NUMBER®» TX e x1®p 1UX o %2k p 1UX o w3 1UX o %4k 14X ) x5%9 14XST2
1o26%91UXo*7%9//) ST2
490 FORMAT (11X, 12¢3XeTELS5,5) ST2
500 FORMAT (1H1,52Xy%xLONGITUDINAL DEFLECTIONS#///) _ ST2
510 FORMAT (1H1,20Xs*EVALUATION OF MAXIMUM (AND MINIMUM) STRESSES*////ST2
1) ST2
520 FORMAT (6X»*FVFT FVFC FVCT FvCC FSIwm ST2
1 FPIY FPIC FSCM FsBMm FPRT ZMAX %///)ST2
530 FORMAT (1Xe11E11,2) ST2
END ST2
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OO OO OO0 CCO00OO0CONN00O0000COCO00

OVERLAY (P5490+2,0,C000000)

PROGRAM FATIG

ACcoOuSTIC FATIGUE ANALYSTIS

DESCRIPTION OF INPUT PARAMETERS

AE
Al
Aw
AMAC
Bw

C

0

o7
DvEH
EP
HPAN
He
HF

IPAD=

1PAD
KFLE
KFLE

NENG
NP AN
NPAN
NPAN
QL
REY
KHO
To
T
Vo
VS
Vu
Vv
wedJ
weR
Vu
X1

Xy
XL
YP

H

0
=l
X=0
X=1

NOZZLE EXIT AREA
MOMENT OF INERTIA
PANEL LENGTH
LOCAL MACH NUMBER
PANEL WIDTH
COEFFICIENTS OF A LEAST SQUARES, 3RD ORDER
CURVE FIT OF ALLOWABLE S-N DATA
NOZZLE DIAMETER
DURATION OF NOISE IN SECONDS
VEHICLE DIAMETER
PANELS YOUNGS MODULUS
THICKNESS
THICKNESS IN HONEYCOMB PANEL (MIDDLE)
THICKNESS IN HONEYCOMB PANEL (OUTSIDE)
VEHICLE IS IN FLIGHT
VEHICLE 1S IN THE PAD

RIGID AND SYMMETRICAL SUPPORTING STRUCTURE

FLEXIBLE AND/OR UNSYMMETRICAL SUPPORTING
STRUCTURE
NUMBER OF ENGINES

=1 RECTANGULAR ISOTROPIC PLATE
=2 RECTANGULAR HONEYCOMB SANDWICH PANEL
=3 INTEGRALLY STIFFENED PANEL

COMMON/APP1/NOAPP
COMMON /LINK/ NSECT¢TCoTSeTSKINL+TSKIN2TINS1eTINS22TINS3»XDST
COMMON /MOMENT/ Al1l/PM]

COMMON /SONIC1/
16w 1 C Q)
2HF rHPAN
3QF QL
4vS ' VU

SYCL ' YP

AE

D

¢ IPA
+REY
'VV

LOCAL DYNAMIC PRESSURE

REYNOLDS NUMBER

MATERIAL DENSITY

JET THRUST

TOTAL THRUST IN (B

JET VELOCITY

LOCAL SPEED OF SOUND

LOCAL VE LOCITY

VEHICLE VELOCITY

WEIGHT FLOW OF JET ENGINE

WEIGHT FLOW OF ROCKET ENGINE

LOCAL VELOCITY )

DISTANCE BETWEEN BOOSTER ENGINE AND POINT OF
INTEREST

DISTANCE TO EXIT PLANE OF JET ENGINE
BOUNDARY LAYER LENGTH

Y DISTANCE IN A NEAR FIELD LESS THAN 200 FT,

OAI 'AIY 'AMACH 'AMF ko
¢+ DREF +DT(4) LDVEH +EP+EPP +HC

v} v IPF(4) ,IPFI WKFLEX oNENG ' NPAN
¢+ RHOP » TIMEF o TJ o TT 'VJ
' WEJ 'WER - ,XI ' XJ XL

OUIMENSION ANL (4) s ANRMS (4) s ANML(4)»SCR(4)sPF(4)9CY(4),SLDLY),
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L]
FT6
FT6
FTG6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FTG
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FTG6
FT6
FTG
FT6
FT6
FT6
FT6
FT6
FT6
FTG
FT6
FT6
FT6
FT6
FT6
FT6
FT6
FY6
FTG
FT6
FT6
FT6
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1ANCR (&) FTG6
DIMENSION ELw(ll). PHI(11), TBBA(6), TBK1(6)» TBK2(6) FTG
FT6
DATA AMU/ .Y/ FTG
DATA cCCrs.02/ . FTG
DATA CG/32,174/ FTG6
DATA NDIM/o/ FT6
DATA PI1/3.,14159/ FTG6
DATA ELW / . FT6
1 0.0 1.0 2.0 3.0 “90' 5.0' 6.00 Te0o 8.0 9.,0» 10,0 /FTG
DATA PHI / . FT6
1,420 ¢3700 «29U»r 2200 170 o144» 4122¢ ,105, ,092» ,083¢ .075 /FTG
" DATA T1BBA / . - . o - - - : FT6
1 ler 1.5 2.0 2.5 3,00 1.E30/ FT6
DATA TBKY / FT6
1 27.89¢ 20630 18,450 17,61» 17.08¢ 16.12/ FTG
DATA TBK2 / FT6
1 19740 14¢26¢ 12.34¢ 11,45, 10.,97» 9,87/ FY6
FTG
FT6
10 WRITE (6,390) FTG
FT6
COMPUTE FUNDAMENTAL FREQUENCIES FT6
IF (NSECT.LT.7) GO TO 20 FTG
NPAN=2 FT6
IF (NSECT.EQ.B) GO TO 30 FT6
HPAN=2#TS+TC FT6
HC=TC FTG
60 10 30 FT6
20 IF (NSECT.EQe1,0R,NSECT.EQ,2s0RNSECT.EQe3,0RNSECT.EQ.%) NPANZJ FT6
IF (NSECT.EQ.5.0R.NSECT.EQ,6) NPAN=y FTG
HPAN=TS FTG
IF (TS.EQ.0,) HPAN=TC FTG
30 HPAN2=HPANxHPAN FTG
HPAN3I=HPAN2xHPAN " FTG6
AWWSAW FYG
BWwsBW FT6
IF (AI,EQ.0.,0) AI=PM] FT6
WRITE (6,410) Al FTG6
IF (AwW.,LE.BW) GO TO 40 FT6
TEMi=AW FY6
AW=Byw FTG
bW=TEM] FTG
TEM1=Al FT6
Al=AlY FTG
AIY=TEM} FT6
40 AL2=AwxAw FT6
AL4=AL2=xALR FT6
AMASSZ RHOP#HPAN/CG FT6
BAZBW/AW FT6
FT6
FSTAR=], FT6
IF (KFLEX.NE,.O) FSTAR-.ZS FTG
GO TO (50060:80,90)¢ NPAN FT6
RECTANGULAR 1ISOTROPIC PLATE FTG6

50 DRSEP*HPAN3/ (12 % (1 s=AMU%%2)) FT6 |
AK=TABLE (BA,TBBA, TBK1)NDIM) FTG
IF (AK,EQ.,0) GO TO 360 FTG



aaaao

60 TO 70 FT6 116

RECTANGULAR HONEYCOMB SANDWICH PANEL FTG 117

60 HF=,Sk(HPAN=HC) FT6G 118
DRSEP*HPANKHF *HC/ 1,82 FTG 119
AK=TABLE (BA,TBBA, TBK2/)NDIM) FTG 120

IF (AK.,EQ.0) GO TO 360 FT6 121

70 FREQ=AK/ (2.%PIxAL2%xSQART(AMASS/DR) )*FSTAR FTG 122
" 60 TO 100 ' FTG 123
INTEGRALLY STIFFENED PANEL FTG 124

"80 DR=ZEP*HPAN3/(12,%(1.=AMU%%x2)) FT6 125
OX=DR4EP*AI/ (BWx12,) FTG 126
DY=DR FY6G 127
AKMzZPI/Aw FTG 128
AKN=P1/Bw FT6 129
AKM2=AKMxAKM FT6 130
AKN2=AKN*AKN FT6 131
AKTAUS(SURT(OX/12,) *AKM2+SQRT(DY/12,) »AKN2) $%2 FY6G 132
AKI=(DY/12.)# (AKM2+AKN2) x%2 FTG 133
SRT=AKTAUZAK] FYG 134
HEQzHPANX®SRT*%(1,/3,) - - - FTG 135
OMEGA=SORT (AKTAU*12./AMASS) FTG 136
FREQ=OMEGA/ (o xP1)8FSTAR FT6 137

60 TOU 10V ] ' FTG 138
CORRUGATED PANEL : FTG 139

a0 AIX=Al FTG 140
CYSEPsAIX/(An%x12,) FTG 1412
UXSEP*AIY/(Bw*12,) FTG 142
AKMzZPI/AWw FTG 143
AKNz=PI/8Bw FTG 144
AKM2=AKMxAKM FTG 148
AKN2=AKNXAKN FTG 146
AKTAUS(SQRT (LX) *AKM2+SQRT (DY) %AKN2) x%2 FTG 147
OMEGA=SQRT (AKTAU/AMASS) FTG 148
FREQ=OMEGA/ (2. %PI) #FSTAR ' FTG 149
100 CONTINUE FTG 150
WRITE (6,420) FREQ FTG 151

: . FTG 152

NOISE COMPUTATIONS FTG 153

FTG 154

FTG 155

DO 220 I=1,1IPF] FTG 156
IPFF=IPF{(I) FTG 157

60 TO (110,120,160,210)¢ IPFF FTG 158

1. BOUNDARY LAYER "FTG 159

110 SIGMAXZ , 37%REY*%{(=,2)%(1 . +(REY/2.9E7) %%x2) x%x,1 FT6 160
FZERO=8 . *VU/SIGMAX/ XL FT6 161
PF 1S SPECTRUM PRESSURE FT6 162
PF(I)=QL*SQRT(,012/¢(1,+.14%AMACH*%2)*F2ERO*(1,+(FREQ/FZERO)*%2)%*FTG 163
11L.9)) FYG 164
FPLF=20,%ALOG10(PF(1)/41.8E-8) FTG 165
WRITE (6+430) FPLFeREY»AMACH QL VU FTG 166
G0 70 220 FTYG 167
FTG 168

2. ROCKET ENGINE NOISE (BROOSTER AND ORBITER) FTG 169

120 VEXH=TT*CG/WER FTG 170
FOV=FREQ%D/VEXH FTG 17}
IF (FOV.,LE+«175) GO TO 130 FTG 172
RTERM==,222=1.315%AL0OG10(FDV) FTG 173
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130
140

150

160

170

180

" 190

200

G0 TO 140
RTERM=,625-,202%AL0G10 (FDV)
XZERO=D# 10, +RTERM
REXI+XZERO

IF (IPAD,EQ.0) GO TO 150

FTG6
FTG
FTG6
FT6
FT6

IF (XZERQ.GT,(DREF+YCL)) R=SART((XI+DREF)*%2+(XZERO=DREF=YCL)*%2) FTG
IF (XZEROQO.GTDREF ,AND,X2ERO,LE, (DREF+YCL)) R=SQRT((XI+DREF)+%2+(YCFTG

1L=XZERO+DREF ) s%2)

IF (XZEROJLE.DREF) R=ISGRT((XI+XZERO)*%2+YCL%%2)
COMPUTE SPL SOUND PRESSURE LEVEL

IF (FDV,LE,..016) SPL=T70.,+16,.6%AL0G10(FDV/.003)

IF (FDV,.LT..152,AND.FDV.6T,,016) SPL=82,

IF (FDV,6E.e152) SPL=70,-16,6%AL0G10(FDV/.8)

CAPIO=VS/ (P1+DVEH) .

DELBP=0,

IF (FREQ.GE.CAPID) DELBP=6,0
OBSPL 1S OCTAVE BAND SOUND PRESSURE LEVEL

OBSPL=10,*ALOG10( . 676#TT**2%CG/WER) +SPL=20,%ALOGL10(R)+DELBP

BWD1=BANDW (FREQ)

SPLF=0BSPL=10,%AL0G10(BWD1)

WRITE (6,440) SPLF,XZ2ERO

PF(1)=41.,8E=8%10.,%%(SPLF/20,)

GO0 TO 220 :

3., JET FLYBACK ENGINE NOISE ON VEMICLE
VRIABS (VV=vuy)
DJSSGERT (4. xAL/PI)
RHOFSWEJ/ (AE&VY)
FVRLG=145.,+100,*AL0OG10(VR/1600,)

SPL200 IS OVERALL SOUND PRESSURE‘LEVEL FOR Y=200FT,

SPL200=FVRLG+10,*AL0G10(RHOF*#2xAE)
SPLNF IS SOUND PRESSURE LEVEL AT YP DISTANCE
NONDIMESIONALIZE DISTANCES

Y2000u=200./0J

Y3004=30,/0J

Y250Jz2,5/70J

YPOJ=YP/UJ

TERM1220.,*AL0G10(Y2000J/7Y30DJ)

TERM2216,%AL0G10(Y30DJ/Y25DJ)

1F (YPDJ.GT.200,) GO TO 190

IF (YPDJ,LT.50,) GO TO 170

DELDB=20.*AL0G10(Y200DJ/YPDJ)

G0 TO 200

IF (YPDJ.LT.2.5) GO TO 180

DELDB=TERM1+16, tALOGlO(YBODJ/YPDJ)

G0 70 200

IF (YPDJU.LTs1e) GO TO 190

DELDB=TERM1+TERM2+14,.*ALOG10(Y25DU/YPDJ)

60 TO 200

WRITE (60400) YP

GO TO 360

SPLNF=SPL200+DELDB+6.

FREQP=.8%VJY/LJ

BWO=BANDw (FREQ)

OBMAX=SPLNF=>,

CVF=CURVEF (FREQP,FREQ)

IF (CVF,EQ.=1) GO TO 360

OBSPL=0BMAX=CVF
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FT6
FTG
FTG
FTG
FYG
FT6

-FTG6

FT6
FT6
FTG
FT76
FTG
FT6
FTG6
FT6
FTG
FTG6
FTG6
FTG6
FTG
FTG6
FTG
FTG
FTG
FTG6
FT6
FT6
FT6
FYG
FTG6
FTG
FT6
FT6
FT6
FT6
FT6
FY6
FT6
FT6
FTG6
FTG
FT6
FTG6
FT6
FYG6
FTG6
FT6
FT6
FT6
FTG6
FTG6

174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
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210

220

240

250

SPLF=0BSPL=10.,*AL0G10(BWD)
WRITE (6+450) SPLF
PF({I)=41.8E=-8%10.%*(SPLF/20,)
G0 10 220

4, JET SCRUBBING ON BODY

PE IS PRESSURE AT NOZ2LE EXIT
PESTU%1.275/0Jx%x2

Ox IS JET DIAMETER AT X FEET

-UX=DU* (1.t 204UxXJ/DJ)

Px IS SCRUBBING PRESSURE
PX=,155%TJ/Dx%%2
SPLX=20,%ALOG10(PX/41,8E=8)
FREQP=,4*VJ/0J
BWO=BANDW (FREQ)

OBMAX=SPLX=5,

CVF=CURVEF (FREQP,FREQ)

IF (CVF.EQ.=1) GO TO 360
OBSPL=O0BMAX=CVF
SPLF=0BSPL=10.%AL0G10(BWD)
WRITE (6,460) SPLF
PF(I)S4]1.8E=0%10,%%(SPLF/20.)

CONTINUE
DYNAMIC STRESSES
BbWwD=, 04 =FREQ
SUMI:O )
SuMg=g,

SBWD=SQRT (pui)

V0 340 I=1,IPF]
PBAR=PF (1) *SBWD

Cy(1)=0,

SCR(1)=0,

SCON=,5

IF (KFLEXJNE.O,) SCON=,75

" UCON=4,089

IF (KFLEX.NE.O,) DCON=20.,445
GO TO (230,240,250,260)» NPAN
SMAX IS MAXIMUM BENDING STRESS

\ YHMAX IS MAXIMUM DEFLECTION
HEFF=HPAN

SMAX=SCON*AL2*PBAR/HPAN2
YMAX=DCON*PBARxALL/ (EPxHPANJ)
SLD(1)=100.%SMaX

60 YO 270
HEFF=1,817«(HCxHF sHPAN) %% (1,/3,)
SMAXSSCON®PBAR/HEFF®=%2%AL2
YMAX=DCON*PBARRALY/ (EP*HEFF *»3)
SLD(1)=100,%SMAX
GO 1O 270
HEFF=HEQ
SMAX=SCON®PBAR%AL2/HEQ%%2
YMAX=DCON*PBARxALU/ (EP®HEQ%%3)
SD=25,#SMAX
SLD(I)=4,.*SD
GO 70 270
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FTG
FTG
FTG
FT6
FYG
FTG6
FT6
FTG
FTG6
FTG
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FTG
FTG6
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FTG
FTG6
FTG6
FTG6
FYG
FT6
FT6
FY6
FT6
FT6
FTG
FT6
FT6
FT6
FTG
FTG
FTG
FTG
FT6
FT6
FT6
FT6
FTG
FT6
FT6
FTG
FTG
FT6
FTG
FY6
FT6
FTG
FTG6
FTG
FTG
FTG
FT6
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232
233
234
238
236
237
238
239
240
2ul
242
243
244
245
246
247
2u8
249
250
251
252
283
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
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260 HEFF=(10.9%( (SQRT(AIY/BW) /AWk%24SQRTY(AIX/AW)/BWx22)/(1,/AWSe241,/BFTG

270

280
290
300

310
320

330
340

350

360 .

370
380

390
400

1W*%2) )wu2) %0 ,3333

SMAX=SCON*PBARSAL2/HEFF%%2
YMAX=DCON#PBAR®AL Y4/ (EPXHEFF%%3)
SLU(I)=100*SMAX

WRITE (6,470) SLOC(I)»YMAX

STRESS REVERSALS PER MISSION OR FOR VEHICLE LIFETIME

IPFF=IPF (1)

ANL (1)=FREQ#DT(IPFF)

ANRMS (1)=+61%ANL (1)

CALL MININO(CsSLO(I) ¢ ANRMS(I) oCY(I),SCR(I))

IF (NOAPP.EQ@.2) GO TO 360

GO TO (280,290,300,310) IPFF
WRITE (6,480) SCR(I) - .

G0 710 320

WRITE (60,490) SCR(I)

60 70 320

WRITE (6+,500) SCR(I)

G0 Y0 320

WRITE (6¢510) SCR(I) ’
IF (SCR(I).£Qe0¢) GO TO 340
ANCR(I)=1.261*ANRMS (1) *SLD(I)/SCR(I)
WRITE (6+520) ANCR(I)
SUM1=SCR(I)*x»24SUML

SUM2= ANRMS(I)*SLD(I)+SUM2

X=ALOGLO (ANCRI(]I))
ALLST=(C(1)4C(2) x+C(3) #X*£2+C (4) #X243) %1000,
IF (ALLST.G6E.SCR(I)) GO TO 330
WRITE (6,530) ALLST

60 TO 340

WRITE (6,540) ALLST

CONTINUE

IF (SUM1,EQ.Y.) GO TO 360
SBAR=SQRT(SUM1)
ANBAR=1,2612SUM2/SBAR

WRITE (6,550) SBAR.ANBAR

X=ALOG10 (ANBAR)

ALLST= (C(1)+C(2)tx+C(3)*x::2+C(u)*X¢t3)t1000.
IF (ALLST.GE,SBAR) 60O TO 350

WRITE (6+,530) ALLST

60 Tuv 360

WRITE (6,540) ALLST

X=AWw/BWw

X=TABLE(XeELWwePHIV11)

IF (X,EQ.,0,) WRITE (69560)

WRITE (69570) TIMEF+EPPoAMF»QF ¢ X
18=0,

IF (QF,EQ.0.) GO TO 380
TB=x*AWW%12,0/ (EPP#14&,0/QF ) #%0,333
IF (TB.GT.HEFF) 60O TO 370

WRITE (6,580)

60 70 380

WRITE (6,590)

WRITE (6¢600) HEFFo?B

RETURN

FORMAT (1H1)
FORMAT (18HOY=DISTANCE ERROR-EIZ.“)

o : 'I—lOG

FTG6
FYG
FT6
FTG
FTG
FT6
FTG
FTG
FY6
FTG
FTG
FTG
FTG
FTG
FT6
FYG
FT6
FYG6
FTG
FTG
FT6
FTG6

FTG

FTG
FTG
FT6
FTG
FTG
FT6
FT6
FT6
FTG
FTG
FT6
FTG
FTG
FTG6
FT6
FT6
FT6
FT6
FT6
FTG
FT6
FTG6
FT6
FT6
FT6
FY6
FT6
FYG
FTG
FY6
FY6
FT6
FT16
FT6

290
291
292
293
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410 FORMAT (27H PANEL MOMENT OF INERTIA = ,E10,3,10H INCHES#*¢t/) FT6
420 FORMAT (13H FREQUENCY = #F7,193H HZ/) : FT6
430 FORMAT (26r BOUNDARY LAYER NOISE = ,F6,1+21H OB = REYNOLDS NO, = ,FTG
1E12.4,13Hs MACH NO, = +E12.4/20H DYNAMIC PRESSURE = ,E12.4,13Hs VEFTG
2LOCITY = sE1244) ~ Fre

440 FORMAT (23H ROCKET ENGINE NOISE = ¢F6.1+31H DB = APPARENT NOISE SOFT6
© 1JRCE AT ,F6,103H FT) . FT6
450 FORMAT (14H ABES NOISE = »F6.1+3H DB) FT6
460 FORMAT (23H JET SCRUBBING NOISE = ¢F6,1,3H DB) FT6
470 FORMAT (26HOMAXIMUM BENDING STRESS = ¢F10.0,4H PSI/726H MAXIMUM RMSFTG

1 DEFLECTION = »F10.5¢3H IN) ’ FT6

w80 FORMAT (40H BOUNDARY LAYER NOISE CRITICAL STRESS = rEj2.4+4H PSI) FTG

490 FORMAT (39H ROCKET ENGINE NOISE CRITICAL STRESS = ,E12,4,4H PSI) FT6
500 FORMAT (wl4H JET FLYBACK ENGINE NOISE CRITICAL STRESS = ¢E12,4s4H PFTG
1sI) FT6
510 FORMAT (39H JET SCRUBBING NOISE CRITICAL STRESS = ,E12,4,4H PSI) FTG
520 FORMAT (27H NO, OF STRESS REVERSALS = sE12.,4) FT6
530 FORMAT (35H =*#PANEL IS SUSCEPTIBLE TO FAILURE/39H CRITICAL STRFTG
1£SS MUST BE <EDUCED TO sE12.4,21H PSI TO AVOID FAILURE) FT6
Su0 FORMAT (36h =*sPANEL 1S GOOD FOR THIS CONDITION/4OMH CRITICAL STFTG
"1IRESS MAY BE INCREASED TO (E12.4.4H PSI) FT6
550 FORMAT (29HO0COMPOSITE CRITICAL STRESS = »E12.404H PSI/27H NO, OF SFTG
1TRESS REVERSALS = (»E12,.4) FY6
S60 FORMAT (43H AW/BW WAS OUTSIDE THE TABLE LIMITS FOR PHI) : FTG6

570 FORMAT (42HOPANEL FLUTTER ANALYSIS - DESIGN POINT AT ,E12.4,18H SEFTG

1LONDS OF FLIGHT/18H YOUNGS MODULUS = rE12.4,13Hs» MACH NO, = »EL12,4FT6
2/720H Q LOCAL/FCN(AMI) = osE12.,408Hy PHI = 1E12.4) FT6
580 FORMAT (31n #*xxPANEL IS STABLE FOR FLUTTER) FT6
590 FORMAT (33H »*&PANEL IS UNSTABLE FOR FLUTTER) FYe

000 FORMAT (32H PANEL EFFECTIVE THICKNESS = »E12,4,4H IN./64H  PAFTG

ANEL EFFECTIVE THICKNESS NECESSARY FOR FLUTTER STABILITY = +E12.424FT6
2H IN,) FTG
END FT6
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FUNCTION ALL(ARR,CY)
DIMENSION ARR(4)

AL(X)= (ARR(1)*ARR(2)*X+ARR(3)*Xtt2#ARR(u)tXt#S)tIOOO.O

Y=AL0610(CY)
YYSALOG10(1.01%CY)

ALLS(AL(YY)=A1(Y))/(V,012CY)%xCY"

RETURN
END
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FUNCTION APP(SLD,CY+CYL»ARR) APP

COMMON/APP1/NOAPP : APP
DIMENSION C(3), ARR(4) APP
DATA (C(I)9I=1+3)/2:631102E=020=2.635E=02+=4,939331E~01/ APP
A1(x)=2,/PIsACOS(1,=-PI/1.212%(1,=X)) APP
A2({X)=(=C(2)=SQRT(C(2)n22~4 ,%C(3)*(C(1)=ALOG(X))))/(2,%C(3)) APP
;AS(X):(ARR(1)*ARR(2)#X+ARR(3)*Xt#Z*ARR(“)‘X*‘3)'1000. APP
P1=3,14159 APP
Y=CysCyL APP

