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WIDOWAC (WING DESIGN OPTIMIZATION WITH
AEROELASTIC CONSTRAINTS): PROGRAM MANUAL

By Raphael T. Haftkal and James H. Starnes, Jr.
Langley Research Center

SUMMARY

User and programer documentation for the WIDOWAC (Wing Design Optimization
With Aeroelastic Constraints) programs is given. WIDOWAC may be used for the design
of minimum mass wing structures subjected to flutter, strength, and minimum gage con-
straints. The wing structure is modeled by finite elements, flutter conditions may be both
subsonic and supersonic, and mathematical programing methods are used for the optimiza-
tion procedure.

This program manual gives general directions on how the programs may be used and
describes their limitations; in addition, program input and output are described, and exam-
ple problems are presented. A discussion of computational algorithms and flow charts of
the WIDOWAC programs and major subroutines is also given,

INTRODUCTION

The WIDOWAC (WIng Design Optimization With Aeroelastic Constraints) computer
programs were developed for the design of minimum mass wing structures subjected to
flutter, strength, and minimum gage constraints. The methods used in WIDOWAC are dis-
cussed in reference 1. The wing structure is modeled by finite elements, flutter conditions
may be both subsonic and supersonic, and mathematical programing methods are used for
the optimization procedure,

The present paper contains the user and programer documentation for WIDOWAC.
User documentation gives general directions on how the programs may be used and their
limitations, defines program input and output, and presents example problems. A dis-
cussion of the computational algorithms and flow charts of the WIDOWAC programs and
major subroutines are given as programer documentation in the appendixes A to F.

In addition to the program documentation provided, WIDOWAC itself contains many
comment cards to help the user, Comment cards in the beginning of WIDOWAC include a

"Raphael T. Haftka is an NRC-NASA Resident Research Associate, now at
Technion - Israel Institute of Technology.



definition of the input and a dictionary of variable names. In addition, each subroutine in
WIDOWAC contains comment cards which clarify the purpose of the subroutine and the
methods used in it.

SYMBOLS

Values are given in both SI and U.S, Customary Units. Calculations were made in
U.8. Customary Units.

A,a speed of sound

b0 roct semichord

c(n) ith design variable

CSAV vector of current values of design variables

CTEST ratio of penalty function to object function
C, generalized coordinate
DELH altitude increment

DELOM flutter frequency increment

DELV flutter speed increment
GAMA ratio of specific heats

G(I),gi ith constraint term

'y artificial damping parameter
g structural damping coefficient
H altitude

HF normalizing altitude



Hf flutter altitude

Hf’ cr critical flutter altitude

HINIT initial altitude

h airfoil local depth

IGAIN ratio of number of entries in V,g table to NK
IOPT program operation control parameter

IPRINT print control parameter

[ZCOR z coordinate input parameter

KFK aerodynamic speed regime parameter
KMAX maximum ;-educed frequency

KMED median reduced frequency

KMIN minimum reduced frequency

LUNIT length scale factor

£ semispan

M,MACH Mach number

MNORM  scale factor for tuning masses
MUNIT mass scale factor

NDV,NC number of design variables

NEIG number of vibration mod=s for flutter analysis

NEL,nel number of finite elements

L.-9195



NF

NFREE

NK

NMAT

NNOD

NOC

NRR

NS

NTSEG

NVEC

con

OMINIT

PF

PFUNC

number of flutter conditions

number of rigid body modes

number of reduced frequencies

number of materials

number of nodes

number of constrained nodes

array of nodal constraints

number of X points per y station used for collocation
number of segments

number of eigenvectors used in solution procedure for determining natural
modes

maximum number of X points per y station for aerodynamics grid
number of y stations used for collocation

number of y stations for aerodynamic grid

number of constraints

initial value of flutter frequency

penalty function

object function

quadratic convergence error prediction

dynamic pressure



R,r penalty function coefficient

RDC reduction factor for R after each minimization
RHOA air density

s length of move in one-dimensional direction

8G structural damping coefficient

SR stress ratio

s ratio of semispan to root semichord (appendix D)

81,859,819 allowable stresses

Ti,TUL(I) scale factor for ith constraint

TWT total structural mass

v . speed

Vf flutter speed

Vf’ cr’VCR critical flutter speed

VFIN final value of flutter speed for an analysis
VINIT initial value of flutter speed

v vector of design variables

vy ith desipgn variable

WT mass of variable structure

X streamwise direction

y spanwise coordinate



Z coordinate normal to X,y plane
Z z displacement associated with kth mode
pressure differential associated with ith mode
P air density
01,0q,0y9 Stresses
W flutter frequency
W ith natural frequency
BASIC INFORMATION

General Description

The computer programs WIDOWAC are intended to perform the design function of
sizing a minimum mass wing structure subjected to a single static load condition and multi-
ple flutter conditions. The programs can also perform stress, vibration, and flutter analy-
ses of a specified wing (without resizing).

The wing structure is modeled with membrane finite elements for the cover panels,
and rod and shear web elements for ribs and spars. The structural model is assumed to
have no camber or twist. The thickness of planar elements, areas of rod elements, and
the magnitude of tuning masses? are used as design variables: some design variable link-
ing is available. The effect of static aercelastic deformations on design load distribution
is not considered in the stress calculation. Static loads are specified by the user in the

input data.deck.

Kernel function aerodynamics is used for the subsonic flutter calculations, and
second-order piston theory aerodynamics is used for the supersonic flutter calculations.
Divergence is treated as a special case of flutter. An interior penalty function formulation
using Newton's method for optimization provides the resizing capability.

WIDOWAC consists of three separate programs. The first program CONMAN reads
and processes the input data, and the second program EXEMAN performs the analysis or
optimization. In addition, a third program SUBKRN generates the subsonic kernel function

2Tuning masses are concentrated masses attached to the structure to improve flutter
characteristics.
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aerodynamic matrices when they are required. The programs use dynamic storage alloca-
tion for problem-dependent array sizes so that there are no hard limits on the number of
degrees of freedom or finite elements. Practical limits as dictated by both core storape
and run times are of the order of 200 to 300 degrees of freedom and 20 to 30 design
variables,

Coordinate System and Units

It is assumed in WIDOWAC that the wing midsurface is in the x,y plane; x is the
coordinate in the stream direction, positive aft, and y is the spanwise coordinate, posi-
tive in the outboard direction to the right. The z coordinate is positive upward. (See
fig. 1.)

, _,/ ,
/‘\

-

~

Figure 1.- Coordinate system,

The time unit in WIDOWAC is the second. Other units are arbitrary, but consistent,3
except for altitudes which must be in meters because of the standard altitude tables used by
the program. All units are dimensijonal, except for the aerodynamic grid which is in terms
of nondimensional coordinates to be discussed in a subsequent section.

3The term consistent implies, for example, that if the length unit for the structure
is the inch, and the force unit is the pound, then speeds must be in in/sec and masses in
Ib-sec?/in.



Structural Model

The structural model used in WIDOWAC is based on a wing without camber or twist
and the following assumptions concerning the deformations are made:

{1) There is no relative z motion between corresponding points (that is, points
having the same X,y coordinates) on the lower and upper surfaces of the wing,

(2) The x,y displacements of a point on the upper wing surface are equal in magni-
tude and opposite in sign to those of the corresponding point on the lower wing surface
{that is, pure bending).

Because of these assumptions, only nodes on the upper wing surface are included in
the structural model. The shear web used in WIDOWAC (ref. 1) is defined by two nodes
on the upper wing surface. The other two nodes are assumed to be the corresponding
points on the wing middle surface. The constraints embodied in the assumptions on the
motion of the upper and lower wing surfaces are built into the shear web element; thus,
these constraints are automatically accounted for.

In addition to the shear web element, the following finite elements are available in
WIDOWAC and are essentially the same as the corresponding NASTRAN elements (ref. 2):

(1) Rod element (CROD in NASTRAN)
{2) Triangular constant strain membrane element (CTRMEM in NASTRAN)

(3) Quadrilateral element (CQDMEM in NASTRAN) which is formed from two sets of
triangular constant strain elements. One set of two triangles is formed by using one diago-
nal, and the other is formed by using the other diagonal.

The only constraints that may be applied to the wing structure are single point con-
straints specifying that a given displacement component is zero (see section "Boundary
Condition Data Deck'), The WIDOWAC programs can be used to analyze a wing having
rigid-body degrees of freedom, but the user must add the minimum number of dummy
constraints4 that are required to constrain the wing fully. The external loads in this case
must be self-equilibrating so that the dummy constraints do not have any effect on the
stress distribution, For the calculation of vibration modes, the rigid-body motion is speci-
fied by the user in the form of rigid-body modes. The elastic modes are then constrained
to be orthogonal to the rigid-body modes with respect to the mass matrix.

The mass matrix used in the finite-element model is based on lumped masses and
must be positive definite. As a consequence, each node must have nonzero mass either in
the form of structural mass or in the form of nonstructural mass.

4Note that insofar as the input is concerned, there is no difference between dummy
and real constraints,
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Design Variables and Segments

WIDOWAC may be used to minimize total mass by optimizing the thickness of the
structural elements and the magnitude of tuning masses. The design variable definition
is established by identifying some structural thickness or nonstructural mass with a design
variable number. Once this identification is made, the incremental thickness above mini-
mum gage or the mass will have the value given to the design variable.

The use of mathematical programing for the optimization procedure limits the num-
ber of design variables that may be used with reasonable computation times. Thus, for
many problems it is not practical to associate a separate design variable with the thickness
of each finite element. In WIDOWAC, it is possible to assign the same design variable to
more than one element thickness. It is also possible to divide part of or all the wing skin
into segments containing one or more elements with linear variation of incremental thick-
ness within each element. Thus, a single design variable may control the thickness of a
single element, a group of elements, or the vertex of a segment. Note that the segment
type of thickness definition is available only for the skin-membrane finite elements but not
for the shear-web or rod finite elements.5 Note also that parts of the structure may be
assigned no design variables; thus, they remain unchanged during the optimization process.

A typical example of the use of segments is shown in figure 2. The wing is divided
into six segments, each consisting of a few finite elements. Design variables are assigned
to the thickness of the vertices of the segments. If the segment is triangular, its thickness
variation is assumed to be linear. A quadrilateral segment is divided into two triangles
and the thickness is assumed to be linear in each triangle for the purpose of ealculating the
thickness at the nodes.

The thickness of each finite element in a segment is assumed to be the average of
the thickness at its nodes, It is possible to assign the same design variable to more than
one vertex; thus, further constraints may be imposed on the thickness variation. Assigning
design variables to individual elements in a segment (unless the segment contains only one
element) is not allowed,

Some elements or segments have thicknesses which are completely fixed (invariant),
and others have thicknesses which are composed of a fixed part and an incremental part
which is controlled by the design variables, The same holds for the nodal masses. Part
of the mass at a node is associated with the fixed part of the structure, part of the mass is
associated with the thickness which is controlled by design variables, and at some nodes
there is additional mass due to the tuning masses which are controlled by design variables,

5For rod elements it is the cross-sectional area rather than the thickness that is
the design variable,
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Figure 2.- Typical model for defining design variables,

The thickness of elements input in the element data deck, the thickness of the seg-
ment vertices input in the segment data deck, and the masses input in the mass data deck
(see sections on these data decks) define the fixed part of the structure. The controlled
part of thicknesses and masses is defined by the user by identifying thicknesses and masses
with design variables and assigning values to these design variables. Design variables may
not be negative so that the part of the structure defined by specifying element and segment
thicknesses is the minimum gage structure. The total thickness of any element is always
the sum of its minimum gage thickness plus the additional part defined by the design vari-
able, if any, which controls the thickness of that element. (Note that a design variable may
control the thickness of the element indirectly by defining the thickness at the vertex of the
segment in which the element is located.) The segment thickness data override the element
thickness data, except when the thicknesses of all segment vertices are set to a value of -1,
Thus, it is possible to define the minimum gage in a segment of the wing by using element
data and the optimization procedure increments the thickness by using segment data. -
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Flutter Calculations

The flutter problem is solved by using the vibration modes of the structure as gener-
alized coordinates. The calculation of the vibration modes is done by simultaneous mode
iteration (ref. 3) and is controlled by the user through the two parameters NEIG and
NVEC (namelist DIMNSHN). NEIG is the number of vibration modes needed for the
flutter analysis and NVEC is a larger number of modes used during the iteration process
to accelerate the convergence of the vibration modes. The optimum ratio of NVEC to
NEIG is problem dependent, but NVEC = 1.5 NEIG is usually reasonable. The vibration
modes are orthogonal (with respect to the mass matrix) to the rigid body modes, if any.

Any number of subsonic or supersonic flutter conditions (for example, different Mach
numbers or altitudes) may be specified and divergence is treated as a special case of flutter
at zero frequency. The general procedure in using WIDOWAC for flutter calculations is to
perform an analysis run in order to establish the lowest flutter point for a given wing. If
the wing is to be resized so that a flutter constraint is satisfied, the flutter point obtained
from the original flutter analysis is used as the initial flutter point for the optimization
run. Note that the starting point must satisfy the flutter constraint. After the optimized
structure has been determined, an additional analysis run should be performed for the
optimized design to insure that a lower flutter point does not exist for the wing. The pro-
gram's input and output for each flutter condition depends on whether it is an optimization
run or an analysis run, and also whether it is a subsonic or supersonic flutter condition.

