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SUMMARY

An automated system which combines an engineering data management system with a
nonlinear stress analysis program to provide a capability for analyzing a large
number of tiles on the Space Shuttle Orbiter is described. Tile geometry data and
all data necessary to define the tile loads environment during ascent are stored
in the data management system and these data are accessed automatically as needed
for the analysis of a particular tile or a set of tiles. The system currently
contains approximately 600,000 words of data necessary to analyze the 8,000 tiles
on the lower surface of the wing and midfuselage.

User documentation for the automated tile analysis sysiem is given in this report
including (1) descriptions of computer programs and data files contained in the
system, (2) definitions of all engineering data stored in the data base, (3)character-
istics of the tile analytical model, (4) instructions for preparation of user input,
and (5) a sample problem to illustrate use of the system. Descriptions of data,
computer programs, and analytical models of the tiles are given in sufficient
detail to guide extension of the system to include additional zones of tiles and/or

additional types of analyses.

INTRODUCT ION
The metal primary structure on the external surface of the Space Shuttle
Orbiter is protected from the thermal environment by an array of over 30,000 RSI
(reusable surface insulation) tiles. Assessment of the integrity of this thermal
protection system required that a stress analysis be performed on each tile. A
stress analysis program, reference 1, was developed for this purpose. The analysis
includes the nonlinear material properties of the strain isolator pads used to

attach the tiles to the surface of the Orbiter. Further, this computer program
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requires input which includes tile geometry definition, aerodynamic and vibro-
acoustic loads, substrate deflections, and materials data. These needed
inputs existed in many different forms in various engineering reports. The
gathering and preparation ofﬂinput data for the analysis of a single tile was
a time-consuming process (required approximately one man-day per tile) when
done manually, Therefore, there was a need to automate this analysis process
so that large numbers of tiles could be analyzed in a timely manner.

This report describes a system which was developed ts provide automated
access of analysis information stored in a data management system and subsequent
processing needed to pioduce results from the nonlinear stress analysis program.
This automated analysis process is performed in a single computer run for a single
tile or a large number of tiles. The system currently contains approximately
600,000 words of data necessary to analyze the 8,000 tiles on the lower surface
of the wing and fuselage as shown in figure 1. The region of tiles which can be
analyzed are shown inside the outlined area and are referred to as tile zones
W-3, W-4, MF-5, and MF-6. The geometric planform shapes of each tilc in this region
are shown in the computer-generaied plot for the right-hand side of the Orbiter.

The data necessary to analyze these tilesare stored using the Relational
Information Management (RIM) system, reference 2, which was developed as part of the
NASA-sponsored IPAD project. The RIM system includes an interactive executive with
languages to allow a user to make selected online retrievals of any stored data.

A FORTRAN interface, which is a set of RIM subroutines, is used by other separate
computer programs in the automated system for storage and retrieval of required data.
The use of the RIM engineering data management system in the tile analysis process

is discussed in reference 3.



User documentation for the automated tile analysis system is contained in
this report. First, a system overview which describes the component computer programs
and data files is given. Next, the 'rganization of the various types of engineering
data for storage in the data base is discussed. The analytical modeling of the
tiles is illustrated by a listing of input instructions to the analysis program for
a typical tile. User instructions are given for operation of the RIM interactive
executive, the graphic display program, and the automated stress analysis system.
A complete set of input and output data for a sample tile is included to illustrate

the operation of the automated stress analysis system.

SYSTEM OVERVIEW

The automated data management/analysis system is a collection of computer pro-
grams and data files that are used in a coordinated manner for the stress analysis
of Orbiter tiles. The major components of this system are shown schematically in
figure 2.

The initial effort in the development of the system was to gather, organize,
and store the required engineering data in the RIM data base files shown at the
bottom of figure 2. The various types of engineering data are inai~ated along the
left side of the figure. The majority of the data was obtained from Rockwell
International (RI), Space Systems Group, Downey, California. These data included
tile corner point definitions, vibroacoustic loads, substrate deflections, and tile
physical data. The corner point definitions were available in punched card format
and the vibroacoustic loads and substrate deflections were tabulated in engineering
reports. The tile physical data were stored on the TIPS (Tile Information Processing
System) data base. Aerodynamic loals data were available from RI but these data
were refined and updated by J. Tulinius, NASA-Langley Research Center, and C. Coe,
NASA-Ames Research Center, for use in the automated system. Several speciel purpose

data preparation programs were required to transform the engineering data trom the
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original form to the desired form for storage in RIM. These programs were tailored
to handle specific types and forms of data and will not be discussed further in this
report. The data are organized into tables for RIM and the purpose of each table
will be described in the next section entitled "Engineering Data" with a detailed
description of the table entries given in appendix A. Most of these tables were
formed by the data preparation programs and loaded into the RIM data files using

the RIM FORTRAN interface as shown in figure 2. However, in some instances the
tables were formed as data files using an online text editor and loaded using the
LOAD submodule of the RIM executive.

The automated data management/analysis system can be used in three different
modes as indicated at the top of figure 2. The first mode is to use RIM as a
stand-alone system and access any of the desired engineering data using the RIM
interactive executive. This capability is usually accessed from an interactive
terminal with keyboard input and printed output. It is assumed that a reader of
this report is familiar with the detailed user documentation for RIM given in
reference 2. Additional user instructions needed for the tile analysis application
are contained herein in a subsequent section entitled "Use of RIM Interactive
Executive."

In the second mode, graphical displays of selected data are generated on an
online terminal and/or offline plotter using a separate program developed for this
purpose. The displays present a layout of the tile geometry and a user selected
quantity can be annotated on each tile as illustrated by the densified tile
indicator shown in figure 1. The RIM interactive executive and graphical display
provide the user with the powerful capability of having ready access to the tile
engineering data for display in a user selected form. User instructions for the

graphic display program are given in a subsequent section of this report.
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The third user mode is to perform automated stress analysis. As shown in
figure 2, this mode requires the use of pre- and post-processors to connect the
stress analysis program with the RIM data base. A more detailed breakdown of the
computer programs and data files used in this process is shown in figure 3. Two
sets of user prepared input data, shown on the figure as Input 1 and Input 2, are
required to select the tiles and the load conditions to be considered in a particular
analysis. The detailed contents and formats of Input 1 and Input 2 are given in a
subsequent section entitled "Use of Automated Stress Analysis System." The remainder
of the section gives a general description of the stress analysis process shown in
figure 3.

The information in Input 1 allows the user to select the tiles to be analyzed
and to select the particular Mach number from a prescribed Shuttle Orbiter flight
trajectory at which the analysis is to be performed. This information is used by
the data access program to extract all data from the RIM data base which is required
for a stress analysis. The data are written on two sequential files; one containing
tile corner points and material properties and the other one containing all data
needed to define the tile loading. The parameters used to define tile loading are
also written on file NAML in a namelist format for ease of interpretation by the
user. Definitions of the variables contained in this file are given in appendix B.

The information to define the model of the SIP surface and to select the
load cases to be analyzed is contained in Input 2. Of priacipal .nterest are
combinations of individual load components into various design load cases,
defined as a function of the location of an aerodynamic shock relative to the
tile. Load cases for the contributions of each load source are aiso available
for assessment. The tile corner point file and the tile loads file along with
Input 2 are used to generate a tile analytical model needed for stress

analysis. This analytical model is in the form of a card image input file to
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be read by the stress analysis program. A description of this model is given in
the section entitled "Analytical Model of Tile." The stress analysis program
computes the maximum stress on each SIP surtace for each load case that is
specified. This calculated stress informaticn is subsequently processed to
determine the load case which produces the largest stress for each tile. These
stress values are compared with the allowable stresses and the pertinent stress
data are stored in the RIM data files. Various user initiated queries can be
made to assess the ca'culated stress data.

The analysis cystem is operational on the CDC NOS 1.3 operating system.
Sequences of NOS control statements, called procedure files, are used to call
programs and data files as needed in the stress analysis process. Because of comput-
ing time requirements for the nonlinear stress analysis procedure, interactive
use of the system is effective when only a few tiles are to be analyzed. For the
analysis of a large number of tiles and/or load cases, operation of the system in a

batch mode is desirable.

ENGINEERING DATA
General Organization
A1l engineering data required for tile analysis are stored using the RIM
system. The data are organized in the form of simple tables referred to as relations
as illustrated in figure 4. Every relation is given a unique user-assigned name
(e.q., NEWAPANL, STSITRAJ, and NEWLOADS in fig. 4). Each column in a relation is
referred to by a name called an attribute and each row of the table is called a
tuple. Data can be retrieved a tuple, or multiple tuples, at a time. Generally,
data are retrieved by specifying the relation name which contains the data and a
Boolean expression .o be satisfied by the values of the attributes. For example, to
print the contents of the second tuple in relation NEWAPANL shown in figure 4,
the following query is used:

SELECT ALL FROM NEWAPANL WHERE PARTNO EQ 190002121




The "WHERE" clause of a query can specify conditions to be satisfied by more than
one attribute. The relations defined in this effort have attributes for independent
data giveh first followed by attributes for dependent data. Usually, queries are
made by specifying conditions to be satisfied by the independent data although this
is not mandatory.

Any attribute in a relation can be designated as a "keyed" z.tribute. This
designation causes an inverted file to be formed for the relation which provides
for efficient retrieval of tuples associated with selected values or the key
attribute. For the tile application, many of the relations contain tuples of
information corresponding to an individual tile which is referenced by a unique
part number. Inverted files with a key specified on part number were generated for
efficient retrieval of such data.

Many of the relations contain attributes which are set up to refer or point
to corresponding attributes in another relation, allowing the data to be related
in a hierarchical or network manner. If, using figure 4 as an example, a tile
part number (PARTNO) is specified, the aerodynamic panel containing the tile is
specified by the identifier AEROPANL in relation NEWAPANL. A point in the flight
trajectory is specified by selecting a Mach number MACHNO, in relation STSI1TRAJ.
The corresponding angle of attack, ALPHA, dynamic pressure, QPSF, and ambient
atmospheric pressure, PINF, are then retrieved. Then the aerodynamic panel, Mach
number, and angle of attack are used in relation NEWLOADS to determine the pressure
differential across a shock, SHOCKJUMP, and an aerobuffet load parameter, ABSHKCPRMS.
The data values for MACHNO and ALPHA in relation STS1TRAJ do not have corresponding
numerical values in relation NEWLOADS so interpolation is required.

A1l relations used to store engineering data for the Orbiter tiles are shown in
figure 5. Each relation name is underlined and followed by a list of all attributes

in the relation. These attributes are shown in transposed form as a column for




graphical purposes instead of as a row corresponding to tuples as shown in the
standard form of figure 4. Some of the attributes appear in more than one relation
in figure 5 indicating a correspondence or linking of attributes between relations.
A general description of this engineering data is contained in subsequent sub-
sections and detailed definitions of che attributes in each relation are given in
appendix A.