" IF (Yo6T.0,455,AND,Y4LT+1,0) GO TO 30 APP
YY2Y=0,0001 APP
IF (YY.GE.O.) GO TO 20 APP
YY=0. APP

IF (A2(Y)*SLD.GT.A3(Y)) GO TO 10 APP
WRITE (6+50) , APP
NOAPP=1 APP
RETURN APP

10 NOAPP=2 ‘ APP
WRITE (6,60) APP
RETURN APP

20 Z=(A2(Y)=A2(YY))*10000, : APP
APP=Z»SLD/CYL*CY - APP
RETURN APP

30 YY=Y+0,0001 : APP
IF (YY,LE«ls) GO TO 4O APP
YY=1, APP
FACT=YY=Y APP
2=(AL(YY)=AL(Y))/FACT . APP
APP=ZxSLD/CYL*CY APP
RETURN ' APP
40 Z=(A1(YY)=A1(Y))=10000, " APP
APP=Z*SLD/CYL*CY APP
RETURN APP
APP

50 FORMAT (///50H =%s#%x S O N 1 C FATIGUE N O T E s*xxx/5APP
10K THE NUMBER OF STRESS REVERSALS IS SO LOW THAT /504 FATIGUE APP
2IS NOT A FACTOR FOR THIS CONFIGURATION /50H AND ALLOWABLE S=N CUAPP

3RVE, THE ACOUSTIC FATIGUE /50H ANALYSIS FOR THIS NOISE SOURCE IAPP

4S OMITTED. /7Xe35H*sxxx E N D O F NOTE sxeansy) APP
60 FORMAT (4THOAPPLIED S=N CURVE EXCEEDS ALLOWABLE S=N CURVE.) APP
END APP
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FUNCTION BANDW(F)

. THIS SUBROUTINE COMPYTES BANDWIDTH AS A FUNCTION

o OF FREQUENCY
DIMENSION FT8(13),BWTB(13)

DATA FTB/ 240 4o 8¢ 16.
31.5 63,0 0125, 0250, +500,
1000. '20000 '“0000 080000 /

DATA BWTB/1:35¢ 2,75¢ S.5¢ 11,

2205 '45.0 90,0 0180, 0355,

700, 21400, 02800, +5600,
IF (F.GE,+.65.AND,F,LE,10800,) GO TO 10
WRITE (6/,30) F
IF (F.LT.0,65) BANDW=1,35 .
IF (F.67.10800,) BANDW=5600,
RETURN ‘
1=0
I=21+} ;
IF (F.GT (FTB(I)+RBWTB(I)/2,)) 60 TO 20
BANDW=BWTB(I)
RETURN

FORMAT (19HOFREQ, ARG, ERROR =E12.4)
END
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20

30

40

50
60

70

80

FUNCTION CURVEF (F,FSTAR)
THIS FUNCTION IS USED TO COMPUTE OBSPL
ITER=Q :
SUMDEL-.-O .
IF (FSTAR.GT,.F) GO TO 30
FUNDAMENTAL FREQUENCY IS LESS THAN F
DELLBP=4,
FU=F :
FL=.52FU
IF (FL,LE.FSTAR) GO TO 20
SUMDEL=SUMULEL+DELDBP
FUSFL
ITERSITER+]
IF (ITER.GT,100) GO TO 70
60 TO 10 .
DELDHB=(FSTAR=FL)/(FU=FL) *DELOBP+SUMDEL
60 70 60
FUNDAMENTAL FREQUENCY IS GREATER THAN F
DELDBP=3,5
FLSF
FUI2.xFL
IF (FU.GE.FSTAR) GO TO S0

SUMDEL=SUMDEL+DELLDBP S

FLSFU

ITERZITER+]

IF (ITER,GT,100) GO TO 70

60 TO 40
VELDB=(FSTAR-FL )/ (FU=FL) *DELDBP+SUMDEL
CURVEF=DELDB

"RETURN

WRITE (6+80) F,FSTAR
CURVEF==1,
RETURN

FORMAT (30HOERROR IN OBSPL COMPUTATION F=E12.49¢3Xs6HFSTARS=E12,.4)

END
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110

SUBROUTINE MININO(DIoSLDoCYL'CYoSCR)
COMMON/APPL/ii0APP -

DIMENSION C(3)

DIMENSION DI(4)

DATA C / 2.,631102E-02» =2.635E~02y =4,939331E~01 /»

NOAPP=0

CyMax=CyL

XIu=1,.,E30

ETAU=1.0

XIL=0,0

ETAL=0.0

L=0

DO 10 I=Lr10

ETAZ0,999/10,%%]

CYSETA%CYL

CL=APP(SLDCYsCYLDI)

xF {NOAPP.,NE D) GO TO 100
2=ALL(DICY)

xI-Cd-Cl ‘

IF (X1.GE.XIU) GO TO 90

IF (ABS(XI/C1),LT,0.,01) GO TO 70

IF (xI.,LT.04,0) GO TO 20

XIuzxl

ETAY=ETA

CONTINUE

xiL=Xx1

ETALZETA

ETAZQ ,S* (ETAL+ETAU)

CYSETAxCYL

Ci=APP(SLDsCYCYLDI)

IF (NOAPP.NE.O) 60 TO 100

C2=ALL(DI/CY)

X1=C2=C1

IF (ABS(xI/C1),LT7,0.01) GO TO 70

IF (RILJLEeXLi ANDXIJLE.XIU) GO TO 40

60 70 90

IF (XI.LT.0.0) GO TO SO

XIu=x1l

ETAUSETA

G0 10 60

XIiLzxl

ETAL=ETA

ETA=0,.5%(ETAL+ETAU)

CYZETA*CYL

C1=APP({SLDeCYCYLSDI)

IF (NOAPP.,NE,D) GO TO 100

- C2ZALL(DICY)

X1=C2-C1
G0 7O 30
Y=CysCvt
IF (Y.6T.0.,455,AND,Y.LT.1,0) GO TO 80

SCRE((=C(2)~SART(C(2) *xx2=4, *C(B)t(C(l)-ALOG(Y))))/(2 *C(3)))=SLD

GO TO 110

SCR=(2./PI#ACOS(1,-PI/1,212%(1.,=Y)))%SLD

60 1O 110
wWRITE (6,120)
SCR=0,
RETURN
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C

120 FORMAT (30HOITERATION FAILED TO CONVERGE.,)

END
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o000 O

kX

10

20

OVERLAY (P5490,3,0,C000000)

PROGRAM DRVTPS

COMMON /LINK/ NSECTeTCoTS»TSKINL o TSKIN2,TINS1sTINS2+TINS3»XDST

COMMON/COMTOT/ :
1ATY BT 'CT
2FTH oFTS K1
30S e STPS ¢ TUNWT
COMMON/STDHR/
1EQP + LARATE +MATLIO
2STDHR » VRATE
COMMON/WTA/
1A ' B ¢+ CHORD
2DIAPGH 'DIAPTH ’ -
3DLPANL »DOwPANL +EEDGE
4GBOLT ' GCLAMP ¢ GINSRT
SHBEAMA 'HFNG1 ' HFNG2
6HRING v ILFNGL » IDFNG2
TLBMLC s LBMSA ' LBMSC
8LPANL 1 LPOST ' LRIBL
9L TUBE 'NRIBS s NXA
$0DPOSR ¢ QUPOST ¢ OORING
$PINS1 oPiNS2 'PINS3
$PSKIN1 yPSKIN2 +PTUBE
$TBMLA o TOMLC ¢+ TBMSA
$TDOUBC e TOOUBP ¢ TEDGE
$TPOST » TRIBL ¢ TRIBS
$TTUKE ' TWRIR ¢+ T1RIB
SWwBMLC s WEMSA » WBMSC
$wWDOUBR 'WIDTH » WPANL
SWRIBS s WSEAL ¢ WSTFNR
COMMON/WTCOST/
1ACWT » ANUYV tAOP(7,7)
2C0SwWT P KT ' LEN
IPEXT e TEXT 'WID
COMMON/ZERO/
1LABHR ' LACOST ¢+ TACWT
2TFCOST e TLACOS » TLBHR
3TTLACO ¢ TILBHR ¢ TTMCOS
4vCOST .
DIMENSION I1A(1), IB(1)
EQUIVALENCE (IA,A)y (IB)LABHR)

REAL IDFNG1rs IDFNG2»

Kir K2

INITIALIZE INPUT VARIABLES

DO 10 I=1,105
IA(X)=0
CONTINUE

DO 20 I=1,19
1B(1)=0
CONTINUE
CT=,86
EGTH=3.75
ETA=0,3
FTH22,0

K3,

'CF1
K2

¢+ NN

+DIABH1

+ELRIB
» GINSUL
'HPLATE
+ KINDP
+ LCORN
'LRIBS
' NYA
'PBM

2PPOST

R

+ TBMSC

r TFNG1

' TRING1
' T2RIB
+ WCORN
+ WPLATE
v ZFAS

' ITL
+ LTUBER
0 224)8

+ TALABH

' TMAWT
¢ TTSHR
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LENGTH,

+EGTH
K3

Pl

»DIAPOH

'E2RIB
' GNUTPL
' HPOST
+ KINDS
¢+ LDOUBR
' LSEAL
¢ ODFNG1
+PCORE
+PRIB
+RADIUS
+ TCORE"
¢t TPLATE
¢+ TRING2
' WBEAMA
+WCORR
s WPOST

KK
' MAWT

+ TASTDH
» TSTOHR
¢y TTVCOS

LTUBE,

'ETA
' NPA

¢'REFCT

+DIARGH

»E3RIB
+GWASH
'HRIB
+LBMLA
'LENGTH
¢ LSTFNR
¢+ ODFNG2
+PEDGE
+PSEAL
S

’
+ TCORN
+ TPLUG
» TSEAL
+ WDOURP
s WRIBL

' KLIC
N

» TASYCO
+ TTFCOS
» TVCOST

NPA

’

® ® @ ® ® P B e W e ® W T W we

DRV
DRV
DRV
DRv
DRV
DRV
DRV
DRV
DRV
DRY
ORrRv
DRV
DRv
DRV
DRV
DRV
DRV
DRV
DRV
DRV
DRv
DRV
DRav
DRV
DRV
ORV
DRV
ORV
DRV
DRV
DRV
DRV
DRV
DRV
DRv
DRV
DRV
DRv
DRV
DRV
DRV
DRV
DRV
DRV
DRY
DRV
DRV
DRv
DRV
ORvV
DRV
DRV
DRv
DRV
DRV
DRV
DRv
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T 40
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50
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60

70

C *x%x»%

80

90
100

FTS=.67 DRV

NPA=1.0 DRrv

0S=1,332 DRV

PI=3,1416 DRV

STPsS=1000, DRrv

TINS1=TINS1#*12,0 DRV

WRITE (6&,200) DRv

DRV

READ wEIGHT=CLOST INPUT DRV

OrRv

READ (5,210) KINDP,KINDS»LENGTH,WIDTH,DLPANL ,DWRPANL »A,B+MATLID, ICODRY

15 pry
READ (5¢220) PINS1 ) PINS2+PINSI,TINS1yTINS2,TINSS DRV

WRITE (60230) KINDPILENGTH,wIDTH,DLPANL ¢+DWPANL A Ry ICOS»KINDS» TINSDRYV

11, TINS2, TINS3IPINSL1sPINS)PINSIMATLID nRy
IF (KINDP.OT.O0.ANDKINDP,LT,.0) GO TO 30 DRy

WRITE (6,240) DRV

RETURN DRV

G0 TO (4U+50+60+80,80)y KINDP DRY

: DRV

KINGP = DRV

DRy

READ (5+250) NRIBS»CHORDRADIUS DRV

WRITE (69260) NRIRS,CHORDIRADIUS»TSKINE,TSKIN2 DRv

60 70 70 DRy

DRV

KINDP = 2 DRV

' NDRY

READ (59220) GINSRT,TCORE,TEDGE DRV

WRITE (6+270) GINSRT»TCORE ) TEDGE» TSKINL »TSKIN2 DRV

60 TU 70 DRV

DRV

KINDP = 3 NRY

DRV

READ (5+250) NRISS»HRIB» TEDGE/EIRIBIEZRIBIEIRIBITIRTB,T2RIB, TWRIB DRV

wWRITE (6,280) NRIBS/YHRIB+EIRIBIE2RIBIEIRIB, TENGE, TSKINl TIRIBT2RIDRY

18, TWKRIB ORV
AT=,667 DRV

bT=.187 DRV

CF1=0, DRV

Ki=,00171 DRv

K2=6,58 DRV

K3=,004324 DRV

w0 TO 130 DRV
DRV

KINDP = 4 OR 5§ DRV
DRV

READ (5,220) GINSRT.TCORE,TEDGE,TEXT+PEXT . DRV
WRITE (6+290) GINSRT, TCORE:TEDGE:TEXT.PEXT TSKIN1, TSKIN2 DRV

PEXT=PEXT/1728, DRV
AT=0,6 DRV
B8T=0.,6 DRV
CFi1=1,0 DRV
K3=,004974 DRV
IF (KINDP=5) 90,100s110 DRV

Ki1=,06528 DAY
60 10 120 ORV
K1=,03295 DRV
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OO0

OO0

K2=,300 ‘ DRV

60 10 130 DRV

110 K1=,07181 DRvY
120 K2=,575 ’ " DRy
130 IF (KINDS.EQ,0) GO TO 180 DRy
IF (KINDS.GT,0,AND KINDS.LT.4) GO TO 140 DRv
WRITE (6+300) DRy
RETURN ’ DRv

140 GO TO (150+160,170) KINDS DRV
DRv

s¥%x KINDS = 1 ) , . DRy
' ' DRV

150 READ (5,220) GBOLT.GNUTPLoGwASHpTCORNoTPOSToODPOST LTUKE, TTUBE » TFNDRYV
161+ TBMLA, TBMSA, TDOUBC - TDOUBP.TPLATE.TSEAL HBEAMA » WBEAMA DRV
WRITE (6+310) GBOLT ¢ GNUTPL y GWASH» TCORN, TPOST » ODPOST» LTURE » TTURE » TFDRV
ING1, TBMLA» TBMSA, TDOUBC, TOOUBP s TPLATE » TSEAL » HBEAMA » WBEAMA DRy

GO TO 180 DRy

ORvV

% KINDS = 2 . DRV
DRY

160 READ (5+220) GBOLT,GNUTPL ) GWASH,GINSUL » TPOST »WPOST DRV
WRITE (6¢320) GBOLT.GNUTPL »GWASHyGINSUL »TPOST»WPOST DRV

60 10 184 DRV

§ DRV

sex KINDS = 3 : ORvY
DRV

170 READ (5+220) GHOLTsGNUTPL»GWASH,GCLAMP,TPOST»ODPOST+QDPOSR, TTUSE, TDRV
1FNG1, TBMLC » TeMSC o wBMLC » WBMSC» TRIBL» TRIBSIWRIBL yWIBS DRy
READ (50220) HRING)ODRINGIDFNG1» IDFNG2,HFNGL e HFNG2 TRING1» TRING2 DRV
WRITE (6¢330) GBOLTsGNUTPL »GWASH» GCILLAMP,TPOST »ODPOST,,O0DPOSR, TTUKE DRV
1TFNG] » TBMLC» TBMSC , WBMLC » WBRMSC » TRIEL , TRIBSy WRIBL ,WRIRS,HRING, ODRINGDRV

2+ IDFNG1» IDFNO2 1 HFNGL1 ' HFNG2» TRING1 » TRING2 DRV
180 IF (ICOS,EQ.u) GO TO 190 DRV
READ (5+220) AT,BTeCTICFLIEGTHIETA o DRV
READ (50220) FTHoFTSsK1+K2,)K3eNPA»OS»STPS ORYV
WRITE (6¢340) AT»BTsCTICFLIEGTHIETAIFTHIFTS K1 K2/ KI39)NPA,0S,STPS DRV

190 WRITE (6+,350) ' ' DRV
CALL WTTPS DRV

IF (KLIC,EQ.100) RETURN DRY
CALL COSTOTY DRV
RETURN DRy

DRY

200 FORMAT (1H1) DRV
210 FORMAT (2I4+0E8,00214) DRV
220 FORMAT (9E&.u) DRV

230 FORMAT (46Hlx*2x%x W E I GH T =CO0ST I NP U T x%xx3//10XeSHKDRV
1INDP»9X s GHLENGTHe 10X s SHWIDTH» 9% » 6HDLPANL » 9X» 6HDWPANL » 14X 1HA» 14X 1 DRV
2HB o 11 Xr UHICOS/11506F15.30115/710X,SHKINDS» 10X¢SHTINS1,10XsSHTINS2,DRY

310xo5HTINSSoLOXv5HP1N51 loxobHP!NSZo10x.5HP1N53'9X96HMATLID/115o6FDRV
415.30115) DRV
240 FORMAT (65HO**x%x KIND OF PANEL FLAGes KINDP, WAS NOT PROPERLY ENTEDRV
1RED, %mxuwxx) DRV
250 FORMAT (18,9L8,0) DRV
260 FORMAT (//32X¢SHNRIBS»10X+SHCHORD 19X+ 6HRADIUS »9X»6HTSKINL ¢ 9X » 6HTSKDRY
1IN2/30Xe17¢4F15,3) DRV
270 FORMAT (//31106HGINSRT.10X.5HTC0RE.10X.5HTEDGE.9X.6HTSKIN1o9XobHTSDQv
1KIN2/22Xp5F13.5) DRV

280 FORMAT (//32x¢SHNRIBS,11X+4HHRIB,10X»SHELRIB, 10X SHE2PIB, 10X SHE3RDRV
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IXBIBOXoI7oQFlS.3//32X'SHTEDGEvQXoéHTSKINloIOXOSHTIRIB.IOXOSHT?RIBvDRV
210X ¢ SHTWRIB/22X15F 154 3) DRV
290 FORMAT (//16X-6HGINSRT.10X-5HTC0RE'10XoSHTEDGEo11X9“HTEXT011X04HPEDRV
 AXTe9X 6HTSKINLI»OXp6HTSKIN2/7X¢7F15,3) DRV
500 FORMAT (69MO*x»x#% KIND OF STRUCTURE FLAG» KINDS, WAS NOT PROPERLY DRV
1ENTERED, ®x%3%) ) DRV
310 FORMAT (//25)05HGBOLT09X.6HGNUTPLolOXoSHGWASHo10X05HTC0RN010X05HTPDRV
1OST09X9GHODPUSTILSXO6F15.3//32X.SHLTUBEoIOXoSHTTUBEv10X05HTFN610100RV
2A-SHTBMLAo10X05HTBMSA/22X05F15.3//2“Xo6HTDOUBCr9Xo6HTDOUBP09Xo6HTPDRV

ILATE 10X s SHTSEAL » 9X » GHHBEAMA » 9X » 6HWBEAMA/ 15X 1 6F 15, 3) DRV
320 FORMAT (//25Xs5SHGBOLT »9X» 6HGNUTPL » 10X+ SHGWASH» 9X» 6HGINSUL » 10X ¢ SHTPDRV
10STs10X,SHWPOST/15Xe6F1543) DRV

330 FORMAT (/717X sSHGROLT »9X s 6HGNUTPL » 10X+ SHGWASH»9X» 6HGCLAMP » 10X » SHTPDRV
10ST + 9X s 6HOUPOST ¢ 9X » GHODPOSR/7X» TF 15,3/ /725X » SHTTUBE ¢ 10X » SHTFNG1+» 10XDRV
29 SHTBMLC » 10X+ SHTBMSC ¢ 10X ¢ SHWBMLC » 10X 9 SHWBMSC/15X» 6F15,3//25% ¢ SHTRIDRV
3ELe10Xe SHTRILS,1UXs SHWRIBL» 10X» SHWRIBS+10Xs SHHRING» 9% » 6HODRING/15XDRV
Q96F15.3//2ux06HIDFN6109X06HIDFN62010Xo5HHFNGloIOXUSHHFN6209Xo6HTRIDRV
SNG1r9Xr 6HTRING2/15X916F15+3) DRV
540 FORMATY (//720K¢2HAT ¢ 13X e 2HBT e 13X e 2HCT 112X e 3HCF 10 11X 9 YHEGTH? 12X » SHETORV
1A 12X s 3HFTH/7X, TF15,3//719X ¢ 3HFTS ¢ 13X ¢ 2HK1 013X 9 2HK 2+ 13X 2HK3, 12X » 3HDRV

2NPA» 13Xy 2HOS» LIX» 4HSTPS/ 7X» 7F16,3) DRV
350 FORMAT (36HO**xxx £ N D 0o F I NP UT xa3%%x) DRV
END - DRY
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SUBROUTINE AMATL

COMMON/COMTOT/
1AT o B1
2FTH oFTS
30S »STPS

COMMON/MATL /
1CPERIM yHEIGHT

COMMON/STDHR/
1EO0P +LARATE
2STLHR » VRATE

COMMON/WTA/ .
1A [1a)
2UTAPGH e DIAPTH
3DLPANL e DWPANL
468BOLT s GCLAMP
SHBEAMA ' HFNG1
6HRING e 1LFNGL
TLBMLC s LoMSA
SLPANL ' LFPOST
SLTUBE e NKIBS
$0DPOSR 1 OUPOST
$PINSY o PINS2
$PSKINL 'PSKINZ
$TBMLA e TGMLC
$TDOUBC e TUOURP
% FPOST e TRIBL
$TTURE s TRRIR
SwBMLC » WBMGA
$wOOUBR 'WIDTH
SWRINS s WSEAL

COMMON/WTCOSi /
1ACWY » AniUV
2CO0SuT on T
IPEXT e TUXT

REAL LEN, LENG,

FLATX=0

HEATX=0

LENGX=0

MBASE =0

MARKX=0

PBASE=0

PDIE=0

PEXTRA=0

PROTX=0

PSAwWx=0

QUANX=0

SIZEX=0

TOLX=0

USONX=0

wIDTX=0

ALBASE=, 80

ELSLENGT
LENG=LENGT

PERM=CPERIM
QUANM=STPSaNFAMAWT/ (LEN*WID)

o CT
K1
s TUNWT

' KEY

+MATLID

¢ CHORD
’
+EEDGE
¢ GINSRT
e HFNG2
+ IOFNG2
» LBMSC
' LRIBL
» NXA

¢+ ODRING
¢+ PINS3
' PTUBE
» TBMSA
¢ TEDGE
¢t TRIBS
¢+ TIRIB
» WBMSC
¢+ WPANL
» WSTFNR

2 AOP(T7,7)
' LEN
'WID

LENGT,» LENGX»

+CF1
K2

t LENGT

¢ NN

+DIABHL

+E1RIB
¢ GINSUL
'HPLATE
+KINDP
¢+ LCORN
»LRIBS
' NYA

s PBM
'PPOST
'R

» TBMSC
' TFNGE
» TRINGIL
' T2RIB
¢ WCORN
' WPLATE
2 ZFAS

e ITL
+ LTUBER
v 22UB

MARKX, MAWT, MBASE,
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+EGTH
' K3

'WIDT'

PI

+DIAPOH

vE2RIB
» GNUTPL
P HPOST
¢ XINDS
¢ LDOUBR
¢+ LSEAL
s ODFNG1
¢ PCORE
+PRIB
+RADIUS
¢+ TCORE
' TPLATE
¢ TRING2
» WBEAMA
¢+ WCORR
' WPOST

' KK
 MAWT

yETA
o NPA

yREFCT

» DIARGH

'E3RIR
»y GWASH
'HRIB
yLBMLA
'LENGTH
e LSTFNR
» ODFNG2
' PEDGE
+PSEAL
)

+ TCORN
» TPLUG
» TSEAL
s WBMLA
s WOOUBP
' WRIBL

e KLIC
o N

NPA

AML
AML
AM

AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
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C
C