Subsonic flutter conditions.- For subsonic flutter conditions, the flutter analysis is
for a constant Mach number which is specified by the user. Program EXEMAN requires
the aerodynamic matrices generated by the subsonic kernel function program, program
SUBKRN. The input to this program (see section "Namelist NAM1") includes the Mach
number and the number and range of the reduced frequencies for which these aerodynamic
matrices are calculated. The aerodynamic matrices are put on a disk file ¢called TAPE17
unless the user intervenes through a control card (see section "Control Cards and Job
Organization™) and may be saved for later use. When more than one subsonic condition is
imposed, it is necessary to put at least one set of aerodynamic matrices on a file different
from TAPE17. Program SUBKRN need not be executed if the aerodynamic matrices for
all Mach numbers and reduced frequencies are already available from previous runs and
are stored on a permanent storage device such as a magnetic tape.

Analysis run: For a subsonic flutter analysis run, the program generates V,g
tables for three altitudes and finds the matched flutter point (ref. 4) at which speed, alti-
tude, and Mach number are consistent with the standard atmosphere. The procedure is as
follows: The first altitude is specified by the user (HINIT in namelist FLUTER). The
lowest flutter speed (that is, lowest speed when the required structural damping becomes
larger than the user-specified critical damping g, (fig. 3(a)) is found by linear

11



interpolation from the V,g tables. Generally, this flutter point is not a matched point.
The program seeks the matched point by looking for a second altitude in the standard
atmosphere by assuming that the dynamic pressure is constant and equal to that of the
flutter solution found for the initial altitude., This process is repeated twice more so that
the V,g tables are generated for three altitudes. (See fig. 3(b).) Usually, if the initial
altitude is within 15 000 meters from the matched altitude, the altitude and frequency pre-
dicted by the last V,g table would be good enough to start the optimization process,

g (a), (B) Flutter points

(Cy Near-flutter points

fa) V,g diagram.

. 1 Matched point

2 V,g crossing
3 (flutter boundary)

Standard
atmosphere

g o (H)
Uinietal

2.2

(b) Matched-point calculation. M = Constant; q = —zl-sz = =pM*“a“,

B =

Figure 3.- Calculation of a matched flutter point,
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\ The values of the reduced frequency for which the V,g points are calculated depend
on the parameters KMAX, KMED, KMIN, NK, and IGAIN in namelist FLUTER. The
first four parameters define the reduced frequencies for which the aerodynamic matrices
are calculated {or are available). The generalized aerodynamic forces for additional values
of the reduced frequency are interpolated from the NK values which are calculated from
the aerodynamic matrices.

Optimization run: For a subsonic flutter optimization run, the program requires a
close initial estimate of the altitude (HINIT) and the frequency {OMINIT) at the flutter point.
Such estimates may be obtained by first running WIDOWAC in the analysis mode. (See
previous section.) The program seeks the exact matched point by using Newton-Raphson
iteration to drive the complex determinant of the flutter equations to zero by varying the
frequency and altitude. As the structure is being changed, the program seeks a new flutter
point in the vicinity of the previous point. The user should be aware of the danger of mode
switching which might cause an additional flutter mode to appear at a lower speed during
the design process. Thus, although in figure 3(a) the lowest flutter crossing is point (A),
it is possible that as the structure is changed, the crossing (B) may move to the left and
become the critical condition. The user may guard against the mode (B) flutter speed
becoming lower than the specified speed by assigning to crossing (B) another flutter con-
straint (that is, have two flutter constraints at the same Mach number). It is not possible
in WIDOWAC to guard against the mode (C) becoming critical, and it is recommended that
the final design be reanalyzed to check that such mode switching has not occurred.

Supersonic flutter conditions.- For supersonic flutter conditions the flutter calcula-
tions are performed at a constant altitude defined by the user by specifying the values of the
air density, speed of sound, and specific heat ratio. The aerodynamic matrices are calcu-
lated in program EXEMAN in this case so there is no need for any file handling as in a
subsonic case. The Mach number appears explicitly in the formula for the matrices so
there is no problem of a matched point for a supersonic flutter condition,

Analysis run: For an analysis run the user specifies a grid of values of speeds and
frequencies and the program calculates the flutter determinant at the points of this grid.
The user must look for a simultaneous change in the signs of the real and imaginary parts
of the flutter determinant to locate a flutter point,

Optimization run: For an optimization run the program requires a close initial esti-
mate of the speed (VINIT) and the frequency (OMINIT) at the flutter point rather than alti-
tude and frequency as in the subsonic case. Such estimates may be obtained by first run-
ning WIDOWAC in the analysis mode. (See previous section.) The optimization process
js the same a8 in the subsonic case except that the frequency and speed are varied rather
than the frequency and altitude.
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Aerodynamic Grid

The natural vibration modes of the wing are used in WIDOWAC as generalized coor-
dinates for the flutter equation. These modes are calculated by using a finite-element
model of the structure and, therefore, are available directly only at the nodes of that struc-
tural mode. For the caleculation of the generalized aerodynamic forces, the deflection and
streamwise slopes of the natural vibration modes are needed at sets of integration and col-
location points which generally do not coincide with the structural nodes. The modes are
evaluated at these points by interpolation. In WIDOWAC, only one-dimensional spline
interpolation along chord lines is available and, therefore, enough structural nodes should
be located along streamwise lines to make such interpolation possible. The user defines
the subset of the structural nodes which is to be used for interpolation by defining the
chords on which these nodes lie and the node numbers. (See section "Aerodynamic Grid
Data Deck".) All the chords defined by the user are used by the program for integration
of the generalized aerodynamic forces. Integration points along these chords are chosen
by the program. The user specifies both the subset of the chords and the number of col-
location points along each chord to be used in the solution of the subsonic downwash-
pressure integral equation. The number of chords is equal to the number of spanwise
pressure functions and the number of collocation points along a chord is equal to the num-
ber of chordwise pressure functions. The choice of chords and number of collocation
points is a matter of experience and is problem dependent. It is suggested that for new
problems, these parameters should be varied to check convergence. Run time for optimi-
zation under subsonic flutter constraints is sensitive to the number of collocation points
and this number should be kept to a minimum.

Optimization Method
WIDOWAC uses the Sequence of Unconstrained Minimization Technique (SUMT) with

an interior penalty function accounting for the constraints. The optimization problem is
to minimize the mass W subject to the constraints

g,(¥) 2 0 (i = 1(1)ncon)

where ¥ represents the vector of design variables, g is the ith constraint and n con
is the number of constraints. This constrained optimization problem is transformed into

the following series of unconstrained problems: Minimize

n

&on
f=Wa+r » 2
i=1
for r = TysTolgy « . oyl = 0. The sum which is added to the mass is called the penalty
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‘function and it is composed of individual constraint penalty terms T, /gi where the T,
are arbitrary factors. For large values of r, the minimum of f is well away from all
constraints, and as r is made smaller, the minimum of f approaches some of the con-
straints. The penalty terms act as "padding" over the constraints and lessen the chance
of the design converging into a corner which represents only a local minimum. For each
value of r the unconstrained minimization is performed by using Newton's method with
approximate derivatives used for generating a search direction and a one-dimensional
search is then used for locating the minimum in that direction. The minimization for a
single value of r is terminated when any one of the following criteria is satisfied:

(1) The Euclidean norm of the gradient vector, calculated by forward finite differ-
ences, of the object function is reduced by a factor of 20 from its initial value (gradient
convergence).

(2) The program estimates that the last one-dimensional search was initially less
than 2 percent from the minimum (quadratic convergence).

(3) Five one-dimensional searches have been executed.

The user has control over the optimization procedure by specifying the values of r
and T, (R and TUL(I}) in namelist OPTIMUM, respectively) and the factor RDC
(namelist OP TIMUM) which is used to reduce R after each one of the unconstrained
minimizations., The combination of a large value of R and a small value of RDC keeps
the search away from the constraints longer and thus lessens the chance of converging to a
local minimum, but increases the run time. A rule of thumb often used is to pick a value
of R which makes the penalty function roughly equal to the mass for the initial design.

The output of WIDOWAC includes the values of g; for the constraints. The smal-
lest g; values are the ones the program determines to be the most critical. The user
has control over the relative importance of each constraint by specifying different values
of Ti'

Constraints.- Three types of constraints may be imposed in WIDOWAC: stress,
flutter, and minimum gage constraints. The stress constraints are based on Hill's cri-
terion. (See ref. 5, p. 26.) The stress constraint Bst is

8t = 1-8SRz0
where the stress ratio SR is defined as

SRz- U_lzqﬁozq. 3224. 0122
R s, & 5 Sqg
1 11 2 12

where oy Ty, and 019 are the stresses and S1» Sg» and S1gq are the corresponding
allowable stresses. The stress constraint is applied to each element individually; but for
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the purposes of printout and performing a one-dimensional search, it is summed over all
elements and lumped as

-1
Tel

B,o= (L » 1
st Net “':’1 gSt,i

v
(]

i

where i denotes element i, Ny is the number of elements, and Est is the lumped
stress constraint.

Either subsonic or supersonic flutter constraints may be applied. For a supersonic
flutter condition the constraint is that the flutter speed Vf must be above a critical
value Vf ert that is,

-1- szcr >0
8,i = =

i
where 1 denotes the ith flutter condition (assumed to be supersonic). For a subsonic
flutter condition the constraint is that the flutter altitude Hf must be below a critical
value Hf’ or that is,

g = 1- (ﬁ
,i —
Hf,cr HF i

where Hp is a normalizing (floor) altitude {usually a large negative value) so that
Hf > HF all through the design process.

The minimum gage constraint requires that the design variables be positive. This
condition implies that the structure obtained when all the design variables are equal to
zero is the minimum gage structure.

PROGRAM COMPUTER DETAILS

Machine Requirements

The WIDOWAC programs are written for the Control Data Corporation (CDC) 8000
series computers. The programs run under the Control Data Corporation SCOPE system
(NASA Langley Research Center version). Most of the programing is written in FORTRAN
IV; however, some special-purpose subroutines are written in COMPASS. These subrou-
tines include comment cards which describe how they may be converted to FORTRAN,
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Storage Allocation

For execution, the WIDOWAC programs require a minimum of 60 000 octal storage on
the CDC operating system, The actual storage requirements for the arrays in programs
CONMAN and EXEMAN are printed out by the programs as the amount of blank common
which is required. The total field length is the first address of the blank common plus the
blank common requirement. Since the field length is problem dependent, the user has to
estimate the required field length for any new problem that he runs. An approximate
formula (in octal) for the field length required for an analysis run (no design variables) is

FLg = 620005 + (11 NEL + NNOD(72 + 1.5 NNOD)

where NEL is the number of finite elements and NNOD is the number of nodes. For
an gptimization run, the additional field length is approximately

1
AFLg = |NEL(1 + NDV) + NNOD? (1 + NDVZ)
8

where NDV is the number of design variables. These formulas provide only very rough
estimates, but are usually conservative.

Control Cards and Job Organization

WIDOWAC is composed of three separate programs. The first program CONMAN
reads and processes the input data, and the second program EXEMAN executes the analysis
or optimization. Additionally, a third program SUBKRN is used to generate the subsonic
kernel function aerodynamic matrices that are used in the flutter analysis. If no flutter
constraints are imposed, or if the aerodynamic matrices are available from previous runs,
there is no need to use program SUBKRN, Otherwise it is executed after program
CONMAN,

Program SUBKRN has to be executed once for each set of aerodynamic matrices (a
set of aerodynamic matrices being determined by a planform, Mach number, and a set of
reduced frequencies). SUBKRN outputs the aerodynamic matrices on file TAPE17 which
is the fourth parameter on the program card. If more than one set of aerodynamic matri-
ces is generated (for multiple flutter conditions) by executing SUBKRN more than once,
this file name should be changed to be different for each set. Program EXEMAN has only
TAPE17 in its program card so that if more files are used for the aerodynamic matrices,
these files have to be added to the program card of EXEMAN,

Example:

The following example was excerpted from a WIDOWAC run on a2 CDC 8600 computer
for three subsonic flutter conditions, The aerodynamic matrices for the third flutter
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condition were calculated previously and are available on file TAPE25. It is assumed that
previous control cards have placed the object decks for the three programs on files
CONMAN, EXEMAN, and SUBKRN.

ALTLIB (CONMAN, EXEMAN, CONMAN) mutual exchange of common sub-

routines (ref. 6)
ALTLIB (EXEMAN, CONMAN, EXEMAN)

CONMAN.

SUBERN. aerodynamic matrices on TAPELT7
SUBKRN {,,, TAPE19) aerodynamic matrices on TAPE19
EXEMAN.

7/8/9

data for CONMAN

7/8/9

data for SUBKRN for first flutter condition
7/8/9

data for SUBKRN for second flutter condition
68/7/8/9

Note the following:

(1) The program card of EXEMAN had to be changed to include TAPE19 and TAPE25
which involves recompilation of EXEMAN.

(2) In this example, namelist FLUTER is read in CONMAN once for each of the three
flutter conditions with the NTAPE parameter being consecutively 17, 19, and 25,

(3) To avoid file conflicts, it is recommended that the file numbers for the aerody-
namic matrices be 17 (that is, TAPE17) or larger.
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INPUT FOR PROGRAM CONMAN

The input for program CONMAN is defined schematically

in figure 4. In the follow-
ing discussion,

€ach namelist and data deck used in the input is defined. The order of the

following descriptions of the data units is the same as the order of the data units in
figure 4.