The engineering data and associated information needed for data access are
stored as permanent logical files in the form of RIM data files as indicated in
figures 2 and 3. These data are collectively referred to as a data base. The
definition of a data base is called a schema. The schema name TILEDB was selected and
is used in forming the names of three files TILEDBY, TILEBD2, and TILEDB3 which make
up a data base. These files must reside as local files during operation of the
automated data management/analysis system. The file TILEDB1 contains the definition
of the data base or schema. File TILEDB2 contains all tuples of data in each of
the relations. File TILEDB3 contains the intormation associated with inverted
files which were established by specifying key attributes. Data for each of the
tile zones W-3, W-4, MF-5, and MF-6 are stored permanently as separate data bases
under the namcs W3DB1, W3DB2, W3PB3 . . . MF6DB1, MF6DB2, and MF6DB3. This use of
a separate data base for each tile zone instead of forming a single data base with
relations having tile zone as an attribute provided several advantages. These
advantages included: (1) shorter data access time because queries were being made
on relations with fewer tuples, (2) smaller requirement for local disk space during
system execution, (3) updating of data or accommodation of slicht differences in
data definition could be handled in one zone without affecting the others, and
(4) development work could proceed on a new zone without interferring with use of

data in completed zones.



Tile Properties
This section contains a general description of the data used to descr’:

tiles, including geometry, physical properties, and SIP material properti.:. All

tile data except for SIP material properties was obtained from Rockweli International.

The system used to identify a particular tile is illustrated by tile zone MF-5
from a segment of one of the tile layout drawings shown in figure 6. These tiles
are located on the bottom surface of the middle fuselage. As mentioned previously,
all data for a tile zone are stored on a separate data base. The next breakdown of
regions of tiles is by a six-digit drawing number (e.g., 394031 in fig. 6) and an
associated three-digit array number (e.g., 004 in fig. 6). Within an array, each
tile is given a three-digit dash number (e.g., from -094 to -145 in fig. 6). A
unique identifier is established for each tile by combining the drawing number and
the dash number into a nine-digit tile part number. These tile part numbers are
used as a key attribute in relations containing tile data and are used as input
quantities to the automated system to select tiles for analysis.

The geometric description of the tiles is given by the coordinates of points
at the tile corners. These corner points are defined on the inner surface of the
tile which is attached to the Orbiter skin, called the inner mold line (IML), and
on the outer surface of the tile which is exposed to the airstream called the outer
mold line (OML). In the subsequent part of the paper the IML will be referred to
as inner surface and OML as outer surface. This corner point definition of geometry
restricts the tiles which can be analyzed by the automated system to those that can
be assumed to have planar (relatively small curvature) IML and OML surfaces. Such
tiles are referred to as "acreage" tiles. The acreage tiles can have a general
planform, but the majority of tiles considered herein are 6 x 6 inch square tiles

as shown in figure 1. The cu:~dinates of the tile corner points were defined

relative to various local cuvordinate systems as indicated in i1igure 7. Transformation
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equations were used to transform all points to a single orbiter coordinate system.
These geometry data were stored in relation XYZ0 as shown at the lower left of

figure 5. Each tuple in this relation defines a single tile corner point with
attributes giving the part number, drawina number, inner or outer mold line indicator,
the local coordinates, number of the transformation equation, and thc resulting
Orbiter coordinates. Each tile requires as many tuples as it has corner points.

This tile geometry is defined for the right hand side of the Orbiter since
the tiles are symmetric to those on the left hand side for the tile zones considered
herein. Although tile goometry is symmetric, the material properties associated
with the *iles are not necessarily symmetric. The relation TIPSDATA contains
tuples of information for all tiles with an indicator denoting the right or left
hand side of the Orbiter, the part number of the opposite or symmetric tile,
whether or not the tile has been strengthened by densification, and the stress
level to which the tile was proof loaded.

The loading history, hence the tile proof level, affects the material properties
of the strain isolator pad used to attach the tile to the Orbiter. The material has
nonlinear stiffness properties which are needed for the stress analysis. These
nonlinear pad stiffnesses were represented as sets of points on stress-displacement
curves. Two relations, MATINDEX and MATCURVE, are used tu store these material
properties. The first relation, MATINDEX, conta s tne following attributes that
are parameters needed to define a particular material curve: the pad type, either
filler bar or SIP; the pad thickness; the proof stress level to which the material
has been subjected, and a corresponding material number. The points on the stress-
displacement curve obtained after the proof test are stored in relation, MATCURVE,
for each material number.

The analysis effort herein was focused on assessing the integrity of the

undensified tiles. Most uncdensified tiles are attached using 0.16 inch thick SIP
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with a proof load level petween 6.0 and 8.0 psi. Material curves for normal or
through-the-thickness loading are stored for only two proof str=ss levels, 6.0 and
8.0 psi, with the 6.0 psi curve used for analysis of tiles proofed at 6.5 psi or
less and the 8.0 psi curve used for all other aralyses. A single linear curve is
adequate to represert the shear stiffness for all SIP's, since the critical stress
occurs in the normal direction and not the shear direction.

In addition to the tile geometry and pad material properties, all other tile
data are contained in a directory relation, DIRECT, shown at the upper left of
figure 5. First, identification information from an engineering drawing is given
by drawing number, dash number, and array number as illustrated in figure 6.

Next, the number of corner points on the inner and outer mold line are given. The
Tocation of a tile relative tc major members of the primary structure is an important
parameter in determining the loads imposed on the tile by vibratory acceleration

and deflections and/or static deformation of the structure to which the tile is
attached. The locations of these mainr members werc obtained from finiie element
structural models which contained the definition of skin panel. with edges along

ribs and spars in the wing, and frames and stringers in the fuselage. The 1ttribute,
SUBSPANL, specifies the skin or substrate panel to vhich the tile is mounted.

Also included are the distances from the tile center of gravity to a rib 171 the wing
or frame in the fuselage CGTORIB and distances between adjacent wing ribs or

fuselage frames RIBTORIB. The distance of the t:le center of gravity from the
leading edge of the Orbiter CFTOLE is a parameter used in the equations for cal-
culating boundary layer thickness and skin friction. The equations used were
developed by fitting an exponential functiun to the curves shown in figures 8 and 9.
The resulting equations are shown on inserts to the figures which are taken from
engineering reports in their original form. The points used to define che leading

edge of the Orbiter were scaled from engineering drawings and are given in table 1.
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The next attribute in relation, DIRECT, is NODEORDR which indicates whether the
corner points of the tile are in a right-hand or left-hand orientation relative to
the Orbiter coordinate system. The tile data are completed by giving the planform
coordinates of the tile center of gravity, followed by tile thickness, SIP
thickness, and tile density. The tile thickness is obtained by averaging the thick-
nesses at each set of corner points. As indicated, several of the attributes in
relation, DIRECT, required calculations be performed on existing engineering data

to put it in a form suitable for use in the automated analysis .ystem. A data

preparation program as indicated in figure 2 was used for this purpose.

Tile Loads

The tile loads, which are considered during analysis, come from three sources:
(1) static and/or dynamic deflections of the substrate to which the tile is attached;
(2) vibratory motion of the tile; and (3) pressures acting on the tile which result
from the aerodynamic environment. The static substrate deflections result from the
overall structural loading. These substrate deflection data were generated by the
Rockwell International subcontractors that were responsible for design of a particular
portion of the Orbiter structure, (e.g., Grumman for wing). These data are stored
in relation, SUBDEFL, as shown in figure 5. The data are given with respect to the
numbered skin panels of the structure as shown in figure 10 for the lower surface
of the Orbiter. The corners of these panels given in relation SUBPANL, were used
to determine which SUBSPANL contained the center of gravity of a particular tile.
The deflections are for a specific flight conditior which was taken to be at maximum
dynamic pressure during ascent for the calculations herein. The skin panels in the
W-3, MF-5, and MF-6 zones have a stringer-stiffened skin construction, and zone W-4
has honeycomb core sandwich construction. The data are stored as amplitudes and

wavelengths of skin and stringer deflections.
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The vibroacoustic loads are given as the tile normal acceleration, GPEAK, and
corresponding dynamic displacement of the substrate, DISPL, for different Mach
numbers as shown by the two relations, VIBAC, in figure 5. As indicated, this
relation has different independent variable parameters for the wing and for the
fuselage. For the wing, the loads are a function of tile size, whether the tile
is located on or off a rib, and the tile thickness as illustrated in figure 11.

For the fuselage, the loads are related to the location of the tile on the fuselage
as given by the substrate panel definition, the distance of the tile from a frame,
and the distance of the tile from the Orbiter centerline.

Aerodynamic loads are defined in terms of a set of aerodynamic panels which
cover the regions of interest as defined in table 2 and illustrated in figure 12.
The aerodynamic panel corresponding to each tile is given in the relation, NEWAPANL,
along with the fraction of semispan location, fraction of chord location, and total
chord length corresponding to each tile as shown in figure 5. The load parameters

for each cerodynamic panel are given in two different forms in relations, NEWLOADS

LR SS——" o sy e %

and FORCEMOM. The relation, NEWLOADS, contains parameters which were obtained from
wind tunnel tests and which are used to define the pressure distribution acting on
the outer surface of a tile. These parameters include the pressure change across

a shock for both unseparated and separated flow, aerodynamic pressure gradients

in the streamwise and transverse directions, aerobuffet data for both unseparated
and separated flow, and finally a reference pressure. A detailed description of how
the parameters are used to define a tile surface pressure distribution is given in
the section entitled "Analytical Model of Tile." These aerodynamic parameters are
functions of Mach number, angle of attack, and are nondimensionalized with respect
to dynamic pressure. Relation STS1TRAJ contains tuples of these flight parameters
for the STS1 ascent trajectory. When the user inputs tile number and Mach number,

all data necessary to define the tile aerodynamic loading is retrieved. In the
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initial phases of this study, empirical relations were established to relate the
pressures on the inner mold line and side surfaces of the tile to that on the outer
mold line. These pressures were needed to calculate total forces and moments

acting on the tile. In the later phases of the study, a multitile three-dimensional
flow model was developed by a NASA-LaRC group led by G. Ivey. Using this flow model,
more precise distributions of pressures on the tile inner and side surfaces could

be calculated including effects of initial tile gaps and tile lateral movement under
loading. These pressures were integrated to give total forces and moments acting

on the tiles. Such calculated forces and moments are given in relation, FORCEMOM,

as a function of Mach number, tile thickness, boundary layer thickness, qnd location
of the shock on a tile. Because of the large computational effort to generate such
forces and moments, they were calculated at only the previously established critical
Mach number for each aerodynamic panel and for minimum and maximum tile thicknesses
and boundary layer thicknesses within each panel. Five evenly spaced shock locations
across the diagonal of a tile were used in these calculations.

The stresses which were calculated during this study are stored in relations
similar to STRS4-24-1 as shown in figure 5. The "4-24-1" indicate that these
stresses were calculated or April 24, 1981. The actual tile proof stress, ACTPROOF,
is divided by the maximum calculated stress, STRESSMX, to give the stress ratio,
SRATIO. The values of the stress ratios were examined to determine the relative

safety margins for the tiles.