THK=HEIGHT
XARE=STHK*WIDT
XFACT=12,

MATERIAL IS INSULATION
IF (KEY,t0.0) 60 TO 10

" MATERIAL 1S5 REUSABLE SURFACE INSULATION

IF (KEY,EQel1) GO TO 20

MATERIAL IS ABLATIVE MATERIAL
IF (KEY.tQele) GO TO 30

AML
AML
AML
AML
AML
AML
AML

AML

AML
AML
AML
AML
AML
AML

GO TU (400290¢350+0360+37003800390+,4000410042001800240,s430°440,450)AML

1» MATLID

Cax»kxMATERIAL TYPE IS INSULATION *%x&x
10 CONTINUE

AMUVZ1,.10
COSwT=5,00
RETURN

¢
CoxxxsxMATERIAL IS REUSABLE SURFACE INSULATION

C

C

20

CONTINUE
AMUVZ1,.10
KCOSWT=7,5U
RETURN

CrxxxsMATERIAL TYPE IS ABLATIVE MATERIAL

C

Cc

30 CONTINUE

AMUVE1,.10
KCOSWT=3.50
RETURN

CxxexxMATERIAL TYPE IS ALUMINUM (7075=T6) *%x*x

C

o OO0

OO0 O

40

50

CONT {NUE
1F (MATLID.tw.1) MBASE=ZALBASE
GO TO (50¢00,100,13001400150,1600170)» KEY

MATEKIAL FORM IS FASTENER

CONTINUVE

ANALYSIS ASSUMES FASTENER IS A BOLT
AMUV=1,1

PBASE=21.00

IF (MATLID.GT.1) PBASE=XFACT*MBASE

GO TO 47y

MATERIAL FORM IS HONEYCOMBR

ANALYSIS IS5 BASED ON THE 5052 ALUMINUM ALLOY, A 3716 INCH CrLL
SIZE, AND A ,002 INCH FOIL THICKNESS

60 CONTINUE
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59
60

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
a1
82
a3
au
85
A6
87
88
A9
90
91
92
93
a4
95
96
97
98
99
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70

80

90

100

110

120

AMUVZ1,1

CELL=,1875

QUANM=QUANM$AMUY
QUANM=QUANM/ (144 ,xPCORE)

IF (QUANM,LT,.600.) GO TO 70
IF (QUANM.GE.12000,) GO TO 80
P=1.43

PSAWX=,25

60 TO 90

CONTINUE

P=1,72

PSwa=0“5

60 TO 90

CONTINUE

P=1.30

PSAWXx=,22

CONT INUE
PCELL=,3382*(ELL%*%~,797
PINFT2=PCELL*»P/1,30
SAWX=PSAWX/ (144 ,xPCORE)
PBASE=PINFT2/ (144 ,sPCORE) +SAWX
60 TO 460

MATERIAL FORM IS FOIL» SHEETs OR PLATE

ANALYSIS 1S BASED ON 7075 AND 7079 ALUMINUM ALLOYS IN THE

FOLLOWING TEMPERS -T6er =THEDH1
CONTINUE

AMUV=1.,1

QUANM=QUANMXAMYY

IF (THK,6E,..1875) GO 70 110
PBASE==13,82*THK+1,218

IF (THK,GE.sUU4Y4) PBASE==,6u41%THK+,638
WIDTX=,0106*%yIDT=,510

IF (wIDT.LE.«8,) WIDTX=0
PBASE=PBASE+4IDTX
PROTX==2,182%xTHK+,187

IF (PROTX.LT.0) PROTX=0
TOLX=,.030

IF (THK,LT.+154) TOLX=,046
PEXTRAZPROTX+TOLX

60 T¢ 120

CONTINUE
PBASE==,00642%THK+,536
wWIDTX=,00131%WIDT-,0327

IF (WwIDT,LE.c5.) WIDTX=0
FBASE=PBASE+wIDTX

IF (THK,UE ++250) FLATX=,01
USONX=,05% ' )

IF (THK.LT.1.5) USONX=,08

IF (THK,LT.e5) USONX=,025
PEXTRA=SFLATX+USONX

CONTINUE

QUANXZ, 1 486%GUANMR2=,000115

IF (QUANM.LT,3500,) QUANX=113100,*QUANMx=1,667
IF (WUANM.1LT,1100,) QUANX==,000516%QUANM+1 .69
MARKX=,01

PACKX=0
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130

140

IF (QUANM,LT,4000,) PACKX=,013
IF (QUANM,LT.2000.,) PACKX=,025
PEXTRAZPEXTRA+QUANX+MARKX+PACKX
GO TU 460

MATERIAL FORM IS wIRE, ROD, OR BAR

ANALYSIS IS BASED ON 7075 ALLUMINUM ALLOY IN THE FOLLOWING
TEMPERS =16y =T651

CONTINUE

AMUVZ1,10

PBASE=Z,9715*XARE*%=,0521

QUANM=GUANMxAMYYV

QUANX=Z0 ;

IF (QUANM LT ,1000,) QUANX=13,98%QUANM® 2=, 742

IF (QUANM.LT.25.) QUANX=1,30

PEXTKA=QUANX

60 TO 460

MATERIAL FORM IS EXTRUSION

ANALYSIS IS SASED ON 7075 AND 7079 ALUMINUM ALLOYS IN THE
FOLLOWING TEMPERS «=T6» =T6510, =7T6511

CONTINUE

AMUV=1.10

DIAZAMAX 1 (WIOT,HEIGHT)

WTPFT=1,2*%XARt

KZPERM/WTPFT+.5

WUANMZQUANM®AMUY

IF (K,LE.1) P=,890

IF (K.EGOZOA'JD.DIAQLEQSOS) p=09706‘DIA*‘(-005003)

IF (K.EQ.2,AND,DIA,GT,.3.5) P=,910

IF (KEQe3.,ANDDIALE.4.5) P21,07uxDIA%%(=~-,091181)

IF (K.EQ.EOAr\‘D.DIA.GT.“.s) p:0.8265‘DIA‘*(008922)

IF (KReGE 4 A K, LE,5AND.DIALE.4,5) P=1,1510%0D1A%%(~=,07893)

IF (KeGE U A K, LE.S+ANDDIA,GT4,5) P=0,7522%DIA%%(419544)

IF (K,GE,6.A.K,LE,8,AND.OIA,LE,4,5) P=1,2699*DIA%x(=,09497)

IF (KeBGE.6sA K, LE,84ANDDIAGT4,5) P=0,6576%0D1A%%(.32524)

IF (KQGEogvoKoLEollOANDnDIAOLEo“os’ P=10390“*DIA“(‘010852)

IF (K GE.9,i K ,LE,11.,AND,DIA.GT,4.5) P=0.8826%DIA*%x(,20352)

IF (Ko GE.12¢A¢KLEJ14,AND.DIALE.3:.5) P=1.,5224D[A%x*(=,14045)

IF (KeGE,12¢A¢K LEs14,AND DIALGT+3.5) P=.96888*D1A*»(,20075)

IF (K.GEQ15.k.K.LEOZO.AND.DIA.LEQZOS) P=107219*DIA**(-.2330Q)

IF (K GE 15:A¢KLEs20,AND,DIAc6T+2.5) P=1,1685%D1A%%(,17168)

IF (KoGEo21eAeKLEs25:ANDDIALEL245) P=1.8625%D[A%%*(~,12561)

IF (Ko GE ,21¢AeK LE.25,AND,DIAGT2.5) P=1.4733¢D[A%%x(,12607)

IF (KeGEo264AeK LE¢30,AND DIALE.2+5) P=2.0931#D]A%*(-,09990)

IF (K(GE,26¢A«K4LE.30,AND,DIA.GTo2¢5) P=1.7802%D]A%*(,07680)

IF (K¢GE,31¢A¢K,LE.35,AND,DIA,LE,2.,5) P=2,53618DIA%%*(=,12580)

IF (KeGE o 31¢A¢KLEo35,AND,DIAGT.2¢5) P=2,0320%D1A%*(,11606)
IF (K.GT,35) P=z2,500
LENGX=0

IF (EL.GE-3000.A-EL0LT.“56. 'ANDOWTPFT.LT. 0250) LENGX=.01

AML
AML
AML
AML
AML

- AML

AML

CAML

AML
AML
AML
AML
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AML
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AML
AML
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AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AM[
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML,
AML
AML
AML
AML
AML
AML
AML
AML

IF (EL.GEe300e¢,AeELLT o456, AND,WTPFT.GE, 250 A WTPFT,LT,.409) LENAML

16X=,005

IF (EL.GEe300s o AELoLT 456, AND WYPFT.GE,..499) LENGX=0
IF (EL.GEe450¢¢AND,WRPFT LT.+250) LENGX=,017
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IF (EL,GE 450 ¢ JAND NTPFT,,GE, «499) LENGX=,005

IF (EL GEe4504¢ A WTPFT.GE«,290,AND WTPFT, LT..Q99) LENGX=,01
PBASEZP+LENGA

PDIE=115,8%EXP(,2188%DIA) /QUANM
RGUANZ14020,*EXP(,2163xDIA)

IF (QUANM,GE ,RQUAN) PDIE=Q
QUANX==,y000018QUANM+, 024

IF (QUANM,LT,15000.) QUANX==,0000153%*QUANM+,195
PACKX=,011

TOLX=,03

PEXTRAZPDIE+QUANX+PACKX+TOLX

GO TO 460

c MATERIAL FORM IS TUBING
150 CONTINUE
, G0 TO 480

c MATERIAL FORM IS FORGING
" 160 CONTINUE
GO T0O 480

MATERKIAL FORM 1S CASTING
170 CONTLINUE
60 Tu 480

O

< '
-CoxxaxMATERIAL TYPE IS ALLOY STEEL (4130 4340) *>ss%xs
C
18u CONTINUE
MBASL =, 40
60 TU (19004Ur2000230,40040,40040), KEY

MATERIAL FORiM IS FASTENER

'sXsXsXs B

ANALYSIS ASSUMES FASTENER IS A BOLY
190 CONTINUE

AMUV=1.1

PBASE=13,00

G0 TO 470

MATERIAL FORM IS FOILe SHEET, OR PLATE

ANALYSIS IS BASED ON AN AVERAGE OF HOT ROLLED NORMALIZED AND
HOT ROLLEC ARNEALED AIRCRAFT QUALITY %130 ALLOY STEEL»,» AND ON HOT
ROLLED ANNEALED AIRCRAFT QUALITY 4340 ALLOY STEFL

200 CONTINUE
AMUvz1,1
QUANM=-QUANM*AMyY
IF (THK,GE.«250) GO TO 210
PBASE=1,00
IF (THK,G6E.,010) PBASES,071xTHK» %= ,546
IF (THK,GE,.050) PBASE=.0968%xTHK+,357
PROTXz==2,182*THK+,187
IF (PROTX.LT.0) PROTX=Q
60 TO 220

210 CONTINUE

. PBASE=,0062THK+ ,439
MARKX==,015%THK+,03

220 CONTINUE

COCoOoO00
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C

230

QUANX=0

IF (QUANM.,LT,10000,) QUANX=,027

IF (QUANMLT.300.) QUANX=2,059%QUANME%*= 5304
IF (QUANM,LT.25,) QUANX=,50
PEXTRAZQUANX+MARKX+PROTX

60 Tu 470

MATERIAL FORM IS WIRE, ROD, OR BAR

ANALYSIS IS BASED ON AN AVERAGE PRICE FOR HOT AND COLD ROLLED
AIRCRAFT QUALITY 4340 ALLOY STEEL

CONTINUE

AMUV=1.1

QUANM=QUANMEAMYV

PBASE:.S@I

IF (XARE.LTene) PBASE=. 442

QUANX=0

IF (QUANM,LT.10000,) QUANX=,027

IF (QUAN#MLT,300,) QUANX=2,059%QUANME*=,5304
IF (QUANM.LLT,.25,) QUANX=,50

MARKXZ=, U15%SQRT(XARE) +,03
PEXTRASQUANX +MARK X

60 TO 470

CrxxxxMATERIAL TYPE IS STAINLESS STEEL (301¢ 17«7PH) saasx*

C

[gXeXeXe

OCOO0

240

250

260

270

CONTINUE
MBASE=,96
60 TO (250040+260+,40240940,40040)0 KEY

MATERIAL FORM IS FASTENER

ANALYSIS ASSUMES FASTENER 1S A BOLT
CONTINUE

AMUvy=1,1

PBASE=39,00

GO 10 47U

MATERIAL IS FOILs SHEETs OR PLATE

ANALYSIS IS BASED ON AN AVERAGE PRICE FOR TYPE 301 AND 17=-7PH
STAINLESS STEEL

CONTINUE :

AMUy=1,1

QUANM=QUANM®AMYY

IF (THK,GE.,1875) GO TO 270
PBA55=0892*THK‘*-0065“

QUANX=0

IF (QUANMQLT.ZOOO.) QUANX=.959*EXP(-.00206*QUANM)
IF (QUANM.LT,100,) QUANX==,007%QUANM+1,475
PROTX==2,182%THK+,187

IF (PROTX.LT,0) PROTX=0

PEXTRAZQUANX+PROTX

G0 TO 280

CONTINUE

PBASE=,832

IF (THK(LTee375) PBASE==,3867%THK+,977

WUANX=0
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C

OO0

EeXgNaXel

280

290

300

310

320

IF (QUANM,LT,.10000,) QUANX=,055

IF (QUANM,.LT,1500,) QUANXZ,8738%EXP(=,0012%QUANM)
IF (QUANM.LT,100,.) QUANMXS=,007%QUANM+1 ,475
MARKX=,01

PEXTRAZQUANX+MARK X

CONTINUE

GO TO 4%

CexsxMATERIAL TYPE IS TITANIUM (TI«6AL~d4V) xxakix

CONTINUE
MBASE=8,50
VO TO (300/,4C»310»340,40s40,40440)s KEY

MATERIAL FORM 1S FASTENER

ANALYSIS ASSUMES FASTENER IS A BOLT
CONTINUE

AMUVZ1,. L

PBASEZ104,00

60 YO 470

MATERIAL FORNM IS FOILy SHEET, OR PLATE

ANALYSIS IS oASED ON THE 6AL=4V TITANIUM ALLOY
CONTINUE

AMUV=],1

GUANMZ=QUANM¥AMyY

IF (THK,9E,..1875) GO TO 320

PBASE=6,00

LEN(’X=. 012“‘LENG- 0935
WIDTX=4,121=.XP(,0056%xWIDT)
THKX=.218*THK**—.995

IF (THK LTe,018) THKX=12.00
PBASE=PRASE+LENGX+WIDTX+THKX

VUANX ==, 50

IF (QUANM.LT.10000,) QUANX:--OOOIO&*QUANM*.5“0
IF (QUANM,LT.200,) QUANXZ=,75

TOLXZ 11 0¥ ThK*%x=,705

IF (THK,L.7..010) TOLX=3,00
HEATXz2,102+%_XP(=5,502¢THK)
PEXTRAZQUANX+TOLX+HEATX

G0 TO 330

CONTINUE

PBASE=3,25

LENGX=,001364LENG=,0875

IF (LENG,LT,76,) LENGX=0
wIDTX=1,29U4%nwIDTH%=,0708

THKXS , 709 THA X R= , 5§79

IF (THK ,LTee167) THKX=2,00
PBASE=PBASE+LENGX+WIDTX+THKX

QUANXZ0

iF (WUANM.LT.4000,) QUANX==,00018u*QUANM+ 811
IF (QUANM,LT,.200,) QUANX=1,00

FLATX=,35

HEATXzZ=,096%THK+1,108
USONX=,13
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C

330

S40

PEXTRAZQUANX+FLATX+HEATX+USONX
CONT INUE
60 TO 470

MATERIAL FORM IS WIRE, ROD, OR BAR

ANALYSIS IS BASED ON THE 6AL=4V TITANIUM ALLOY
CONTINUE '
PBASE=2,10

AMUvz=1,1

QUANM=QUANMxAMyUYV

LENGX=,0053%LENG+,084

S12EXx=3,11

IF (THK,GEeed) SIZEX=2,292xTHK®%x= 444
PBASE=PBASE+LENGX+SIZEX

QUANX=0

IF (GUANM.LT.4000.) QUANX==,000184*QUANM+,811
IF (QUANM.LT.200,) QUANX=1,00
TOLX=.25

HEATX=1,22

IF (THK,GE.1,) HEATX=.528*THK*37.365§
USOnNX=,10 B
PEXTRAZQUANX+TOLX+HEATX+USONX

60 TO 470

CxrxxeMATERIAL TYPE IS INCONEL 718 *xsxx

350

CONT INUE
MBASE=6,00
60 7O 40

¢ .
CxxxsxMATERIAL TYPE IS HWASTELLOY X xsuxx

c

360

CONT INUE
MBASE=15,00
60 TO 4o

CxxxxxMATERIAL TYPE IS RENE 41 #ksxx

C

370

CONT INUE
MBASE=8,00
60 TO 40

CoxxxsMATERIAL TYPE IS TD NICR *xx%x

C

380 CONTINUE

MBASE=105.00
60 TO 40

CxxsxxMATERIAL TYPE IS COATED COLUMBIUM ALLOY CB 752 sx%x%

390 CONTINUE

MBASE=110.00
GO0 TO 40

C
C*sxxsMATERIAL TYPE IS COATED COLUMBIUM ALLOY C 129Y sxxx%

C

400 CONTINUE

MBASE=110,00
60 TO 40

CxaxxxMATERIAL TYPE IS HAYNES 188 *%x»x%

410 CONTINUE

MBASE=15,00

1-125

AML

AML
AML
AML
AML
AML
AML_
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AM
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
aML
AML,
AML
AML
AM

AML
AML
AML
AML
AML
AML
AML
AML
AML
AM,
AML
AML
AML
AML
AML
AML
AML
AML
AML

407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437

438

439
440
441
442
443
4uy
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464



c

GO 70 4O

CaxxxxMATERIAL TYPE IS COATED TANTALUM ##*xx%x

C , h
CxaxxxMATERIAL TYPE IS MAGNESIUM #xx%x

C

420

430

CONTINUE
MBASE=90,00
60 TO 40

CONTINUE
MBASE=1,50
GO TO 4o

Cx+3+%MATERIAL TYPE IS BERYLLIUM suxsxs

C

440

CONTINUE

MBASE=150.00
GO TO 40

CxxxkMATERIAL TYPE IS L=605 *xkxx

- 450

O0O0

460

470

480

CONTINUE
MBASE=15,00
G0 TO 40

DETERMINATION OF TOTAL PRICE FOR MATERIAL

CONTINUE
PBASE=PBASL *MBASE /ALBASE
CONTINUE

IF (PBASE.EQ,0) PEXTRA=0
COSWT=PBASL+PEXTRA ’
CONTINUE

KETURN

END

1-126

AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML

- -AML

AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
aML

465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
4oy
495
496
497~



SUBROQUTINE ASTDHR

COMMON /LINK/ NSECT»TCoTSeTSKINLI»TSKIN2,TINSL1sTINS2sTINS3

1-127

COMMON/MATL/ .

1CPRERIM sHEIGHT ' KEY s LENGT "eWIDT

COMMON/STDHR/ :

1E0P +LARATE s MATLID ¢ NN Pl 'REFCT
2STDHR ¢ VRATE

COMMON/WTA/

1A B ¢+ CHORD +DIABNL »DIAPOH » DI ARGH
20TAPGH +DIAPTH ’

JDLPANL e DWPANL +EEDGE vEL1RIB +E2RIB +E3RIB
4GROLT ¢t GCLAMP ¢ GINSRT +GINSUL s GNUTPL, ¢+ GWASH
SHBEAMA rHFNG1 ' HFNG2 'HPLATE ¢ HPOST 'HRIB
6HRING ¢ JIUFNG1 ¢ IDFNG2 ¢+ KINDP ¢+ KINDS 'LBMLA
7L8MLC s LEBMSA ' LBMSC ' LCORN ¢ LDOUBR yLENGTH
8LPANL 'LPOST 'LRIBL 'LRIBS +LSEAL +LSTFNR
9LTUBE ' NRIBS » NXA +NYA » ODFNG1 + ODFNG2
$0DPOSR v OLPOST ¢ ODRING 1 PBM +PCORE +PEDGE
$PINS] ¢ePINS2 »PINS3 'PPOST 'PRIB ' PSEAL
SPSKINY 2PSKINZ *PTUBE 'R *RADIUS S
$TBMLA e TEMLC 2 TBMSA ©  ,TBMSC * TCORE » TCORN
$TDOUBC * TOOURP » TEDGE ' TFNG1 s TPLATE ¢ TPLUG
$TPOST e TRIBL *TRIBS » TRING1 ¢ TRING2 » TSEAL
$TTUKE ¢ TwRIB -+ T1RIB ¢+ T2RIB » WBEAMA ' WBMLA
SWBMLC » WBMSA + WBMSC » WCORN ' WCORR . +WDOUBP
$WDOUBR oWiDTH ' WPANL ' WPLATE ' WPOST P WRIBL
$WR1IBS o WSEAL ¢t WSTFNR ¢ ZFAS

COMMON/WTCOST/

1ACWT e AMUV 'AQOP(7,7) »1ITL ' KK KLIC
2C0SHWT KT ' LEN » LTUBER yMAWT oN
IPEXT o TeXT 'WID 1 Z22UB

DIMENSION FMAT(15)

REAL LARATE ,MAWT 'LBMLA  HLBMLC  LLBMSA o BMSC

REAL LDOUBR ,LEN 'LENGTH »LPANL LPOST ,HLRIglL rLRIRS

KEAL LSTFNR »LTUBE +LTUBER +NXA s NYA

REAL LBURR ,LENGT +LROUT ,LSAW +LSCRIB +NHOLE

DATA FMAY

1/ 1.0' “02' He2¢r 4,00 Bo20 5400 6.0' 600' “02' 6600 308'
2 590' “02 /

SDHR(5=0

SDHR08=0

SDHR10=0

SOHR11=0

SDHR12=0

SOHR14=0

SDHR15=0

SDHR16=0

SDHR17=0

SDHR18=0

SDHRR26=0

SDHR32=0

SDHR36=0

SDHR37=0

. % % W ® ® ® 9 9 % 9 ¢ v 9 o9

+ LCORN
+LSEAL

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASTY
AST
AST
AST
AST
AST
AST
AST
ASTY
AST
AST
AST
AST
AST
ASY
AST
AST
ASY
AST
AST
AST
AST
AST

be2¢e 4,00AST

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

WRNOANE GNP



0cea oo o

SDHR58=0 AST S9

SDHR39=0 AST 60
SDHR40=0 ' AST 61
SDHR41=0 AST 62
SDHR43=0 AST 63
SDHR48=0 , AST 64
SOHR53=0 AST 65
SDHR71=0 AST 66
SDHR75=0 AST 67
SDHRb60=0 AST 68
SOHRE2=0 AST 69
SDHRY3=0 AST 70
SDHKE5=0 : AST 71
SOHRY2=0 ASY 72
SDHRY97=0 AST 73
STDHR=0 AST 74
IF (22UB,GT.u) GO TO 10 AST 75
AMUV=(Q AST 76
CAREAZ=0 ASY 77
CLAMP=0 AST 78
COSwT=0 AST 79
CPERIM=0 ' AST 80
UHOLE=0 . AST 81
DIAzy ASY 82
HEIGHT=0 ' AST 83
LARATE=D ASY 84
LBURK=0 : AST 8§
LENGT=0 _ AST 86
LROUT=0 : AST 87
LSAW=0 AST a8
LSCRIB=V AST 89
NANGLE=O0 ASY 90
NHOLE =0 AST 91
NSURF =2 AST 92
REFCT=0 AST 93
SAREA=0 _ AST 9%
VRATE=0 ‘ AST 95
wWIlOoT=0 AST 96
vOL=v AST 97
10 CONTINUE 4 AST 98
IF (MATLICeG1 0 AND MATLID.,LT«16) GO TO 20 . AST 99
EOP=1, AST 100
RETURN : AST 101
: AST 102
20 CONTINUE AST 103
. AST 104
- IDENTIFICATION OF MATERIAL TYPE AND ASSIGNMENT OF AST 105
MATERIAL COMPLEXITY FACTOR F , AST 106
AST 107

FSFMATIMATLIW) AST 108
‘ AST 109

RELATE DETAIL PART TO MANUFACTURING OPERATIONS EQUATION CALLOUT AST 110
AST 111}

IF (KK.E@+9) GO TO 60 AST 112
IF (KK Ew.10) GO TO 70 AST 113
IF (KK.,Ewell) 60 YO 80 AST 114
IF (KK,EQ.12) GO TO 90 AST 118
IF (KK,EQ.15) 60 TO 100 AST 116

I-128



OO0

iF
1F
IF
IF
1F
IF
iIF
IF
1F
IF
IF
IF
IF
IF
IF
IF
iIF
IF
1F
lF
IF
IF
iF
IF
1F
IF
IF
IF
IF
IF
iF
IF
IF
IF
IF
1F
IF
IF
1F
iF
1F
1F
IF
iF
iF
IF
IF
IF
IF

"IF

IF
IF
iF

(KK,EQ.20)
(KK EQe21)
(KK EGo22)
(KK EQe23)
(KK,E@.25)
(KK.EQ426)
(KK, EQ.27)
(KK E@e29)
(KK+EQ«30)
(KK E@.31)
(KK EQe32)
(KK E@e33)
(KK.EQ.40)
(KKoE@s41)
(KK EQo42)
(KK EQ.43)
(KK 4EQ+50)
(KK.EQ.51)
(KK EQe52)
(KK.EQ@¢53)
(KK +Ewe55)

(KKoEQe56)

(KK EGe57)
(KK,EQ.60)
(KX .EQeHL)
(KKeEQe63)
(KKoEQe65)
(KK EWebb)
(KK.EQeb7)
(KK.Ew.68)
(KK.EQ.69)
(KK, EQa70)
(KKsEQWa75)
(KK EQe76)
(KK EQe79)
(KKoEQ@e80)
(KK.EQa.81)
(KK, EQ.82)
(KK+EW@e83)
(KK EQ.84)
(KK,EQ.85)
(KK EQe.86)
(KK.Eu+88)
(KK E@e91)
(KKeEWe92)
(KK EWeI3)
(KK EQ.94)
(KK,EQe95)
(KKEWe96)
(KK EQ.97)
(KK,EQ.98)

(KK,EQe199) GO TO 630

EOP=1,
60 70O 880

MANUFACTURING OPERATIONS EQUATION CALLOUT

T0

110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310

320

330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

- AST

AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST

AST .