E SOPTIMUM
f $SCONSTR

L RIGID BODY MODE DATA DECK

Required only if [ AERODYNAMIC GRID DATA DECK
segment data deck
is present ( LOAD DATA DECX

( MASS DATA DECK

STETA

f SEGMENT DATA DECK ]

[ BOUNDARY CONDITION DATA DECK _J

L ELEMENT DATA DECK ]

1 NODAL DATA DECK _l

L $MATTER |

f $FLUTER _J
f SUNIT N
( SWNGEQM J

I SDIMNSHN

‘( SOPTION |
( TITLE CARDS 1 ]

Figure 4.- Program CONMAN input data deck arrangement.
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Title Cards

Any number of title cards may be used. Column one must be blank on all but the
last card where it is 1. Columns 2 to 80 of all the title cards are printed at the beginning
of the output.

Namelist OP TION
This namelist includes some of the control parameters for the program:

IPRINT Print eontrol
[PRINT = 1, normal printout, see section on output below.
IPRINT = 2, besides normal output the program gives the relative addresses
for each array in blank common and values of the design variables for each
one-dimensional search, the derivatives of the object function, the direction
of search and the values of the mass and penalty function.
IPRINT = 3, besides the output given for IPRINT = 2, the program gives the
eigenvalues (natural frequencies squared) and constraint ratios for each point
of a one-dimensional search, and the stress field, the displacement field, and
the flutter determinant at the end of a one-dimensional search.
Default = 1

IZCOR IZCOR = 0, z coordinates calculated by assuming a circular biconvex airfoil
with thickness ratio DR (see namelist WNGEOM)
IZCOR = -1, input z coordinates
Default = -1

I0PT IOPT = 1, analysis only
I0PT = 2, optimization
Default = 1

IPUNCH TIPUNCH = 1, punch the natural modes.
[PUNCH = 0, do not punch the natural modes.
Default = 0

Namelist DIMNSHN

This namelist controls the storage allocation for arrays in blank common and there-
fore the total core requirement. Some of the parameters in the namelist have to be exact
(marked below by an asterisk) and the rest are only upper bounds. All parameters have a
default value of zero,
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NDV
NEIG(*)
NEL
NF(*)
NFREE(*)
NL(*)
NMAT
NNOD
NOC(*)
NS(*)
NSN
NT(*)
NTSEG(*)

NVEC(*)

number of design variables

number of vibration modes for the flutter analysis
number of finite elements

number of flutter conditions

number of rigid—body modes

number of leading-edge cranks

number of materials

number of nodes

number of constrained nodes

number of X points per y station for collocationﬁ

maximum number of nodes per segment
number of trailing-edge cranks
number of segments

number of eigenvectors iterated in subroutine EIJEN1. It is recom-
mended that NVEC = 1,5* NEIG

maximum number of x points per y station6

number of y stations used for collocation (less than or equal to
NY§S)6

number of input ¥y sta.tions6

8
See section "Aerodynamic Grid Data Deck,"

21



Namelist WNGEOM

This namelist defines the wing planform:

X1R x coordinate, leading-edge root

XLT x coordinate, leading-edge tip

XTR x coordinate, trailing-edge root

XTT x coordinate, trailing-edge tip

YTIP y coordinate, tip

XL{) a vector containing the x coordinates of crank points on leading
edge

YL() a vector containing the y coordinates of crank points on leading
edge

XT() a vector containing the x coordinates of crank points on trailing
edge

YT() a vector containing the y coordinates of crank points on trailing
edge

DR ratio of maximum depth of airfoil to local chord, applies only to bicon-

vex airfoils for automatic generation of z coordinates (See IZCOR
parameter in Namelist OP TION.)

For an uncranked wing, the following parameters may be used instead of the pre-

ceding list:
AR aspect ratio, Spanz/Area
AREA surface area, (Span) (Root chord + Tip chord)
ANGLE1 leading-edge sweep angle, degrees
TAPER taper ratio, Tip chord/Root chord

22



XLR X coordinate, leading-edge root

DR ratio of maximum depth of airfoil to local chord, applies only to
biconvex airfoils for automatie generation of z coordinate (See
IZCOR parameter in namelist OP TION.)

Note the following:

(1) The number of leading- and trailing-edge crank points should be NL and NT,
respectively, as given in namelist DIMNSHN (a maximum of 8 each).

(2) The quantity x is positive aft and v increases in the outboard direction. (See
section "Coordinate System and Units.")

Namelist UNIT

The purpose of this namelist is to reconcile the uger's units and scale factors with
those built into the program.

LUNIT ratio of user length unit to one meter, default = 1
For example, if the length unit is the foot, LUNIT = 0.3048

MUNIT ratio of user mass unit to 1 kg, default =1
For example, if the mass unit is the slug, MUNIT = 14.6

G gravity constant, default = 9.81

MNORM scale, factor that multiplies tuning (design) masses to make their
magnitudes the same order as the thickness variables, default = 0.1
For example, if the typical design thickness is 0.002 m, and the typi-
cal design mass is 100 kg, then choose MNORM = 2 x 10-5,

Namelist FLUTER

This namelist is read once for each flutter condition to be considered. The number
of flutter conditions to be considered is indicated by NF which is read in namelist
DIMNSHN, and namelist FLUTER must appear NF times in the input deck. Some of
the parameters in namelist FLUTER must be read for each flutter condition; others are
read only for a supersonic condition, and others are read only for a subsonic condition.
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The following parameters must be read for each flutter condition:

KFK

OMINIT

DELOM

OMFIN

KFK = 1; supersonic condition
KFK = 2; subsonic condition

initial frequency, radians/sec
frequency increment, radians/sec

final frequency, radians/sec, needed only for IOPT = 1

The following parameters are needed for a subsonic flutter condition only:

HINIT

DELH

HFIN

HCR

MACH

85G

KMAX

KMED

KMIN

NK

NTAPE

REF

IGAIN

initial altitude, meters

altitude increment, meters

a lower bound on flutter altitude, meters

flutter constraint altitude (matched conditions}, meters
Mach number

structural damping coefficient, default = 0.02
maximum reduced frequency

median reduced frequency (half of the reduced frequencies are above
KMED)

minimum reduced frequency

number of reduced frequencies for which aerodynamic matrices are
available

file tape number for aerodynamic matrices
reference frequency

ratio of number of entries in V,g table to NK



The following parameters are needed for a supersonic flutter condition only:

VINIT initial speed

DELV speed increment

VFIN final speed, needed only for IOPT = 1
VCR flutter constraint speed

A speed of sound

RﬁOA air mass density

GAMA ratio of specific heats (Cp /Cv)

Note the following:

(1) The analysis option (IOPT = 1) of WIDOWAC can be used to provide an analysis
for subsonic or supersonic conditions. For subsonic conditions, this option produces V,g
tables and calculates the flutter altitude, For a supersonic condition WIDOWAC produces
a table of the real and imaginary parts of the flutter determinant as a function of frequency
and speed. The flutter point is found by searching the table for simultaneous change in
sign of the real and imaginary parts of the flutter determinant. The grid of values of fre-
quency and speed is determined by OMINIT, DELOM, OMFIN, and VINIT, DELYV,
VFIN,

(2) For IOPT = 2, OMINIT and VINIT or HINIT have to be a good approxima-
tion to the flutter point. DELOM, DELV, and DELH should be small as they are used
for the purpose of calculating derivatives by using finite differences. The following values
are recommended:

DELV = 10”%* VINIT
DELOM = 10”2+ OMINIT

DELH = 0.1 meter

(3) Only TAPE1T is provided on the EXEMAN program card for aerodynamic matri-
ces. Any number other than 17 used for NTAPE should be accompanied by a change in
the EXEMAN program card.

(4) For divergence, set OMINIT = DELOM = 0,

25



(5) The starting point of an optimization run must satisfy the flutter constraint.

(6) KMIN, KMAX, and KMED define the range of the NK reduced frequencies
for which the aerodynamic forces are calculated. (See appendix D.)

Namelist MATTER

This namelist is read once for each material (that is, NMAT times). Each mate-
rial may be characterized as isotropic, orthotropic, or anisotropic. The namelist includes
all the parameters which are needed for any tyr of material, but only the appropriate
parameters should be input.

The following parameters are needed for 2ny type of material:

IMAT material identification number. Default = 1 for first namelist, one
plus previous IMAT thereafter

RHO mass density, default = 0

SIGMAL1 stress allowable — direction 1, default = 1020

SIGMA2 stress allowable — direction 2, (it is necessary" that
. SIGMA2 = SIGMA1) default = 10%0

SIGMA12 stress allowable in shear, default = 1020

IFL terminator. Set to 1 on last MATTER Namelist

The following parameters are needed for isotropic materials:

E Young's modulus, default = 0.
U Poisson's ratio, default = 0.
GG shear modulus, default = 0,

Note that if one (and only one) of the three parameters is zero by default or input, it is
changed internally to conform with the relation E = 2(1 + UYGG.

TBecause the stress criterion (ref. 5) is limited to that case.
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The following parameters are needed for orthotropic materials:

E1 Young's modulus, direction 1, defauli = 0.
E2 Young's modulus, direction 2, default = 0.
U112, U2t Poisson's ratios, default = 0,

G12 shear modulus, default = 0.

Note that if either Ul12 or U2l is zero by default or input, it is changed internally to
conform with the relation: E1 * U21 = E2*U12.

The matrix of elastic constants QQ is needed for an anisotropic material and is
based on engineering shear strains. This matrix is assumed to be symmetric and only
its lower part is needed (that is, QQ(1,1), QQ(2,1), QQ(2,2), QQ(3,1) QQ(3,2), and
QQ(3,3)). Default =0 for all components of QQ.

Nodal Data Deck

This deck defines the coordinates of the nodes and may also be used to put nonstrue-
tural masses at the nodes. The z coordinates read in this deck are not used if
IZCOR = 0 (see namelist OPTION), and instead, they are calculated from the formula for
a biconvex surface. FEach card in this deck, except the last one, has the following form:

Columns 2 to 5: node number, right justified integer
Columns 11to 20: x coordinate

Columns 21 to 30: y coordinate

Columns 31 to 40: z coordinate

Columns 41 to 50: nonstructural mass at node

The last card in the deck has the following additional data:

Column 1: 1 (acts as terminator)

Columns 51 to 60: fl, a scale factor that multiplies all the x coordinates,
default = 1.
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Columns 61 to 70: fz, a scale factor for the vy coordinates, default

1
et

Columns 71 to 80: f3. a scale factor for the z coordinates, default

1]
—

Note the following:

{1) Node numbers may appear in random order, but when all the nodal data have
been read, there must be a node number for each integer from 1 to the largest node number,

(2) Node numbers should not be larger than NNOD (see namelist DIMSHN)}.
(3) Additional nonstructural mass may be input by using the Mass Data Deck,
described in a later section,
Element Data Deck

This deck defines elements by specifying their nodes, their type, thickness, material,
material orientation, and associated design variables. Each card in this deck, except the
last one, has the following form:

Columns 2 to 5: element number, right justified integer

Column 10: element type

1 Rod element (isotropic only}

2 Triangular membrane element

3 Quadrilateral membrane element

4 Shear web element (isotropic only)

If blank or zero, the element type is assumed to be that of the last pre-
viously read element type number.

Columns 11 to 15: first node number, right justified integer
Columns 16 to 20: second node number, right justified integer
Columns 21 to 25: third node number, if any, right justified integer
Columns 26 to 30: fourth node number, if any, right justified integer

Columns 31 to 40: element thickness; if blank or zero, the thickness is assumed to
be that of the last previously read element thickness.

Columns 41 to 45: design variable number that controls the thickness of the element,
right justified integer; blank if thickness is not variable or if it
is controlled by segment data.
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Columns 46 to 50: material identification number (see namelist MATTER), right
justified integer; if blank or zero, the material identification num-
ber is assumed to be that of the last previously read material
identification number.

Columns 51 to 60: material property orientation angle THETA in degrees (angle
between +90° and ~90°); measured from the line defined by the
first two (as read in on this card) element nodes: positive when
counterclockwise from element line to material line. (See fig. 5.)

Columns 61 to 65: the segment to which this element belongs, right justified integer.
If left blank, the program finds the segment, if any, containing the
element from geometrical considerations.8

Additionally, the last card in the deck has a 1 in column 1 acting as a terminator.
Note the following:

{1) Element numbers may appear in random order, but when all the element data
have been read, there must be an element number for each integer from 1 to the largest
element number,

(2) Element numbers should not be larger than NEL, (See namelist DIMNSHN.)

(3) Element type, thickness, or material may not be blank or zero on the first card
of this deck.

Theta Theta

Quadrilateral element Triangular element

.Figure 5.- Element material property orientation angle.

81f two segments occupy the same area (for example, two laminae of a composite
materizl), WIDOWAC might assign the element to either one if columns 61 to 65 are left
blank.
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Boundary Condition Data Deck

This deck is composed of constraint cards. Each card has constraints for eight
nodes, except the last card which may have less. (A total of NOC constraints is read.)
Fach card is divided into eight fields of 10 columns each having the following form:

Columns 1 to 5: node number, right justified integer
Column 7: 0if x displacement is constrained to zero, 1 if unconstrained
Column 8: 0if y displacement is constrained to zero, 1 if unconstrained

Column 9: Oif z displacement is constrained to zero, 1 if unconstrained

The next field has similar data in columns 11 to 15, 17, 18, and 19; the next one in col-
umns 21 to 25, 27, 28, and 29; and so on.

Segment Data Deck

This deck is composed of segment definition cards. It is omitted if there are no
segments (NTSEG = 0 in namelist DIMNSHN above), If this deck is present, then name-
list TETA (see next section) must also be included.