ANALYTICAL MODEL OF TILE
The analytical model of a tile is describcl by a set of input commands to the
nonlinear stress analysis program, reference 1. In the automated analysis system,
these input commands are produced by the analytical model generation program. This
program is designed to handle only acreage tiles. An example of a tile model which

1.2 nenerated automatically is shown in appendix C. The description of such a tile

14
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model contained in the remainder of this section will correspond to the sequence

of input commands given in the example.

Geometry and Materials

The tile part number and flight condition for the analytical model are given
on the "TITLE" and "CASEID" commands. Coordinates of points at corners of the tile
are used to define the tile geometry. The acreage tile planform may have an
arbitrary number of corner points, N. A tile with a quadrilateral planform, N = 4,
is described in the 2xample. The first group of N nodes define points on the inner
mold line with the most forward point designated as node 1 as indicated by its
minimum x-coordinate. The second group of N nodes are corresponding points on the
outer mold line. The first group of N nodes are then redefined at points at the
tile's inner surface using "POINT" commands to account for SIP thickness. The
third group of N nodes are defined at a distance of 0.2 inches from the tile
inner surface to represent termination of a coating not extending completely to the
inside of the tile. These nodes are not used currently since this small effect on
total tile mass is neglected. The next groups of N nodes defined using "CORNER"
commands are used to define the boundaries of the PAD surfaces. The model shown in
appendix C contains an 0.5 inch wide filler bar around the outside perimeter of the
tile, two 0.25 inch wide strips of SIP to represent the edge softening effect, and
the center SIP surface as illustrated in figure 13. Therefore, three additional
groups of N nodes are needed to define these pad boundaries.

A1l surfaces of the tile are defined by "FACE" commands in the sequence outer,
inner and side surfaces. A nonzero density of the tile coating material is
specified for all surfaces except the inner surface whose definition is used only
for loads calculations inside the model jeneration program. A set of wedges with

triangular planforms are combined to represcut a tile with an arbitrary number of
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sides. The "CG" command causes the tile center of gravity and weight to be output
by the nonlinear stress analysis program.

The first "PAD" gommand defines the filler bar surface having the material pro-
perties given in the subsequent table. The second and .hird pads are strips of
material with their stress-displacement curves adjusted to account for edge softening.

The fourth pad represents the center SIP surface.

Applied Loads

A1l tile loads are represented as sets of concentrated forces and moments
which are applied at the tile center of gravity. The coordinates of the tile center
of gravity are given on the "NODE" command immediately preceding the “FORCE"
and "MOMENT" commands. Forty sets of forces and moments are generated which are
described in the "User Input" subsection of the "Use of Automated Stress Analysis
System" section and listed in table 3. These load cases include separate contribu-
tions from the load sources shown in figure 14 and combinations of the contributions
in a manner to represent design load cases. The rationale and methodology used to
establish the design load cases are given in reference 4.

Two conditions are examined; (a) when a shock is located ahead of the tile and
(b) when a shock is located on the tile as shown in figure 15. For the design load
case combinations, condition (a) is represented by load case 1 . J condition (b)
is represented by load cases 2 through 12 as the shock located at 10 evenly spaced
increments along the maximum streamwise Jdimension of the tile. The shock is oriented
perpcndicular to the x-axis of the Orbiter.

The profile of the pressure distribution for a shock located on a tiie is
shown in fiyure 16. The solid lines are for unseparated flow and the dashed 11ne
indicates tie reduced pressure level after the shock pressure rise for separated flow.
The parameter names used to define this pressure distribution correspond to those

given in namelist NAML described in appendix B. In early phases of the tile study,
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pressure distributions on the tile inner surface and sides were assumed to be
related to the outer surface pressure distribution by the empirical equations shown ;

in figure 17. The parameters K] and K, were defined as a function of the shock

o r—

location . n the tile and numerical values were selected to correlate with available
test data. These values are contained in the data statements for the PRATIO

and SRATIO arrays in the model generation program. An option also exists to use
forces and moments from relation FORCEMOM which are calculated using the LaRC
Multitile 3-D Flow Model that gives an improved definition of pressures on the

tile inner surface and sides. Additional information regarding the tile loads is
available in reference 4.

The definition of the tile analytical model is Eompleted by specifying the
location and characteristics of deflections of the Orbiter skin under vibroacoustic
and steady flight loads. These substrate deflections are defined using "IMPERFECT"
commands. Parameters needed for execution of the nonlinear stress analysis procedure

are given on the “CONTROL" and "NONSTRESS" commands.

USE OF RIM INTERACTIVE EXECUTIVE
The RIM Interactive Executive is a user interface with commards for (1) defini-
tion of the data base schema, (2) data 1oading, (3) modification of an existing
schema or data, and (4) making queries with conditional clauses to access any of the
desired data. This capability is usually accessed from an interactive terminal with

keyboard input and printed output.

NOS Control Statements
The CDC Network Operating System (NOS) control statements, reference 5, used to
execute the RIM Interactive Executive are described in this section. Procedures
for logging onto the computer installation have been omitted from the list of

statements.

17
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1. GET, TILEDB1 = W3DB1.
GET, TILEDB2 = W3DB2.
GET, TILEDB3 = W3DB3.
GET, RIM.

RIM.

o H» W N
L] . . L

Statements 1 through 3 are used to make the data base files available for use.
These statements are shown for tiles zone W3. The data bases for other tile zones
are retrieved by replazing W3 by W4, MF5, or MF6 in these statemunts. The RIM

Interactive Executive is retrieved and execution initiated using statements 4 and 5.

User Input
Jser input commands which are available for controlling the operation of RIM
are described in reference 2. All tile data bases were created using the name
TILEDB which must be subsequently used in the OPEN command. Typical usage of the
RIM Interactive Executive for manipulation or querying of the tile data is illustrated

in reference 3.

USE OF GRAPHIC DISPLAY PROGRAM
The graphic display program generates a planform view of tile geometry with
each tile annotated with any related data. These data can be displayed on an
interactive terminal and/or offline plotter. A RIM data base with the name TILEDB
must be available as local files and must include the following relations required
for plotting:
(a) Relation XYZ0 containing tile corner points for the area of interest in
the form described in appendix A.
(b) Relation PLOTDATA with two attributes, the first being the tile part
number PARTNO and the second can be given any name but must contain the

data to be plotted for each tile.
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The capabilities of the RIM Interactive Executive are used to form the
relation PLOTDATA prior to execution of the graphic display program.

NOS Control Statements

After the user has formed the desired relation PLOTDATA containing data to be
plotted, the vo1lowing statements are used to initiate execution of the graphics
display program.

1.  GET, IN = RIMPLOT.

2.  CALL, PRIMGLG.

The source code for the graphics display program is contained in the file
RIMPLOT and the procedure file PRIMGLG contains the following statements to compile,

load, and initiate program execution.

RETURN(LGO)

RFL(191900)

REDUCE ( -)

FTN, I=IN,L=XX.

GET(LIBR=RIMLIB)
ATTACH(LIBFTEK/UN=LIBRARY ,NA)

ATTACH(LRCGOSF /UN=L1BRARY,NA)
LDSET(LIB=LIBR/LIBFTEK/LRCGOSF ,MAP=SBEX/LMAP)
LGO.

The statements above will .generate displays on an interactive terminal. For
generation of plots on an offline plotter, appropriate graphics postprocessocr

statements must be appended to the PRIMGLG file as illustrated by the following

PLOT.CALPOST,33(X0 = 1., Y0 = 1.)
CONT.//LEROY PEN .2, BLANK PAPER//

User Input
Four lines of input data are used to control operation of the graphics display
program. These input data are in free-field format and each line is input following

a question mark (?) prompt during interactive operation or on successive card images

for batch operation.
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Line 1. The first line contains six real values:
XORG, DX, YORG, DY, XSIZE, YSIZE
where
XORG and YORG are the coordinates of a point in the Orbiter system at
which the crigin of a local plotting reference frame is located. This

origin is located at the lower left-hand of the plot.

DX and DY are the distances in the X and Y Orbiter system represented
by 1 inch in the horizontal and vertical plot directions. DY 1is usually
input as a negative value to obtain the desired view of tiles on the lower

surface of the right wing.

XSIZE and YSIZE gives the lengths of the horizontal and vertical axes
that are included on the plot. These lengths are usually specified such

that all tiles will be plotted within the area defined by the axes.

Line 2. This line contains an integer to indicate the type of data in the second

attribute of relation PLOTDATA which is to be annotated on the plot.

where

type = 1 is for TEXT
2 is for INT
3 is for REAL

Line 3. This line contains an integer which controls the annotation on each tile
and depends on the type of data specified in line 2.
If type = 1; Enter the number of letters
If type = 2; Enter -1

20



If type = 3; Enter -1 to suppress the decimal point and following digits
or Enter N, the number of digits to be retained after the

decimal point.

Line 4. This line contains two integers which specify the range of tile part numbers
to be included on the plot.
Enter N1 and N2

where N1 is the minimum part number
N2 is the maximum part number

A1l tiles with part numbers between or equal to N1 and N2 will be plotted.

USE OF AUTOMATED STRESS ANALYSIS SYSTEM
The stress analysis of large nuinbers of tiles can be performed in a single
computer run using the automated stress analysis system. This system is composed
of programs and data files necessary for data communication between the nonlinear
stress analysis program and RIM. The system automates the entire process beginning
with access of tile data from RIM through execution of the nonlinear stress analysis
program and subsequent storage of calculated tile stresses. This system is shown

schematically in figure 3 and user instructions are given in this section.

NOS Control Statements
NOS control statements are used to invoke the programs and data files shown in
figure 3 as needed in the stress analysis prncess. Because of computing time
requirements for the nonlinear stress analysis procedure, interactive use of the
system is effective when only a few tiles are to be analyzed. For the analysis of
a large number of tiles and/or load cases, operation of the system in a batch mode
is desirable. The following control statements are applicable to both interactive

and batch operacion.
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Statement

1-3.

22

GET, TILEDB1 = W3DBI.

GET, TILEDB2 = W3DB2.

GET, TILEDB3
GET, INI

W3DB3.

INPUT.

GET, IN2 = INPUTZ2.

GET, LOADEF = LOADEFW. (or LOADEFM)
GET, MODEL = MODELW. (or MODELM)
CALL, EXECANL.

NOS statements used to print or save any
of the computer files which are generated during

the stress analysis process.

Explanation

Used to make the data base files available for use as described
in preceding sections.
INPUTT is the permanent file name for user created input data
to the Data Access Program shown with the 1oc51 file name
IN1 and whose contents are described in the next subsection.
INPUT2 is the permanent file name for user created input data
to the Analytical Model Generation Program shown with the local
file name IN2 and whose contents are described in the next
subsection.
LOADEF is the local file name of the Data Access Program LOADEFW
for the W3 or W4 tile zones or LOADEFM for the MF5 or MF6 zones.
MODEL is the local file name of the Analytical Model Generation
Program MODELW for the W3 or W4 tile zones or MODELM for the
MF5 or MF6 zones.