ASY
AST
AST
AST
AST
ASTY
ASTY
AST
AST
ASTY
AST
ASTY
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
104
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174



C

(ol

000

OO0

30

40

CONTINUE

ASSIGN 30 TO JJ

NNZ=NN+1 .

KEY=3

LENGT=LPANL+DLPANL
WIDT=WPANL+DLPANL
HEIGHT=TSKIN1
LBURR=2,sCPERIM
LROUT=CPERIM/3,

UHOLE=TSKIN1

OTA=DIABHI T T
NHOLE=NXA

GO T0:(640oBZO-650.750@690a7800670072008600870)o NN
CONTINUE

ASSIGN 40 TO JJ

NN=NN+1

- KEY=3

© LENGT=LPANL+DLPANL

50

60

70

WIDT=WPANL+DLPANL

HEIGHT=TSKIN]

LBURK=2,%CPERIM

LROUT=2,.*P1

DHOLE=TSKINI

JIAZDIAPOH

NHOLc =4,

00 TO (640082016500 7500780,840+690¢670+72008609870) ¢ NN
CONTINUE

ASSIGN 50 TO JJ

NN=N+l

KEYZ)3

LENGT=LPANL+ULPANL

WIDT=wPANL+DLPANL

HEIGHT=TSKIN1

LBURR=2, *CPERIM

LROUT=PIx0DPOST

VHOLE=TSKIN1

OIA=DIARGH

NHOLE=], :
GO TO (640,8200650,750+780+690+,6700720+8600870)¢ NN

FASTENERS

CONTINUE

ASSIGN 60 TO JJ
NN=NN+1

KEY=1

60 TO (860,870), NN

ASSEMBLY,» CORRUGATED PANEL (KINDP=1)
CONTINUE

ASSIGN 70 TO JJ
NNSNN+1

LENGT=LENGTH

wIDT=wIDTH
HEIGHT=SQRT (RADIUS#*#2~(CHORD/2, ) %%2) +TSKIN1

I-130

AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

AST

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

AST

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

AST

AST
AST
AST
ASY
AST
AST
ASTY
AST
AST
AST
AST
AST
AST
AST
AST
AST

175
176
177
178
179
180
181
182
183
184
188
186
187 .
188
189
190
191
192
193

195
196
197
198
199
200
201
202
203
204
205
206 .
207

208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232



OO0

80

o000

coOo

GO0

OO0

OO0

90

100

110

120

130

LSAW=Z2, B4NRIES#SART (RADIUS#%2= (CHORD/2) #2)

GO TO (640+840¢670+770+720,860,880), NN
UPPER SKINs» CORRUGATED PANEL

CONTINUE

IF (KINDS.EG,0) GO TO 30
IF (KINDS.EG.1) 60 TO 30
IF (KINDS.EQ@.2) GO TO 40
IF (KINDS.EQ,3) GO TO 50

60 TO 88u

CORRUGATIONS» CORRUGATED PANEL

CONTINUE

ASSIGN 90 TO JJ
NN=NN+1

KEY=3
LENGT=LPANL
WIDT=WCORR
HEIGHT=TSKINZ
LBURR=2, *CPERIM

G0 TO (640,820,650, 750+710,790+,670,720,860,870)» NN
ASSEMBLYe R S I PANEL (KINDP = y)

CONTINUE

ASSIGN 100 TO UJ

NNESNN+1

LENGTSLENGTH

WIDT=wIDTH

HEIGHT=TCORE+TSKIN1+TSKIN2+TEXT

NHOLE=NXA _

G0 TO (640+840+84008U0067007700720+,660,840,860,880)¢ NN

ASSEMBLY» HONEYCOMB PANEL (KINDP=2)

CONTINUE

ASSIGN 110 TU JJ

NNZNN+1

LENGT=LENGTH

WIDT=wIDTH

HEIGHT=TCORE+TSKIN1+TSKIN2

NHOLE=NXA

GO TO (640,840,840+800¢670,77007200860,880), NN

UPPER SKINy» HONEYCOMB PANEL
CONTINUE

IF (KINDS.EG,0) GO TO 30

IF (KINDS.EQ.,1) 60 TO 30

IF (KINDS.EQ,2) GO TO 40

IF (KINDS.EQ.3) GO TO 50
GO TO 880

LOWER SKINs HONEYCOMB PANEL
CONT INUE

1-131

ASTY
AST
AST
AST
AST
AST
ASY

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

. AST

AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

AST

AST
AST
AST
AST

233

235
236
237
238
239
240
241
242
243
2u4
245
246
247
248
249
250
251
252

253

254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
27%
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290



2 XaXe

‘OO0

[g N e Xal

OO N

oco0o .

140

150

160

170

ASSIGN 130 TO JJ
NNZ=NN+1

KEY=3 '
LENGT=LPANL
WIDT=wPANL
HEIGHT=TSKINZ
LBURR=2 ., *CPERIM
GO TO (640+8.0:6500750+670,720+860+870), NN

EDGE PIECES. HONEYCOMB PANEL

CONTINUE ‘
ASSIGN 140 TO JJ

"NNSNN+1

KEY=3

LENGT=(LPANL+WPANL)/2,

WIDT=TCORE+EEDGE

HEIGHT=TEDGE

LBURK=2,%CPERIM

GO TO (6409820065007100670,7200860¢870)» NN

ASSEMBLY, ABLATIVE PANEL (KINDP = 5)

CONTINUE

ASSIGN 3150 TU JJ

NNZNN+1

LENGT=LENGTH

wIDT=WIDTH

HEIGHT=TSKINL+TSKIN2+TEXT

NHOLE=NXA

60 10 (64008“0o890g8000670'770v720v77097709770v860'980)c NN

PANEL REUSABLE SURFACE INSULATION

CONT INUE

ASSIGN 160 TO JUJ

NN=NN+1

KEY=11

LENGT=LENGTH

WwIDT=WIDTH

HEIGHT=TLXT

F=1,0

LSAW=2, % (LENGT+WIDT)

G0 TO (640,740,790,670¢7200860,870), NN

PANEL ABLATIVE MATERIAL

CONTINVE

ASSIGN 170 TO UJ

NNSNN+1

KEY=12

LENGT=LENGTH

WIDT=wIDTH

HEIGHT=TEXT

GO TU (6409730,720¢860¢870)s NN

HONEYCOMB CORE

1-132

AST
AST

AST

AST
AST
AST
AST
ASY
AST
AST
AST
AST

AST
AST

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

AST

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST

.AST

291
292
293
294
295
296
297
298
299
300
301
302

304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348



[aNeXg]

[eN el o]

OO0

OO0

[eNeN el

180

CONTINUE

ASSIGN 180 TO JJ
NNSNN+1

KEY=2
LENGT=LPANL=EEDGE
WIDT=WPANL=-EEDGE
HEIGHT=TCORE

- LSAWSCPERIM/ 2.

190

* SKIN, RIGBED PANEL .

210

220

230

VOL=,7¢ {MAWT=ACWT) /PCORE
GO TO (640+790,7609670,720,860+870)9 NN

ASSEMBLY,» RIBBED PANEL (KINDP=3)

CONTINUE

ASSIGN 190 TC uJ
NN=NN+1
LENGT=LENGTH
wIDT=wIDTH
HEIGHT=HRIB+TSKIN}

GO TO (640+840+84096700770+720+860+880), NN

CONTINUE
IF (KINDS.EQ,0) 60 TO 30
IF (KINDS,EQ.1) GO TO 30
IF (KINDS.EG.2) 6O TO 40
IF (KINDS,EQ.3) G0 TO 50
60 TO 88y

RIBS, RIBBED PANEL

CONTINUE

ASSIGN 210 TO UJ

NN=NN+1

KEY=3

LENGT=LPANL=EEDGE
wIDT=HRIB
HEIGHT=EL1RIB+TWRIB4E3RIB
LBURR=2 ., #CPERIM

GO YO (640+820¢650,750+710,670+720:860,870)y NN

EDGE PIECES, RIBBED PANEL

CONTINUE

ASSIGN 220 TO JuJ

NNSNN+1

KEY=3

LENGT=WPANL

WIDT=HRIB+EEDGE

HEIGHT=TEDGE

LBURR=2 ,%CPERIM .

GO TO (640+820+650,710+6704720+,8600870)s NN

ASSEMBLY, INSULATION

CONTINUE
ASSIGN 230 TO uJ

1-133

AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366

367

368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406



[N e X gl

KHaXsXe

cCOoo

Coo

X X3

240

250

260

NNZNN+1

LENGTSLENGTH

wIDT=WIDTH
HEIGHT=TINS1+TINS2+4TiINS3

G0 TOU(6“0v810:730a72008600880)o NN

INSULATION 1

CONTINUE

ASSIGN 240 TO JJ
NN=NN+1

KEY=D

TLENGT=SLENGTH - &7 "7 70 m 7 T
"WIOT=WIDTH

HEIGHT=TINS1
LSAWS2.* (LENGT+WIDT)
G0 TO (640,790,72098600870)+ NN

INSULATION 2

CONTINUE
ASSIGN 250 TO JJ

" NNSNN+1

KEY=0

LENGT=LENGTH
WIDT=wIDTH
HEIGHT=TINS?2

LSAW=2, *(LthT+wIOT)

GO TO (640+7909720,800¢870)s NN

INSULATION 3

CONTINUE

ASSIGN 260 TO JJ

NN=NN+1

KEY=(

LENGT=LENGTH

WIDT=wIDTH

HEIGHT=TINS3

LSAWS2,* (LENGT+WIDT)

GO TU (640s790,720,860+870)» NN

ASSEMBLYy STRUCTURE A (KINDS=1)

CONTINUE

ASSIGN 270 TU UJ

NNSNN+1

LENGT=LENGTH

WIDT=WIDTH
HEIGHT=TINS1+TINS2+TINS3I+B
NHOLE=NXA

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

~ AST

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

. AST

ASY
AsT
AST
AST
AST
AST
ASTY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

G0 TO (640+810+/660,730+840,810, 6609810'6609810'6600730!680v6707800A§T

1/8000730+0860¢880)¢ NN

BEAM, LONC A

280 CONTINUE

ASSIGN 250 TO JJ

AST
AST
AST
AST
AST
AST

407
408
tLo9
410
411
412
413
41
415
416
417
418

419---

420
421
422
423
u24
425
426
427
428
429
430
431
432
433
43y
435
436
437
438
439
440
ugl
uy2
uy3
444
445
446
447
4y
449
450
451
452
453
454
455
456
us7
458
459
460
461
462
463
uL6Y4



OO0

nOono

C
C
C

290

300

DHOLE=TBMLA

NNSNN+1

KEY=3
LENGT=LBMLA
WwIDT=WBMLA
HEIGHT=TBMLA
LBURR=2,*CPERIM
DHOLE=TBMLA
DIAzZDIABH1
NHOLE=2,sNXA+2,

GO YO (640,820+650,710+690,6700720,860,870), NN
BEAM DOUBLER CHANNEL, LONG A

CONTINUE

ASSIGN 290 TO JUJ
NNZNN+1

KEY=3
LENGT=LDOUBR
wIDT=WwDOUBR
HEIGHT=TDOURBC
LBURR=2 ,xCPERIM

DIA=UIABHL
NHOLE=1,

GO TO (640+8204+650,710+690,670,720,860,870), NN

BEAM, SHORT A

CONTINUE

ASSIGN 300 TO JJ
NNSNN+1

KEY=3
LENGT=LEMSA
WIDT=wBMSA
HEIGHT=TBMSA
LBURR=2 , %CPERIM
DHOLE=TRMSA
DIA=DIABH1
NHOLE=2,xNYA

60 TO (640+6509710,690,670,720,860,870) NN

POST,» CORNER POST A

CONTINUE

ASSIGN 310 TO Uy

NNSNN+1

KEY=y

LENGT=LPOST

wWIDT=0DPOST
HEIGHT=0DPOST
LBURR=U4 , 4P I*0DPOST
LSAW=0DPOST

VOL=, 7% (MAWT=ACWT) /PPOST
GO0 TO (640+79006509830¢670,720+860,870)s NN

FLANGE, CORNER POST A

320 CONTINUE

1-135

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

AST

AST
AST
AST
AST.
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

4865
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
488
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
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000

330

340

350

ASSIGN 320 TO JUJd

NN=NN+1

KEY=u4

LENGT=ODFNG1

wWIDT=0DFNGL

HEIGHT=L TUBE
LBURR=4 , P I*0DFNG1
LSAW=ODFNG1

UOL= ., 8% (MAWT=ACWT) /PTUBE

GO0 TO,(640,790,650+8300670,720+8600870)» NN

PLUGr CORNER POST A

CONTINUE

ASSIGN 330 Tu dd
NN=NN+1

KEY=Y

LENGT=ODPOST
WIDY=0DPOST
HEIGHT=TPLUG
LBURRz4 , P I *0DPOST
LSAW=0DPOQST
DHOLE=TPLUG
DIA=DIAPGH
NHOLE=1,
UOL-.at(MAwT—ACWT)/PPOST

GO TO (640+790+830,7000670,7200860,870), NN

CORNER PIECE

CONTINUE

ASSIGN 340 TU gJ
NNZNN+1

KEY=3

LENGT=LCORN
WIDTSWCORN
HEIGHT=TCORN
LBURR=2,*CPERIM
LROUT=2.83%5+2,83%R

GO TO (64008200650, 7800710+670072008609870)»

UPPER CORNER PLATE

CONTINUE

ASSIGN 350 TO JJ
NN=NN+1

KEY=3

LENGT=WPLATE+2, xHPLATE
WIDTSWPLATE+Z « xHPLATE
HEIGHT=TPLATE
LBURR=2,*CPERIM
DHOLE=TPLATE
DIA=DIAPTH

NHOLE=1,

GO TO (640+820,65006900670,720,860, 870). NN

LOWER CORNER PLATE

1-136 -

NN

AST
AST
AST
AST
AST
AST

AST

AST
AST
AST
AST
AST

" AST

AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

. ASY

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY

523
524
525
526
527
528
529
530
531
532
533
534

535

536
537
538
539
540
S41
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
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360

370

380

390

400

CONTINUE

ASSIGN 360 TO JJ
NNSNN+1

KEY=)

LENGT=WPLATE+2, *sHPLATE
WIDT=WPLATE+2.2HPLATE
HEIGHT=TPLATE
LBURR=2 , *CPERIM
DHOLE=TPLATE
DIA=DIAPGH

NHOLE=1, ,
60 TO (640+820+65006900670+720+¢860G¢870)» NN

CORNER DOUBLER PLATE

CONTINUE

ASSIGN 370 TO UJ
NNSNN+1

KEY=3
LENGT=WDOUBP
WIDT=wDOUBP
HEIGHT=TDOUSBP
LBURR=2 ,CPERIM
ODHOLE=TPLATE
DIA=ZDIAPGH
NHOLE=1,

G0 TO (6400820+16500690¢670,72008600870)» NN

ASSEMBLY, LONG BEAM A
CONTINUE !

ASSIGN 380 YO uJ
NNSNN+1

- LENGT=LBMLA

wIDT=wBEAMA
HEIGHT=HBEAMA
GO TO (640,84008400670¢770972008600880)¢ NN

ASSEMBLY,» SHORT BEAM A

CONTINUE

ASSIGN 390 TO JJ

NNSNN+1

LENGT=LBMSA

WIDT=WBEAMA

HEIGHT=HBEAMA

GO TO (640,840+670s7700»720,860,880)s» NN

ASSEMBLY,» CORNER

CONTINUE

ASSIGN 400 T0 JUJ
NN=NN+1
LENGT=WPLATE +2 ., #HPLATE
WIDT=WPLATE+2 . xHPLATE

HEIGHT=HBEAMA

GO TO (640,840+840+670¢770+720+8600880)¢ NN

1-137

AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
ASTY
AST
AST
AST
AST
AST
AST
AST
ASY

581
582
583
584
585
586
587
588
89
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
€13
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
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410

420

. 430

‘s Xe X2}

C
¢
¢

440

450

ASSEMBLY, COKNER POST A

CONTINUE

ASSIGN 410 YO JJ
NNZNN+1
LENGT=LPOST+TPLUG
wIOT=ODFNGL
HEIGHT=QDFiNG]1

GO Tu (640,840,840,8400670,7700720,860,880)s NN

SEAL STRIP

CONTINUE -
ASSIGN 420 TO JJ
NNSNN+1

KEY=3
LENGT=LSEAL
WIDT=wSEAL
HEIGHT=TSEAL
LBURRz=2,*CPEKIM
UHOLE=TSc AL
DIAzZGIABHL
NHOLE=NYA

GO TO (6400820+65006900710967007209860+870)9 NN

ASSEMBLY, STHUCTURE B (KINDS=2)

CONTINUE

ASSIOGN 430 TC JJ

NNSNN+1

LENGT=LENGTH

wIDT=WIDTH
HEIGHT=TINS1+TINS2+TINS3+8
NHOLE=YG ,

GO 7O (640,810+,8100660+730,680¢6700800+730,860,880)¢ NN

POST, CORNER POST B

CONTINUE

ASSIGN 440 TO JJ
NNSNN+1

KEY=3
LENGT=2 %L POST+3,xWPOST
WIDTSHPOST+2,*WSTFNR
HEIGHT=TPOST
LBURR=3,*CPERIM
LROUT=CPERIM=4 , x_ STFNR
OHOLE=TPOST

DIA=DIAPOHK

NHOLE=3,

GO TO (640+8200650+780¢690,710,6700720+860,870)9 NN

ASSEMBLY, CORNER POST B

CONTINUE

ASSIGN 450 TO JJ
NNZ=NN+1
LENGT=LPOST

1-138

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

AST

AST
AST
AST
AST
ASY
AST
AST
AST
AST
ASTY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST

639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
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OO0

OO0

OO0

460

470

480

490

500

WIDT=wPOST
HEIGHT=HPOST
GO TO (640,840,670, 7700720,860,880),» NN

INSULATORS

CONTINUE

ASSIGN 460 TO JJ
NNZNN+1

KEY=0

GO TO (860+870) NN

ASSEMBLY,» STRUCTURE C (KINDS=3)

CONT INUE

ASSIGN 470 TO JJ

NN=NN+1

LENGT=LENGTH

wIDT=wWIDTH
HEIGHT=TINS1+TINS2+TINS3+8B
NHOLE=L,

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST

GO TO (640,810,660, 7300800,810,660,810,660,730,680,670,800,800+730AST

1,860¢880)¢ Ni
BEAMy LONG C

CONTINUE

ASSIGN 480 TO JJ

NN=NN+1

KEY=3

LENGT=LBMLC

WIDT=wBMLC

HEIGHT=TBMLC

LBURR=2 ,xCPERIM

60 TO (640,8.0+650,6700720,860,870)+ NN

RIBs LONG C

CONTINUE

ASSIGN 490 TO JJ

NN=NN+1

KEY=s

LENGT=LRIBL

wIDT=wRIBL

HEIGHT=TRIBL

LBURR=2 , CPERIM

GO TO (640+8c0+6500670+720,860¢870)s NN

BEAM, SHORT (

CONTINUE

ASSIGN S00 TO uJ
NNSNN+1

KEY=3
LENGT=LBMSC
WIDT=wBMSC
HEXGHT=TBMSC
LBURR=2 , *CPEK IM

I-139

AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
ASY
AST
AST
AST
AST
AST
AST

- AST

AST
AST
AST
AST
AST

697 -
€98
699
700
701
702
703
704
705
706
707
708
709
710
711

712 -

713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
Tuy
T45
746
747
748
749
750
751
752
753
754



coon

o060

oo

OO0

S1v

520

530

540

GO TO (640+,820+,65090670,720,860,870)s NN
RIB,s SHORT C

CONTINUE

ASSIGN 510 Tu JJ

NNZNN+1

KEY=3

LENGT=LRIRS

wIDT=WRIGS

HEIGHT=TKIBS

LBURR=2,*CPERIM

GO TO (640+B80+650¢6700720,860»870)s NN

POST,» CENTER POST C

CONTINUE

ASSIGN 520 TO JJ

NNSNN+1

KEY=y

LENGT=LTURER

WIDT=0DPOSR
HEIGHT=0QPOSRKR
LBURR=4, *P [ *(UDPOSR
LSAw=0DPOSR

VOL=, 7% (MANWT=ACWT) /PPOST
GO TO (640+790+6509830+670,7200860+870)» NN

FLANGE (LOWER), CENTER POST C

CONTINUE

ASSIGN 530 TO Ju

NN=NN+L

KEY=y

LENGT=0DFNG2

wWIDT=0DFNG2
HEIGHT=HFNG2

LBURR=4 , *P [ *ODFNG2
LSAwW=0DPOSR
UOL-.S*(MAWT-ACWT)/PPOST
GO TU (640¢750+6500830¢670,7200860+870)0¢ NN

FLANGE (UPPER), CENTER POST C

CONTINUE

ASSIGN 540 TC JJ
NNSNN+1

KEY=4
LENGT=0DPOSR
NIDT=0DPOSR
HEIGHT=HRING
LBURR=4 , P I*0DPOSR
LSAW=0DFNG2
DMOLE=TRING2
DIAZDIARGH

NHOLE=1 .
UOL=,.8x(MAWT~ACWT) /PTUBE

GO TO (640+790,650,830+700,670,720,860,870), NN

1-140

AST
AST
AST
AST
AST
AST
AST
ASTY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASTY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

755
756
757
758
759
760
761
762
763
764
765%
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
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550

560

570

560

590

ASSEMBLY» LONG BEAM C

CONTINUVE

ASSIGN 550 TO JJ

NNSNN+1

LENGT=LEBMLC

WIDT=wBMLC

HEIGHT=WKRIBL+TBMLC

G0 TO (640,840,670, 770»,720,860,880), NN

ASSEMBLY, SHORT BEAM C

CONTINUE

ASSIGN 560 TO JJ

NNSINN+1

LENGT=LBMSC

wIDT=WBMSC

HEIGHT=WRIBS+TBMSC

G0 TO (640+8400670,770+720,860,880), NN

ASSEMBLY, CENTER POST C - - -~ - - - -~

CONTINUE

ASSIGN 570 TO J

NNSNN+L

LENGT=LTUBER

wIOT=ODFNG2

HEIGHT=ODFNG2

GO TU (640+840eB40,6T0+770,720+,8600880)» NN

ASSEMBLYs CORNER POST C

CONTINUE

ASSIGN 580 TO JJ

WNN=NN+1

LENGT=LPOST

wIDT=ODFNG1

HEIGHT=0DFNG) .
GO TO (6400840,840,840+670,770,720+860,880), NN

POST,» CORNER POST C

CONTINUE

ASSIGN 590 TO JUJ

NN=NN+1

KEY=4

LENGT=LPOST

WIDT=0DPOST
HEIGHT=0DPOST
LBURR=4 , xPIx0DPOST
LSAW=0DPOSTY

VOLZ ., 78 (MAWT=ACWT) /PPOST
60 TO (640+7900650,8300670,720+860+870)¢ NN

FLANGE (LOWER), CORNER POSY C

600 CONTINUE.

1-141

AST
AST
AST
ASY
ASTY
AST
ASY
ASY
ASY
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
ASTY
AST
AST
AST
AST
AST

AST.