Each segment definition card (NTSEG cards) except the last one has the following
form:

Columns 2 to 5: node number of first vertex, right justified integer
Columns § to 10; node number of second vertex, right justified integer
Columns 11 to 15: node number of third vertex, right justified integer

Columns 16 to 20: node number of fourth vertex, if any, right justified integer
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Columns 21 to 30:

Columns 31 to 40:

Columns 41 to 50:

Columns 51 to 60:

Columns 81 to 65

Columns 66 to 70:

Columns 71 to 75:

Columns 76 to 80:

thickness at first vertex
thickness at second vertex
thickness at third vertex
thickness at fourth vertex, if any

number of the design variable which controls the thickness of
the first vertex, right justified integer

number of the design variable which controls the thickness of
the second vertex, right justified integer

number of the design variable which controls the thickness of
the third vertex, right justified integer

number of the design variable which controls the thickness of
the fourth vertex, if any, right justified integer

The last segment definifion card also has a 1 in column 1 as a terminator.

Note the following:

(1) If there is no design variable associated with a segment vertex, the appropriate

column is left blank.

(2) Segments are numbered in the order that they are read in.

(3) Segment data override element data for determining element thicknesses, unless
the thicknesses of all vertices are set to a value of -1. (That is, set the thickness of the
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segment vertices to -1 when the segment is to be used for defining the incremental thick-
ness during the design process but not the minimum gage structure.)

{4) The segment nodes must be read in cyclical order (clockwise or counterclockwise).

(5) Also see section '"Design Variables and Segments."”

Namelist TETA

This namelist is part of the segment data and must be included if the segment data
deck is present.

ITHETA ITHETA = 0, material angles defined by element data deck.
ITHETA = 1, material angles defined by THTSEG.

THTSEG(I) angle between principal material axis in segment I and x-axis;
positive when counterclockwise from x-axis to material axis.

Mass Data Deck

This deck inputs the nonstructural mass. If no nonstructural mass is used, this deck
consists of one card with the word NOMAS (keyword indicating that there is to be no mass
data) in columns 2 to 6. The following options are available:

(1) Concentrated masses, each of magnitude m, are placed at nodes j where
j= ni(l)“Z' It desired, the magnitude of these masses may be made variable (tuning mass)
and controlled by design variable i. For tuning masses the initial value of a mass is
defined by the value of the design variable input in namelist OPTIMUM. (See section
"Namelist OP TIMUM.") Each card has the following form:

Columns 2 to 6: CMASS, key word to represent concentrated mass being read in
Columns 11 to 15: ny, right justified integer

Columns 186 to 20: ny, right justified integer

Columns 21 to 30: m

Columns 31 to 35: i, right justified

(2) Distributed masses of density p per unit area (unit length for rod elements)
are placed over elements j, where j= nl(l)nz. Each card has the following form:
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Columns 2 to 6: PMASS, key word to indicate distributed mass per unit area (unit
length for rod element) being read in

Columns 11 to 15: ny, right justified integer
Columns 16 to 20: n,, right justified integer
Columns 21 to 30: p

(3) Distributed masses of density p per unit volume (for example, fuel) are placed
between elements j, where j= nl(l)nz, and the wing middle surface. Each card has the
following form:

Columns 2 to 6: VMASS, key word to indicate distributed mass per unit volume

being read in

Columns 11 to 15: n,, right justified integer
Columns 16 to 20: n,, right justified integer

Columns 21 to 30: p

The last card in the deck has to have a 1 in column 1.
Note the following: |
(1) Option 3 (VMASS) may only be used for membrane cover elements.
(2) If there is no design variable associated with a concentrated mass, the appropriate
columns are left blank,
Load Data Deck

This deck inputs the loads on the wing. If there are no loads, the deck consists of
one card with the word NOLOD (key word indicating no load) in columns 2 to 6.

The following options are available:

(1) Concentrated load vector ( Fy, Fy, FZ) placed at nodes n; to ny. Each
card has the following form:

Columns 2 to 8: CLOAD, key word to indicate constant load vector
Columns 11 to 15: ny, right justified integer
Columns 18 to 20: n,, right justified integer
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Columns 21 to 30: FX
Columns 31 to 40: FY
Columns 41 to 50: Fz

(2) Distributed load in z direction of magnitude p per unit projected area {over
X,y plane) placed over cover elements ny to n,. Each card has the following form:

Columns 2 to 6: PLOAD, key word to indicate distributed load per unit projected
area being read in

Columns 11 to 15: ny, right justified integer
Columns 16 to 20: Ny, right justified integer
Columns 21 to 30: p

The last card of load data deck must have a 1 in column 1.

Aerodynamic Grid Data Deck

This deck defines the nodes of the aerodynamic grid (see section "Aerodynamic
Grid") and is omitted if there are no flutter conditions (that is, NF = 0). The nodes of
the aerodynamic grid are a subset of the nodes of the finite element model and have to be
along chordwise stations (constant y). This statement means that enough of the finite-
element nodes have to be along chordwise lines so that these nodes would be adequate for
the definition of the vibration modes over the entire wing.

The aerodynamic grid data deck consists of four groups of cards:

(1) Chord definition cards: There are NYS (see namelist DIMNSHN) nondimen-
sional y coordinates (fraction of the semispan), with 8 coordinates per card and 10 col-
umns per coordinate (8E10.0). They must be monotonically increasing.

(2) Number of nodes for each of the NYS chords defined in the previous group, with
16 numbers per card, and 5 columns per integer, right justified (161I5). No number on this
card may be larger than NXP. (See namelist DIMNSHN,)

(3) Definition of collocation chords: There are NYC integers defining which of the
chords in group 1 are used for collocation, with 16 integer numbers per card, and 5 col-
umns per integer, right justified (16I5). The root and tip chords may not be used for collo-
cation. The program automatically defines NS (see namelist DIMNSHN) collocation
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points per collocation chord. If only supersonic flutter conditions are imposed, the collo-
cation data are immaterial, and this group should consist of a blank card.

(4) Node definition: There are NYS sets of data in this group with the ith set con-
taining the node numbers for the ith chord, with 16 integer numbers per card, and 5 col-
umns per integer, right justified (16I5). If there are more than 16 nodes on a chord, use
more than one card for that station.

Rigid-Body -Mode Data Deck

This deck defines NFREE rigid-body modes. It is omitted if NFREE = 0
(NFREE is read in namelist DIMNSHN)., The first card of this deck uses the first
NFREE columns to define the type of each of the modes. Each one of the first NFREE
columns of this card may have a number from 0 to 3,

0 user inputs the rigid-body mode
1 plunging mode

2 pitching mode

3 rolling mode

For each mode of type 0, the z-displacement at the nodes follow, 7 numbers per card
in columns 1 to 10, 11 to 21, 21 to 30, 31 to 40, 41 to 50, 51 to 60, and 61 to 70. For exam-
ple, if a plunging mode and a rolling mode are to be included - NFREE = 2 and the only
card in this deck has a 1 in column 1 and a 3 in column 2.

Namelist CONSTR

This namelist defines the constraints (see section "Optimization Method™} which
apply to the design process or to the kind of analysis to be performed. All the parameters
in this namelist are type LOGICAL and may take only the values .TRUE. or .FALSE.
Default = .FALSE,

FLUTTER flutter analysis or constraints
STRESS stress analysis or constraints
GAGE minimum gage constraint

It is recommended that a minimum gage constraint always be used. This constraint
prevents the program from considering designs with negative thicknesses or masses.
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Namelist OP TIMUM

This namelist inputs the data needed for the optimization process but also may be
useful in an analysis run. For example, after an optimization run the resulting design
may be analyzed as a final check, and this namelist may be used to input the final values
of the design variables C(I).

R factor multiplying the penalty function, usually chosen to make the
initial penalty function roughly equal to the mass. Default = 50.

RDC R reduction factor. Default = 20,

c initial values for design variables. Default for a given C(I) is the
value of the last previously read thickness or mass assigned to the
design variable,

TUL(I) weighting factors for constraints. Default = 1 for all constraints,
except the siress constraint which is 30.

Note the following:

(1) For assigning value for the TUL(I), note that the constraints are ordered so that
the NF {lutter constraints occur first, followed by the stress constraint, and finally the
minimum gage constraint.

(2) Note that this namelist is read only if a nonzero design variable identification
number exists. (See element, segment, and mass data decks.) Therefore, to perform an
analysis using this namelist, retain the design variable identification numbers and value
of NDV f{rom a previous optimization run and set IOPT = 1 in namelist DIMNSHN.

INPUT FOR PROGRAM SUBKRN
This program is needed only if subsonic aerodynamic matrices are needed for a
combination of wing planform and sets of Mach number and reduced frequencies, for which

these matrices are not available from a previous run.

Title Card

One title card is read in and is written by SUBKRN on the appropriate subsonic
aerodynamic-matrix data file before the aerodynamic matrices data.
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Namelist NAM1

This namelist defines the Mach number and reduced frequencies for which the aero-
dynamic matrices are calculated, ‘

MACH Mach number, real number.

NK number of reduced frequencies. Default = 20
KMAX largest reduced frequency. Default = 4,0
KMED median reduced frequency. Default = 1.0
KMIN minimum reduced frequency. Default = 0.0

Note that KMIN, KMAX, and KMED define the range of the NK reduced fre-
quencies for which the aerodynamic forces are calculated. (See appendix D.)

OUTPUT

Output of Program CONMAN

The main function of this program is to process the input data and, therefore, the
output is primarily a reflection of the input. The output items of the program are listed
and explained whenever an item is more than a simple printout of a corresponding input
item,

(1) Title cards.

{2) Input options — printout of namelist OPTION.,

(3) Printout of namelist DIMNSHN,

(4) $ADRESS - a list of the relative addresses (decimal) of arrays in blank com-
mon, Printed if IPRINT > 1 in namelist OPTION,

(5) Leading- and trailing-edge cranks. XL,XT are the x-coordinates of the leading-
and trailing-edge cranks, respectively, read in namelist WNGEOM. Printed if there are
any cranks.

(6) Wing description — global parameters either read in namelist WNGEOM or cal-
culated from other data in this namelist.

(7) Printout of namelist UNIT.
(8) Flutter conditions, if any. Printout of namelist FLUTER.,
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(9) Material properties. Printout of namelist MATTER. Data for isotropic or
orthotropic materials are processed and printed out in the general form of an anisotropic
material.

(10) Segment data, if any. Printout of data read in the segment data deck and in name-
list TETA.

(11) Nodal data. The column labeled NRR contains zeros for constrained degrees
of freedom and ones for unconstrained degrees of freedom.

(12) Load data.

(13) Total mass.

(14) Element data.

(15) Aerodynamic grid data, if any.

(16) Rigid body modes, if any.

(17) Design constraints considered. Printout of namelist CONSTR,

(18) Input data for search routine. Printout of some of the data read in namelist
OPTIMUM (if IOPT = 2 in namelist OP TION).

{19) Design variable data, if any. Each design variable is identified with the thick-
nesses and masses that it controls. Also given are its initial value and derivative of the
total mass with respect to the design variable (obtained by forward finite differences).

(20) Total number of degrees of freedom and total storage area required for arrays
in blank common.

Output of Program EXEMAN

Program EXEMAN prints out the results of the initial analysis, the results of the
final analysis, and if IPRINT > 1, also some intermediate results. The output consists
of the following items:

(1) $ADRESS — Relative addresses {decimal) of arrays in blank common. Printed
if TPRINT > 1 in namelist OPTION,

(2) Length of blank common required for the program EXEMAN.
{3) Displacement field, Printed if STRESS = .TRUE. in namelist CONSTR.

(4) Stress and thickness? for each element. Printed if STRESS = .TRUE. in name-
list CONSTR.

9If design variables are used, this thickness is the increment over the minimum gage
thickness printed before in the element data.
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(5) Eigenvalues. The squares of the natural frequencies (rad/sec)2. Printed if
FLUTTER = .TRUE. in namelist CONSTR, and IPRINT = 3 in namelist OPTION.

(6) Flutter analysis. The results of the analysis for each flutter condition are given.
Four cases are possible.

(a) Subsonic condition, IOPT = 1. For a subsonic analysis V,g tables are
printed for three altitudes. The first altitude is the one given as HINIT in name-
list FLUTER, the other two are determined by the program in a search for a matched
flutter point. (See section "Flutter Calculations.””) For each altitude the flutter
speed (normalized by reference length and reference frequency) and flutter frequency
at the lowest crossing are given at the end of the V,g table. The predicted matched
point altitude, which is used for the next V,g table is also given along with an error
code ICODE. If ICODE = 0, the program could not find a2 matched altitude consistent
with the requirement of constant flutter dynamic pressure. ICODE =1 denotes that
more than 30 iterations were needed, ICODE =3 denotes that no matched altitude
occurs in the altitude range -10 000 m to 60 000 m.

(b} Subsonic condition, IOPT = 2. For a subsonic optimization run, the pro-
gram prints a table of the real and imaginary parts of the flutter determinant as a
function of the frequency and the altitude. The Newton-Raphson method is used to
drive the flutter determinant to zero. If, after seven iterations, convergence has’
not been obtained, the process is stopped and an initial point closer to the flutter
point is required in this case.

(c) Supersonic condition, IOPT = 1. For a supersonic analysis the program
prints the real and imaginary parts of the flutter determinant for a grid of values of
the frequency and speed determined by the parameters OMINIT, DELOM, OMFIN,
VINIT, DELV, and VFIN in namelist FLUTER. The user can locate the flutter
point by determining where both the real and imaginary parts of the flutter deter-
minant change signs simultaneously.