Statement Explanation
8. EXECANL is a file of NOS control statements for sequential

execution of the Data Access Program, the Analvtical Model
Generation Program, .and the Stress Analysis Frogram.
File EXECANL contains the following control statements:
RETURN, LGO.
RFL(101000)
REDUCE (-)
REWIND(IN1, IN2)
REWIND(LOADS,CORNPT ,NAML )
REWIND(LOADEF)
FTN(I = LOADEF, L = PR1)
(a) GET, LIBR
LDSET(LIB = LIBR,MAP = SBEX/LMAP)
(b) LGO(INT,,LOADS,CORNPT ,NAML)
REWIND,LOADS,CORNPT ,NAML ,MODOUT.
RETURN,LGO0.
REWIND(MODEL)
FTN(I = MODEL, L = PR2)
ATTACH,FTNMLIB/UN = LIBRARY.

RIMLIB.

([}

LDSET(LIB = FTNMLIB, MAP = SBEX/LMAP)
(c) LGO(IN2,,LOADS,CORNPT,MODOUT.
RETURN,LGO.
REWIND,LOADS,CORNPT ,MODOUT.
GET,CCMAND = BCOMTN.
(d) COMAND(MODOUT,OUT,STRESS)
COMMENT .MODOUT = INPUT,OUT = OUTPUT,STRESS = STRESS FILES
REWIND,MODOUT, OUT, STRESS.
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The funciions of these cortirol stacements aré -:. sen in reference 5 and the contents
of the ar"nci.ted files are described here-:,. Adcitional explanations of state-

ments (a). {&;, {c), and (d) follow {ar-¢ v ryr to rig. 3):

Statement {xplanation

(a) The RIM FORTRAN Interface is stored as a permanent file named
RIMLIB.

(b) This statement executes the Data Access Program with,
Input files anld
Output files LOADS ,CORNPT ,NAML

(c) This statement executes the Analytical Model Generation Program
with,
Input files IN2,LOADS,CORNPT
Output files MODGUT

(d) This statement executes the Stress Analysis Program with
Input files MODOUT
Qutput files OUT, STRESS

The contents of the output files are discussed in a following subsection entitled

"Program Qutput."

User Input
Use of the automated stress anmaly..s system requires two files of user prepared
input data, shown in fijure 3 as IN1 and IN2. These files are used to select
tiles, to specify load conditions, and to specify pad configuration parameters
for a particular analysis. These input data are in list directed input form on
80-column card images as described in reference 1. A description of the contents of

IN1 follows:
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Contents of input file, IN1:
"TILEDB" '
“TILEZONE" PARTNO1 PARTNO2 "FLTCOND" MACHNO AEROPANL “DENSIFIED"

“TILEZONE" 0 0 "FLTCOND" 0.n 0 "o"

Alphanumeric input must be enclosed with quotation marks (") as shown. A
floating point value of MACHNO is input and PARTNC1, PARYNO2, and AEROPANL are

integers. Definition of input values:

TILEDB - The name used to identify the three local data base files. This

alphanumeric name is used in opening these files and needs only be

input at the beginning of file INI1.

Subsequent lines in file IN1 are used to select tiles to be analyzed and to specify
the flight conditions. Such lines can be repeated as many times as required and the

file is terminated using zeros for the numerical values.

TILEZONE - An alphanumeric name (W3, W4, MF5, or MF6) used to identify the tile
zone on analysis output. This name has no other effect on the data

access program.

PARTNO1 - The minimum value of tile part number to be selected for analysis.
A tile part number is a unique 9-digit integer consicting of a drawin~
number concatenated with a dash number. A zero value is used to

denote the end of the input list.
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PARTNO2 - The maxiaum value of tile part number to be selected for analysis.
Tiles with part numbers greater than or equal to PARTNO1 and less thar
or equal to PARTNOZ are selected for analysis subject to further
restrictions by AEROPANL and DENSIFIED. Therefore, a sequence of

tiles can be selected, or only a single tile if 2ARTNO1 is equal to

PARTNOZ.

FLTCOND - An alphanumeric value "ASC" or "DES" used to specify the flight condition

as ascent or descent, respectively. Currently, data are available

for only the ascent condition, so "ASC" must be used.

MACHNO - The value of Mach rumber from the flight trajectory at which the stress

analysis is to be performed.

AEROPANL - Only tiles that correspond to the aerodynamic panel input by this value
will be selected for analysis. The location of these aerodynamic
panels is shown in figure 12. In general, different panels have
different critical Mach numbers so this option to restrict tile
selection by aerodynamic panel is needed. If the user does not wish

to restrict tile selection, a zero may be entered for this value.

DENSIFIED - Only tiles having the densification status specified by this input
value will be selected for analysis. Available options are:
"Y" - select only densified tiles
“"N" - select only undensified tiles

"0" - select both densified and undensified tiles

The second user prepared input file is required by the analytical model
generation program and is denoted as "Input 2" in figure 3. This input file,

called IN2, is used to specify pad configuration parameters and to specify
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load cases to be used in the analysis of the tiles selected in IN1. A description
of the contents of IN2 ollows:

Contents of input file, IN2.

1. Namelist $DATA containing pad configuration parameters.

2. An indicator to specify whether or not a filler bar is to be used in the
analyses.

3. A “"CONTROL" command to define parameters which control the nonlinear
stress analysis and resulting printed output.

4. A sequence of "NONSTRESS" commands to specify sets of load case and

impertection conbinations to be used in the analyses,

A description of these four categories of input tfollows:

1. The representation of the strain isolator pad (SIP) in the analytical
model includes an “"edge softening” effect which occurs near the edge of
the SIP.  The method of handling this edge softening is shown schematically
in fiqure 13. The SIP is represented as a center region surrounded by
bands of SIP having progressively less stiffness in tension. In compression
all regions have the same stiffness. Separate stress-displacement curves
for cach of the SIP reaions are developed using test data for an actual
SIP pad which {s 1ike a composite of the SIP regions. The center region
is qiven a higher stiftness than the measured composite value and constant
multipliers are applied to either the stress or displacement values
to obtain the curves for the less stiff bands. The case of multiplying
the displacements by constants is illustrated in figure 13 and was
determined to be the preferable method to account for edge softening in
studies performed using this automated system. Although the method of
input is general, the configuration used in studies had two 0.25-inch wide

bands with displacement multiplying factors of K, = 1.25 and K2 = 1.50.
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Points on the stress-displacement curve for the center region were
determined such that the sum of forces produced by different stresses

of each individual SIP area would equal the force produced by a stress
from the test curve acting over the total area. The stress-displacement
curve for the center region was adjusted for the edge softening effect
before storage in the data base. As mentione” previously, a curve for a
proof stress of 6.0 psi is used for tiles with an actual proof stress of

6.5 psi or less and an 8.0 psi proof curve is used for all other tiles.

The namelist $DATA used for describing these pad parameters contains the

following values:

NPAD - An integer specifying the total number of pads defined including the
filler bar, SIP bands, and SIP center region. A filler bar must be
defined although tnere is a later option to eliminate it from the

analysis. Therefore, NPAD must be equal to or greater than 2.

WIDTH - An array with the filler bar width being the first value, followed by
widths of the outer to inner SIP bands. Therefore, this array must

contain NPAD-1 values.

FACD - An array of multiplying factors to be applied to the displacement values
in the tensile portion of the stress-displacement curve starting with
the outer band and progressing to the center region. This array
must contain NPAD-1 values. If scaling of displacements is not done

these values should all be unity.
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- An array of multiplying factors to be applied to the stress values in
the tensile portion of the stress-displacement curve starting with the
outer band and progressing to the center region. This array must
contain NPAD-1 values. If scaling of stresses is not done these

values should all be unity.

A § character is used to terminate the namelist.

The option to eliminate the filler bar from the analysis is intended for
use when linear SIP properties are specified. The material curve for a
filler bar which is linear in the compression region is not continuous
into the tension region and, hence, will not produce linear results.
The indicator is an alphanumeric word in listed directed format as
follows:

"NONLINEAR" - a filler bar is used in the analysis

"LINEAR" - the filler bar is eliminated from the analysis.

The "CONTROL" command is used by the nonlinear stress analysis program

as described in reference 1. The description of this command is repeated
herein for completeness. An additional option, using IPRT = 3, for
suppressing most of the printed output on TAPE6 is added to eliminate

a large print file when many tiles are analyzed in a single run., Also,
the maximum stress which is output on TAPE2 is selected from stresses at
the SIP corner points and at the grid points specified by NCON., For no
imperfections, the maximum stress will occur at a SIP corner, but this
location is not necessarily the location of maximum stress when imperfec-

tions are included and a large value of NCON should be used.
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Command: "CONTROL"

30

Purpose:

Format:

Description:

The "CONTROL" command is used to define parameters which
control the nonlinear stress analysis procedure and the

resulting printed output.

"CONTROL" IPRT NDIV NSTEPS MESH TEST NTCN

Default
values 0 ] 5 10 .01 0

If a "CONTROL" command is not input, the default values

shown above will be used.

An iterative solution procedure is used to determine the tile
displacements which give equilibrium between the applied

loads and reaction of the integrated material stresses in

the pads. The accuracy of solution and required computational
time are controlled by the values of NSTEPS, MESH, and TEST.

The quantity of printed output is controlled by the values
of IPRT, NDIV, and NCON.

During the solution procedure, the total applied tile load,
which is specified as the combination of load cases on a
“NONSTRESS" command, can be applied as a sequence of equal
load increments or steps. A converged solution is obtained
at each load step. The following values control this

solution process:

IPRT - = 0 Print iteration history and resulting
stresses at the final load step which is the

total applied load.



s e

NDIV -
NSTEPS -
MESH -

Print iteration history at each of NSTEPS

load steps and print stresses for only the

final load step.

Print both iteration history and resulting

stresses at each load step.
Print input information only.

Specifies the number of points along edges
of pads at which stresses will be calculated

and printed.

Number of Toad steps to be used in the
solution process. A larger number of steps
requires less iterations per step to reach
convergence. The number of load steps which
will result in minimum computational time

is problem dependent. For efficiency,
NSTEPS should be unity when only linear

materials are used.

Defines the refinement of a mesh of sub-
triangles used for numerical integration of
stresses over a triangular region of a SIP
or filler bar. Each side of the triangular
region is divided into "MESH" equal intervals
in forming the subtriangles. A linear
distribution of stress is assumed over each

subtriangle in the mesh. Therefore, greater

K]|
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TEST

NCON

-

accuracy but longer computation time results
from a finer mesh. An example of the sub-
triangle pattern for MESH = 4 is shown

below.

The convergence test parameter for the
iterative solution procedure. The iterations
are terminated when the difference between
each component (Fx‘ Fy, Fus My My' Mz)

of the externally applied loads and pad
material reactions is less than the value of

TEST.

Number of intervals along both axes of a
rectangular grid over each pad at whicn
st-esses will be printed. Up to 34
intervals may be specified. If NCON is
specified as zero, the stress distributions
at the corners of the pad will be calculated
exclusively. The boundary of a rectangular

grid is calculated from the minimum and



maximum local x and y coordinate values
of the corner points of the pad. If the

pad itself is not rectangular, values on the
grid outside the pad boundary will be printed,
but should not be mistakenly interpreted as
SIP stresses. Only values inside the pad

boundary are SIP stresses.