AST
AST
AST
AST
AST
AST
AST
AST

AST

AST
AST
AST
AST
AST
AST
ASTY
AST
ASTY
AST
AST
AST
AST
AST
AST
AST
AST

813
814
815
816
817
818
819
B20
821
822
823
824
825
826
827
828
829
830
831
832
833
834
838
836
A37
838
839
840
841
42
843
84y
845
846
847
au8
849
850
851
852
853
a54
85%
856
857
858
859
860
861
862
863
864
865
B66
867
868
869
870



C
c
C

c
C
C

c

€
o

-

OO0

ASSIGN 600 TO JJ

NNZ=NN+1

KEY=4

LENGT=O0DFNG1

WIDT=0DFNG1

HEIGHTSHFNGL

LBURR=4,xP[*0ODFNG1

LSAW=ODRING

UOL=,8(MAWT=ACWT) /PPOST _

GO TO (640,790,650,8300670,7209860¢8/0)» NN

PLUG, CORNER POST C

610 CONTINUE

ASSIGN 610 TO JJ

NNSNN+1

KEY=¢

LENGT=0DPOST

#IDT=0DPOST

HEIGHT=TPLUG
LBURR=4 , P I%0DPOST
LSAwW=0DPOST

OHOLE=TPLUG

DIASDIAPGH

NHOLE=1,

UOL=,8% (MAWT=ACWT) /PPOST
GO TO (640+790+830,7000670,7200860¢870)¢ NN

RING (UPPER)» CORNER POST C

620 CONTINUE

ASSIGN 620 TO JJ

NN=NN+1

KEY=¢

LENGT=0DRING

WIODT=ODRING

HEIGHT=TRING1

LBURR=4, #PI*0DRING

LSAwW=0DFNG1

UOL=,8¢ (MAWT=ACWT) /PTUBE

60 TO (640,790+650,8300670,7200860,870)9 NN

ASSEMBLY, COMPLETE TPS SYSTEM ASSEMBLY

630 CONTINUVE

ASSIGN 630 TO JJ

NNZNN+1

LENGT=LENG6TH

WIDT=wIDTH
HEIGHT=TINS1+TINS2+TINS3+B
NHOLE=ZFAS

60 TO (68008101660, 730+680,670¢800,730,860,880)¢ NN

INITIALIZE DETAIL PART VARIABLES

640 CONTINUE

CAREAZLENGT*wIDT

I-142

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

- AST

AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
ASY
ASY
AST
AST
AST
AST
AST
AST
AST
ASTY
ASTY

871
872
873
874
875
876
877
878
879
880
881
882

883 ..

884
885
AB6
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
926
925
926
927
928
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650

660

OO0 OO0 OO0
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670

CPERIMZ2 ,» (LENGT+WIDT)

IF (CPERIM,LT.3,) CPLRIM=3,

CLAMP=CPERIM/6,

LSCRIB=CPERIM

ATTPSZLEN®WID

SHPSET=1,

NUMP-(KT#ATTPS*SHPSET/(LEN*WID))#.5

SAREA=2 , » (LENGT*WIDT+LENGT4HEIGHT+WIDT #HEIGHT)
FORILL=(,0017*EXP(1+,16%D1A)+,0062%DHOLE*%1,89)F
GO TV JJ

MANUFACTURING OPERATION EQUATIONS
BURRING, EDGE

SDHROS5=(,01+,0007*F =LBURR) «NUMP
LARATE=4,75S

REFCT=,40

VRATE=1,75

G0 Y0 85u

CLAMP ING

SDHR08=, 035%CLAMP+NUMP
LARATE=Y4,75

REFCT=,40

VRATE=1,75

60 YO 850

CLEANING, BASKET (DEGREASE)

SOHR10=(,0000626+CPERIM=,000179) «NUMP
LARATE=4,75

REFCT=,40

VRATE=1,75

60 TO 850

" CLEANUP, ASSEMBLY

080

690

SOHR11=,01*#NHOLE#«NUMP
LARATE=4,75

REFCT=,40

VRATE=1,75

GO 7O as0

DISASSEMBLY

SDHR12=,012*CLAMPxNUMP
LARATE=4,75

REFC T=. 40

VRATE=1.,75

60 YO 859

DRILLINGy SINGLE SPINDLE

'SDHR14Z,25+( . 0134EXP ( , 00096 4CARE A) $NHOLESFDRILL ) aNUMP

LARATE=Z4,75

I-143

ASY
ASY
AST
ASY
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
AST
ASY
AST
AST

“ASTY

AST
AST
AST
AST
AST
AST
AST
AST
AST
AST

AST

AST
AST
AST
AST
AST
AST
AST
AST
AST

. AST

AST
AST
AST
AST
AST
AST
AST
ASY
AST
ASY
AST
AST
AST
AST
AST

929
930
931
932
933
934
935
936
937
938
939
940
941
942
o043
44
945
946
9u7
948
949
950
951
952
953
9Su
95%
956
357
958
959
960
961
962
963
964
965
966
67
968
969
970
971
972
973
974
978
976
977
978
979
980
981
982
2983
984
988§
986
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e X2 X2

700

710

720

REFCT=,40
VRATE=1,75
60 YO 850

DR‘LLiNG AND REAMING OR TAPPING, SINGLE SPINDLE

SDHRI“-.ZS#(.OIS*EXP( 00096#CAREA)+NHOLE*FDRILL)*NUMP

SOHR15=SOHR14%1,25
SDHR14=0
LARATE=4,75
REFCT=,40
VRATE=1,75

GO TO 850

ORILLING, ASSEMBLY

SDHR16=( 001 7+EXP(1.,16#DIA)+,0062*«DHOLE %1 ,89) *F xNHOL £ xNyMP

LARATE=4,75
REFCT=,.40
VRATE=1,75
60 70 850

FORMINGs HOT PRESS FORMING SHEEY STOCK

SDHR17=,08+(.0396+,0000392«CAREA) xNUMP
LARATE=4,75

REFCT=,40

VRATE=1,75

60 70 850

FORMING, STRETCH FORMING EXTRUDED STOCK

SDHR18=,52+(,082+,0004xLENGT) *FsNUMP
LARATE=YL,75

REFCT=,40

VRATE=1.75

60 70 850

HEAT TREATMENT AND STRAIGHTENING

SOHR26=(,0142+,0024*LENGT) #NUMP
LARATE=4,75

REFCT=,40

VRATE=1,75

60 1O 850

IDENTIFICATION, RUBBER OR STEEL STAMP

SDHR322, 0 T+.U032NUMP
LARATE=4,.75

REFCT=,40

VRATE=L1,75

60 TO 850

INSPECTIONys ASSEMBLY

'SOHR 362+ 0008%NHOLESNUMP

LARATE=4,75

I-144

AST 987
AST 988
AST 989
AST 990
AST 991
AST 992
AST 993
AST 994
AST 995
AST 996
AST 997
AST 998

AST 999

AST1000
AST1001
AST1002
AST1003
AST1004
AST1005
AST1006
AST1007
AST1008
AST1009
AST1010
AST1011
AST1012
AST1013
AST1014
AST1015
AST1016
AST1017
AST1018
AST1019
AST1020
AST1021
AST1022
AST1023
AST1024
AST1025
AST1026
AST1027
AST1028
AST1029
AST1030
AST1031
AST1032
AST1033
AST1034
AST1035
AST1036
AST1037
AST1038
AST1039

- AST1040

AST1041
AST1042
AST1043
AST1044



OO0 2K s X2 ‘e XzX2)

(e X aX2)

730

740

REFCT=,.40
VRATE=1,75
60 TO 850

INSPECTION

SDHR37=(.001157+,0000333%CAREA) «NUMP
LARATE=4,TS

REFCT=,40

VRATE=1,75

60 TO 850

LAYOUT PART, SHEET METAL

SDHR38=,015+(.008+,0006*LSCRIB) «NUMP
LARATE=4,.75

REFCT=,40

VRATE=1,75

60 TO 850

. LAYOUT HOLES, SHEET METAL

SDHR39Z, U154 ( 40084 ,002%NHOLE ) *NUMP _ - L

. LARATE=4,75

OO0 OO0

(e X o X o]

750

760

REFCT=,40
VRATE=1,75
60 70 850

LAYOUT HOLES» MACHINE SHOP

SOHR&40=(, 053+.U31#NHOLE)*NUMP
LARATE=4,75

REFCT=,40

VRATE=1,75

60 10 850

LAYQUT PART, MACHINE SHOP

SOHR41=,184(,053+,004% _ SCRIB+,012xNANGLE ) «sNUMP
LARATE=4,.75

REFCT=,40

VRATE=1,75

60 TO 8580

MILLING, CHEMICAL

SDHR433 . 1++ 0164*CAREAS«, 4424NUMP
LARATE=4,75

REFCT=,40

VRATE=1,75

60 TU 850

MILLING, STRADDLE

SDHRH4B= , 9254 ( + 1563+, 0001251 *CAREA+(,0216%,01413%VOL ) #F ) *NUMP

LARATE=Y4,75

REFCT=,.40
VRATE=1,75

1-145

AST1048
AST1046
AST1047
AST1048
AST1049
AST1050
AST1051
AST1052
AST1053
AST105%
AST1055
AST1056
AST1057
AST1058
AST1059
AST1060
AST1061
AST1062
AST1063
AST1064
AST1069
AST1066

--AST1067

AST1068
AST1069
AST1070
AST1071
AST1072
AST1073
AST1074
AST1075
AST1076
AST1077
AST1078
AST1079
AST1080
AST1081
AST1082
AST1083
AST1084

- AST108S5

AST1086
AST1087
AST1088
AST1089
AST1090
AST1091
AST1092
AST1093
AST1094
AST1098
AST1096
AST1097
AST1098
AST1099
AST1100
AST1101
AST110R



e 0o Ccoo coo 006 000 o000

OO0

60 TO 850

PAINTING, ONE COAY

770 SDHR53=,10+(,0016%xNSURF+.00003%SAREA) *NUMP

LARATE=Y .75

- REFCT=.40

VRATE=1,75
G0 710 850

ROUTING, EDGE (SINGLE PIECE)

780 SDHR71Z.36+(.0267+,0U19*LROUTF ) &«NUMP .

LARATE=4 .75
REFCT=,40
VRATE=1,75
GO Y0 850

SAWINGs CROSS CUT

AST1103

AST1104
AST1105
AST1106
AST1107
AST1108
AST1109
AST1110
AST1i111
AST1112
AST1113
AST1114
AST1115
AST1116
AST1117
AST1118
AST1119
AST1120
AsT1121
AST1122

790 SDHR75‘.16*.0036#EXP( 00153%CAREA) +,0002¢LSAWSF «NUMP+ (NUMP~1 ,) % (,0AST1123

800

810

820

17+.00262EXP( ,00049%CAREA) )
LARATE=4,75

REFCT=.40 ‘

VRATE=1,75

60 10 85u

SECURING

SDHR80=, 6023 +*NHOLE®NUMP
LARATE=4,75

REFCT=.,40

VRATE=1,.75

G0 TO 850

SETUP, ASSEMsLY

SDHRB23,25¢ (. 013&EXP( 00096*CAREA))#NUMP
LARATE=4,75

REFCT=,40

VRATE=1,75

GO TO 850

.SHEARING TO SIZE

SDHR83=,05+(,00103+.,0000066*CAREA) *NUMP
LARATE=4,75

REFCT=.u0

VRATE=1,75

60 TV 850

SURFACE TREATMENTS

SDHRB5=( , 0019*EXP( . 0189#LENGT)):NUMP
LARATE=4,75

REFCT=,40

VRATE=1,75

60 TO 850

I-1486

AST1124
AST1125
AST1126
AST1127
AST1128
AST1129
AST1130
AST1131
AST1132
AST1133
AST1134
AST1135
AST1136
AST1137
AST1138
AST1139
AST1140
AST11u1

" AST1142

AST1143
AST1144

- AST1145

AST11iu6
AST1147
AST1148
AST1149
AST1150
AST1151
AST1182
AST1153
AST1154
AST1155
AST1156
AST1187
AST1158
AST1159
AST1160



OO0 OO0

OO0

AST1161

TURNING, TURRET LATHE . ’ AST1162
AST1163

830 SOHR48=,925+(,1563+.,0001251*CAREA+(,0216+, 01“13*VOL)¢¢)'NU“P AST1164
SUHK92=SHR4 3 AST116S
SDHR48=0 : , AST1166

" LARATE=4,75 AST1167
REFCT=.40 AST1168
VRATE=1,75 : AST1169

60 TO 8%0 AST1170
AST1171

NELDING - BRAZING AST1172

: AST1173

840 SDHR97=,1+,026%NUMP AST1174
LARATE=Y4,7S AST1175
REFCT=.40 ' AST1176
VRATE=1,75 AST1177

60 70 850 ' AST1178

. AST1179

AST1180

summmxom OF STANDARD HOURS . S AST1181
T T T ST AST1182

850 CONTINUE AST1183
bTDHR-SDHR05+SDHR08+SDHR10+SDHR11+SDHR12+SDHR16+SUHP1%+SDHR16+SDHRAST1184
117*SuHR18+$DnR26+SDHR32+SDHR36+SDHR37+SDHR38+SDHR39+SPHR“0*§UHRQI+AST1185
2SDHR“3*quHR4&+SDHR53+SDHR71*SDHR75*SDHR80+SDHR82*<DPR830SDHR8€+SDHAST1186
IRI2+SDHR Y7 ‘AST1187

60 10 88y . AST1188

860 CONTINUE , ~ AST1189
EOP=), , ' o AST1190

60 10" Uy : 4 AST1101

870 CONTINUE : AST1192
CALL aMaTL AST1193

580 CONTINUE v AST1194
RETURN ' AST119S
END o ' ‘ AST1196=-
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SUBROUTINE COST

CF1
K2

+EGTH
K3

1ETA
'NPA

COMMON /LINK/ NSECT»TC»TS»TSKINLsTSKIN2,TINS1sTINS2+ TINS3s»XDST

COMMON/COMTOT/
1AT 'BT 'CT ’
2FTH oF TS T ekl ’
308 ¢STPS ¢ TUNWT
COMMON/STDHRY/
1E0P ¢+ LARATE ¢ MATLID ’
2STOWR » VRATE
COMMON/WTA/
1A 8 ¢+ CHORD ’
201IAPGH eDIAPTH ’
30LPANL e DWPANL +EEDGE ’
4GBOLT »GCLAMP s GINSRT ’
SHBEAMA ' HFNG1 rHFNG2 ’
6HRING » IUFNG] » IDFNG2 ’
TLBMLC P LBMSA P LBMSC ’
8LPANL +LPOST LRIBL ’
9L TUBE ' NRIBS + NXA ’
$00POSR » ODPOST +ODRING ’
SPINS1 »PINS2 +PINS3 '
SPSKINQ e PSKIN2 »PTUBE ’
$TBMLA » TBMLC »TBMSA
$TDOUBC »TOOUBP  »TEDGE
$TPOST s TRIBL ¢+ TRIBS ’
$TTUBE ¢ TaR1B ¢+ TIRIB ’
SwBMLC » WBMS A s WBMSC ’
$WDOUBR ' WIDTH » WPANL ’
$SWRI1IBS ¢t WSEAL ¢ WSTFNR ’
COMMON/WTCOSYT/ :
1ACWT ¢ AMUY rAOP(T7,7)
2COSWT KT 'LEN ’
IPEXY s TEXT 'WID ’
COMMON/ZERO/
1L ABMR +LACOST »TACWT ’

2TFCOST ¢ TLACOS ¢» TLBHR ’
STTLACO ¢t TTLBHR » TTMCOS '

4vCoOsT

NN

O1ABH1

E1RIB
GINSUL
HPLATE
K INDP
LCORN
LRIBS
NYA
PBM
PPOSY
R
TBMSC
TFNGY

TRINGL

T2RIB
WCORN
WPLATE
ZFAS

ITL
LTUBER
2zuB

TALABH
TMAWT
TTSHR

OIMENSION ANAM(2,38)¢ MTYPE(5¢15)

REAL LTUBER ,LABHR »LACOST ,LARATE sMAWT

DATA (ANAM(I)rI=1,8)

1/ 6HINSULAr 6HTION + 6H
2 6H INSyLs oH3 /
DATA (ANAM(I)+»1=9,20)

1/ 6HPANEL » O6H » 6M
2 6H CORE ¢ oH v 6H
OATA (ANAM(I)1=221,72)
1/ 6HSTRUCT» 6HURE ' 6H
2 6H CORNE,s bHR ¢ 6M
3 6H SEAL » oH ' 6H
4 6H BEAM ¢ oHSH C » o6H
5 6H INS Ay oHSSY ¢ 6H
6 6H BEAM » oMHASSY ¢ eH
7 6H CORN ¢ oHPLT ¢ 6N

INSUL,

CORRUY,
RIBS

BEAM ,
INSER,
INSUL,
POST »
PANL o
RIB Lo
CORN

6H1

6HGNS
6H

6HLN A
6HTS
6HATOR
6HCENT
6HASSY
6HN C

6MboUB

1-148

1PI +REFCT
+DIAPOH 'DIARGH
1E2RIB +E3RIB
¢ GNUTPL ¢ GWASH
+ HPOST +HRIB
¢ K INDS 'LBMLA
+ LDOUBRR sLENGTH
' LSEAL ¢LSTFNR
» ODFNG1 # ODFNG2
' PCORE +PEDGE
+PR1IB 1PSEAL
rRADIUS 'S
¢+ TCORE + TCORN
' TRLATE » TPLUG
¢t TRING2 ¢ TSEAL
' WBEAMA » WBMLA
+ WCORR s WDOURP
»WPOST tWRIBL
' KK KLIC
¢t MAWT 'N
»TASTOH s TASYCO
o TSTOHR e TTFCOS
¢+ TTVCOS 2y TVCOST
s MATCOS MUY

» 6H INSUL, 6H2

¢+ 6H EDGESs 6H
» 6H SKIN » 6H

6H BEAM , 6HSH A
6H POST , 6HCORN
6H BEAM o 6HLN C
6H FASTEs 6HNERS
6H BEAM , 6HDOUB
6H RIR S» 6HH C

6H CORN » 6HASSY

| W W W P W W W Y W e e w %9

[4

LEN

- -

® ® ® B W @ -

CsT
CcsT
CcsTY
CST
csT
cst
CcsT
CST
CST
st
CsT
CST
CsT
CsT
CsT
CcsT
CsT
Ccst
st
csT
CsY
csT
CsT
CsT
CsT
CcsT
CstT
CsT
csT
CsT
csT
CsT
csy
CsT
CsT
csT
CcsT
st
Cst
CcsT
Ccsy
CcST
CSsT
cst
CsY
CcsT
CsT
csT
CsT
CcsT
CsT
CsT
Ccsy
cst
CcsT
CsT
CsY
CsT

O NPAREGN =



8 6H RING » oH » 6H FLANG, eWE ¢+ 6H POST » 6HASSY CST 59

9 6H PLUG o 6H v 6H STR Ay 6HSSY / CST 60
OATA (ANAM(I)eI=73,76) CST 61

1/ 6H R § I+ 6H ¢ 6H ABLAT:, 6HIVE / CST 62
DATA MTYPE / CST 63

1 64 ALUMI« 6HNyUM ¢ 6H ¢+ 6H » 6H ’ CST 64

2 6H TITANs onlyum y 6H ¢+ 6H » 644 ’ CST 65

3 6H INCONe 6HEL 718, 6H r 6H ¢ 6H ’ CST 66

4 6H HASTEs 6HLLOY X» 6&H v 6H ¢ 6H ’ CsST 67

S 6H RENE » 6HHUY v 6H v 6H v 6H ’ CSY 68

6 6H TD NIs o6HCR v 6H ¢+ 6H v 6H ’ CST 69

7 oH COATE, 6HD COLU» 6HMBIUM ,» 6HALLOY , 6HCB 752, CsST 70

8 6H COATE., 6HD COLUe 6HMBIUM , 6HALLOY , 6HC 129Y, csT M

9 6H HAYNE, 6HS 188 » 6H ¢+ 6H » 6H Ty CsSY 72

$ 6H COATE» 6HD TANT, 6HALUM » 6H ¢ 6H ’ CSY .73

$ 6H ALLOY, 6H STEEL» 6H ¢ 6H s 6H v CST 74

% oH STAIN:, O6HLESS Se 6HTEEL ¢ 6M s 6H ’ CST 75

$ dH MAGNE:, 6HSIUM » 6H » 6H v 6H ’ CST 76

$ 6H BERYLe oHLIUM ¢ 6H v 6H ¢ - 6H ’ ¢cst

$ 6H L=605¢ b v 6H v 6H ¢ 6H / CcsT 78

_ CST 79

NN=Q . ) ) CsT 80
LoOP=y CST 81
2ZUB=( CST 82

IF (KK,Fudel) GO TO 60 ‘ CST a3

IF (KLIC,Ew.100) GO 7O 150 CST 84

10 CONTINUE ' CSYT 85
IF (EOP,tG.1.) GO TO 30 CST 8e
CALL ASTDHK csT 87
Z2uBsy., CST 88

IF (KLIC.Ew.10) 6O TO 110 CST 89

IF (REFCT.EQW.0,) STDHR=O CsST 99

IF (REFCT.£Q,0,) GO TO 20 CsST 91
LABHR=LABHR+ (STDHR/REFCT) : CsSY 92
LACOST=LACOST+(LABHR*_ARATE) ¢ST 93
VCOST=VCOST+ (LARATEXVRATE) aLABHR CST 9%

20 CONTINUE . CST 95
FCOST=LACOST+VCOST , . CST 96
TSTORR=TSTOHR+STOHR ¢St 97
TLBHK=TLBHR+LABHR _ CST 098
TLACOS=TLACOS+LACOST CST 99
TVCOST=TVCOST+VCOST CSTY 100
TFCOST=TFCOST+FCOST CST 101%
LABHR=0 CST 102
LACOST=0 CST 103
vCOST=0 CST 104
GO 10 10 CST 105

30 IF (TLBHR.EQ.0) 60 TO 40 CST 106
. AVERA=TLACOS/TLBHR : CST 107
AVERF=TSTDHR/TLBHR . CST 108
TVRATE=TVCOST/TLBHR . CST 109
60 TO S0 €CST 110
40 AVERA=Q, _ CsT 111
AVERF=0, CsT 112
TVRATE=0. CST 113

50 CONTINUE CST 114
MUVzZAMUV CST 115
MATCOS=MAWT»MUVXCOSWT CST 116
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60

70
80

Q0

TMFCOS=TFCOST+MATCOS

CONTINUE

IF (ITL,6T.0) GO TO 80

TACWT=0

X=XDST*12.0

WRITE (6¢190) X

IF (KINDP.EQ.,1) wWRITE (60200)

IF (KINDP,EQ.2) WRITE (6¢210)

IF (KINDP.EQ.3) WRITE (6¢220)

IF (KINDP.EQR,4) WRITE (6¢230)

IF (KINDP.EQ.S) WRITE (60240)

IF (KINDS.EQ.1) WRITE (60250)

IF (KINDSo,EQ.2) WRITE (62260)-

IF (KINDS.EG,3) WRITE (6¢270)

WRITE (6+280) LEN,WID,LTUBER

IF ((KINDP.,EQ.0) AND.(KINDS,EGQG,0)) 6O TO 70
IF ((MATLID.LT,1),0R(MATLID,GT,15)) GO TO 70
WRITE (6¢520) MATLIDY (MTYPE(IMATLID)»I=1,5)
WRITE (6:290)

CONTINUE

IF (KK.EW.1) GO TO 90

IF (KLIC.LT.2) GO TO 100

TACHTSTACWT+ACWT

TMAWT=TMART+MAWT

GO0 70 100

CONTINUE

WRITE (6¢300) ANAM(1+N)eANAM(29N)

RETURN

csT
CsT
csT
CsT
CsT
CcSsT
CsT
csT
CsT
CsT
CsT
CsT

csT

CcsT
CcsT
CsT
CsT
CcsTY
CsT
CcsT
csy
CcsT
CsT
CsT
CcsT
CcsT
CsT
CsT

100 WRITE (60310) ANAM(1,N) s ANAM(2/N) »KT+ ACWT»MAWT, TSTOHR, TLBHR , AVERA,CST

110

120
130

1TVRATE-COSWT » TLACOS» TVCOST» TFCOST,MATCOS, TMFCOS

SUMMARY TOTALS AT BOTTOM OF PAGE
TTSHR=TTSHR+TSTDHR
TTLBHR=TTLBHR+TLBHR
TTLACO=TTLACO+TLACOS
TTYCOS=TTVCOS+TVCOST
TTFCOS=TTFCOS+TFCOST
TTMCOS=TTMCOS+MATCOS
TSTOHR=0

TLBHR=0

TLACOS=0

TVCOST=0

TFCOST=0

TMFCOS=0

RETURN

CONTINUE

D0 1uQ I=1.7
AOP(1,1)=STDHR

IF (REFCT.EQ,0) GO TO 120
AOP(1,2)=STOHR/REFCT

60 7O 13U

CONTINUE

AOP(1,2)=0

CONTINUE

AOP(1,3)=LARATE
AOP(1,4)=VRATE=LARATE
AOP(L,5)=A0P(1,2)=LARATE
AOP(1,6)=A0P(1,2)%A0P(]I,4&)
AOP([+7)=A0P(1:,5)+A0P(]+6)
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CsT
CSsT
CcsT
csT
ST
CcsT
CcsT
CsT
CcsY
CcsT

- CST

CsT
CsT
CsT
CsT
CsT
csT
CsY
CsT
CsT
CsT
CST
CsT
CsT
CsT
CsT
csT
CsT
CcsT

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
1583
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174