(d) Supersonic condition, IOPT = 2. For a supersonic optimization run, the
program prints a table of the real and imaginary parts of the flutter determinant as
a function of the frequency and speed. The Newton-Raphson method is used to drive
the flutter determinant to zero. I, after seven iterations, convergence has not been
obtained, the process is stopped and an initial noint closer to the flutter point is
required in this case.

The following output is obtained only for optimization, IOPT = 2.

(7) Constraint ratios g;- Each ratio represents the status of one constraint. If
B; < 1, then the design is close to the ith constraint. The NF flutter constraints, if any,
are given first, then the stress constraint, and minimum gage constraint, in that order.
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(8) Variable mass, total structural mass, penalty function, and current values of
design variables (CONSTANTS).

(@) If IPRINT = 3, outputs (5) and (7) are printed as each design variable is incre-
mented for the purpose of derivative calculation.

{(10) Move direction data to start a one-dimensional search. The derivatives of the
object function, the current values of design variables (CSAV), and the direction cosines
of the move are printed if TPRINT > L

(11) Outputs (5) and (7) are printed for each point of a one-dimensional search if
TPRINT = 3.

{(12) The penalty function and mass at the end of a one-dimensional search and the
distance traveled are printed if IPRINT > 1. The stress field and the flutter determinant
are printed if IPRINT = 3.

(13) An estimate of how much the object function (PFUNC) is above a minimum of its
current value, given as a fraction Q, is printed if I[PRINT > 1.

Steps 9 to 13 are repeated until convergence is assumed for a given value of R
because of any one of the following three conditions:

(1) Gradient convergence, the gradient of the object function is smaller than
0.05 times the gradient for the initial design.

(2) Quadratic convergence, the error prediction Q before the last move is
less than 2 percent (0.02).

(3) The limit on the number of one-dimensional searches is 5.

Print out the ratio (CTEST) of the penalty function (PF) to the object function (PFUNC) if
IPRINT > 1. I CTEST > 0.02, reduce R by RDC and go to step 14. If CTEST = 0.02,
the optimization is considered to be complete and steps 3 to T are printed out.

(14) The values of the design variables C(I) and final masses are printed for the
final design. The final values of the design variables may now be used to make an analy-
sis run as a check on the flutter constraints.

EXAMPLE PROBLEMS

Three example problems are presented to demonstrate the use of WIDOWAC. Exam-
ple 1 illustrates the analysis capability of WIDOWAC with multiple flutter conditions.
Example 2 demonstrates the optimization capability of WIDOWAC for both a subsonic and
a supersonic flutter condition and includes a concentrated tuning mass as one of the design
variables. Example 3 demonstrates a divergence problem. Comments on the input data
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and a discussion of the resulis for each example are provided in this section. The actual
input data and program output are presented in appendix F.

Example 1: Full-Depth Sandwich Wing — Analysis Run

The analysis capability of the program is demonstrated by carrying out the stress
analysis, two different subsonic flutter analyses, and one supersonic analysis of the bicon-
vex airfoil delta wing shown in figure 6.

The structure is represented by 100 finite elements, 38 grid points, and 6 segments.
Figure 6(a) shows the layout of the segments. Zero-deflection boundary conditions are
applied to the T grid points along the root in order to simulate a clamped condition. (See
fig. 6(b).) The shear web elements are made very stiff to represent a very rigid sand-
wich core. An aerodynamic grid point network shown in figure 6(b) is used with 7 stations
in the y direction (spanwise) and varying number of stations in the x direction (chord--
wise), The numbered structural grid points in figure 6(b) make up the aerodynamic grid
point network. Four of these y stations (see fig. 6(b)} are used for collocation (subsonic
aerodynamics) with four x stations per y station. The flutter analysis uses the first
five natural vibration modes which are a subset of nine modes that are generated by the
iteration procedure in order to accelerate the convergence of the first five modes.

Input to CONMAN

TITLE CARD One title card is used

$ OPTION IOPT is set for an analysis run and IZCOR is set for a biconvex
wing

$ DIMNSHN Parameters are set to the appropriate values for this case to provide

array-dimension data to the program

$ WNGEOM Geometric data for the wing are input
$ UNIT The English system of units is used to define this example with the

inch as the basic length unit, Since the program has been coded to
conform with the SI system of units, LUNIT and MUNIT must be
set to the appropriate conversion factors
LUNIT = 0,0254 since 1, in, = 0,0254 meters and
MUNIT = 175,1268348 since 1, slug = 14,5939029 kg or
1. Ib-sec2/in, = (12.)(14.5939029) = 175.1268348 kg
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{(a) Segment definition. Circled numbers represent segments.

Figure 6.- Example 1.
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$ FLUTER

$ MATTER

Namelist FLUTER is required once for each of the three flutter con-
ditions considered in this example, Flutter condition 1 is to be sub-
sonic at a Mach number equal to 0.6 and an initial altitude of

-1524 meters (-5000 ft), Note thal the program always requires that
altitudes be input in meters regardless of the units assumed for the
model. Note that the default values of SG, IGAIN, and NTAPE
were used for this flutter condition, With the default value of NTAPE,
the aerodynamic matrices are written on file TAPE17, Flutter condi-
tion 2 is to be subsonic at a Mach number equal to 0.75 and an initial
altitude of 3048 meters (10 000 ft). The required input is as in flutter
condition 1 but the aerodynamic matrices for this flutter condition are
written on file TAPE18. Flutter condition 3 is to be supersonic with
an air density of 0.549 kg/m3 (5.14 x 10-8 Ib-sec?/in4), a speed of
sound of 309.98 m/sec (12204 in/sec), and a specific heat ratio of 1.4,

Two materials are used to represent the structural model; therefore,
namelist MATTER is required once for each material.

NODAL DATA DECK In this example, the x coordinates of the nodal

points are input as fractions of the root chord,
and the y coordinates are input as fractions of
the semispan. The true physical coordinates of
the nodal points are generated by the use of the
multiplication factors F(1) and F(2) on the
last nodal point card. F(1} is input as the root
chord, and F(2) as the semispan,

ELEMENT DATA DECK Elemental thicknesses are set to 0.0508 cm

(0.020 in.) for elements 1 to 51, and to 24.89 cm
(9.8 in.) for elements 52 to 100 by placing the
appropriate thickness value on the input cards
for elements 1 and 52.

BOUNDARY CONDITION DATA DECK  The seven nodal points on the root chord are

totally constrained to simulate a clamped root
condition,

SEGMENT DATA DECK The six segments are defined by their vertices

44

and vertex thicknesses are set for each vertex,
If a vertex thickness is positive, it overrides any



element thickness that may have been read in by
an element card, The vertex thicknesses for
segment 5 are read in as -1.0; therefore, the
thicknesses of the elements in segment 5 are
used in the analysis.

$TETA ITHETA is set equal to zero and indicates that the material angles
are defined by the appropriate element data.

NONSTRUCTURAL MASS DATA DECK

LOADING CONDITION DATA DECK

AERODYNAMIC GRID DATA DECK

A distributed mass of 470.2 kg/m3

(4.4 x 10~9 b-sec2/in?) is placed in the volume
between the X,y plane and the skin ele-

ments 1 to 51 to represent fuel mass.

A distributed pressure load in the z direction
of 3447 Pa (0.5 1b/in2) is applied to ele-
ments 1 to 51,

Seven spanwise chords are used for the aerody-
namic grid with 3 to 7 chordwise stations each.
Four of the spanwise chords are used as colloca-
tion chords when solving the downwash equations
in the subsonic flutter analysis. The program
automatically generates four collocation points on
each of these chords since NS was specified as
4 in namelist DIMNSHN,

$ CONSTR FLUTTER and STRESS are set to .TRUE. to indicate that a combined
stress and flutter analysis is to be made,

$OPTIMUMS This namelist is read in without any data since only an analysis is to

be performed.

Input to SUBKRN

Subsonic aerodynamic data for flutter condition 1 are available on a physical tape
from a previous solution. This tape is copied to disk file TAPE17 by a control card in the
job control deck. Therefore, program SUBKRN is not executed for flutter condition I,

Subsonic aerodynamic data for flutter condition 2 have to be generated by SUBKRN
and are written on file TAPE18., TAPEI1S is selected for this flutter condition by setting
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NTAPE equal to 18 in namelist FLUTER. The appropriate job control cards for TAPE18
are also required.

The input for flutter condition 2 is

TITLE CARD One title card is used,

$NAMI1 Input data for MACH, NK, KMAX, KMIN, and KMED are
required,

Results

For the subsonic flutter conditions, the program generates V,g tables for three
altitudes and finds the matched flutter point. These matched points can be used as starting
points for subsegquent optimization runs.

For the supersonic flutter conditions, the program determines the real and imaginary
parts of the flutter determinant for a grid of speed and frequency values. In this case, the
speed is varied from 381 m/sec (1.5 x 104 in/sec) to 1016 m/sec (4.0 x 102 in/sec) in
increments of 25.4 m/sec (1.0 x 103 in/sec), and frequency is varied from 0 to 20 rad/sec
in increments of 1 rad/sec. There is a simultaneous sign change in the real and imagi-
nary parts of the flutter determinant at a frequency between 16 and 17 rad/sec and at a
speed between 787 m/sec (3.1 X 104 in/sec) and 940 m/sec (3.7 x 104 in/sec). If this
analysis run is made to establish initial conditions for an optimization run, and if the
present results are not close enough to start a Newton-Raphson search (IOPT = 2), the
flutter point can be determined more accurately by carrying out a second analysis with
frequency and speed ranging between these limits with smaller increments.

Example 2 Full-Depth Sandwich Wing — Optimization Run

The optimization capability of WIDOWAC is demonstrated in this example for both a
subsonic and supersonic flutter condition. The wing is the same as in example 1, except
one concentrated tuning mass has been added and five segments are used as shown in fig-
ure 7. The elements in the extreme tip are not contained within a segment. Stress, flut-
ter, and minimum gage constraints are imposed for the optimization procedure. Seven
design variables are used in this example — six segment vertex thicknesses and one con-
centrated tuning mass.

Input for CONMAN
TITLE CARD One title card is used.

$ OPTION IOPT is set for an optimization run. IPRINT is set for extra details
for each one-dimensional search,
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$ DIMNSHN The parameters that set the dimensions of the program are set as in
example 1. In this example, NF is set equal to 2 since there are
two flutter conditions, and NDV is set equal to 7 since there are
seven design variables.

$ WNGEOM Same as in example 1,

$ UNIT LUNIT and MUNIT are the same as in example 1, MNORM is
set equal to 0.1 (default value) and is used to scale the concentrated
tuning mass design variable to the same order as the thickness design
variables,

$ FLUTER Namelist FLUTER is read once for each of the two flutter conditions.
Flutter condition 1 is a subsonic condition and requires OMINIT,
DELOM, HINIT, DELH, HFIN, HCR, NK, KMAX, KMIN,
KMED, REF, KFK, and MACH. Recall that altitudes must be input
in meters. The default value of NTAPE was used for this example.
Flutter condition 2 is a supersonic condition and requires OMINIT,
DELOM, VINIT, DELV, VCR, A, RHOA, GAMA, and KFXK.

$MATTER Same as in example 1.

NODAL DATA DECK Same as in example 1.

ELEMENT DATA DECK Same as in example 1.

BOUNDARY CONDITION DATA DECK  Same as in example 1.

SEGMENT DATA DECK Five segments are defined with the variable part

$ TETA

of the segment vertex thicknesses being identified
with six design variables. (See fig. 7.) The seg-
ment vertex thicknesses read in with the segment
data deck are the minimum gage thicknesses for
the segment vertices. The segment vertex
thicknesses override the element thicknesses of
the elements contained within the segments. The
variable part of the segment vertex thicknesses
are input in namelist QP TIMUM.

Same as in example 1.
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Figure 7.- Segment and design variable definitions for example 2. Circled numbers
represent segments; uncircled numbers represent design variables.
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NONSTRUCTURAL MASS DATA DECK The concentrated tuning mass is input with a
CMASS card and is applied at nodal point 18. It
is identified as the seventh design variable and
its initial mass value is input in namelist
OPTIMUM. The fuel mass for the wing is input
as in example 1.

LOADING CONDITION DATA DECK Same as in example 1,

AERODYNAMIC GRID DATA DECK Same as in example 1.
$ CONSTR FLUTTER, STRESS, and GAGE are all set equal to

to .TRUE, to apply flutter, stress, and minimum
gage constraints for the flutter procedure.

$§ OPTIMUM The variable part of the segment vertex thick-
nesses, design variables C(1) ito C(6), are
set equal to 0.203 ¢cm (0.08 in.). The concen-
trated tuning mass design variabig C(7) is
given its initial value, R and RDC are also
input on this card. ‘

Input for SUBKRN

The subsonic flutter condition requires the execution of SUBKRN,

TITLE CARD One title card is used.
$NAM1 The variables MACH, NK, KMAX, KMIN, and KMED are
applied.

Discussion of Results and Qutput

The output of CONMAN is primarily a printout of the input. In addition, the identifi-
cation of each design variable with the segment vertex thicknesses or the mass that it is
controlling is given. Note that the masses are in units of lb-sec2/in. for this example.

‘The output of EXEMAN contains the displacement field, stress field, and the flutter determi-
nant for the two flutter conditions.