The format of the "NONSTRESS" command, as described in reference 1, is

"NONSTRESS" L1 L2 .../ IMP1 IMP2 . . ./

Each "NONSTRESS" command causes execution of the nonlinaar analysis
program using the load case combination L1 +L2 + . . . and imperfections
IMP1 + IMP2 + ., . . This command may be executed multiple times during a
single run for different load conditions and imperfection combinations.
In the automated analysis system, a set of load cases and imperfections
are set up automatically as part of the analytical model generation.
These 1nad cases include separate contributions from a variety of sources
shown in figure 14 and combinations of the contributions in a manner to
represent design load cases. Detailed definitions of the loads and the
methodology used to establish the design load cases are given in
reference 4. Load cases corresponding to different locations of the
aerodynamic shock relative to the tile beiny analyzed, as shown in

figure 15, are included. When the shock is ahead of the tile, values

for aerobuffet are used for the aerodynamic loading and aerodynamic shock
values are used when the shock is located on the tile. Load cases are
calculated as the shock is positioned at equal increments across the tile
at each 10 percent of the distance between the minimum and maximum
dimension in the global x-direction.
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A list of available load cases with corresponding imperfections is given in
table 3. Design load cases are given first followed by separate
contributions. The load source contributions for vent lag, skin friction, and
substrate deformation are the same whether the shock is ahead or on the tile
but have been repeated in the list for clarity.

The applied force and moment components for the vibroacoustic deflection
and the substrate deformation are all zeros. The vibroacoustic deflection has
a long wavelength associated with the first mode of the structural panel and
the maximum amplitude is positioned at the center of the tile. The substrate
deformation has a short wavelength for stiffened skin structural panels and
the maximum amplitude is positioned at the front corner of the center SIP
region which is generally the location of maximum stress, Honeycomb core
structural panels are used in the W-4 tile zone and the substrate deformations
have long wavelengths and are positioned at the tile center. The positioning
of these substrate deformations and deflections to give maximum stress was

guided by the criterion presented in reference 6.

System Output
Several files of analysis information are produced during execution of
the automated stress analysis system. These files are all formatted for
display on an interactive terminal or for printed output. The disposition of
these files is the user's responsibility and they are not output automatically
in any form. Brief descriptions of these files follow with detailed cantents
of file NAML given in appendix B and an example discussed in the section

entitled "Sample Problem."
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Three files are generated by the tile loads program: (1) CORNPT contain-
ing tile corner points and pad material curves, (2) LOADS containing a variety
of load parameters needed for analysis, and (3) NAML for outputting the LOADS
tile contents in namelist format. Files CORNPT and LOADS are used directly as
input to the analytical model program and are not of interest to the user
since their contents are available in other forms intended for interpretation
and assessment by a user, File NAML can be printed to give the contents of
the LOADS file in namelist format. The description of each value is given in
appendix B.

The corner point coordinates and pad material curves are part of the file
MODOUT which is produced by the analytical model generation program. This
file also contains force and moment components and imperfection descriptions
for the load cases discussed in the previous section. File MODOUT consists
entirely of input commands to the nonlirear stress analysis program which can
be interpreted from the descriptions given in reference 1.

Detailed output from the nonlinear stress analysis program is written on
a file named OUT. The quantity of printed data on OUT is controlled by the
IPRT parameter on the "CONTROL" command as discussed in the previous section.
For use in the automated system this parameter is usually set to give minimum
printout (IPRT = 3) unless a full output for the analysis of a single tile is
desired for diagnostic purposes. The maximum stress values that are calcu-
lated for each tile are of primary interest. Such information is output on a
file named ST2ESS which contains a table of values with each line containing
(1) the tile part number, (2) the load case identifier, (3) Mach number, (4)
dynamic pressure, (5) angle of attack, and (6) maximum stress. This table can
be subsequently processed to add the actual proof strass level for the tile
and the ratio, actual proof stress divided by calculat~d maximum stress. This
stress ratio is used for assessment of the integrity of each tile,
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CONCLUDING REMARKS

An automated system which combines an engineering data management system with a
nonlinear stress analysis program to provide a capability for analyzing a large
number of tiles on the Space Shuttle Orbiter is described. Tile geometry data and
all data necessary to define the tile loads environment during ascent are stored
in the data management system and these data are accessed automatically as needed
for the analysis of a particular tile or a set of tiles. The system currently
contains approximately 600,000 words of data necessary to analyze the 8,000 tiles
on the lower surface of the wing and midfuselage.

User documentation for the automated tile analysis system is given in this
report including (1) descriptions of computer programs and data files contained in
the system, (2) definitions of all engineering data stored in the data base,

(3) characteristics of the tile analytical model, (4) instructions for preparation

of user input, and (5) a sample problem to illustrate use of the system. Descriptions
of data, computer programs, and analytical models of the tiles are given in

sufficient detail to guide extension of the system to include additional zones of

tiles and/or additional types of analyses.
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APPENDIX A

RELATION AND ATTRIBUTE DESCRIPTION

This appendix contains detailed descriptions of the relations and attributes
used to store the engineering data as shown in figure 5. The descriptions are
presented in the same order as in the general, narrative discussion in the section
entitled "Engineering Data." The order of presentation is:

XYZ0

TIPSDATA

MATINDEX

MATCURVE

CIRECT

SUBPANL

SUBDEFL

VIBAC (WING)

VIBAC (FUuSL)

NEWAPANL

NEWLOADS

STS1TRAJ

FORCEMOM

STRS4-24-1
The data types (integer, real, or text) were specified for each attribute in the
schema definition of the RIM data files and are iruicated herein as INT, REAL, or
TEXT at the beginning of each description. Al attributes are a single word in

length with TEXT referring to a single alphanumeric word with up to 10 characters.
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Relation: XYZ0

Contents:

Source:

Attributes:

PARTNO

DRAWNO

IMLOML

XLOCAL
YLOCAL
ZLOCAL

TRANSF

XORBITER
YORBITER
ZORBITER
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APPENDIX A

Tile corner points defined in the Orbiter system for the

right hand side of the Orbiter.

NASA requested tape prepared by the master dimensions group
at RI which contained tile corner points in local
coordinates. A correspondence table giving the coordinate
system for each drawing number and the local te Orbiter

transformation equations was also obtained from RI.

(INT) A 9-digit tile part number formed by combining the

drawing number and dash number for a tile.
(INT) A 6-digit tile drawing number.

{TEXT) A 3-character word indicating the location of the
corner point in a particular tuple; ML or OML for inner

or outer mold line, respectively.

(REAL) X,Y,Z values in local coordinates. in inches

(TEXT) Local to global transformation indicator from

correspondence table

(REAL) X,Y,Z values in Orbiter coordinates, in inches




APPENDIX A
Relation: TIPSDATA

Contents: Selected data from TIPS data base for tiles on both sides
of the Orbiter.
Snurce: NASA requested tape prepa ' by Tile Information Processiug

System (TIPS) group at RI.

Attributes:

PARTNO - (INT) A 9-digit tile part number.

LEFTORRT - (TEXT) A l-character indicator specifyiny the tile
location. R, L, and C for right, left, and center
of Orbiter, respectively.

OPPPARTNO - (INT) Corresponding tile part number located symmetrfca]]y
on the opposite side of the Orbiter.

DENSIFIED - (TEXT) A 1-character indicator Y or N specifying

yes the tile is densified or no the tile is not

densified.

ACTPROOF - (REAL) The stress level to which the tile was actually

proof tested, in psi.

Relation: MATINDEX

Contents: An index giving the attributes of a specified nad material
indicator.

Source: Developed for use in automated data management/analysis
system,
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Attributes:

PADTYPE

SIPTHCK

PROOF

MATNO

Relation: MATCURVE

Contents:

Source:

Attributes:
MATNO -

DISPL -

STRESS -
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(TEXT) An indicator of pad type; FB for filler bar or

SIP for strain isolator pad.
(REAL) Pad thickness, either 0.09 or 0.16 inch

(INT) Stress to which the material was proof tested prior
to the test to generate a stress-displacement curve.
The integers 6 and 8 indicate proof stresses of 6.0

and 8.0 psi, respectively.

(INT) A pad material indicator which has a corresponding

materia’ curve in relation MATCURVE.

Each tuple i3 a point on a stress-displacement curve for
a specified material pad. The SIP curves are for the
canter region of a pad that has been adjusted for edge

effects.

Test data generated ty W. Sawyer at NASA-LaRC and adjusted
for edge effects by W. Elber at NASA-LaRC.

(INT) A pad material indicator.
(REAL) Value of displacement, in inches.

(REAL) Value of stress, in psi.

s it M 2 e e
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Relation: DIRECT

Contents:

Source:

Attributes:
PARTNO

DRAWNO
DASHNO
ARRAYNO

IMLPTS
OMLPTS

SUBSPANL

CGTOn.8

RIBTORIB

APPENDIX A
A directory of assorted data for each tile containing data
required in the automated stress analysis procedure.

These data are calculated by a data preparation computer

program written by M. Vallas at LaRC.

(INT) A 9-digit tile part number,

(INT) A 6-digit tile drawing number.

(INT) A 3-digit dash or tile number.

(INT) Array number used on engineering drawings.

(INT) Wumber of tile corner points on the inner and outer

mold lines, respectively.

(INT) Number designator of the substrate panel un which the
tile is mounted. This number refers to a panel defined
in relation SUBPANL and points to deflection data given
in retation SUBDEFL.

(REAL) Distance from the tile center of gravity to the

closest wing rib or fuselage frame, in inches.

(REAL) Distance between wing ribs or fuselage frames for

panel on which the tile is lTocated, in inches.

L3
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CGTOLE -

NODEORDR -

CGXI -
CGY!

TILETHCK -

SIPTHCK -

TILEDENS -

Relation: SUBPANL

Contents:

Source:

42

vran it e b s A N AR S Tl e it

APPENDIX A

(REAL) The x-distance from the tile center of gravity to
the leading edge of the Orbiter planform, in inches.

(INT) An indicator used by the analytical model generation
program to specify whether or not the order of the corner
points needs to be reversed before generation of tile
geometry. The integer 1 indicates noreorderingand a

-1 indicates reordering is needed.

(REAL) Average X and Y coordinates of inner mold line
tile corner points in the Orbiter coordinate system, in

inches.

(REAL) Tile thickness calculated by averaging the corner

noint thicknesses, in inches.

(REAL) Thickness of the strain isolator pad obtained from

the TIPS data base, in inches.

(REAL) Density of tile material, either 9.0 or 22.0 lbm/ft3,

Corner points of skin panels in the Orbiter structure on

which substrate deformations were defined.

These data were extracted from ASKA finite element structural

models by JSC personnel.
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Attributes:
SUBSPANL

X1
Y1
2

°
.
°

X4

Y4

24

Relation: SUBDEFL

Contents:

Source:

Attributes:

SUBSPANL -

LOADNO -

FLTCOND -

DEFLSKIN -

DEF STRNG -

WAVESKIN -

APPENDIX A

(INT) Designator for a substrate panel.