C
C

CALL ASTDHR

140 CONTINUE
DO 150 1=1.7
TASTOH=TASTOH+AOP(I,1)
TALABH=TALABH+AOP(1,2)
TASYCO=TASYCO+AORP(I,T7)

150 CONTINUE
TTMFCO=TTFCOS+TTMCOS
TMUFAC=TASYCO+TTMFCO
TTMFRT=TTMFCO/TACWT
IF (TTLBHR.,EW.0) GO TO
TTRATE=TTFCOS/TTLBHR
TMRATE=TTMFCU/TTLBHR
TTCOS=TTMCOS/TMAWT
TAVRA=TTLACO/TTLBHR
TTVRA=TTYCOS/TTLGHR
TAVFC=TTSHR/TTLBHR
GO TU 17y

160 CONTINUE
TTCOS=TTMCOS/ TMAWT
TAVRA=0
TTVRA=O
TAVFC=0

170 CONTINUE

TUNITC=TMUFAC/ (LEN®WID)

TUNWTSTACWT/ (LEN%WID)
IF (TALABH,EG.0) REL=0
IF (TALABH.EW.,0) GO TO
RELSTASTOM/TALABH

180 CONTINUE

le0

180

CcsY
CsT
CsT
CsT
CcsT
CcsT
CsY
csy
CsT
CSsT
cst
csy
CsT
st
CsT
csr
CsT
CsT
CcsT
CcsTY
CsTY
CSsT
CcsT
CsT
csT
CcsT
csT
csy
CsT
sy

WRITE (6+320) TACWTsTMAWT» TTSHRy TTLBHR» TTLACO»TTVCOS, TTFCOS, TTMCOSCST

1+ TTMFCO, TASYCO
IF (KLIC,LT.100) WRITE

(6:42V)

WRITE (6+330) TMUFAC/,»TUNITC

1F (KLIC,LT.100) WRITE
WRITE (6+,340) TUNWT
IF (KLIC,LT.100) WRITE

(6,430)

(6rL4Y)

WRITE (6¢350) TTCOS,TAVRA

IF (KLIC,LT.100) WRITE
WRITE (6+360) TTVRA

IF (KLIC.LT.100) WRITE
WRITE (6¢370) TTRATE
IF (KLIC.LT.100) WRITE
WRITE (6+380) TMRATE
IF (KLIC,LT.100) WRITE
WRITE (6+390) TTMFRT
IF (KLIC,LT.100) WRITE
WRITE (6,400) TAVFC

IF (KLIC,LT.100) WRITE
WRITE (6,410) REL

IF (KLIC,LT.100) WRITE
RETURN

(6,45U)
(6r460)
(6,470)
(6,480)
(6,490)

(6+500)

(6+510)

(AOP(Lro U)o J=1,7)
(AOP(2+sJ) e d=1¢7)
(AOP(30J)9rd=1,7)
(AOP (82 J)pd=1+7)
(AOP(5+JU) 0 J=1,7)
(AOP{6¢J)eJd=117)

(AOP(ToJ)ed=1+7)

csT
CcsT
csTY
CcsY
Ccsy
CsST
CsT
csT
csT
csy
CsT
CcsT
csy
CcsT
csT
CsT
csT
cst
CsT
Cst
CsT
csT
CsT

190 FORMAT (1H1+38Xs4SHTHERMAL PROTECTION SYSTEMy SPACE SHUTTLE STA »FCST

17.1/77)

200 FORMAT (30Xs51HCONFIGURATION

1)

PANEL TYPE 1, METALLIC,

1-151

CsT
CORRUGATEDCST
CsT

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
104
195
196
197
198
199
200
201
2n2
203
204
205
206
207
208
209
210
211
212
213

214

215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232



210 FORMAT (30Xs50HCONFIGURATION
220 FORMAT (30X»S54HCONFIGURATION

1NED)

230 FORMAT (30X»58HCONFIGURATION

LULATION)

240 FORMAT (30X ,40HCONFIGURATION

250 FORMAT (30X»75H
1X EDGE POSTS
260 FORMAT (30X,7S5H
ATAL POSTS
270 FORMAT (30X»75H
IND FOUR CORNER POSTS

280 FORMAT (/30Xs,20HNOMINAL PANEL SIZE

1NOMINAL PANE(L STANDOFF DISTANCE
290 FORMAT (/29X»102HACTUAL
' MATL $
216Xe2HAT»10Xr 100HWEIGHT
3 PER LB

1

LABOR

CoSsT

300 FORMAY (/4Xe2R6)

310 FORMAT (4X1A6rALIISI6X12F10,3¢F10,49FB.21F6421F7e2¢F1042¢5F9,2)
320 FORMAT (//28H TOTAL ACTUAL WEIGHT
1ATERIAL WEIGHT

CcosT

PANEL TYPE 2,
PANEL TYPE 3.

PANEL TYPE 4,
PANEL TYPE S,

STRUCTURE TYPE 1, CRUCIFORM REAMS,

)

HONEYCOMB)CST
RIB STIFFECSY
CST

REUSABLE SURFACE INSCST
CsT
CcsT
SI1CST
CsT

METALLIC,
METALLIC,

ABLATIVE )

STRUCTURE TYPE 2, FOUR INSET SHEET MECST

)

csY

STRUCTURE TYPE 3, TEE BEAMS, CENTER ACSY

)

MATL STD

WEIGHY
CosT

HOURS
cosT

212.2¢3H HR/1Xx927HTOTAL LABOR HOURS
3L LABOR ¢OST
4 F12,2¢2H $/1Xs27THTOTAL FACTORY COSY

F12.2+2H $/1Xs27HTOTAL OVERHEAD COST
F1242¢2H $/1Xe2THTOTACST

'FU.123H X
tFlhele3H IN)

csT

sFG,193H FT/30X»33HCST

: CsT

LABOR LABOR OV-HD CST

OVERHD FACTORY MATERIAL FABRICAT/4X,7HDESCRIPCST
HOURS RATE

RATE CST
csT
CcsT
CsT

CosT//)

F12.2+3H LB/1Xe27HTOTAL MCST
F12.,2+3H LB/1X+s27HTOTAL STANDARP HQURS
F12.2¢3H HR/1Xe2THTOTACST

FCST
csTY

5L MATERIAL COST F12,292H $/1X»27HTOTAL FABRICATION COST csT

6 F12.2¢21 $/1X,27HTOTAL ASSEMBLY COST F12.,2+2H 3) CcsY
330 FORMAT (1Xe27HTOTAL MANUFACTURING COST F12.2¢2H $/71X»27HTPS COSTCST
1 F12.2¢8H %$/SQ FT) CST
340 FORMAT (1Xs27HTPS WEIGHT F12.2¢9H LB/SQ FT) CcsT
350 FORMAT (iX»27HAVERAGE MATERIAL . F12.,29114 S/LB - /1X%X92CST
17HAVERAGE LAUOR RATE F12.2+,11K $/HR ) csT
360 FORMAT (1Xs27HAVERAGE OVERHEAD RATE F12.2¢11H S/HR ) CsT
370 FORMAT (31Xe27HAVERAGE FACTORY RATE F12.2+11H4 $/HR ) CcsT
380 FORMAT (1Xs27HAVERAGE MFG, RATE F12.2¢11H $/HR ) csT
390 FORMAT (1X»27HAVERAGE MFG, RATE F12.2¢11H $/Lb ) CsT
400 FORMAT (1Xs27HAVERAGE MFG, REALIZATION ~ F12.2) csT
410 FORMAT (1X»28HAVERAGE ASSEMBLY REALIZATIONF11,2) csy
420 FORMAT (1H+,87Xe19HFINAL ASSEMBLY COST) CcsT
430 FORMAT (31H+y 7BX¢52HSTD TOTAL LABOR OV=HD LABOR OVERHD ASSCSY
' 1EMBLY) CcsT
440 FORMAT (1H+»65X%,63HTASK HOURS HOURS RATE RATE COSTCST
1 CosY COST) csT
450 FORMAT (1H+,62X,10HSETUP F10,4¢FB8,2¢F6,2+F7,2»3F9,2) csT
460 FORMAT (1H++02X»10HCLAMP F10.4¢FB8,2+/F6,2/F7.2¢13F9,2) csT
470 FORMAT (31H+»02Xs10HINSPECT F10.4rF8,2+F6,2+/F7.2+3F9,2) CSY
480 FORMAT (1H++,62x¢10HDISASSY F10s4¢FB8o2+F6,21F7.203F9,2) CsT
490 FORMAT (1H+¢2Xs10HCLEAN F10.,u¢F8,21F6,2¢/F7.2¢13F9,2) CsT
500 FORMAYT (1H+»u2Xy10HSECURE Fl0.urFB,21F6,21F742+3F9,2) CsT
510 FORMAT (1H++52X s 10HINSPECT F10.49F8,2+1F6,2¢FT7.213F9,2) CcsT
520 FORMAT (/30X,40HPRIMARY PANEL / STRUCTURE MATERIAL TYPE ,12,5A46) CSTY
END csT
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233
234
235
236
237
238
239
2u90
241
2u2
243
2u4
245
246
247
2u8
249
250
251
252
253
254
258
256
257
258
259
260
261
262
263
264
265
266
267
268
269
2790
271
272
273
274
2758
276
277
278
279
280
281
282
283
284~



COMMON/COMTOY /
1AT B CT 'CF1
2FTH oF TS KL K2
308 ' STPS ¢ TUNWT
COMMON/STCHR/
1E0P ' LARATE s MATLID ¢+ NN
2STDHR s VRATE
COMMON/WTA/
1A ' 83 ¢ CHORD ' DIABH1
2D1APGH ¢eDIAPTH ’
30LPANL e DwPANL +EEDGE 'EL1RIB
46BOLT e GCLAMP e GINSRT s GINSUL
SHBEAMA y HFNGY e HFNG2 +HPLATE
6HRING ¢ IFNG1 » JOFNG2 » KINDP
TLBMLC o LSMSA ¢ LBMSC ' LCORN
BLPANL LPOST 'LRIBL +LRIBS
9L TUBE ' NRIBS s NXA ' NYA
$0DPOSR ¢+ OUPOST » ODRING » PBM
$SPINS) P INS2 'PINSS 1PPOST
$PSKIN] ¢ePSKINZ ~ “»PTUBE = R ~ ~ 7~
$TBMLA s TBMLC + TBMSA » TBMSC
$T00uBC » TOOURP » TEDGE » TFNG1
$TPOST e TRIKL ¢+ TRIbLS r TRING1
$TTUBE y THWR]IR ' TIRIB » T2RIB
SWBMLC s WBMSA » WBMSC » WCORN
$wWDOUBR o WIDTH o WPANL s WPLATE
$SWRIBS s WhEAL ¢ WSTFHNR ' ZFAS
DIMENSION CF(1543)
REAL Ki K2 'K3 e NPA
DATA CF /
1 139 3,50 3,2¢ 3.1 4,00 5.2
2 600 3.8'
-3
4 100' 4,60
5 1400 3,00 2.5 1,9 3.0 4,20
6 5400 2.8/

10

SUBROUTINE COSTOTY

yEGTH
e K3

'Pi
¢ DIAPOH

'E2RIB
e GNUTPL
¢ HPOST
¢ KINDS
¢+ LDOUERR
+ LSEAL
» ODFNGYL
+PCORE
'PRIB

+RADIUS = -

¢+ TCORE
» TRLATE
» TRING2
' WEBEAMA
+ WCORR
' WPOST

170' 17.' 3;2’ 19,

12-' 1200 2'5' 14a.0

IF (KINDP«LT.1.0R,KINDP.6T,5) RETURN
IF (MATLIO,LT.1.0R,MATLID,6T.15) RETURN

IF (CF1,67,0) GO TO 10
KINDPP=K INDP

IF (KINDP.GT,3) KINDPP=2
CF1=CF(MATLID KINDPP)
CONTINUE

TEN6TH=1,E+6
WTPSSSTPS®TUNWT
TFUSCF1xK1xWTPSx%AT
UTFU=TEN6THXTFU/STPS
EDD=K2sWTPS*sBT
UEDD=TEN6TH*EDD/STPS
TOOL=K3sWTPS«%CT
UTOOL=TEN6TH*TOOL/STPS
GTH=EGTH=TFU

1-153

vETS
'NPA

+REF(CT

»DIARGH

+E3RIB
' GWASH
+HRIB
yLBMLA
y LENGTH
+LSTENR
» COFNG2
'PEDGE

10“' 1'7'

CTY
cTr
cTT
cTT
cTY
cT7
CTT
cTY
cTY
crT
cTY
cTY
crr
cTrY
cTT
cTY
cTT
cTTY
cry

CCTT

cTY
cTY
crT
cTY
cTT
CTT
cTY
CTT
cTT

cTT

cTY
cTY
cTT
cTT

. ~CTT
108' 202) 202'

2¢10 6.0 403"}-1' UeTr 6490 1740 179 4,3 19, 2.60 3.0 3.0

1.7

cTY
crr
crT
cTT
cTT

CTT

cTY
cry
cTY
cTY
cTY
cTY
cTr
cTY
cTT
cTY
cTY
cTY
cTY
cTY
cTY
cTT
crT

VONONDEFON-



UGTHSTENG6TH*GTH/STPS CTT

FTASFTHxTFU . CTY
UFTA-TENGTHtFTA/STPS cTTY
FTSRPZFTSETFU _ cYT
UFTSRP‘TEN6TH*FTSRP/STPS CTT
PASNPAxTFU ) . cTT
UPASTEN6TH*PA/STPS CTTY
TACZETA*TFU cTY
UTAC= TENbTH#TAC/STPS cTT
RSRP=0S*TFU CcTY
URSRP=TEN6TH*RSRP/STPS o cTT
 INTPSC=EDC+TOOL+GTH+FTA+FTISRP _ . _ _ _ ____ ... __._.CTT..

UTNTPS=TENGTH*TNTPSC/STPS CTT
TRPC=PA+TAC . cTTY
UTRPC=TEN6TH*TRPC/STPS cTT
UTROC=TEN6TH®TROC/STPS . ()
TTPSC=TNTPSC+TRPC+TROC , cTY
UTTPSCSTEN6THX®TTPSC/STPS cTY
WRITE (6¢20) UTFU/UEDD UTOOL »UGTHIUFTA »UFTSRP cTY
WRITE (6+30) _ cTY
. WRITE (6+,40) UTNTPS»UPAUTAC CTY
WRITE (6+30) , cTT
WRITE (6¢50) UTRPCsURSRP , ' cTY
WRITE (6030) CTT
WRITE (6¢60) UTROC,UTTPSC,NPA ' CTT
RETURN , - cTY
' : : cTT
crT

20 FORﬁAT (1H1, 13X, 40HTHERMAL PROTECTION SYSTEM COST SUMMARY///48X,CTT

112HCOST $/5@ FT///10X¢33HTHEORETICAL FIRST UNIT COST (TFU)»FB8.2///CTT

210Xy 18HNON RECURRING COST//1GX»8HED AND D¢ 33XsF9,2/10X» 7THTOOLING,»3CTT
3UXIFY.2/10X0e 20HGROUND TEST HARDWARE121XeF9,2/710Xs20HFLIGHT TEST ARCTT

4TICLES,21XoF9e2/10X020HFLIGHT TEST S AND RP»21X/»F9.2) cTT
30 FORMAT (52Xs8Hemeceamw=a)’ cTY
40 FORMAT (10Xs27HTOTAL NONRECURRING TPS COST»14X¢F9,2///10Xs25HRECURCTT
1RING PRODUCTION COST//10X+SOHSUSTAINING ENGINEERING - INCTTY
.~ 2CLUDED IN TFU/10X»SOHSUSTAINING TOOLING - INCLUBED ICTY
3N TFU/Z10X» 19HPRODUCTION ARTICLES22X1F9,2/10X9s23HTEST ARTICLE CONVCYT
BWERSIONe18XsF9.2) : CTT

S0 FORMAT (10Xs31HTOTAL RECURRING PRODUCTION COSTr10X9F9,27//710Xe25HRCTT
1ECURKING OPERATIONS COST//10X»22HREPLENISHMENT S AND RP#19X,F9.,2) CTT
60 FORMAT (10X»31HTOTAL RECURRING OPERATIONS COST»10XeF9,2////10Xe23HCTT

1TOTAL TPS PRUGRAM COSTS:18X¢F9, 2'//////10)(926HNUMBER OF PRODUCTIONCTY
2 UNITS»16XsF6el) cTY

END cTT
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SUBROUTINE wWTTPS WTY
WYT
COMMON /LINK/ NSECTo»TCoTS+TSKINL s TSKIN2,TINS1+TINSZ2¢TINS3 wWYT
COMMON/STDHRY/ WYY
1E0P ' LARATE ' MATLID ¢ NN 'P1 'REFCT ’ wTTY
2STDHK s VKATE wWTT
COMMUN/WT A/ WTT
1A »s ¢+ CHORD +DIABH1 'DIAPONH 'D1ARGH ’ wTT
2D1APGH yOIAPTH ’ WTT
3DLPANL ¢ DwPANL 1 EEDGE +EL1R]IB +E2RIB +E3RIR ’ WTT
4oBOL T » GCLAMP » GINSRT ¢ GINSUL ¢ GNUTPL yGWASH ’ WTT
SHBE AMA 'HFNG Y ' HFNG2 »HPLATE ' HPOST 'HRIB ’ WTT
6HRING o I..FNG1 ¢ JOFNG2 ' K INDP +KINDS 'LBMLA ’ WYT
7LBMLC s LEBMSA » LBMSC ' LCORN » LOOUBR +LENGTH ’ wWTT
8LPANL ' LPOSY 'LRIBL ' LRIBS ¢+ LSEAL ' LSTFNR ’ wWTT
9L TuBL e Nt IBS e NXA e NYA + ODFNG1 1 OUFNG2 . WTT
$O0DPOSR ¢+ OLPOST ¢+ ODRING ' PBM 1 PCORE o PEDGE ’ wWTT
$PINSL ¢ PINS2 1 PINS3 ' PPOST 'PRIB +PSEAL ’ WTT
SPSKIN1 ' PSKINZ » PTUBE 'R 'RADIUS 'S ’ wWYT
STBMLA » TBMLC » TBMSA s TBMSC ¢+ TCORE ¢+ TCORN ’ WTT
$£TD0OULUBC » TUOUBP - o TEDGE ¢y TFNG1 » TPLATE- » TPLUG ’ wWTT
$TPOST »TRIBL . #TRIBS »TRINGL  »TRING2  ,TSEAL ' WTT
$TTUBL ¢t TwRIB ' TIRIB ' T2RIB ' WBEAMA WHMLA 3 WYT
SWBMLC s NOMSA » WBMSC + WCORN ¢ WCORR » WDOUBP ’ LAR]
SWDOUBR e WIDTH o WPANL » WPLATE ' WPOST s WRIBL ’ WTY
SWR1IBS s wSEAL * WSTFNR v 2FAS WTY
COMMON/ZWTCOST/ WYT
1ACWT o AFAUY rAOP(747) o1ITL ' KK o KLTC ’ wWTT
2L0SWT PKT e LEN e LTUBER ' MAWT oM ’ WTTY
IPEXT o TLXT 'WID v2ZUB WTT
’ wTT
DIMENSION PSKIN(15) WYY
wWTT
REAL IDFNG1 »IDFNG2 +»IDRING JLBMLA »LBMLC ,LBMSA »8MSC ,LCORN WTTY
REAL LUOUBR (LEN ¢LENGTH +LPANL oLPOST JLRIGL (LRIBRS LLSEAL WTT
REAL LSTFNR »LTUBE +LTUBER sNXA e NYA ' MAWT wWTT
WTT
DATA PSKIN / WTT
1 1020 4160r 42979 2970 298¢ ,306s <326+ 343y ,333, ,604, .283.WTT
2 +276r 066 <067 +300/ wWTT
WTT.
: WYT
INITIALIZE INSULATION VARIABLES wWTT
WTINS1=0 WTT
WMINS1=0 WTT
WTINS2=0 wyYT
WMINS2=0 WTY
WTINS3=0 wyYT
WMINS3=0 wTT
WTT
INITIALIZE PANEL VARIABLES WTT
WTCORE=0 WTT
WMCORE=0 wWYT
WTCORR=0 wWTTY
WMCORR=0 wWTT
WTEDG2=0 WTT
wMEDG2=0 wyTT
wTEDG3=0 WTT

1-155
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WMEDG3=0
wTEXT=0

WwMEXT=0

wWTR]18S=0
wMRIBS=0
WYSKIN=0
WMSKIN=0
WTYSKN2=0
wMSKN2=0
VOLCOR=0

INITIALIZE STRUCTURE VAR!AQFES

wTYBMLA=O
wMBMLA=0
wTBMLC=0
wMBMLC=0
WwTLRIB=0
WMLRIB=0
wTEBMSA=0
wMBMSA=0
wWTBMSC=0
aMBMSC=0
WTYSRIB=0
wMSR1B=0
WTCORN=0
WMCORN=0
wTDOU=0
wMDOy=0
wTDOUB=0
wMDOUB=0
WTFNGA=0
WMFNGA=0
"WTFNGC=0
WMFNGC=0
wTFNG2=0
WMFNG2=0
WwTHINAZO
WMHINAZQ
WTHINB=0
WM INBRO
WYHINC=(
WMHINC=0
WTINS=0
wWMINS=0
‘WTPLGAZ(
wWMPLGAZO
WTPLGC=0
WMPLGC=0
wTPLT1=0
wMPLT1=0
WTPLT2=0
wMPLT2=0
wTPOSR=0
WMPOSR=0
WYPQSAZO
WMPOSA=0
wWTPOSB=0
| WMPQOSB=0

1-156

wTT
WYY
WYY
WYY
wTT
wTT
wYT
wTT
wrT
WTT
wTT
WTT
WTT
WTT
wTT
WTT
wTT
WTT
WTT
WTT
WTT
WTT
WTT
WTT
WTT

WTT

WTT
WYT
WTT
wTT
WTT
LARI
WYT
WTT
wTT
WTT
wTT
wYT
WTT
WTT
LAR
LANS
WTT
wTT
wTT
wYT
wTT
WYy
wTT
wYT
wTT
wTT
wYT
WTT
wTT
wYT
wYT
LAR]

103
104
108
106
107
108
109
110

112
113
1164
118
116
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10

WTPQOSC=Q
wMPOSC=z0
ATRNOG1=0
WMRNG 10
wTRNG2=0
WMKNL2=Q
wlSEALSN
wMSEALZO
wTFASAZQ
WMEASASO
wTFASB=0
WMFASB=0
wTFASC=0
WAMFASCEO

INITIALIZE TOTAL VARIABLES

WTINSL=0

WMINSL=0

wTPANL=0

WMPANLZ=0

wTSTHR=D o _ o
WMST=0 . '

I0ENTIFICATION OF MATERIAL TYPE AND ASSIGNMENT OF MATERIAL DENSITY
FOR TPS PANEL AMD STRUCTURE

C“SKREIN1Z0
IF (MATLIDLTe1.0RMATID,GT.15) GO TO 10
PSKINI=PSKIN(MATLID)

CONTINUE
PCORE=,033xPSKIN]
PSK INg=PSKIiNg
PRIB=PSKIN]

PEDGE =PSKINI
PROST=PSKINI1
PBMz=PSK INI
PSEAL=PSAINI
PTUBE=PSKIN]

GENERAL TERMS USED THROUGHOUT
Pl4z, 7854
v1ABH1=,19
D1ABH2=,50
VIAPTHE=,50
UIAPGH=,19
Ol1APOH=,19
UIARGH=, 9
EEDGE=1,20
HPLATE=, 50
LO0uUBR=2,00
R=,.17
I1BOND=,010
TBRAZE=, 008
TPLUG=,25
WO0yBR=1,50

1-157

wTT
WTY
WYT
WTT
WTTY
WTT
wTT
WYY
WTT
WTT
LA
WTT
WTT
LARI
wYT
WTT
wTT
LAR]
LARI
wWTT
WYT
WTT
WTY
WTY
wTT
WTT
wTT
WTT
WTT
wTT
wTT
wTT
wTT
WTT
wTT
WTT
WTT
wTT
WTT
wTT
WTT
wTT
wWTT
wTT
WTT
WTT
wTT
WTT
wTT
WTT
WYY
WTT
LAR
WTT
WTT

WYY

LANI
WYY

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174



20

wOOuUbP=1,00

IF (RADIUS.EwsD,) CIKRCUM=D

IF (RADIUS.EGe0,) GO TO 20
CIRCUM=RADIUS*ACOS(1=(CHOROx%2) /(2. *RADIUS*%2))
CONTINUE

HPOST=wWPOST
IDRING=IDFNGZ=2 . #TTUBE=2 +* (IDFNG2~0DPOSR)
LENSLENGTH/ 12,

LBMLAZLENGTH=1,7%

LBMLC=LENGTH=.75

LBMSAZWIDTH=1.75

LBMSCzWIDTH=-,75

S=R+,365%HBEAMA

LCORN=2 , #HPLATE+2 . %S

LPANL=LENGTH=DLPANL=A
LPOST=TINS1+TINS24TINS3+B~,30

LRIBL=LBMLC

LRIBS=LBMSC

LSEAL=WIDOTH

LSTFNR=LPOST=.50

LTUBER=TINS1+TINS2+TINS3+B

NXA= (LPANL+DLPANL =4, xDIABH1) /7 (8,%DIABH]L)

NYAZ (LSEAL=4, *DIABHI)/(B.*DIABH1)

NXSNXA+ 5
- NYSNYA+,5

NXA=NX

NYAZNY

ODFNG1=0DPOST+,60

ODFNG2=IDFNG«+.50

ODTUBE=0DPOST=2,%TPOST

TFNG2=TFNG1

wID=wIDTH/12,.