The constraint terms G(1) to G{4) indicate how close the initial structure is to the
constraints. The quantities G(1) and G(2) are for the two flutter conditions, G(3) is
for the stress constraint, and G{4) 1is for the minimum gage constraint. The value for
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G(3) is large because it is calculated as an average for all elements, and most elements
have very low stress ratios. (The stress ratio is defined in the section "Optimization
Method.") To compensate for the stress constraint G{3), the value of TUL(3) is input

as 30 (whereas TUL(1) = TUL(2) = TUL(4) = 1) so that the stress constraint is given extra
weight compared with the other constraints.

The mass (WT) of the initial design is about 3047 kg (17.4 lb-sec2/in.). Note that
this is the mass of the variable part of the structure (that is, it does not include the mini-
mum gage). The total structural mass (TWT) is 3800 kg (21.7 Ib-sec2/in.). The penalty
function is close to the mass in magnitude as is recommended.

For each one-dimensional search, the first derivative of the sum of the mass and
penalty function, the values of the design variables at the beginning of the search (CSAV),
and the direction cosines of the move are given. The first move is not close to the steep-
est descent direction. At the end of the one-dimensional search, the current values of the
penalty function (PF), mass (WT), and length of one-dimensional move (8) are printed. On
the first move, the first design variable was reduced from 0.08 to 0.0286.

Four one-dimensional searches are executed for the first value of the penalty func-
tion coefficient R. On the fourth move, the mass increased. It is not the mass which is
minimized, however, but the sum of the mass and penalty function. Both the values of the
mass and the penalty function, however, are lower at the end of that move than they were
for the initial design. This condition means that as the mass is reduced, the distance to
the constraints increased. When quadratic convergence is achieved at the end of the fourth
move, R is reduced by a factor RDC to let the design get closer to the constraints.

For the second value of R, five one-dimensional searches are executed and this
terminates the optimization for that value of R. Four one-dimensional searches are
executed for the third value of R, and two for the last value of R. The penalty function

coefficient R is not reduced any further because PF is less than 2 percent of the mass
(WT).

The displacements, stresses, and flutter altitude (if subsonic) or flutter speed (if
supersonic) are given for the final design. The final design is close to the critical altitude
for the first (subsonic) flutter constraint (final altitude 1511 m compared with 1425 m crit-
ical) and is close to the stress constraint for finite elements 19 and 31. The final mass of
the variable structure (WT) is 1375 kg (7.85 Ib-sec2/in.}). The final value of the total
structural mass (TWT) is 2126 kg (12.14 Ib-sec2/in.).

Example 3: Built-Up Wing With a Divergence Constraint

This example demonstrates the technique used in overcoming a divergence problem
that existed for a stress design obtained from a previous run., Both element and segment
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vertex thicknesses are used as design variables, The structural model, shown in figure 8,
represents a wing and part of the fuselage. The structure is represented by 218 finite ele-
ments, 69 grid points, and 2 segments. The wing has leading- and trailing-edge cranks,
nonstructural masses, and two rigid-body modes. An aerodynamic grid point network is
used with seven stations in the y direction and a varying number of stations in the x
direction. Six of the y stations are used for collocation with six x stations per y sta-
tion. Divergence and minimum gage (the stress design obtained in a previous run) con-
straints are imposed for the optimization procedure, and two design variables are used,

Input to CONMAN

TITLE CARD One title card is used.
$ OP TIMUM IOPT is set for optimization and IZCOR is set to indicate that

z coordinates are to be read in.

$ DIMNSHN Parameters are set to the appropriate values for this case to provide
array-dimension data for the program.

$ WNGEOM The appropriate coordinates required to define the wing with itg
leading~ and trailing-edge cranks are read in. Because of the eranks,
it is not possible to define the wing geometry by using global param-
eters such as aspect ratio or taper ratio.

$ UNIT Same as in example 1,
$ FLUTER SG, OMINIT, and DELOM are set equal to zero since a divergence

condition is being enforced.

$MATTER Namelist MATTER is required once for each of the two materials used
to represent the structural model.

NODAL DATA DECK The nodal coordinates are read in,

ELEMENT DATA DECK The element data are read in. The thicknesses
of elements 127 to 142 are to be controlled by
design variable number 2 as indicated on their
input cards. Elements 214, 215, and 216 are rod
elements that tie the aft part of the wing to the
body representing a simple support for that part
of the wing.
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BOUNDARY CONDITION DATA DECK The boundary representing the wing-fuselage
' intersection is only partially constrained to allow
for a more realistic wing-fuselage interaction.
The resulting unrestrained degrees of freedom
allow two rigid-body modes which are accounted
for in the Rigid-Body-Mode Data Deck.

SEGMENT DATA DECK Two segments are defined with all their vertex
thicknesses controlled by design variable num-
ber 1. Segment vertex thicknesses do not over-
ride the element thicknesses since they are set
equal to -1.

$TETA Same as in example 1.

NONSTRUCTURAL MASS DATA DECK A fuel mass of 5345 kg/m3
(5.001 x 10-5 Ib-sec2/ind) is distributed in the
volume between the X,y plane and elements 105
to 112 and 123 to 182. Concentrated masses are
used to represent the engines and nonstructural
aerodynamic fairings at the leading and trailing
edges of the wing,

LOADING CONDITION DATA DECK A distributed pressure load in the z-direction of
3447 Pa (0.5 1b/in2) is applied to elements 105
to 194,

AERODYNAMIC GRID DATA DECK Seven spanwise chords are used for the aerody -
namic grid with three to eight chordwise stations
each. Six of the spanwise chords are used as col-
location chords when solving the downwash equa-
tions in the subsonic flutter analysis. The pro-
‘gram automatically generates six collocation
points on each of the chords since NS was
specified as 6 in namelist DIMNSHN,

RIGID-BODY-MODE DATA DECK Pitching and plunging rigid-body modes are
Specified.
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$ CONSTR FLUTTER and GAGE are set to .TRUE, since only flutter {divergence)
and minimum gage constraints are imposed on the optimization pro-
cedure in this example. STRESS is FALSE by default.

$OPTIMUM R, RDC, and the initial design variable thicknesses C(1) and C(2)
are set.

Input to SUBKRN

The subsonic flutter (divergence) condition requires the execution of SUBKRN.

TITLE CARD One title card is used.
$NAMI1 The variables MACH, NK, KMAX, KMIN, and KMED are
regquired,

Discussion of Results

Since TPRINT = 1, only the results for the initial and final design are given. Ina
separate run the design variables were increased by trial and error to satisfy the diver-
gence constraint. The present run is intended to minimize the weight while still satisfying
the constraint. The initial divergence altitude is 801.4 m (2629 ft) which is close, relative
to the lower bound on the flutter altitude, to the critical value of 1524 m (5000 ft). This
closeness is reflected in the small value of G(1) = 0.0279, The initial variable mass is
5043 ke (28.8 Ib-sec2/in.). For the final design one of the two design variables is practi-
cally zero. (The value of 3.4 X 10-5 is as close as this variable can get to zero for the
last value of R.) The divergence altitude 1497 m (4911 ft) is very close to the critical
value of 1524 m (5000 ft),

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., June 10, 1974,
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APPENDIX A
DYNAMIC STORAGE ALLOCATION

Dynamic storage allocation is used in all three programs. Arrays whose sizes are
problem dependent are stacked in blank common. The relative addresses of these arrays
are calculated in subroutine ADDRES for program CONMAN, in subroutine SECADRS for
program EXEMAN. and in subroutine KRNDRS for program SUBKRN. The addresses are
stored in labeled common blocks and usually have the same name as that of the array.
Thus, a typical sequence of statements in two subroutines is as follows:

SUBROUTINE ALPHA
COMMON/BLK 115/A,B,C
COMMON/BLK 116/N

INTEGER A,B,C

COMMON IBG (1000000)

CALL BETA (IBG(A), IBG(B), IBG(C), N)

END
SUBROUTINE BETA (A, B, C, N)
DIMENSION A(1), B(1), C(1)
DO 100 1=1,N
100 C(I) = A()*B()
RETURN
END

ALPHA may be one of the control subroutines (such as the main programs) which
only have the task of calling other subroutines and transmitting the addresses to them.
Arrays A, B, and C are stacked in blank common, and N \ is a problem-dependent
dimension.

The dimension of the blank common is set unrealistically high in order to insure that
the Control Data Corporation 6000 system will print the available blank common length on
the core map. If this available length is smaller than the needed blank common length
(printed by namelist ADDRES in all programs), then the field length on the job card must
be increased.
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APPENDIX B
FINITE-ELEMENT STRUCTURAL ANALYSIS IN WIDOWAC

General

The basic unit in the finite-element analysis in WIDOWAC is the node rather than
the individual degree of freedom. Each node has three degrees of freedom which are its
displacements in the X, v, and z directions {in this order). The matrix equations of
the finite-element analysis are written, therefore, in terms of 3 # 1 subvectors. The main
advantage of this approach is that the basic operations involving 3 ~ 3 matrices are pro-
gramed in longhand (that is, no DO loops) which saves on bookkeeping operations and
may also be convenient for possible future parallel processing. An additional advantage
is that the information on the sparsity of the matrix requires less storage space than if
the formulation were based on the individual degrees of freedom.

Connectivity Matrix

The connectivity matrix C (IA in the programs) contains the information on the
nonzero elements of the stiffness matrix. The element Ci' of the matrix C is zero if
the 3 x 3 submatrix connecting nodes i and j is zeroin the decomposed stiffness matrix
(to be discussed subsequently). Otherwise, Cij contains the address of the first element
of the (i,j) submatrix in the one-dimensional array containing the nonzero elements of the
stiffness matrix. Because the stiffness matrix is symmetric, only the lower part of the
connectivity matrix needs to be generated by the programs, and this lower part is stored
by rows in the one-dimensional array IA. The connectivity matrix is generated by the
subroutines JADR3 and LOCATS3,

Stiffness Matrix

The stiffness matrix [K] is assembled as a linear combination of its derivatives

gf] with respect to the design variables v, that is (see eq. (17) of ref. 1),
i
NC
_ oK
B =+ ), o
i=1

where [Ig o is the residual stiffness matrix obtained when all the design variables are
set to zero (that is, the stiffness of the part of the structure which is not optimized). This
assembly is done in subroutine PNFUNC. (See flow chart for subroutine PNFUNC in
appendix E.)
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APPENDIX B - Continued

The matrices [K] , and l:%ﬂ are generated in subroutine METHOD (see flow
chart for subroutine METHQD in appendix E) by setting up the corresponding structure
and calling subroutine STFMAT to calculate its stiffness matrix. Subroutine STFMAT
calls the finite-element subroutines to generate the element stiffness matrices and then
calls subroutine EMBED which partitions each element matrix into its 3 X 3 submatrices
and stores them in a one-dimensional array as prescribed by the connectivity matrix, 10
Because each of the matrices [K]o and [Lg:vl'{? represents only a part of the structure,
there may be leading and trailing zeros in'these matrices, as stored column by column.
These zeros are discarded and the remaining terms are stored by subroutine PACK in
array FK following the stiffness matrix of the entire structure.

Constraints

Nodes which are completely constrained to zero displacement are deléted during the
generation of the stiffness matrix, Constrained degrees of freedom at nodes which are
only constrained in one or two directions (for example, only in the x direction) are not
deleted in order to prevent the creation of submatrices which are not 3 x 3. Instead, the
corresponding row and column in the stiffness matrix are set to zero and 1.0 is placed on
the diagonal. The load terms corresponding to constrained degrees of freedom are set
equal to zero.

Solution for Displacements

The first step in the solution of a statics problem in WIDOWAC is the Cholesky
decomposition of the stiffness matrix, that is, the program finds the matrix [L] so that

[} = )3T -

where the superscript T indicates the transpose of the matrix. The decomposition is
done in subroutine DECOMP. Because the [K1 and [L] matrices are composed of

3 X 3 submatrices, the usual operations of the Cholesky decomposition are converted to
matrix operations. The submatrices lim of [L] replace the submatrices ki, of [K]
in storage and are given by

(1/2)

m-1
lmm = kmm - Z zmp.lmpt
p=1

10Dia;a;cmal submatrices are symmetric, and therefore only their lower part (6 num-
bers) is stored,
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APPENDIX B — Continued

T
by = i - Z "'wmu( 1) (> m)
(1/2)

where the notation ]’ii

1(1/2)1(1/ 2)T

=41 4i

is defined by

or, in effect, lg/ 2) is the Cholesky decomposition of the 3 X 3 submatrix "ii'

If a load vector {f} is given, the displacement vector {w} is found by solving
the equation

Kwy = {23

in two steps. First solve for {W} from

L& =

in subroutine LOWMAT (forward substitution), and then solve for {_w} from,

L") = (%)

in subroutine UPPMAT (backward substitution).

Element Stiffness and Stress Matrices

The stiffness matrices for the finite elements available in WIDOWAC are generated
in subroutines called by subroutine STFMAT. These subroutines generate the element
stiffness matrices in the global coordinate system. If the nodes of the finite element are
numbered Nl’ Nog, N3, . . ., then the rows and columns of the element stiffness matrix
are arranged in an order correspondmg to (xl, Yir Zp Xo Vo Zg» X3 ¥gr Zgs - - )

The stresses and stress ratios are calculated in subroutines called by subroutine
ELSTRES. Stress ratios are calculated by using Hill's criterion: that is, the stress
ratio SR is (see section "Optimization Method')

2 2 2
o] o, T o )
SR2=(.S_1) -_1_2+(__2) (_13)
1/ S152 \®2 12
where Gy» T9 Yy9 are the stresses and Sq+ Sg. Sys are the corresponding stress
allowables,
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APPENDIX B - Concluded

Rod element.- The 6 x 6 global stiffness matrix for the rod element is generated in
subroutine ELSMAB. The stress in the rod elements is ¢alculated in subroutine RODST.
The material for the rod is assumed to be isotropic and Young's modulus is computed
from the material matrix, which is read in namelist MATTER.