(REAL) The X, Y, 2 coordinates of the panel corners
in the orbiter system, in inches. For triangular

panels, X4, Y4, and Z4 are zero.

Deformations of the substrate panels.

These data were compiled by NASA-JSC personnel from sub-

contractor reports.

(INT) Designator for a substrate panel.

(INT) Unique load case number (should not be confused with

load case number for "NONSTRESS" conwiand).

(TEXT) Flight condition indicator such as HI-Q, ENTY,
DCNT, or LAND for high-g, entry, descent, and landing.

(REAL) Deflection of the skin sheets between stringers of

a stiffened panel, in inches.
(REAL) Deflection of the stringer, in inches.

(REAL) Wavelength of the deflected skin sheet, is usually

the distance betwe:n stringers, in inches.

43
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WAVESTRNG - (REAL) Wavelength of the deflected stringer, usually the
length of the stiffened panel, in inches.

Relation: VIBAC (WING)

Contents: Vibroacoustic loading data for the W-3 and W-4 tile zones

on the wing.

Source: Report prepared by J. West of RI.
Attributes:
TILESIZE - (TEXT) Description of tile planform such as 6x6 or
3x6.
ONOFFRIB - (TEXT) The word ON indicates the tile is located on a

rib and OFF for off of a rib.

FLTCOND - (TEXT) Flight condition indicator, only ASC, for ascent

data, is available.

TILETHCK - (REAL) One of a specified set of tile thicknesses, in
inches. Vibroacoustic data for actual tile thicknesses

are obtained by interpolation.

MACHNO - (REAL) One of a specified set of Mach numbers. Vibro-
acoustic data for intermediate Mach numbers are obtained
by interpolation.

GPEAK - (REAL) Peak value of acceleration given in g's. The

peak value is three times the RMS value.

44
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APPENDIX A
DISPL - (REAL) The displacement of the center of the substrate

panel in its first mode of response, in inches,

Relation: VIBAC (FUSL)

Contents: Vibroacoustic loading data for the MF-5 and MF-6 tile zones

on the fuselage.

Source: Report prepared by J. West of RI.

Attributes:
VIBPANL] - (INT) Vibroacoustic data for the fuselage is defined over
VIBPANL2

regions which are composed of several substrate deflection
panels, having the designator numbers between VIBPANL!
and VIBPANLZ2 as defined in relation SUBPANL.

FROMFRAME - (INT) An integer indicating bounds on the x-distance from

a frame for which the vibroacoustic data is applicable

1 = On frame.
2 = Less than 15 inches from frame.
3 =15 to 20 inches from frame.
4 = 20 to 30 inches from frame.
FROMCL - (INT) An integer indicating bounds on the y-distance from

the Orbiter centerline for which the vibroacoustic data

are applicable.

—
1]

Less than or equal to 70 inches from centerline.

~N
n

Greater than 70 inches from centerline.

45



MACHNO

GPEAK -

DISPL -

SPAN -

Relation: NEWAPANL

Contents:

Source:

Attributes:

PARTNO -

ETA -
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(REAL) One of a specified set of Mach numbers. Vibroacoustic
data for intermediate Mach nunbers are obtained by

interpolation.

(REAL) Peak value of vibroacoustic acceleration given in

g's. The peak value is three times the RMS value.

(REAL) The displacement of the center of the substrate

panel in its first mode of response, in inches.

(REAL) Panel span from J. West report which is taken to be
distance between major support points at frames, in

inches.

Gives the aerodynamic panel corresponding to each tile.
Aerodynamic load parameters are taken to be constant

within each panel.

The layout of the aerodynamic panels was selected by
J. Tulinius of NASA-LaRC for definition of all aero-

dynamic load parameters.

(INT) A 9-digit tile part number.

(REAL)
(0.0 < ETA < 1.0)

Fraction of semispan location of the tile.



X0C

CHORD

AEROPANL

APPENDIX A

- (REAL) Fraction of chord location of the tile.
(0.0 < X0C < 1.0)

- (REAL) Length of the aerodynamic chord at the y-location

of the tile, in inches.

- (INT) Number designator of the aerodynamic panel
corresponding to the tile. A single aerodynamic panel is
used for all tiles in the MF-5 tile zone and a single
aerodynamic panel is used for all tiles in the MF-6
tile zone. Both panels are designated by the number 1
but each panel réfers to different sets of numerical values
for the aerodynamic parameters in their respective data
bases. The wing planform which contains tile zones
W-3 and W-4 is divided into 12 aerodynamic panels as

defined in table 2 and shown in figure 12.

Relation: NEWLOADS

Contents:

Source:

Aerodynamic loading parameters which were obtainzd from
wind tunnel test data. These parameters are given as a
function of Mach number and angle of attack and are all
in coefficient form having been nondimensionalized with
respect to dynamic pressure, QPSF, so they are applicable

to any flight trajectory.

The steady aerodynamic parameters such as shock strengths

and aerodynamic gradients were prepared by J. Tulinius
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Attributes:
AEROPANL

MACHNO

ALPHA

SHOCKJUMP

SEPARJUMP

AEROGRX
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of NASA-LaRC. The unsteady aerodynamic (aerobuffet)
parameters were prepared by C. Coe of NASA-Ames.

(INT) Aerodynamic panel designator.

(REAL) One of a specified set of Mach numbers. Aero-
dynamic data for intermediate Mach numbers are obtained

by interpolation.

(REAL) Angle of attack, in degrees. Data are available
for -4.0° and +4.0° and data for intermediate values is

interpolated.

(REAL) Coefficient for pressure differential or jump
across a shock in unseparated flow, where

Apshock = SHOCKJUMP*(QPSF/144.0).

(REAL) Coefficient for pressure differential or jump
across a shock in separated flow, where

APsep = SEPARJUMP*(QPSF/144.0).

(REAL) Coefficient for pressure gradient in x-direction,
where
dP/dx = AEROGRX*(QPSF/144,0)/CHORD
where QPSF given in relation STS1TRAJ
CHORD given in relation NEWAPANL
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APPENDIX A
AEROGRY - (REAL) Coefficient for pressure gradient in y-direction,

where

dP/dy = AEROGRY*(QPSF/144.0)/CHORD

ABSHKCPRMS - (REAL) Coefficients for RMS pressure for shock on tile and
ABSEPCPRMS

shock ahead of tile, respectively. These coefficients

are used to calculate aerobuffet loads as follows:

The aerobuffet loads on an Orbiter tile are assumed to

be in the same ratio, R, as for data from the 0S-52

tile test performed by C. Coe at NASA-Ames, i.e.,

Tile aerobuffet 1oad = R*(ABSHKCPRMS or ABSEPCPRMS)

where R = (0S52 buffet load coefficient)/(0S52 RMS

pressure coefficient). Nondimensionalization is such

that for the shock on the tile:
Buffet Force = R*ABSHKCPRMS*TILE AREA*(QPSF/144.0)

Buffet Moment = R*ABSHKCPRMS*TILE AREA*(TILE DIAGONAL/V2)*
(QPSF/144.0) |
Similar expressions containing ABSEPCPRMS are used for
the shock ahead of the tile. The values of R for the

cases considered are shown in the following table.

Shock on tile Shock ahead of tile

Normal force .180 .45

Pitch moment .042 10

Rol11 moment .026 .083
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REFPRESS - (REAL) A pressure coefficient used to establish a reference
pressure, PFOOT, on the tile with respect to the

ambient pressure, PINF, using the following equation:
PFOOT = REFPRESS*(QPSF/144.0) + PINF/144.0

where

PFOOT is a reference pressure on the tile at the front
or beginning of a shock;

PINF is the ambient pressure which is given as a function
of Mach number for a given flight trajectory as in

relation STSI1TRAJ.

Relation: STSI1TRAJ

Contents: Parameters for STS-1 cycle 3 ascent flight trajectory.

Source: Extracted from the Space Shuttle Flight Systems Performance

Data Book, Volume I - Ascent, Rockwell International,

Space Division.

Attributes:
MACHNO - (REAL) Mach number.
ALPHA - (REAL) Angle of attack, in degrees.
QPSF - (REAL) Dynamic pressure, in psf.
PINF - (REAL) Ambient pressure, in psf.
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Relation: FORCEMOM

Contents:

Source:

Attributes:

AEROPANL

MACHNO

TILETHCK

BLTHCK

XSL

ke —— e s b i e S PN A

APPENDIX A

Steady aerodynamic loads given in terms of total forces and
moments at the critical time and associated Mach number

in the STS1 flight trajectory for each of the aerodynamic

panels.

These forces and moments were calculated using a multitile
three-dimensional flow model developed by a NASA-LaRC
group led by G. Ivey.

(INT) Aerodynamic panel designator.

(REAL) The critical Mach number in the STS-1 trajectory
for the subject aerodynamic panel. The loading parameters

are applicable only for this condition.

(REAL) Either the minimum or maximum tile thickness within
the subject aerodynamic panel. Load parameters for
intermediate tile thicknesses are obtained by

interpolation.

\REAL) Either the minimum or maximum boundary layer thickness
within the subject aerodynamic panel. Load parameters
for intermediate boundary layer thicknesses are obtained

by interpolation.

(REAL) Location of shock given as a fraction of the tile

diagonal. Load parameters are available for
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XsL = 0.0, 0.25, 0.5, 0.75, 1.0 and intermediate values

are obtained by interpolation.
FORCEZ - (REAL) Coefficient for normal force acting on tile where
FTILE = FORCEZ*(QPSF/144.0)*TILE AREA

MOMENTY - (REAL) Coefficient for pitching moment acting on tile

where

MTILE = MOMENTY*(QPSF/144.0)*TILE AREA*TILE DIAGONAL

Relation: STRS4-24-1

Contents: Maximum stresses for each tile which are calculated by the

nonlinear stress analysis program

Source: Calculations were made on April 24, 1981, using the aero-

dynamic loads contained in the relation FORCEMOM.

Attributes:
PARTNO - (INT) A 9-digit tile part number.
LDCASE - (INT) Load case number, corresponding to an entry in

table 3, which was used in the tile analysis for these

results.

MACHNO - (REAL) Mach number.

STRESSMX (REAL) Maximum calculated stress, in psi.

52



APPENDIX A

ACTPROOF - (REAL) The stress level to which the tile was actually

proof tested, in psi.
SRATIO - (REAL) Th: stress r~ ios calculated as

SRATIO = ACTPROOF/STRESSMX
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APPENDIX B

CONTENTS OF FILE NAML
This appendix contains the definition of variables in the file referred to by
the name NAML in this report. File NAML is gererated by the data access program and
contains sets of loads information for all tiles included in an analysis run. The
information is in printed format for the namelist $LOADS. Each namelist contains

information for singie tile.

Variable Definition
IPARTNO A 9-digit tile part number formed by combining the drawing

number and dash number for a tile.

IDRAWNO A 6-digit tile drawing number.

TARRAY A tile array number,

SIPTHK Pad thickness, either 0.09 or 0.16 inch,

TILTHK Tile thickness calculated by averaging the corner point

thicknesses, in inches.
TILDEN Density of the tile material, either 9.0 or 22.0 1bm/ft3.