WPANL=WIDTH=UWPANL=A

WBMLAZ2 , % (WBEAMA+R=S+( (S=R) x»2+HBEAMA*%2) %% ,5) 4,52
wBMSAzWBMLA

WCORNZR+S+ ( (5=R) *#x2+HBEAMA%%2) %%, 5
WCORRZ=WPANL+RIBSx (CIRCUM=CHORD)
WPLATESWBEAMA+. xR

WSEAL=A+,5

wWSTFNR=WPOST/ 3,

WYBOND= (LPANL+DLPANL ) x (WPANL+DWPANL ) *TBOND#PBOND
IF (KINDP.EQ.S) WTBOND=O0
WTBRZIZLPANL=(NRIBS+1)*,5*xTBRAZE*PSKIN2
WTYBRZ2=(LBMLA%,38=2,xNXA%PI4*DIABH1%*2) xTBRAZExPBM
WTBRZ3IZ(LDOUsRxWOOUBR=PI4*DIABH]1%x2) *TBRAZE»PBM
WTBRZUZ (LBMS A%, 38=2 , xNYARPI42DIABH1%x%x2) xTBRAZE%PEM

WTT
WYT
WTT
wTT
LAS
WTT
WTT
WTT
WTT
WTT
WTT
WTT

WYT .

WTT
WYT
WTT
WTT
UARY
WTT
WIT
WTT
LAR]
WYT
UARS
WTT
WYT
WIT
WTT
LAR]

WTT

LARI
wWTT
WYT
WTT
WTT
LAR]

- WTT

wTT
WTT

WTT

WTT
WTT
WTT
WTT
WTT
WTT

WTBKZS-(Qot(LCORN*(R*S)-R**Z-S**Z)+WDOURP**2°PIQ*DIAPGHtt2)tTBRAZFWTT

1%PBM

WTBRZ6=2,. *P1«0DPOST*TPOST*TERAZE*PPOST
WTBRZ7=2,*P1+«0DPOST*LTUBE*TBRAZE*PPQOST
NTBRZdz(LPANL+WPANL-EEDGE)tEEDGE#TBRAZE#PEDGE

WTBRZY=NRIBS* (LPANL=EEDGE ) * (E2RIB+TWRIB)*TBRAZE*PR]F

IF (E2RIp.EG.0,) WTBRZ9=0
WTBR10=2,#WPUNL % (EEDGE=-TEDGE ) *TBRAZE*PENGE

WTBR1I1ISU * (WPOSTxHPOST=2 « *PI U0 APOH*%2 ) xTBRAZEXPPQST

#TBR12=LbMLC * TRIBL*TORAZE*PBM
WTBR13=LBMSC+TRIBS*TBRAZE*PBM
WTBR1L=P [ # (OCPOSR=2.*TTUBE) *HRING*TBRAZE*PPOST

I-158

LARE
wWTT
WTTY
WTT
WTT
wWTT
WTT
LARI
LAR]
WTT
wWYT

175
176
177
178

179

180
181
182
183
184
185
186
187
188
139
190
191
192
193
194
195
196
197
198
199
200

201

202

203

204
205
206
207
208
209
210
211
212
213
214
21%
216
217
218
219
220
221
222
223
224
22%
226
227
228
229
230
231
232



(s sXsNoN ol ol gl

OGO OoCo

aoco

xx
%%
ko

&% K

* k%

30

k%

40

* KX

50

WTBR15=PI*0DPOSR&HFNG2xTBRAZE *PPOST
wTBR16=P [ ®*0DPOST&TRING1*TBRAZE*PPOST
WTBR17=PI#0DPOSTaHFNG 1« TBRAZE*PPOST
J=0

N=VY

ITL=0

£QUATIONS FOR INSULATION

EQUATION FOR INSUL 1

IF (TINS1,EQ,0) 60 YO 30
WTINSIZLENGTH*WIDTH®TINS1%PINS1/1728.
WMINS1Z(LENGTH+2,) = (WIDTH+2,)*TINS1+%PINS1/1728,

EQUATION FOR INSUL 2

IF (TINS2.EQ,0) GO TO 40
WTINS2ZLENGTH*WIDTHRTINS2*PI52/1728.
WMINS 2= (LENGTH42, ) % (WIDTH+2, ) *TINS2xPINS2/1728,

EQUATION FOR INSUL 3

IF (TINS3.EQ.0) GO TO 50
WTINSIZLENGTH*WIOTH*TINS3I*PINS3/1728.
WMINS3S(LENGTH+2, ) % (WIDTH+2, ) *TINS3xPINS3/1728,

TOTAL INSULATION WT

WTINSLESWTINSI+WTINS2+WTINS3
WMINSL=WMINS1+WMINS2+WMINSY
ACWT=WTINSL

MAWTZWMINSL

KK=1

KT=1

NZ1

KLIC=0

IF (ACWT,CT...) CALL COST
IF (ACWT,GT.u) ITL=1
ACWT=WTINS1

MAWTZWMINS]

KK=41

KT=1

N=2

KLIC=2

IF (ACWT,GT.ue) CALL COST
ACWT=WTINS

MAWT=WMINS2

KK=42

KT=1

N=3

IF (ACWT.GT.u.) CALL COST
ACWT=WTINS3

MAWTZ=WMINS3

KK=43
KT=g

1-159

WYY
LARE
WTT
WYT
LAR]
WTT
WTT
WTT
WTT
WrT
WTT
WTT
WTT
WTT
wTY
LARI
wWTT
WTT

Ang

wTT
WTT
WTT
WTT
WTT
WTT
WYY
WYY
WTT
WTT
WTT
wTY
WTT
wWTT
wWTT
WTT
WTT
WTT
WTT
WTT
WwTT
WTT
wTT
wYT
wTT
wTT
WTT
wIT
WTT
WTT
wTT
WYY
WTT
wTT
WTT
wTT
WTT
wYT
WTT

233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290



oo noo coa cOo00

SO0

6y

kX

70

* kX

8u

%k

990

R X

100

O O0OC

COOO0O O |

k%

110

* %k X%
%Xk
xkn
* &k

120

L2 20

N=Y

IF (ACWT,GT.Ls) CA_L COST

ACWT=WTINSL

MAWT=WMINSL

KK=40

KT=}1

N=23

KLIC=)

IF (ACWT,GT.u) CALL COSTY

IF ((KINDP.LT«1).,0R.(KINDP,GT.5)) GO TO 210

FORTRAN STATEMENT NUMBER ASSIGNMENTS FOR PANELS

CONT {NUE
GO YO (7ur80¢93,10001210)» KINDP

KINDP = 1+ CORRUGATED METALLIC PANEL

CONTINUE
JEJ+l
GO TO (120¢1700200)0 J

KINDP = ¢r HOUNEYCOMB METALLIC PANEL

"CONTINUE

JEJel
GO TO (130¢150,170+1800200) J

KINUDP = 4» RIB STIFFENED METALLIC PANEL

CONTINUE

JaJ+l

GO Tu (140,10N09170,200)r J

KINDP = 4+ RLUSABLE SURFACE INSULATFD PANEL (RSI)
CONT INUFE

JoJd+l

60 TO (130+,150,170,180,190,200), J

KINDP = ¢ ABLATIVE PANEL

CONT INUE

JIU+]

60 TO (1509170¢1900200)r J

EQUATIONS FUR PANELS

EQUATION FUR CORRUGNS (CORRUGATIONS)

CONT INUE

WTCORR=LPANLA*WCORR=TSKIN2*PSKIN24wWTBRZ1
WMCORR=(LENGTH+1 ., ) (WCORR+1,)x(TSKIN2+.005)%xPSKIN2
G0 TO 60

EQUATION FOR EDGES (EDGE MEMBERS 2)

I-160

WYT
WTT
wTT
wTY
WTT
WTY
WTT
LA
WTT
WTT
WTT
WYY
wTT
WTTY
WTY
WTT
WTT
WTT
WTT
WTT
WYT
WTT
WwTT
WTT
WTT
WwYT
WTT
wWTT
WTT
WYT
WYT
LARI
WTT
LARE
WTT
WTT
WTT
WTT
wWTT
wTT
wYT
WYT
wTT
WYT
LAR}
WTY
wYT
WTT
LAR
WYY
wTT
WTT
WYY
LRI
WTT
WYT
WTT
WTT

291
292
293
294
295
296
297
298
299
3n0
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
226
327
328
329
330
331
332
333
334
335
336
337
3138
339
340
341
342
343
344
3u5
346
347
348
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: WYY

130 CONTINUE WTT
WTEDG222 . * (LPANL+WPANL #+4 % TEDGE=2 . %EEDGE ) # { YCORE+EENGE ) *TFDGE®PEDGWTYT
1E+WTBKRZ8 WTT
WMEDG2=2 ., * (LPANL+ ,S5+WPANL+ ,S5) % (TCORE+EEDGE+ ,25) % (TEDGF+.U05) sPEDGEWTT

00 YO 60 WTT

WTT

»=xx EQUATION FOR EDGES (EDGE MEMBERS 3) WTT
WTT

140 CONTINUE WTT
WTEDGA=2 . *WPANLx (HRIB+TEDGE+EEDGE ) *TEDGE*PEDGE+WTRR10 WYT
WMEDG3=2 . x (WPANL+1,)*(HRIB+TEDGE+EEDGE+,25)* (TENGE+. 405 «PEDGF wTT

GO TO 60 WTT

WYY

&%k EQUATION FOR HONEYCOMB CORE wWTT
WTT

150 CONTINUE : WTT
WYCOKES (LPANL=EEDGE ) ( WPANL-EEDGE )xTCORE*PCORE WTT

IF (KINDP.EQ,S5) TCORE=TEXT WTT

IF (KINDP.EQ,5) WTCORE=(LPANL+DULPANL) * (WPANL+DWPANL) «TCORE*PCORE WTT
WMCOREZ(LENGTH+1, ) (WIDTH+1,)*(TCORE+,25)*PCORE = _ WTT

IF (PCORE.EQ.D0) GO TO 60 WTT
VOLCOR=WTCORE/PSKIN1 wWTY

IF (KINDP.EQ.4) VOLCOR=0 : ‘ WTT

GO TO 60 , , _ ' B : wWTT

: ' ) WTT

»xx EQUATION FOR RIBS ‘ WYT
. WTT

160 CONTINUE WYY
WTRIES= NRIBS*(LPANL-EEDGE)*(E1RIB*T1RIB+52RIB*TZRIe*EBRIB*T1RIB+HRWTT
11BxTWRIB)*PRIB+WTBRZY WTT
NMRIBS-NRIUS*LPANL#(thIBt(TlRIB+.005)+EZRIR#(T2RIB+ 005)+E3RIdt(TWTT
11RIB+,005)+(HRIB+, 1) *(TWRIB+.005))*PRIB WTT

G0 TO 60 WTT

. WTT

%% EQUATION FOR SKIN WTT
. WTT

170 CONTINUE WYY

IF (KINDS.EQ.0) WTSKINZ(LPANL+DLPANL)* (WPANL+DWPANL ) *TSKIN14PSKINIWYT

IF (KINPS.EQ.1) WTSKIN=({LPANL+DLPANL) »x (WPANL +DWPANL )= {NXA%pIUxDIAWTT
1BH1x%2) ) »TSKiN1xPSKIN] “WYT

IF (KINDS,EQ,2) wTSKIN°((LPANL+DLPANL)t(wPANL+DWPANL)-(u *PTuxDIAPWTT

- 1TH®%2) ) *TSKIN1IxPSKIN] WTY
1F (KINDS.EQ,3) WTSKIN=((LPANL+DLPANL) *x (WPANL+DWPANL )= (PIUDIARGH®WTY
1%2))eTSKIN1*PSKIN1 WTT
WMSKINS(LENGTH+ 1) (WIDTH+, 1)*(TSKIN1+ 005)*PSKINt WTT

G0 TV 60 wTT

WTT

s EQUATION FOR HONEYCOMB INNER SKIN WTT
WTT

180 CONTINUE ) WYY
WTSKN2=LPANL*WPANL®TSK IN2*PSKIN2 WTT
WMSKN2= (LLPANL+1,) s (WPANL+1,) %2 (TSKIN2+,005)*PSKIN2 WTT

60 TO 60 WTT

wTT

%% EQUATION FOR EXTERNAL INSULATION OR ABLATIVE MATERIAL WTT
wWTT

190 CONTINUE ‘ WYY

I-161

349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
169
370
371
372
373
374
375
376
377
378
379
380
381
382
183
384
385
386
387
388
389
390
301
392
393
294
395
396
397
398
399
400
401
402
403
404
405
406



WTEXT=((LENGTH®WIDTH*TEXT)=VOLCOR) *PEXT+WTBOND - WTT 407

WMEXT=(LENGTH+1 ) = (WIDTH+1, )5 (TEXT+,25) *xPEXT WTT 408
. 60 TO 60 WTT 409
C ) WTT 410
C =%xx EQUATION FOR TOTAL PANEL wTT 411
Cc WTYT 412

200 CONTINUE , WTT 413

WTPANLZWTCUORE+WTCORR+WTEDG2+WTEDGI+WTRIBS+WTSKIN+WTSKN2+WTEXT WTT 414

WMPANL=WMCORE+WMCORR+WMEDG2+WMEDG3I+WMRIBS+WMSKIN+WMSKN2+WMEXT WTT 415

ACWT=wTPANL WTT 416

MAWT=wMP ANL . WTT 417

KK=}1 WTT 418

KT=1 - - “WTT 419’

N=95 WTT 420

KLIC=0 WTT 421

IF (ACWT,GT.us) CALL COST WTT 422

IF (ACWT,GT.u) ITL=1 WTT 423

ACWTZWTCORR wWYT 424

MAWTZWMCORK WTT 425

KK=12 ‘ WTT 426

KT=1 WYT 427

NZ6 WTY u28

KLIC=2 I WTT 429

IF (ACWT.GT...) CALL COST : WTYT 430

ACWTZWTEDGZ o WTT 431

MAWT=WMEDGZ2 : wWTT 432

KK=23 ) WTY 433

KT=y WYT 434

N=7 WTT 435

IF (ACWT,GT.ue) CALL COST 4 WTT 436

ACWY=wTEDGYS WYT 437

MAWNT=WMFDG3 WTT 438

KK=33 . WTT 439

KT1=2 WTT 440

N=7 WTT sl

IF (ACWT 4GTeus) CALL COST WTT 442

ACWTZWTCURE WTYT 443

MAWT=wMCORE _ WTT uhy

KK=2y WTT 4us

KTZ1 WTT 446

NZ8 ' WTT 447

IF (ACwT,GT.ue) CALL COST wTT 448

ACWTzWTRI1EBS WTT 449

MAWTZWMRIBS - - WTT 450

KK=32 WYT 451

KT=NRIBS . WYT us2

N=9 WTT 453

IF (ACWT.GT.u.) CALL COST WTT 454

ACWT=WTSKIN WTT 455

MAWT=WMSKIN WYT 456

IF (KINDP.EQ,1) KK=11 _ WTT 457

IF (KINDP.EQ,2) KK=2l} , WTT 458

IF (KINDP.EG.3) KK=31 . WTT 459

IF (KINDP.,EG.4) KK=21 WTYT 460

IF (KINDP.EG.S) KK=21 WTT u6l

KT=) . WTT 462

N=10 . WTT 463

IF (ACwT.,uTe:e) CALL COST ’ WTT 464
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210

k%

220

t ]

230

L 2 1

240

Camk

L 3 b
L 2 3

*x%E

ACWT=WTSKN2
MAWT=WMSKN2
KK=22
KT=1
N=10
IF (ACWT,.G6T.U) CALL COST
ACWT=WTEXT
MAWT=WMEXT
IF {(KINDP.EQ.4) KK=26
IF (KINDP.EQ.5) KK=27
KT=}1
IF (KINDP.EQ.4) N=37
IF (KINDP.EQ.5) N=38
IF (ACWT,G6T.u) CALL CoOST
ACWT=WTPANL
MAWT=WMPANL :
IF (KINDP.EQ.1) KK=10
IF (KINDP.EQ.2) KK=20
IF (KINDP.EQ.3) KK=30
IF (KINDP.EG.4) KK=15
IF (KINDP.EQ.S5) KK=25
KT=1
=24
KLIC=1
IF (ACWY ,GT,ue) CALL COST

FORTRAN STATEMENT NUMBER ASSIGNMENT: FOR STRUCTURE

GO TO (25002600290¢32003300340+3500360,430,440,4500510¢52C:550)0 U
“WTT

J=0

CONTINUE

IF ((KINDS.LT.1),0R,(KINDS,GT,3)) 60 TO 560
60 YO (2200,230,240)» KINDS

TYPE A CONSTRUCTION FOR STRUCTURE
CONTINUE

JIJ+)

TYPE 8 CONSTRUCTION FOR STRUCTURE
CONTINUE

NENT DY

G0 TO (370,390,46005309550), J
TYPE C CONSTRUCTION FOR STRUCTURE
CONTINUE

JaJ+l

GO TO (270¢280,300+320+380,400+410,0420e470,480,4909500:540+550), J

EQUATIONS FOR STRUCTURE

EQUATION FOR BEAM LN A

(LONG BEAM A)

WTT
wT1
wWTT
WTT
wTT
LA

WYY

wrTY
LAB
WYT
wYT
wTT
WTT
WTT
wT1
WT1
AR
wTY
WYY
WYY
LARI

WYY

NT .
wTY
WYY
CARS
wWTT
WTT
WTY

wTT.

wTT

WTT.

WYY
wTT
WYY
WTT
WTY
wTT
wTT

WTT
wWTT
wTT
WTT
wlY
WTY
wTTY
WTT
wWTT
WYY
WTY
wTTY
wTT
WTT
wTY
wTY
wTT
WTT

465
466
467
468
469
470
471
472
473
474
475
ure
477
478
479
-1
4al
482
uKs
4Ry
¢85
486
wA7?
«38
489
490
491
ug?
uqQ3

u9u -

495
496
497
498
499
500
501
502
S03
504
5n8
506
sn7
508
509
510
511
512

513

514
515
516
517
518
519
520
521
522



250

COoO00n

*ax

260

coo nfOo aoa 2 Xaks

OO0

L =00

x ¥k

270

gk

" 25U

ax

300

% &k

310

x¥

320

k%

330

CONTINUE

WTT

WTBMLAZ (LBMLASWERMLA=PI4* ( (2, %NXA+1, ) %xDIABH122242 ,*DIARHZ #%2) ) xTBMLWTT

1A*PBM+WTBRZZ2

WMBMLAZ(LBMLA+L, )#(WBMLA+1.)*(TBMLA+ 005)4PBM
60 10 210

EQUATION FOR BEAM DOUB  (BEAM DOQURLER)

CONTINUE

WTDOUB= (LDOUBR#WOOUBR=PIL*DIABH 1 %%2) *TDOUBCxPBM+wTBR23
wMDOQUB=(LDQU=R+1,) % (WDOUBR+1.) % (TOOUBC+,u05) *PBM

GO TV 210

EQUATION FOR BEAM LN C (LONG BEAM C)

CONTINUE

WYBMLC=LBMLCxWEMLC » TBMLC »PBM

WMBMLC=(LPMLC+1,) s (WBMLC+1, )*(TBMLC+ 005) »PRM
GO YU 21v

EQUATION FOR RIB LN C (LONG RIR C)

CONTINUE

wTLRlB‘LHIdL*WRIdL*TRIBL#PBM+WTBR12

WMLRIBS (LRIBL+1,) % (WRIBL+1,)*(TRIBL+,005)*PRM
GO TO 21U

EQUATION FOR BEAM SH A (SHORT BEAM A)

CONTINUE

WTBMOSAZ {LRMSA*WEMGA=PILX2 . xNYARDIABHL1 %2 ) *TRMSA%PRM+WTRR2Y
WMBMSAZ (LBMSA+1,.) x (WBMSA+1,)*x(TBMSA+.005) *PRM

GO TO 21v

EQUATION FOR BEAM SH C {SHORT BEAM C)

CONT INUE

HTBMSC=LpMSC*WEMSC*TBMSC*PBM

WMBMSC= (L BMSC+1, ) % (WBMSC+1, )t(TBMSC+o005)*pRM
G0 Tu 21y

EQUATION FOR RIB SH € (SHORT RIB C)

CONTINUE

WYSRIBZLRIBS*WRIES*TRIBS*PUM+WTBR13
WMSRIBS(LRIEBESH1 ) > (WRIBS+1.)*(TRIuS+, 005)*PBM
GO TO 21v

EQUATION FOQR CURNERS

CONTINUE
NTCOHN-Q.*(L»ORNthORN-Rt*Z-S#*Z)tTCORN#PBM+WTBRZS
WMCORNZU ¢« ((LORN+1,) * (WCORN+14+)%( TCORN+,005) %PBM
60 TO 21v

EQUATION FOR CORN PLT (UPPER CORNER PLATE)

CONTINUE

I1-164

WTT
wTT
WTT
WYT
WTT
LAR
wTT
WYY
WTT
LANY

WTT

WTT
WTT
wTT
WYY
WTT
WTT
wYT
WTT
WTT
WTT
WTT
WTT
WYT
wTT
WTT
WwYT
WTT
WTT
wTT
WTT
wTT
WYY
wTT
WTT
WTT
WYT
wTT
WTY
WYY
wTT
wrT
WTT
WYT
WTT
WTT
WTT
WTT
WTT
wTT
wTT
WTT
WTT
WwTT
wTT
wTT

523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
£59
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
57%
576
577
578
579
580
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xRE

340

L2 2

350

WIPLTIS(WPLATE®%244 . *WPLATEXHPLATE~PIUADIAPTHR%2 ) *TO A TF &Puin
WMPLTL1=(WPLATE+2 #MPLATE+.5)%#%2s (TPLATE+,005) *PBM
GO 10 210

EQUATION FOR CORN PLT (LOWER CORNER PLATE)

CONTINUE
WTPLT2=(WPLATE*%2+44 . *WPLATE*HPLATE=PI4xDIAPGH*%2) «TP_ATE#PBM
WMPLT2= (WPLATE+2 . *HPLATE+,5) %25 (TPLATE+.005) *PB™

60 1O 210

EQUATION FOR CORN DOU (CORNER DOUBLER)

CONTINUE

WTDOU=(WDOUBP*%2=PIU4sDIAPGH**2) x TOOUSP #PBM
- WMDOU=(WDOUBP+,5) *#2x (TDOUBP+,005) xpBM

60 10 210

*xE¥

360

b2 14

370

k%

‘380

wkk

390

BR%

400

L 2 2

EQUATION FOR INSERTS (HONEYCOMB INSERTS A)

CONTINUE .
IF (KINDPJ.NE.2) GO TO 210 - R
WTHINASNXAXGINSRT/100,

WMHINA=1,12wTHINA

GO0 T0O0 210

EQUATION FOR INSERTS (HONEYCOMB INSERTS 8)

CONTINUE

IF (KINDP.NE,2) GO TO 210
WTHINBS4 ,*GINSRT/100.
WMHINBZ1,18WTHING

GO TO 210

EQUATION FOR INSERTS (HONEYCOMB INSERTS C)

CONTINUE

IF (KINDP.NE.2) GO TO 210
HTHINC=GINSRT/100,
WMHINC=1,12wTlHINC

GO TO 210

EQUATION FOR INSULATOR
CONTINUE
WTINS=20.#GINSUL/100.
WMINS=1,1%WTINS

G0 TO 210

EQUATION FOR POST CENT (CENTER POST C)

CONTINUE

WTPOSR=P I *0DPOSR#L TUBER*TTUBE #PPOST
WMPOSR=P I1#0DPOSR* (LTUBER+.5) % (TTUBE+,02) PPOST
60 TO 210

EQUATION FOR FLANGE (CENTER POST C)

1-165

wtT
WYT
wTY
WTY
WTT
WYY
wWTT
WTT
LAAS
wrYy
WYY
wYT
WY
WTY
WTT
WwTT
WTY
WTY
wT?
WY
WwTTr
wY?
wlT
wTrT
wTT

CWTT

WTT
wTT
wY?Y
WTT
WTT
WTT
WTT
LARS
wTT
wTT
wWTT
WwWTT
wWYT
wTT
wYT
wTT
WTT
WTT
wTT
LRI
wTT
wTY
wYT
WYT
UARI
wYT
wTT
WTT
wTT
WYTT
wTT
wTT