Triangular constant-strain membrane element. - Subroutine ELSMAT generates the
9 X 9 global stiffness matrix for the triangular constant strain membrane element. The
element is assumed to be made of a general anisotropic material. The stresses in the
element are computed in subroutine TRIST, _

Rectangular membrane element. - The rectanghlar membrane element is composed
of two sets of two triangular constant strain membrane elements. (See fig, 9, which is
taken from ref. 2.) One diagonal of the quadrilateral divides the element into one set of
two triangles and the other diagonal divides the quadrilatera) into a second set of triangles.
The 12 X 12 global stiffness matrix generated by subroutine ELSMAQ is the average of the
12 x 12 stiffness matrices generated by each set separately. Each triangle is a constant
strain element and its stiffness matrix is calculated by subroutine ELSMAT.

The stresses in the quadrilateral element are calculated in subroutine QUADST as
the average of the stresses in the four triangles. To provide a conservative value, the
stress ratio is taken to be the maximum of all four stress ratios,

Shear web element.- The shear web element is a'special element incorporating the
symmetry constraints of the wing and is deseribed in reference 1. It is defined by two
nodes on the upper surface of the wing and has two additional implicit nodes on the middle
surface that have been eliminated by using the constraints. The 6 x 6 global stiffness
matrix is generated in subroutine ELSMSW, and the shear stress and stress ratio calcu-
lated in subroutine SHWEST. The material of the element is assumed to be isotropic and
Young’g modulus is computed from the material matrix.

L 1 z2 1 2

Figure 9.- Composition of quadrilateral membrane element.
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APPENDIX C
VIBRATION MODE CALCULATION

The vibration problem is posed as (see eq. (18) of ref. 1)

- *00)6) - ©

where [M] is the mass matrix which in WIDOWAC is assumed to be a lumped mass
matrix, that is, diagonal. The problem is converted by the transformation

& - )

into a standard eigenvalue problem
1 =
- 5w @
where [I] is the identity matrix and

1/2r-1-1p A1/2
[B] = (][] "]
This treatment is valid only in the absence of rigid-body degrees of freedom. Treat-
ment of rigid-body modes is discussed subsequently. The eigenvectors {"ﬁ} of [B] are
orthonormal with respect to the unit matrix, and {w} is then calculated from {_?v}

oy = MV 4w

50 that the vibration modes are orthonormal with respect to the mass matrix.

The order of the vibration problem is reduced because of zero inertial forces in the
X and vy directions.1l The eigenvalues and eigenvectors of the matrix [B] are then
calculated by a simultaneous iteration technique. (See ref. 3.) The iteration is executed
on a number (NVEC) of vectors which is larger than the number of desired modes (NEIG)
in order to speed up the convergence of the desired modes. '

The caleulation of the vibration modes is directed by subroutine VIBRAT. This sub-
routine calls subroutine EIGINT the first time the modes are computed to initialize a trial
set of vectors. Subroutine EIJEN1 is then called to calculate the eigenvalues of [B:!, and

Uhis is due to the symmetry of the structure, All the mass is assumed to be in
the wing midplane, and there is no in-plane displacement in this plane.
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APPENDIX C — Concluded

VIBRAT transforms these eigenvectors into the vibration modes. The vibration modes

are used for a flutter analysis by subroutine FLUTTER and then subroutine PNFUNC trans-
forms them back into the eigenvectors of [B] for use in the next analysis as the trial
vectors.

The basic operation in the simultaneous iteration is the multiplication of the
matrix [B] by the trial set of vectors. This operation presents. two problems:

-1
(1) The matrix [K]™" is not available, but only the decomposition [L]. (see see-
tion on finite-element analysis, solution for displacements. )

(2) When rigid-body degrees of freedom are present, the matrix [K] is singular.

To take care of this problem the stiffness matrix of an artificially constrained struc-
ture (see appendix B) is used instead of the stiffness matriz of the unconstrained structure.

The procedure for multiplying the matrix [B] by a vector is as follows:

M {wyy = MY
@ {wy) = K7 ()
@ fwgy = MY 2w, = (B

In step (1), the vector {w} is available from the previous analysis (or subroutine -
EIGINT) in a reduced form containing only the z entries. It is multiplied by [M]l/ 2
and simultaneously expanded by adding zeros for the X,y displacements (subroutine
EXPAND).

Step (2) solves the system [K]{wz} = {WI} for {W2}°

Step (3) orthogonalizes {WZ} with respect to the rigid-body modes (thus, the artifi-
cial constraints are removed) and multiplies it by [M Y 2. Simultaneously, the x,y dis-
placements are removed and {ws} is obtained (subroutine CNTRCT).
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APPENDIX D
FLUTTER ANALYSIS

Flutter Equation

The natural vibration modes of the wing structure are used as generalized coordi-
nates in the formulation of the flutter problem. In this modal formulation, the flutter equa-
tion is (see egs. (11) and (12) of ref. 1)

n
l:mz - wi(l + igs,k + igilet::k + z Akjcj =0 (k = 1(1)n) (D1)
j=1

where n (NEIG in the programs) is the number of vibration modes, w,, g5 ko M,,
and ¢, are the frequency, structural damping coefficient, generalized mass, and gener-
alized coordinate (usually complex), respectively, associated with the kth mode. In
WIDOWAC the vibration modes are normalized so that Mk = 1, and it is assumed the
Bs.k = &s independent of k. Note that equation (D1) represents a transcendental eigen-
problem in the unknown flutter frequency w, flutter Mach number M, and flutter altitude
H. The quantity g is an artificial damping parameter introduced in the program so that
linear eigenvalue solution techniques can be used. The complex generalized aerodynamic
force is

Ay = j;f AP (x,9)25(x,y)d8 (2)

where z¥ and Apj are the z displacements associated with the kth mode, and the
pressure differential associated with the jth mode, respectively, and S is the wing area.

T

The flutter mode is given by S cjzk.
4
i=1

Calculation of the Generalized Aerodynamic Forces

Piston theory aerodynamics.- For piston theory aerodynamics, the pressure differ-
ential apl is given as (see ref. 1, p. 11)

apl = PLV + Pl v 1Py Vo 4 P v2

V2 (D3)
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APPENDIX D - Continued

where
s ~
] oz]
PV = -2pa —
pj = -2pazJ
J 1\ 8h ’ (%)
= r+ Ldhl
Vo p( 2 )Bx
P] = -p Y+ 2 1 a_haij
Vz 2 ox ax)

and p is the mass density, ¥ is the specific heat ratio of air, a is the speed of sound,
and h is the airfoil local depth.

The generalized aerodynamic forces are then expressed as

2
Akj = AXjV + AX] Ve i(A.;"jw + AlfjwVw) (D5)

where

Ak] ﬁ' P, zKds
A'ij = \SS‘S" P];[zzkds
=SS P];Uzkds
s
([
s

Calculation of the matrices Ak Ak ﬁ, Al‘(rjw is done in subroutine AERMAT where
these matrices are called VMAT VZMAT OMMAT and VOMAT, respectively.

> (D6)

Subsonic kernel function aerodynamics.- The subsonic kernel function aerodynamics
is based on referéence 7. The implementatmn of the method of reference 7 into WIDOWAC
is an adaptation of a computer program written by Robert N. Demarais of NASA Langley
Research Center. The pressure differential in equation (D2) is found from the downwash-
pressure integral (eq. (1) of ref. 7)
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APPENDIX D — Continued

—_ b £ A1 A1
WX, Y)_ "o Ap(&,n) _ _ @)
_‘_;__l _ E'S.1g-1mq K[M,k(X B.k(Y - )] pds dn (D7)
where
X - X (y)
% bly)

Y =
L ) (08)
- x, (@)
S Tem
-1
n N )

in which b, is the root semichord, ¢ is the semispan, and x_(v) and bly) are the
x coordinate of the midchord line and the streamwise semichord at a spanwise station vy,
respectively. The dimensional coordinates E,;; correspond to the dimensional quan-
tities x,y, respectively. The downwash which is the left-hand side of equation (D7) is

w{X,Y) _[ 8 L\ h(X,Y)
v = (ﬁ + lk)T (Dg)

The complex amplitude of the assumed pressure distribution is

b NS NYC
= 0 \[1 - p2yl-§
spten) = sras 2L - nP YL ) ) a0 i 4@ (D10)
i=1 j=1
where ¢ is the dynamic pressure, s = ‘BL
0
sin{(k + 1)cos™1y
sin(%cos'ln)
. 1 -1
sm[k + = ]cos E-l
u, (£) = ( 2) = (D12)

sin(-;—cos"lg)

and the a; i are the unknown complex coefficients to be determined by solution of
equation (D7T).
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In WIDOWAC Uy and u, are not calculated directly from equations (D11) and
(D12), but from the recursive relation

where Z  is either u (&) or U_(£). For the sake of brevity, equation (D10) may be
written as

NP
bo
ap(&,n) = 8mqs o Z ey (€,m) (D14)
k=1
~where
u&m = {1 - 72 ‘/11—-;—{-&02]._2(—:;) u_4(®) (D15)
and

k= (i-1)NYC + j

(D16)
NP = (NS)(NYC)
then from equation (D7) and equation (D14)
_ NP
E%:Il - Z e, B, (X,Y,M,k) (D17)
k=1
where the pressure-kernel integrals are
99 1 1
B = o3 | weemKmiox - 0, kv - m]azan (D18)

To solve for the pressure coefficients e, equation (D17} is enforced at collocation points
(xt’Yt) where t = 1(1)NP. The resulting equations are written in matrix form as

W= b BE (D19)
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where the elements of the matrices W, E, and E are

5 .\ j
= (2 4 ikl
Wi (8X o ) lxt’Yt

By = Bk(Xt,Yt,M,k) (D20)

K~ €k

The matrix B is independent of the modes and is calculated and inverted once for
a number of reduced frequencies in program SUBKRN. In terms of the pressure coeffi-
cients, the generalized aerodynamic forces in equation (D2) are given as

2 2 NP
k=1

where the force-quadrature coefficients Pik are

1,1 i
P = f_li 1 u (&,nh (§,n)dé dn (D22)

From equation (D19},

E= 131w (D23)
o)
so that
A.. = 8mqb szQ.. (D24)
ij o° ~ij
where
E;zi].] - PR W (D25)

The force-quadrature coefficients are calculated in subroutine FQC, and the product
PB-1® in subroutine MAIN,
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Solution of the Flutter Equation

The flutter problem as posed in equation (D1) is a nonlinear eigenvalue problem in
the frequency, speed, and altitude. Usually, either the speed or the altitude is kept fixed
and equation (D1) is solved for the other two parameters,

Supersonic condition.- For a supersonic condition the user specifies the altitude
indirectly by putting in the value of air density and speed of sound. Equation (D1) is solved
by the determinant method. This solution involves a search for a combination of speed V
and frequency w which makes the determinant of equation (D1) vanish. In this case,
there is no need for the artificial damping parameter g in equation (D1) and it is set to
zZero.

For an optimization run, WIDOWAC uses Newton- -Raphson iteration to seek the point
in the V,w plane where the determinant vanishes. This iterative method is likely to con-
verge only when started close to the solution and it is not used, therefore, for an analysis
run. In an analysis run, the program evaluates the flutter determinant at a grid of values
of V and w. The user has to look for points in the grid where both the real and imagi-
nary parts of the determinant. change signs simultaneously.

Subsonic condition.- For a subsonic condition, the user specifies the Mach number,
and equation (D1) is solved for the flutter frequency and altitude. Equation (D1) is rewrit-
ten in nondimensional form

2 2 n
wb Wy b
k . -
( Vo) _ ( - 0) (1 +1g + 1gs) Cy + Ap z ijcj =0 (k= 1(1)n) (D26)

j=1
where n = NEIG and
a,= tlvr,c:bgs2 (D27)
Define
Q= (w;b0)2(1 +ig + igs) (D28)

where w r is a reference frequency; then equation (D26) becomes

i( C.. -5, sz) =0 (i = 1(1)n) (D29)
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where 6ij is the Kronecker delta and

2
C.. = i’i AQ.,. +08 k2 (D30)
oy pij © Ui

Equation {D29) is a linear eigenvalue problem in . A flutter solution is obtained for
values of £ suchthat g = 0, where g is calculated from equation (D28). In an analysis
run, equation (D29) is solved for a series of reduced frequency (k) values and the values of
V and g are calculated from € as defined by equation (D28) (V,g method).

The generalized aerodynamic force matrices are calculated at NK k values and
then interpolated at IGAIN - 1 points in each interval DK. The series of reduced fre-
quency (k) values is computed by the expression

R3DK
k = KMED -
Rz(l - DK) + Rl(l + DK)
where
DK< -1+ 20-1%€) (i = 1{1)NK)
(NK-1+¢)

R1=KMAX-I§:MED+€

R2=KMED-KMIN+€

¢ =10°1°

The flutter crossing is the lowest value of V. This V,g solution is first obtained at an
altitude specified by the user. Generally, the flutter speed V and Mach number M are
not compatible with the speed of sound specified by the standard atmosphere.12 WIDOWAC
then tries to find the matched altitude by assuming that the flutter dynamic pressure is
independent of altitude as described in the section "Flutter Calculation."”