XMACH The Mach number at which the analysis is to be performed
as specified by the user in INPUT 1 to the data access

program.

DYNP The dynamic pressure corresponding to the Mach number XMACH

from the ascent trajectory given in relation STSITRAJ,
in 10f/£t3.
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Variable

GPEAK

DISPL

RIRTORIB

BLTHK

SIDEMAX

SK.FORCE

PVENT

DEFLSK

APPENDIX B

Definition
Peak value of vibroacoustic acceleration given in g's.

The peak value is three times the RMS value.

Half amplitude of the displacement of the center of the

substrate panel in its first mode of response, in inches.

Half width of the substrate panel, in inches; is used as
the half-wavelength of a cosine wave describing the

vibroacoustic deflection.

Aerodynamic boundary layer thickness at the tile center of
gravity; calculated using the equation given in

figure 8.

Lengih of longest tile side, in inches. This value was
used for a Rockwell International shock model and not used

currently for loads culculations.

Skin friction force acting on tile, in 1bf; calculated
using the equation in figure 9 and further dividing by

a correction factor of 2.75.

Pressure from lag in tile venting during ascent; taken as

a constant 0.15 "bf/ind.

Half amplitude of the deflection of skin sheets between
ribs of a stiffened panel, in inches; used for substrate

deflection load contribution.
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Variable

DEFLST

WAVESK

WAVEST

NORDER

IML

OML

CHORD

SJUMP

SEPARJ

AEROGRX
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Definition
Half amplitude of the deflection of the stringer, in

inches.

Half-wavelength of a cos.ne wave describing the skin sub-

strate deflection, in inches.

Half-wavelength of a cosine wave describing the stringer

substrate deflection, in inches. T

An indicator used by the analytical model generation

program to specify whether or not the order of the corner

points needs to be reversed before generation of tile
geometry. The integer 1 indicates no reordering and a

-1 indicates reordering is needed.

Number of tile corner points on the inner mold line.

Number of tile corner points on the outer mold line.

Length of the aerodynamic chord at the y-location of the

tile, in inches.

Pressure differential or jump across a shock for unseparated

flow on the tile, in psi.

Pressure differential or jump across a shock for separated

flow on the tile, in psi.

Pressure gradient in x-direction, in psi/in.



Variable

AEROGRY

ABLSFP

ABMPSEP

ABMRSEP

ABLSHK
ABMPSHK
ABMRSHK

PINFINI

REFPRES

PFOOT

APPENDIX B

Definition

Pressure gradient in y-direction, in psi/in.

Aerobuffet 1ift force acting normal to the tile surface

when a shock is ahead of the tile, in 1bs.

Aerobuffet pitching moment acting about an axis normal

to the flow (taken as the y-axis) when a shock is ahead

of the tile, in in-1bs.

Aerobutfet rolling moment acting atout an axis parallel
to the flow (taken as the x-axis) when a shock is

ahead of the tile, in in-1bs.

Aerobuffet forces and moments when the shock is on the tile

corresponding to the three pravious definitions for the

shock ahead of the tile.
Ambient atmospheric pressure, in psf.

A pressure coefficient used to establish a reference
pressure on the tile with respect to the ambient

pressure.

The reference pressure on the tile at the foot or beginning

of a shock, in psi, where

PFOOT = (REFPRES*DYNP + PINFINI)/144.0
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APPENDIX C

EXAMPLE ANALYS'S
This appendix contains listings of files shown in figure 3 that correspond to
the analysis of a particular tile. The tile, with part number 191009144, has a
6x6 planform, has its diagonal oriented along the longitudinal axis of the
Orbiter, and is located on the lower surface of the main wing box in tile zone W3.
The tile is undensified and subject to the loads in aerodynamic panel number 3.
Files LOADS, CORNPT, and OUT have been omitted since their contents are usually

examined only for error diagnostics.

IN1 - User Input File

Contents of this file are described in the "User Input" subsection of the

"Use of Automated Stress Analysis System" section.

"TI,EDB" v
"w3"® 191000144 191009944 »ASE" 1,08 3 "y"
"W3® 0 0 "ASC™ 0, 0 “o"

IN2 - User Input File

Contents of this file are described in the "User Input" subsection of the

"Use of Automated Stress Analysis System" section.

SOATA NPADRU,WIDTH(1Y8,3,,28,,28,FAC8(1)03¢1,0,
PACDC1)B1,8,1,28,1,0,8
WNONLINEARY

WEONTROL®™ 3 1 2 10 .0t 1o

"NONSTRESS" 4 7 1 vy /
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APPENDIX C

NAML - Namelist Qutput File for Data Access Program

sLOADS
{PARTNO
TORAWND
TARRAY
SIPTHK
TILTHK
TILOEN
XMACH
QYNP
GPEAK
bR 148
RBTORA
BL THK
s1oEmax
SKFORCE
PVENY
DEP 8K
DEPSTY
WAVESK

wAyQEsY

191009144,

1901009,

b,

s 10E¢00,

+1SUORE+DY,

«FESDY,

J108Es0 Y,
J721A70990909499E403,
L8601 LU2RET I 1245E402,
«11792857142857Ee0},
OTESNY,
cJURGIHIAR0129BER0Y,
502N 1UBRO08BUGESNY,
o 759131265%0487E¢00,
JISEeN0,

JUEen?,

+SEe(s,

« 208K,

JOTRESO L,
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NAML - Continued

NORDER 8 1§,

My s 4,

10M . 4,

CHORD & ,66201055828E+03,
sJuvp 8 ,26749B80R14p1 IRENOY,
SEPAR) & ,190981211344d4dRe0),
AEROGRX ® ,21778771R2pupiE=01,
AEROGRY ® »,22187273378725Ee01,
ABLSEP 8 ,2774820070439E401,
ABMBSEP 8 ,36993814142912E401,
ABMRSEP » ,30704B685T73061TESOY,
ABLENK & ,2902955680u29RE+0Y,
ABUPSHK 8 ,U0541UbBR20STIE4OY,
ABMARSKHK & ,28189004%07973E+01,
PINFINI m ,B2864SK¢03,

REFPRES 8 » 333003125Fe0D,
PPOOT 8 L,4070589R03n599E4DY,
SEND

TILEZN B W3 IFLICND & ASC ALPHABe3, 8

DENSLIFIED n N
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MODOUT - Analysis Input File

This file is produced by the Model Generatior. program and contains input

commands for the nonlinear stress analysis program.

These commands are described

in reference 1 which should be used to interpret the contents of this file along

with the discussion given hcrein in the section entitled "Analytical Model of

Tile."

"TITLE®

w3 191009144
“CASE]O"
*NOJE"
*NODE™
“NODE"
"NODE"
"NODE™
MNODE"
"NOOE"
"NODE"
"POINTY
"POINTY
"AOINT
"POINTN
"POINT®
"POINT®
"POINT®
"ROINTN
"CORNER"
"CORNER"
"CORNER"™
"CORNER"
*COQNER"
"COQNER"
"COAINER"
"CORNER"
"COQNER"
"CORNER"
"CORNER"™
"COANER"
"FACE"
"pagg®
“FALE"
“FACE"
"FACE"
Y4 4
"WEDGE® 1 H
"WEOGE" ! 3
"CG" 3

6AgC

191009144
1222,63A7
1226,8814
1231,1240
1226,8814
1222,63A7
1226 ,R814
1231,1240
1220,8814

PAPRE N -

E VIR~ C N
T T N DO N
2N e Y -

GNP E -
E RNl N~ AN -
- SN - S Ny AN

D0 W N
& ot - o
- et N b ~d

& o

q
|

MENT &>

8 {,08
080 14 ]
156,977
1812203
1Se,9777
182,7351%
186,9777
161,2203
186,9777
182,718
t ,160
e 160
L I VY]
4 V00
9 ,e0n
0 ,200
1,200
e 200
13 80
14 " 1
15 «80
18 o580
17 78

20 {.00

 NONLINEAR
1.900 3,830
23,1459
273,u998
272,9%64
272,603¢
271 ,4320
ev1,7810
271,2082
270,%409
.50
S0
50
30
18
78
75
o718
1,00
1,00
1,00
1 00
1100 06100 F1
1100 0,00000 26
1100 006100 @Y
1100 06140 8
t106 +00100 29
1100 00100 30
' A ] 00821
Ay 000821
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MODOUT - Continued
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"PAD" 1

/

1 ]
!

RMATERIAL"®

», 07878
e, 07640
., 07490
., 07299
«,07100
e, 006870
w, 008677
e,06386
v,06120
e, 05847
05537
»,08242
e, 04909
w, 04538
o, 00106
°,03732
v, 03284
s, 02880
o, 0242}
e,02083
e, 01702
e,01343
e 01112
., 00791
e, 00453
., 00177
0,00000

JN1600

"PAD® e

/

13 16
!

"paAD® 3

/

17 20
1

"‘D' [}

/

el 24
|

2
1

¢

e

2

ul
3

‘s
15

"
19

"s
23

L
2
L
"TABLE™
=9,08000
«8,96000
=8,36000
«7,69009
e7,10000
oh 46000
«5,9%000
e5,3%2000
ol ,870n0
el ,35000
«3 8R0n0
e3,49000
«l,090n0
«2,720n0
e?2,3100n0
*2,010n00
®1,70000
el 410pn0
et 16000
e, 95000
e,7900n0
s 61000
e, Suvip0
s, 37000
..2’000
-, 00000
D000
0,000n0
1ee
S
L I
1p*
{A
3 v
1P
2e
7/

13

17
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13 14
o160 EL
2 e

17 1A
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19

23

16

en

el

13

17

1



MODOUT - Continued

"MATERIAL"®
e, 06000
»,0%5600
',05!00
e, 04800
», 04400
o, 04000
e, 03500
*, 03200
02800
e, 02400
e,02000
0,01600
e,01200
s, 00800
®,00400
0,00000

,00600
«01200
«01200
202600
¢03000
03600
,04200
L0UADO
,08400
,06000
L0600
07200
,07800
+UB400
209000
« 09600
,10200
«10800
«11400
,12000

RTABLEn
«5.50000
ol ,0%000
'3.20000
o2,600p00
«2,10000
o1,75000
«!{ .8500p00
o{,250n0
*1,05000
e, 8850p0
®, 70000

e, 50000
®, 40600
o, 30000
'.15000
0,00000
17000
«3B0AO
«88000
83000
1,1%000
1,53000
2,00000
2,6100n0
3,550n0
4,95%00n0
6,3%0n0
R, 20000

9.600n0
11,080n0
12,1¢000
12,80000
12,9%000
12,h%000
12,60000
11,80090

APPENDIX C

s 100
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MODOUT - Continued

64

"MATERIAL"

e,00000
°, 08000
o, 05200
., 04800
®,08400
», 04000
e,03600
e,03200
v, 02800
w, 02400
°,02000
®, 01600
e, 01200
e, 00800
®,00400
0,00000
00500
J03000
201500
08000
202500
03000
« 03500
, 04000
,045%500
L08000
405500
,06000
L06500
07000
07800
,08000
08800
09000
009800
s10000