581
582
583
584
585
586
5R7
588
589
590
591
502
£93
594
595
K96
5Q7
598
599
600
601

k02

603
604
605
606
607
608
609
610
611
612
613
614
€15
616
ALT
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636

637
638
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42¢

*kk

430

X%

440

*¥k

450

rEx

460

xEx

470

- kXK

480

1-166

CONTINUE WwTT
WTFNG2= PI#:(IDFNG2¢#£-ODPOSR¢*2)*HFNGZ*PTUBE+P10¢(oDFMGZ*tz IDFNG2WTY
15%2) R TFNG2#PTUBE+WTBR1S WTT
WMFNG2=P (4% (ODFNG2+, 02)**2#(HFN62+ 5) xPTYPE WTT
GO 10O 21 WTT
) WTT
EQUATION FOR RING (CENTER POST C) WTT
WTT

CONTINUE wTT
WTRNG2=P1U4x {CDPOSR=2,%*TTUBE ) *¥2xHRINGXPPOST=PI4% ( IDRING**2%x (HRING=WTT
1TRING2)+0UIARGHx2* TRING2) *PPOST+WTBR1Y4 WTT
WMRNG2=P1ux0DPOSR2%x2% {HRING+.25) »PPOST WTT
G0 TO 210 WYT
' wTT

EQUATION FOR POST CORN (CORNER POST A) WYT
wWTT

CONTINUE wWTT
WTPUSAZ2 , #P 14 x(0DPOST##2=0D0TUBE=%2) xLPOST*PPOST WTT
WMPOSA=2 . %P [ux( (QODPOST+.,02) *%x2=0DTUBE*%2) x { LPOST+.5) *PPOST WTT
60 10 210 wTT
' ) ‘ wWTT
EQUATION FOk PLUG (CORNER POST A) WTT
WTY

CONT INUE WTT
WTPLGAZ2,#P14* (ODPOST*#2-DIAPGH*#2) »xTPLUG*PPOST+WTHRZ6 wWYT
WMPLGASZ2 (%P Lu* (ODPOST+,02) *22% (TPLUG+. 25) *PPOSY WTY
G0 TO 210 ' WYT
UAR

EQUATION FOR FLANGE (CORNER POST A} WTT
' WTY
CONTINUE wTT
WTFNGAZ2 *PI*xODTUBEXTTUBEXL TUBE®PTUBE+2 ., %PI4» (ODFNG1*%2=0DTygF*#*2 )W TT
1% TFNG1#PTUBE+WTBRZ7 WTT
WMFNGAZ2 ,*xPI4u* (ODFNGL1+,02) %%x2% (L TUBE+,.5)*PTUBE WTYT
60 10 21¢ WTT
WYT

EQUATION FOR POST CORN (CORNER POST B) WTT
wTT

CONTINUE wTT
WTPOSBzZY ({5 o xWPOST+2,*LPOST) ®HPOST+4, #(LSTFNR-WSTFNR)*wSTFNR-S.*WTT
1PI4#DIAPOH®%c) «TPOST#PPOST+WTBR]1 WTT
WMPOSB= (2, 3LPOST+3,#WPOST+]1,) *{HPOST+1 ) { TPOST+.005) #PPOST WYT
60 TU 21u WTT
: WTT
EQUATION FOK POST CORN (CORNER POST C) WTT
WYT

CONTINUE WwTT
WTPOSC=PI*0DPOST*LPOSTTPOST*PPOST wWYT
WMPOSC=P [ #0DPOSTA(LPOST+.5) % (TPOST+,02) «PPOST WTT
60 7O 210 WTT
WTT

EQUATION FOR RING (CORNER POSTY C) WTT
WTT

CONTINUE wTT
WTRNG1=PI4x (ODRING**2=0DPOSTx*2 )« TRING1xPPOST+WTBR16 wTT
WMRNG1=PIUux(UDRING+.02) **2x (TRING1+, 25)*PPOST wYT
G0 YO 210 UARS
wTYT

639
640
641
642
643
644
U5
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
6568
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
€95
696
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s+ EQUATION FOR FLANGE (CORNER POST () . WTT

wTT

490 CONTINUE wWTT
WTFNGC-PIQ#(ODFNelttZ-ODPOSTttz)tTFNGltPTUBE+PIu¢(10FNGIt‘2-ODPOSTWTT
12%2) s (HFNG1=TFNG1) *PTUBE+WTBR17 WYT
WMFNGC=PIu* (ODFNG1+.02) %%2%x(HFNG1+.5) *PTURE . B} - WYTT

60 TO 210 WYY

. WYY

sxx EQUATION FOR PLUG (CORNER POST C) WTY
) WTT
500 CONTINUE WTTY
wTPLGC=PIut(ODPOSTttz-DIAPGH#*Z)#TPLUG:PPOST#NTBRZG wTTY
WMPLGC=PIU» (ODPOST+,02) **2% (TPLUG+.25) *PPOST WTT

60 TO 21v . WTY

’ WTT

»sx EQUATION FOR SEAL T OWTT
. . WTT

510 CONTINUE ' . WYY
WTSEAL= (LSEAL* (WSEAL+, 03)-PIutNYAtDIABH1tt2)tTSEALtPsgAL WYT
WMSEALZ (LSEAL+1,) * (WSEAL+,5)*(TSEAL+.005) *PSEAL : : . WYY

60 TO 210 - - - WTT

. S MTT

*xx EQUATION FOR FASTNERS (FASTENERS A) _ WTT
; WTY

520 CONTINUE ' WTT
WTFASA-(NXA+NYA+¢.)tGBOLT/100.+(NXA+2 )tGNASH/lOU +(N¥A+NYA)#GNUTPWTT
1L7100, . . WTT:
WMFASAZ1,1%WTFASA T WTT
ZFASSNXA+NYA+2, , TOWTY

60 TO 210 WYT

4 wWTT

*xx EQUATION FOR FASTENERS (FASTENERS B) : WTY
WYT

530 CONTINUE . : WYT
WTFASB=8,.%GBOLT/100,+4,*GWASH/100, +8.*GNUTPL/100. WTT
WMFASB=1,1*%WTFASS WYY
ZFAS=8, WTT

GO TO 210 wyTT

' ‘ WTT

k¥ EQUATION FOR FASTENERS (FASTENERS C) wYT
‘ . ' wWTT

540 CONTINUE wTT
WTFASC=2,%GBOLT/100.+GwASH/100,+GNUTPL/100, +GCLAMP/ 100, WYT
WMFASC=1.1#W1FASC WTT
ZFAS=2, WYY

60 TO 210 ) L WTT

: wTT

*+% EQUATION FOR TOTAL STRUCTURE ‘ WTT
WTT

550 CONTINUE WYT

_ wTSTR=WTBMLA+wTaMLc+wTBMSA+wTBMsc+wTCORN+wTDou+WTDOUa4wTFNGA+uTFNGwTT
1CH+WTFNG2+WTFASA+WTFASB+WTFASCHWTHINA+WTHINB4WTHINCHWTINS+WTPLGA+WTWTT
2PLGC+HTPLT1+wTPLT2+WTPOSR+WTPOSA+WTPOSB+WTPOSC+WTSEAL+WTRNGI+WTRNGNTT
32+WTLRIB+WTSRIB wTT

wMSTR‘WMBMLA+stMLC*wMBMSA+WMBMSC+WMCORN+WMDOU¢NMDOUB+NMFNGA+wMFNGwTT
1C+WMFNG2+WMF ASA+WMFASB + WMFASC+WMHINA + WMHINB4+WMHINC+WMINS+WMPLCA+WMWTT
2PLGC+WMPLT1+WMPL T2+ WMPOSR+WMPOSA+WMPOSB+WMPOSC +WMSE AL + WMRNG 1 +WMRNGWTT
32+WMLRIB+WMSRIB _ wTY

1-167

697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718

719

720
721
722
723
724
725
726
727

728

729
730
731
732
733
734
735
736
737
738
739
740
741
742
T43
744
748
746
m7
748
749
750
751
752
753
754



ACWT=WTSTR

MAWT=WMSTR

KK=1

KT=1

N311

KLIC=¢0

IF (ACWT,GT.Us) CALL COST
IF (ACWT,GT.0) ITL=1
ACWT=WTBMLA

MAWTSwMBML A

KKE51

KTS]

NZ12

KLIC=2

IF (ACWT.GT.us) CALL COST
ACWT=WwTDOUB :
MAWT=WMOOUG

KKZHe

wnT=1

NZ25 . v
"IF (ACWT.GT.0) CALL COST
ACWT=wTBMLA+xTDOUB
MAWTZWMBMLA+WMDOUB

KK:Q;

Ki=1

HZ26

KLIC=}

IF (ACWT,GT..) CALL COSTY
ACWT=WTBMLC -
MAWT=WMRMLC

KKS81

KT=31

N=19

KLIC=2

ACWT2WTLRIB

. MAWTaSWMLRIB

KK=82

hT=1

N=27

IF (ACWT,GT.0) CALL COST
ACWT=WTBMLC+wTLRIB
MAWTIWMBMLC+wWwMLRIB

KK=g}

RT=1

N=26

KLIC=] :
IF (ACWT.GT.u) CALL COST
"ACWT=WTBMSA

MAWTZWMBMSA

KK=53

KT=}

N=13

KLIC=2

IF (ACWT.GT.u.) CALL COST

ACWTSWTBMSA
MAWTSWMBMSA
KK=66
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wYT
wYT
wTT
LARI
wTYT
wTT
LAR
WTT
LARI
WYT
LARI
WTY
wYT

WTT

LARI
WTY
AR
WTY
WTT
WTT
WTT
LARE
WTT
WTTY
WTT
WTT
WTT
wYT

. OWTT

WTT
wYT
WYY
wWTY
WTT
WTT
WTT

WYY

LARI
LAD]
WTT
WTT
LAR]

T WTTY
"WTT

WTY
WTT
WYT
WTT
WTT

WYT

wTT

WTT.

wTY
WTT
WTT
WTT
WYT
LAN]

795
756

757

758
759
760
761
762
763
764
765
766
767
768
769
770

771

772
773
774
775
776
777
778
779
780
781

782 .

783
784
785
786

787
788

789
790
791
792
793
794
795
796
797
798
799
ROD
801
802
803
804
805

.806

807
808
809
810
811
812



. KT=1

- N=26
KLIC=1 _
IF (ACWT,GT.u) CALL COST
ACWT=WTBMSC
MAWT=WMBMSC
KKE83
K723

=20
KLIC=2
IF (ACWT,GTesue) CALL COST
ACWT=WTSRIUY
MAWT=WMSRIB
KK=84
KRT=1
N=28

IF (ACWT,GT.0) CALL COST
ACHT=WTBMSC+wTSRIB
MAWT=WMBMSC+WMSR1
KK=92 )
KT=1 :
N=26 . . - -
KLIC=1
IF (ACWT,GT.U) CALL COST
ACHT=WTCORN
. MAWT=WMCORN

. KK®=60
KT=y4
N=14
RLIC=2
IF (ACWT ,GT.us) CALL COSY
ACWT=WTPLT2
MAWT=WMPLT1
KK=p1
KT=1
N=29 .
IF (ACWT,.GT,.u) CALL COST
ACKHT=WTPLTC
MAWTZWMPLT2
KK=62
KT=1

=29 :

IF (ACWT,GT.0U) CALL COST
ACWT=WTDOU
MARWT=WMOOU
KK=63
KT=)
N=30
IF (ACWT,GT.U) CALL COST
ACWT=WTCORNSWTPLTI+WTPLT2+WTDOU
.. MAWTZWMCORN+WMPLT 1 +WMPLT2+WMDOU
KK=68
- KT=1
- N=31
. KLIC=1 ‘

JF (ACWY,GT,u) CALL COST
ACWT=WTHINA
MANT:WMHINA
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WTY

wTT
wTT
wTT
LARY
WYT
WYY
WTT
wITT
WYY
WTY

WYY

LAR)
wTY
WYY
wTT
WTT
WTT
WYY
WTT
WTT

COWTT
CWTT

wTT
wTY
WYY

CWTY
WYY

WTT

. WYY
Wty
WTT,
CWTTY

WTT

CWYY
CWTT
_WTT

WYY

CWTY
WTT
L WTT.
U OWTT
WTY
WY
WTY
CWTT
CWTT

WYY
wYT

CWTY

WT.T
wTT
wTT
WTT
wTY
wTT
WYY
wTY

813

814
815
816
817
818
A19
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
A4l

842

843
84y
845
846
847
848
849
850
851
852
853
854
855
856,
857
858
859
860
861
862
863
864
865
866
867
868
869
870



KK=2¢8

KRTSNXA

N=185

IF (ACWT,GT.u.) CALL COST
ACWTSWTHING

MAWT=WMH.ING

KK=28

KT=y

N=15

KLIC=2

IF (ACWT,GT.us) CALL COST
ACWTSWTHINC

MAWT=WMH INC

KK=28

KT=1
- NZ1S

IF (ACWT,GT.u.) CALL COST
ACWT=WTINS

MAWTSWMINS
. KK=79

KT=20

N=18 :
- IF (ACWT,GT.0.) CALL COST
ACWT=WTPOSR

MAWT=WMPOSR

hK=a%

KT=]

N=21 _

IF (ACWT,.GT.u.) CALL COST
ACWTZWTRINGZ

MAWT=WMRNGZ

KK=88

KT=1

N=32 o ,

IF (ACWT,GT,.0) CALL COST
ACWT=WTFiNG2

MAWTZWMFNG2

KK=de6

KT=1

N=33

IF (ACWT,GT,u) CALL COST
ACWTZWTPUSR+w#TRNG2+WTFNG2
MAWTZWMPOSR+WMRNG2+WMFNG2
. KK=93

KT=)

N=34

KLIC=1

IF (ACWT,GT,u) CALL COST
ACWT=WTPOSA

MAWT=WMPOSA

KRK=5Y

KT=2

N=16

KLIC=2

IF (ACWT,GT,0.) CALL COST
ACWT=WTPLGA
MAWT=WMPLGA

KK=57
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wTY
WwYT
WYT
WYT
wYT
wTT
wWTT
wYT
WYT
wWTT
wYT
wYT
WTT
LARE
WYT
wYT
WTT
WTT
WYT
WTY
WTT
LAR]

WTT

WYT
wTT
WTY
wWTT
WTT
LARS
LARI
wTT

WTT

WYT
WTT
wWYT
WTT
L)
WTT
WYT
WYY

CWTY

wrT
WYT
WTT
LARI
WTT
LARI
LARI
WTT

WTT

WYY
WTT
WwTT
WTT

WTT.

wTT
WTT
WTT

a71
872
873
874
875
876
R77
878
879
880
881
882
283
884
885
A86
887
888
689
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917

918

919
920
921
922
923
924
928
926
927
928



KT=2
"N=35

IF (ACWT,.GT.0) CALL COST
ACWT=WTFNGA

MAWTSWMFNGA

KK=56 )

KT=2

N=33

IF (ACWT,.GT.0) CALL COST
ACWT=WTPOSA+WTPLGA+WTFNGA
MAWT=WMPOSA+WMPLGA+WMFNGA

K67

KT=2

N=34

KLIC=1

IF (ACWT,GT.u) CALL COST
ACWT=WTPOSH

MAWT=WMPOSB -

KK=75

RTS4

NZ16

KLIC=2

IF (ACWT,.GT.uUe) CALL COST
ACWT=WTPOSH

MAWT=WMPOSH

KK=70

KT=1

N=34

KLIC=]

IF (ACWT,GT.u) CALL COST
ACWT=WTPOSC

MAWT=WMPOSC

KK=995 :

KT=1

N=1le

KLIC=2

IF (ACWT,GT.ue) CALL COST
ACHT=WTRNG]

MAWT=WMRNG1

KKZ=9y

KT=1 ‘

N=32 )

IF (ACWT.GT.0) CALL COST
ACWT=WTFNGC
MAWT=WMFNGC

KK=9¢

KT=1

N=33

IF .(ACWT,GT,U) CALL COST
ACWT=WTPLGC

MAWT=WMPL GC

KKz297

KT=3}

=35

IF (ACWT,GT.u) CALL COSY

ACWT=WTPOSC+WTRNG1+WTFNGC+WTPLGC
MAWT-WMPOSC+wMRNGl+NMFNGC+WMPLGC

KK=94

LARI
WTY
WTT
LAR
WTT
LA

WYY

WTY
WTT
LAR
WTT
wTTY
wTY
WTT
wTT
WTT
LARI
WTT
WTT

T WTT

wYT
WTT

-WIT

WTT
WwTY

WTT

WTT
WTT
WTT
WYY
WTT
LARE
WTTY
AR
WYY
LARE

CWYT

WTY
AN
LARE
WTT
WIT

WY

WTT
WYT
WYT
WYTT
WYY

. WTY

WYT
WYY
WTT
WTT
WTT
wYT
WTT

WTT

wYT

929
930
931
932
933
934
935
936
937
938
939
940
941
u2
EL X
944
s
946
947
Mg
ay9
950
951-
052
953
954
955
956
987
958
959
260
961
962
963
ash
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983.
984
985
986



560

KT=1

NI 34

KLIC=1

IF (ACWT,GT,0) CALL COST
ACWT=WTSEAL

MAWT=WMSEAL

KK=6Y9

AT=1

N=17

KLIC=2

IF (ACWT.GT,.C.) CALL COST
ACWT=WTSTR

MAWT=WMSTR

IF (KINDS.,EG.1) KK=50

IF (KINDS,.,EG.2) KK=70

IF (KINDS.EQ,3) KK=84
KT=1

Nz 36

KL1C=31

IF (ACWT,GT,.) CALL COQST
IF (KINDP.EG.C) GO TO 560
ACWT=WTFASA

MAWT=WMFASA

KK=9

KTSNXA+NYA+2,

N=22

KLIC=0

IF (ACWT,.GT.Us) CALL COST
ACWT=WTFASH

MAWTZWMFASB

KK=9

KT=8

N=22

IF (ACWY . GT.us) CALL COST
ACWT=WTFASC

MAWT=WMFASC

KK=9

KT=2

N=22

IF (ACWT,.GT.us) CALL COST
KLIC=10

IF (KINDP,.EG.0) KLIC=100
IF (KINDS.EQ,0) KLIC=100

-KK=199

KT=1 '

IF (ITL,EQs0) RETURN
CALL COST

RETURN

END
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WTT 987
WYT 288
WYT 949
WYT 990
WYT 991
WYT 992
WTT 993
WTT 994

. WTT 995

WTT 996
WTT 997
WTT 998
WTT 999
wTT1000
WTT1001%
WTT1002
WTT1003
wWTT1004
WTT1005
wTT1006
WTT1007
wTT1008
WTT1009
WTT1010
WTT1011
WYT1012
WTT1013
WTT1014
WTT1015
WTT1016
WTT1017
WiT1018
WTT1019
wWTT1020
wTT1021
WTT1022
WTT1023
WIT1024
WIT1025
WIT1026
wTr1027

- WYT1028

wWTT10629
WTT1030

"WTT1031
" WTT1032

WTT1033
WTT1034
WTT1035=



APPENDX I
SUBROUTINE DESCRIPTIONS

1. PROGRAM 5490B:is the driver which executes various links or overlays of the
computer program. These segments include (1) input, 2 two-dimensional explicit
heat transfer and dlscrete element stress analysis, (2) additional input and one-
dimensional, implicit ablator or RSI heat transfer analysm (3) finite element stress
analysis for the RSI conflguratlon (4) the sonic fatigue and panel flutter analysis, and
(5) the weight/cost analysis. These links also handle various portions of their own
selected outputs

2. FUNCTION TR.IPLATE isa speclahzed hnear mterpolatlon routine for a triply
subscrlpted variable used t'or determmng matenal properties in the stress analys1s

3. FUNCTION TABLE is a linear interpolation subroutine used for a number of
table look-ups throughout the program : :

- SUBROUTINE TPSOPT is a dr1ver subroutme which calls the program input
routine, 1ncrements tlme in the trajectory, calls for atmospheric conditions, heating
rates, temperature computations the stress analysis, .the sonic fatigue analysis, and
the determination of weights and costs. The PINTI subroutine is also called from -
this dr1ver. : ' '

5. SUBROUTINE: AIR computes the real gas equilibrium- thermodynamic properties
of air (compressibilityfactor, density, temperature, speed of sound, and enthalpy -

or entropy) in terms of pressure and/or entropy and/or enthalpy (use only two of these

_three) :

6. SUBROUTINE BUCKNG 1terat1vely solves for the plastlclty correction factor of
the thermal stres_s analys1s In the expression solved, the stress is related to the
tangent modulus and modulus of elasticity (the ratio being the plasticity correction
factor) in terms of the applied and critical stresses and the Ramberg—Osgood shape
parameter

7. SUBROUTINE FLOWF solves for the flowfield properties for the six different
geometric configurations available, (e.g., cone, wedge, sphere, éylinder, etc.).
The procedure also calls subroutines SHOCK, AIR, and FMUT to solve the governing
equations of energy, momentum, and state across the shock wave, to determine the
equilibrium thermodynamic properties of air, and to calculate rea.l}' gas viscosity.

?



8. FUNCTION FMUT spe01f1es real gas equ111br1um v1scos1ty of air in terms of
pressure and temperature

9. SUBROUTINE MSMIN cempares two numbers and determines the smaller,

10, SUBROUTINE OFFCL computes off centerline heating per1pher1ally around the
body as a ratio to bottom centerline values.

11. SUBROUTINE PANEL computes geometric properties of the discrete elements
for the thermal stress analysis from the general panel d1mens1ons which have been
input to the program. o '

SU BROUTINE' PRA63 calculates freestream atmospheric properties of temper-
ature, pressure, -and density as a function of altitude usmg curve fits of propertles of
the 1963 Patrick Reference Atmosphere. '

13. SUBROUTINE PRINTI is the main output subroutine which writes out aerothermo-
“dynamic characteristics of the environment such as fluidynamic properties and vehicle
~ attitude as well as temperature and stress distributions of the panel cross-section.

14.  SUBROUTINE SHOCK determines flowfield properties down stream of a shock
waveof a .given angle by 81multaneously solving the energy, . momentum, and state
equatlons - .

15. SUBROUTINE STRESS performs the discrete element thermal stress analysis on
each of the six panel configurations depending upon -which is under consideration. At
increments in the trajectory -equal to the print interval, nodal temperatures are inter-
polated from the temperature distribution, and thermal stresses are determined along
with design factors and creep rates. All these values are stored in array for use at
the end of the trajectory at which time the minimum design factors are identified. If

. any' are negative, the panel thickness is increased and stresses recomputed. The

- panel thickness is increased until all design factors are positive.

16. gu BR_OUTINE THERMO determines the heat transfer rates for each of the six
different configurations (critical, cylinder, wedge, sphere), determines the state of
the boundary layer, and corrects both heating rates and transition for cross flow.

17. SUBROUTINE INPUT1 reads and prints out all input data except those used in the
RSI/ablator thermodynamic or the weight/cost analysis. Panel geometrical parameters,
material properties, the trajectory, and radiation interchange factors-as well as indices
which specify- options to be performed by the program are read and then written out for
the program user. -



18. SUBROUTINE INPUT2 reads in only the thermodynamic properties needed to
perform the one-dimensional implicit heat transfer analysis fqr the RSI and ablator
TPS. :

19. SUBROUTINE CONDTN performs the one-or two-dimensional, explicit heat
transfer calculations and interpolates to obtain temperature distributions needed for
the stress analysis for the cover panels denoted by the values of NSECT equal to one
"‘through six.

20. SUBROUTINE ABLATE determines the thermodynamic performance of a charring
ablator using essentially the computer code presented in NASA TN-D 3150 by Donald

M. Curry. Corrections are made to the applied heating rates either for hot wall
temperature effects or the decrease in net heating due to the blowing of pyrolysis

gases and char. ' '

‘21- SUBROUTINE COEFF calculates the coefficients of the tridiagonal matrices used
in the implicit heat transfer calculations related to SUBROUTINE ABLATE.

22. SUBROUTINE MDOT determines the mass flow rate of pyrolysis gases produced
by the charring ablator. '

23. ,SU_BROUTINE PROP calculates the physical, thermodynamic properties of the
heat shield structures which relate to NSECT = 7 and 8, the RSI and ablative TPS's,

24, SUBROUTINE QDOT computes the temperatures of the receding ablator at the
material nodal points by linear interpolation. In this manner, the same number of
nodes always describe the ablator behavior.

25. SUBROUTINE RECESS computes the front face location and the char mass re-
moval rate for the ablator. :

26. SUBROUTINE SWUFT determines the forward time step temperatures by solving
the tri-diagonal matrix of the charring ablator.

27. - SUBROUTINE RSICMP computes the temperature distribution in the TPS panel
using phase-change material in the backup structure. For cases when the phase-change
material is contained in a honeycomb structure, the routine computes the equivalent
thermodynamic properties of the phase-change material and the honeycomb.

I1-3



APPENDIX I
PROGRAM F LOW CHART
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