3

"TABLE®
«5.,80000
«4,08000
«3,20000
e2,600n0
e2,100p0
«1,780n0G
°1,%50000
o} ,250n0
o] ,05000
*,850n0
e 70000
. %0000
..00000
o, %0000
»,185000
0,000n0
417000
38000
«580n0
830p0
1,15000
1,5%000
2,00000
2,61000
1.%8%5000
4,950p00
6,185000
A, 20000
9,600n0
11,0%000
12,100n00
12,A00n00
12,9%000
12,0%000
12,600n00
t1,800n00

APPENDIX C
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MODOUT - Continued

"MATERIAL®
®,06000
*,080600
=, 05200
®,00800
., 00400
e, 04000
®,03600
°,03200
e,02800
®,02000
,02000
e,01600
e,01200
s, 00800
®,00400
0,00000

«00400
,00800
,01200
101600
WG§000
0800
02800
03200
203600
,006000
L04400
L04R00
05200
05600
«00000
«00400
00800
07200
007600
208000

4

"TABLE"
e5,%0000
«4,05000
3,20000
©2,60000
«2,10000
el ,7%5000
‘1.50000
o] ,25000
e ,08000
o,850n0
»,700p0
o, 50000
®,40000
*,300n0
«, 18000
0,00000
«17000
«38000
,38000
+A3000
1,1%000
1.,53000
2,00000
2,61000
1,58009
4,950n0
6,350n0
R,20000
9,60000
11,08000
12,10000
12,80000
12,9%000
12,05000
12,60000
11,800p0

APPENDIX C

65



i —————at | W Ui

MODOUT - Continued

66

"NODE"

"FORCE"

TMOMENT®
"rolCE"

NMOMENTY
"FORCE"

WMOVENT?
"FoQce”
NMOMENT"
"FORCE"®

PUOUENT"
"FORCE"
PMOMENT®
n"FNICE"
MM IMENTY
“PORCE"
"MOMENT®
"FORCE"
RYOMENTY
"FORCE"
nMOMENTY
"EOQCEN
"MOVENT®
"FORCE"
"MOMENT®
"FORCE"
NMOMENT?
n’oncen
"MOMENTH
“poQce"
"MOMENT"
"FORCE"

"MQMENT
"FORCE"
PMOUENT"
“FORCE"
"MOVENTY
"poRCE"
PMOMENT®
“FoRcCE"
RUQMENTY
“Foace"
RMOMENTY

32

-
D O ODP®AAMATOCRNINEC LY

-
— e

D G il G D s P G S P D ol e G el g
O O DDA AN sgtON

~N NN
- D D

1226,87%58
32
32

APPENDIX C

186,995%
., 6A7
=g, %%7
+539
., 378
839
=, 378
.639
.’375
+ 039
., 378
AL
» 375
}a!Q
., 178
h30
., 375
L6309
., 378
A9
«, 3178
,639
.;375
.08139
., 375
ot 300
e URP
a,nop
0,000
0,000
n,noo
., 121
-, 3758
. 759
o_nno
0,000
0,000
n;o\o
0’060
0,000
n,nnn
0,000

[
0,000

272,067

1,138
-‘3.‘55
371
«30,968
36,104
«57
-360714
ST
33,984
ST
.?9.021
N32
22,8U1
571
o1b,38
W57
.10.092
34
«§, 043
ST
.30015
57
=3,512
« 567
.?|331
0000
n,000
0,000
-!.879
o571
»,NG7
N,000
-.5“0
04000
MeNNON
0.00(
-5.005
0,000

N r00
0o.00
04000

o2t,200
0,000
o38,.799
0,000
o4y, 508
0,000
S0,064Q
0,000
o506,033
0,000
50,82
D¢ '
ob{ 47
0,000
©6(,787
0,000
«57 887
n,000
53,119
0,000
-“7.32“
0,000
ody  S4y
0,000
9,202
o, 184
.12.?08
0,000
0,000
0,000
=5,400
«001
0,000
w,013
21,029
0,000
0,000
0,000
0,000
0,000
5,000
0,000



APPENDIX C

MODOUT - Continued

"FoRCE" 22 32 0,000 0,000 *13,328
"MOMENT® 22 32 0,000 13,602 0,000
"rorce* a3 32 0,000 0,000 19,528
PMOUENT® £ 3 32 0,000 19,592 0,000
"FORCE" au 32 0,000 0,000 o20,126
"MOMENT® 20 32 0,000 020,994 0,000
"FoRCE" es 32 0,000 0,000 e31,084
PYOMENT? 2s 32 0,000 =19,047 0,000
"FORCE" - 32 0,000 0,000 o36,148
"MOMENT" 26 32 2,000 14,808 0,000
"Foace” 27 32 N 000 0,000 ©38,171
"MOMENT® 7 32 0,400 9,464 0,000
"FORCE" 28 3 0,000 0,000 37,814
"MOMENT " 28 32 0,030 3,777 0,900
"FoRceE" e9 32 o;noo 0,000 e38,i82
"MOUENT® 29 32 0,000 1,343 0,000
"FORCE" 30 32 0,000 0,000 e} 792
MOMENTH 30 32 0,000 8,138 0,000
"FoRCE" 3 32 0,000 0000 *2%5,123
"MOMENT® 3 32 0,000 6,904 0,000
"Foace" 32 32 0,000 0,000 19,518
NMQUENT® 32 3e 0,000 6,068 0,000
"FORCE" 3N 32 0,000 0,000 11,612
"MOMENTH 33 32 0,000 0,000 0,000
"Foce" 34 32 6,000 04000 0,000
PMOMENTY 3¢ 3? 0,000 16,256 0,000
“FOoRCE" 3 32 =, 121 ST =8 400
WMOVENT® 35 32 =, 3758 *,007 0001
"EORCE" 3A 32 180 0000 0,000
"MOMENT® 13 LY 0,000 v, 844 »,01%
"FORCE" 37 32 n,noon 0,000 16,371
TMOMENT" 37 32 0,000 0,000 0,00¢C
"PORCE” 3 se 0,000 0,000 0,009
WMOMENT® 3a 32 p, 000 3,784 0,000
"FoRCE" 39 32 0,000 A 00N 0,000
PMOMENT® 30 32 0,000 0,000 0,000
"FORCE" 40 32 0,000 Ng0UN 0,000
RUOMENT® 4o 32 0,000 0,000 0,000

"NODL® 33 1226,8044 186,977 272,891%
“NODE® 34 1227, 8844 156,977 272,8913

"IMPERPECT" 2 4 3% 3 00884 9,70000 9,70000
"IMPERFECT® 3 4 33 34 IUNTYY | 9,70000 ¢.70000
"NODE" 38 1231,1240 1856,9777 272,704

"IMDERPECT® | 4 21 18 e, 00400 9.,75000 2,0%000

PCONTROL® 3 1 2 10 Lul to
*NONBTRESS" 4 / t 3 v
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APPENDIX C

STRESS - Maximum Stress File

Tris file contains maximum stress information for each SIP surface that is
calculated by the Stress Analysis program. Each 'ine of the file is written as
tile part number, the load identifier, Mach number, dynamic pressure, angle of

attack, and maximum stress.

191009144 4 1,05 721,99 3,A3 3, AQ4d
$91009340 4 1,05 721,9 3,83 £ 0989
191009144 ¢ 1,05 721,99 3,83 9,4neS

Query of Relation STRS4-24-1

This query print. values of all attributes in the tuple corresponding to tile

part number 191009144. The definitions of these attributes are given in appendix A.

? OPEN TILEDB
? SELECT ALL FROM STRS4-24-1 WHERE PARTNO EQ 191009144
PARTNO LDCASE MACHNO STRESSMX  ACTPROOF SRATIO

191009144 4 1.0500000 9.4065000 8.0000000 0.8505000
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TABLE 1.- PLANFORM COORDINATES OF THE ORBITER
LEADING AND TRAILING EDGES

Fuselage L.E.

X Y
236.0 0.0
236.5 5.0
238.5 10.0
241.5 15.0
245.5 20.0
251.0 25.0
257.0 30.0
265.0 35.0
274.0 40.0
284.5 45.0
296.0 50.0
309.5 55.0
324.5 60.0
341.0 65.0
358.0 70.0
376.0 75.0
396.0 80.0
418.0 85.0
441.0 90.0
466.0 95.0
493.0 100.0

Fuselage T.E.

Straight line parallel
to Y-axis at
X = 1618.0

Wing L.E.

X Y
493.0 100.0
944.0 175.0
968.0 180.0
997.0 190.0

1019.0 200.0
1036.5 210.0
1051.5 220.0
1064.0 230.0
1075.5 240.0
1086.0 250.0
1266.0 430.0
1279.5 440.0
1300.0 450.0
1336.5 460.0
1382.0 470.0
Wing T.E.
Straight line through
X Y
1490.0 200.0
1454.5 400.0

NOTE: Values were scaled from engineering drawings.
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TABLE 2.- DEFINITION OF WING AERODYNAMIC PANELS

Wing aerodynamic
panel number

Fraction of semispan range

Fraction of chord range

1 Edge of fuselage < ETA < .34 < X0C < .35
? .35 < X0C < .55
3 .55 < X0C < .70
4 .70 < X0C < Elevon hinge line
5 .34 < ETA < .72 < X0C < .35
6 .35 < X0C < .55
7 .55 < X0C < .70
8 .70 < XOC < Elevon hinge line
9 .72 < ETA < 1.0 < X0C < .35
10 .35 < X0C < .55
n .55 < X0C < .70
12 .70 < XOC < Elevon hinge line
NOTES: ETA = Y-DISTANCE FROM ORBITER CENTERLINE/WING SEMISPAN
X0C = X-DISTANCE FROM LEADING EDGE/CHORD LENGTH

Planform coordinates of wing are given in taole 1.

71
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TABLE 3.- LOAD CASE DESCRIPTIONS

Load s Corresponding
case Description imperfection

Design load case combinations

1 Shock ahead of tile ] 2
2 Shock on tile at X/C = 0.0 1 3
3 0.1

4 0.2

5 0.3

6 0.4

7 0.5

8 0.6

9 0.7

10 0.8

11 0.9 +

12 ¥ 1.0 1 3

Separate load source contributions for shock ahead of tile

13 Aerogradient in x-direction 0

14 Aerobuffet force

15 Aerobuffet moment

16 Vent lag

17 Skin friction

18 Vertical component of vibroacoustic g-load

19 Lateral component of vibroacoustic g-load 0

20 Vibroacoustic deflection 2

21 Substrate deformation 1
Separate load source contributions for shock on tile

22 Shock on tile at X/C = 0.0 0

23 0.1

24 0.2

25 0.3

26 0.4

27 0.5

28 0.6

29 0.7

30 0.8

3] 0.9

32 ! 1.0

33 Aerobuffet force

34 Aerobuffet moment

35 Vent lag

36 Skin friction

37 Vertical component of vibroacoustic g-load i

38 Lateral component of vibroacoustic g-load 0

39 Vibroacoustic deflection 3

40 Substrate deformation 1
72
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