121‘:‘ different atmospheric conditions are desired, subroutine AT62 should be replaced
by a subroutine written for these atmospheric conditions.
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In an optimization run, the determinant method described in the section "Supersonic
Condition" is used. The determinant of equation (D29) is driven to zero by changing the
frequency and the altitude.
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APPENDIX E

FLOW CHARTS

The flow charts used for the various programs are presented in this appendix.

Flow Chart of Program CONMAN,

CONMAN

Read and print
title,namelists
OPTION and DIMNSHN

1

CALL ADDRES;
calculate relative
addresses of arrays

in blank common

2

/\

CALL PLANT;
read, process
and print plan-
form data

CALL RDFLTR,
ead, process a process an
print unit and
lutter constraint
data
CALL MTRIAL,

read, process
and print material
data

CALL INPUT;
read, process
and print bulk

data

CALL, AERO;
read, process
and print

aerodynamic
grid data

CALL DHODX;
calculate chord-
wise slope of

wing surface

CALL RDFREE;
read, process
and print rigid
body mode data

CALL IADR3
CALL LOCATZ3;
generate

connectivity
matrix

CALL METHOD;
read, process and print
optimization data, obtain
derivatives of stiffness
matrix with respect to

CALL QUT1L;
write labeted
and blank common

on file 11

the design variables

STOP
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Flow Chart of Subroutine METHOD,

Yes
METHOD

No
Initialize Save design variables C,
TUL save values of element
and segment thicknesses

of initial structure on

file 11

Set element and
segment thicknesses
to zero

Read and print
namelist CONSTR

Read namelist
OPTIMIM

Set C(I) =1 and i :
C(J) =0 for I #J

CALL THKNESS, AVELTK
and _TMNOD;

generate corresponding
mass and thickness
distribution

Print R, NC,
C and TUL

Set nonstructural mass F_J CALL GAD;

calculate derivatives
r equal to mass
Zﬁﬁﬁﬂr og initial of mass with respect to

structure c(I)
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Flow Chart of Subroutine METHOD — Concluded.

CALL STFMAT,
calculate derivatives

of stiffness matrix
with respect to C(I)

'

CALL PACK;
store stiffness
matrix in FK

CALL PACK3
discard leading and
trailing zeros in
stiffness matrix
and steore in
FK
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to their initial values,
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I=I+1
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thicknesses
from file 11

CALL STEMAT;
generate stiffness
matrix for initial

structure

m,

Yes

RETURN

2

to Zero
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Flow Chart of Program SUBKRN,

SUBKRN

Read the number of chordwise
and spanwise pressure functions
from file 12

CALL KRNDRS;
calculate relative
addresses of arrays
in blank common

CALL MAIN;
read data and
calculate aero-
dynamic matrices
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Flow Chart of Program EXEMAN.

EXEMAN

CALL INL1;

read labeled common

Read blank common
from file 11

CALL SECADRS;
determine relative
addresses of new arrays
in blank common

No CALL PENFUN;
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'
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Initial
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CALL START;
initialize certain
arrays for
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periotm

optimization
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Flow Chart of Subroutines PENFUN and PNFUNC,

PENFUN

PNFUNC

CALL EXCON;
apply constraints
to load vector

No

CALL THKNES, AVELTK
and TMNOD;

caleulate thicknesses
and masses for current
design variables

:

Assemble

matrix

stiffnegs |——

CALL BNDRY;
apply constraints
to stiffness matrix

!

CALL DECOMP;
Cholesky decomposition
of stiffness matrix

Minimym gage
constraint
required

EyFiz =

CALL MINGAGE;
calculate minimum
gage penalty term
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required
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CALL STRESS:
caleculate stress
penalty term

ENFl
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Flow Chart of Subroutines PENFUN and PNFUNC - Concluded.
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Flow Chart of Subroutine NEWTON,

NEWION

FOUNTR = 0

T

Save the last values
of flutter speeds and
stress ratios

!
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Increase Kth design
variable C(K)
by AC(K)

l

CALL PENFUN;
reanalyze structure
and calculate penalty

function

New
structure
satisfies
constraints

Calculate derivatives of

object function and flutter
speeds with respect to C(K)

No
K=K+1 K = NC
Yes
CALL HAPY;
calculate approximate
Hegsian matrix
inverse, "HH
KOUNTR = KOUNIR + 1
HH times gradient
vector gives next
search direction
Make short step
in search
direction
Cut design
variable
increment
in half

kil
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APPENDIX E - Continued

Flow Chart of Subroutine NEWTON - Continued.

CALL PENFUN:
new analysis and
penalty function

New structure
satisfies

constraints

Cut move step
in half

Calculate derivative in
search direction, DM1

Print move
data

Set G to length
of gradient vector

GI

]
[y ]




APPENDIX E - Continued

Flow Chart of Subroutine NEWTON — Continued.

Change Hessian matrix
to make move direction
steeper

CALL ONEDIM;
one-dimensional
search

Print one-dimensional
search results

Calculate estimate
of vertical distance
to minimum, Q

79
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APPENDIX E — Continued

Flow Chart of Subroutine NEWTON — Concluded.

Penalty function
less than 2 percent
of object function

CALL PENFUN;
new analysis

CALL WEIGHT
calculate final
mass

KOUNIR = 0O

CALL PENFUN;
final analysis

—



APPENDIX E — Continued
Flow Chart of Subroutine ONEDIM.,

ONEDIM

Caleulate derivatives of
side variables in move
diredtion

!

Calculate derivatives of
penalty terms in move
direction

Positive derivative
of object funetion

CALL ITR2;
locate next point
82 besed on linear

approximation of
penalty terms

J=2

l

Calculate design
varilables at SJ

Caleulate gide
varilables at SJ

CALL PENFUN;
analysis at SJ

52 - 01432 _@

CALL WEIGHT;
calculate mass
at SJ

81



APPENDIX E — Concluded

Flow Chart of Subroutine ONEDIM - Concluded.

CALL SMIN;
. find the two closest
o SI values to SJ and

set coefficients of

Yes prarabolic approximation

Calculate parabolic
approximation to
penalty terms and
side variables

l

Calculate derivative of
object function, PPRIME,
at SJ based on parabelic

approximation

Minimum found: set
penalty function, mass
and side variables to
their values at SJ

PPRIME larger
than 0.2 times
derivative, DML,
at S1

CALL ITR2;

locate SJ+1 using

patabolic approximation

Yes No
RETURN J=J+1
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APPENDIX F
INPUT DATA AND PROGRAM OUTPUT FOR THE EXAMPLE PROBLEMS

The input data and program output for examples 1, 2, and 3 are given in this
appendix,

Example 1 Input

1 EXAMPLE 1 FuLL VEPTH S.auwICr wING ANALTSIS KUl
YOPTION IPRINTaCy {ZCOR=Js 10FI=1s [PUNLN=U 3
BUIMNSHN NEL=1u0s NNOUS38+ NISEuzo,. NSN=20s NEL1G=24 NveC=ye NMATZe NIVEU,
NOC=7s  NF=Jy N¥SZTs NYC2%s No=4s wXP=[0s NFREESO g
- IWNGEOM  AR=2,5530,AREA=], 131610t , ANGLE ] =50 45 [APEx= J)27000, UR=D.03 %
PUNLIT LUNIT=.(025% sMUNETE] 19,1200 360 sMNORNE | 40238644 T
BFLUTER HINITz==12CGesNK= 00 ’
KFEK=2s HURTINDC® . yMACH=40y KMaAZCys RMINZU, s KMEU=i.9 REF=LlJ0.%
PFLUTER HINIT= 3uwo,, NK=129 KFR=2y MALNZ,7Ss kMAXSZ,5y KMINZD,
KMEN®l.s REFELUQ,e NTare=)hy
BFLUTER OMINIT=04+ UELOMS1ev OMF INZ€04s vINIT=150000, VELY=10U0. s VFIN=40000,
AS128Uhes RAOASS, 1GEwcs GAMAR] w4 KFK=1%
EMATTER Hrd=4obuz=bs SIGMAL=], 565, SluMAZz 2565,
Elzl.66e7y Ee=],04E7+ Ullzesy v12=,63075c7, S16val2=7.21 fes o
SMATTER E=1,064r7s us,ds SiuMAL=1,25L5, SIbMAZ=L ,25ESy SIGMALEZ=] 2} TE4, LFL=1 »

1 PV

2 .5

3 Pyt

4 ool

5 TN

6 «BH

7 l.12

] 15 vl
9 sl .12
10 2 25
il T 25
12 ood 25
13 <04 .25
la 258 25
15 lal2 « 25
16 .38 .35
17 - .35
18 48 .S
19

» 04 +45
20 .58 a5 - OF THE
21 112 .45 DUCIBILITY OF 200
22 -2 6l gﬁ'ﬁm PAGE 1§ POOR

23 of7 b1
24 05_8 «O)

2% lei2 0]

26 af? o

r¥4 ,-v.! e

28 .76 o Tie

29 l.12 Th

30 «58 « 85

31 .96 « 85

32 1.63 .85

a3 lel2 85

36 s 96 .93 ‘ s
35 1.063 «93

83
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v,

1

1udl es 32
16av

4Q.

[« =R



ok iy
65 13
66 i3
67 i9
1.} ¥4
69 19
TO 13
71 23
72 x|
73 6
74 6
75 lg
Tt £0
77 ca
Ty 7
79 Sy
Hy 27
-3} 24y
82 20
83 lg
&4 7
HS 15
86 el
87 25
Hi 29
%] [4.]
%6 31
gl 42
ve 33
w3 a3
Y s
93 35
bh 31
97 34
Yy 35
Gy 37

v 100 33
i 000 2

1 < 18

4 ] lg

ie 14 £Q
ls 20 30
33 30 37

1 & 7 33
STETA ITHETA=(}
1¥Mmass 1
1PLOAD 1
. 0 25
7 6 “

& & 6

1 2 K|

1¢ il 12
is 19 cn
22 23 2y
26 27 28
30 31 32
34 as 36

13
1

ce
3
<.
s
o
=
cf
14

[
< f

E¥Y
o
co
ci
1
12
[
[
¢
£a
Ji
3¢
>3
4 4
Jo
52
Er
3
4
kY,
Y-

a0v

ic
1n

SO
g

=¥
21

-
4
“w
i3
cl
£
z
34

APPENDIX F — Continued

3 4uo 4 uiu
-10 ebu
«lu ol
ol ol
«l0 o by
-l. =le
« k0 od v

L LY
2.5
45 B

“ L) -3

5 b 7

FEs 15

5 Uvo
odv
odv
ed v
v
-.,
olvu

.(#

BCONSTR STRESS=,Tae GAGE=. ., FLUTTEHZ T %

POPTIMUM $

PNAM]L MACH=,75, Na=]2, KM..ASZ 5y KMINZy, AMED=] , »

THREE FLUTTER M=, 749

REPRODUCIBILITY OF THR
ORIGINAL PAGE Ig POOR

v U

10
i

-i.
odu

- BS eV

7 00u

85



CXAMPLE

1 FULL

INPUT OPTIONS

APRINT
[ZCuUR =

[OPT

IPUNCH

$D'TMNSHN
NEL
NNUJD
NTSEG
NSN
NELG
NVEC
NMAT
NOV
NOC
NF
N¥$
NYLC
NS
NXP
NFREE
NL

NT
SEND
SADRESS
NODES
COON
1A
1TYPE
MAT
ELTHK
Ll

NRA

RHJA

GAMA

86

n

= 2
Q
1

=0

100+
38,
(-3

20,

9y
2y

1]

3,

Te

L2
1Qy
0y
O

Oy

|
401,
515¢
1256,
1356,
1456,
1556,
1594,
1708,
L7k1,
1714,

L1120,

APPENDIX F — Continued

Example 1 Output

DEPTH SANDWICH WING ANALYSIS RUN

—-——ar

NORMAL PRINTOUT, 2 - EXTENDED PRINTCUT
BICONVEX SYMMETRIC, -1 — INPUT Z COORDINATES

- A SINGLE ANALYS15y; 2 — OPTIMIZATION

PUNCH A NASTRAN DECK, O — NO PUNCH



vi
DV

VF
VLR
ALTIV
KF

YY

NY

1y

KC

X1

THETA

S1GMA -
THTSES
IGAIN
3G

NK,
MACH
KM
NTAPE
REF
TuL
XPL
YPL
3PL
RHOE
NNN
NSE
NNS
MASS
VECLOD
VELCMAS
VECNSHM
VYSRM
L5AY
DC
DIRCQS

NODSEG

L1726,
L1732,
173a,
L744%,
1747,
L1583,
1756,
L7634,
LT70,
1840,
LB47,

9z,

C 21T

2035,
20%1,
2047,
2050,
2053,
2050,
2059,
2068,
2071,
2074,
2979,
2083,
2087,
2091,
2093,
2213,
2313,
2319,
2357,
24Tl
2509,
2547,
2585,
2585,
2585,

2585,

APPENDIX F —~ Continued

REPRODUCIBILITY OF.THE
ORIGINAL PAGE IS POOR
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APPENDIX F — Continued

TSEG = 2604,

NDSIGN = 2633,

C = 2657,

NELJS = 2658,

AD = 2758,

VFREE = 27154,

& = 27548,

z = 2T&8B,

UTHICK = 2778,

INIT = 3258,

1FIN = 3259,

ISTORE = 3260,

NDC = 3261,

INC = 3268,

JHOX = 3289,

TNQD = 3359,

FK + 3587,

$END

WING DESCRIPTION
ASPECT AATIDeesvsasscscdh = 2.55300000E+00
SURFACE AREAsceseen<sAREA = 1.13161&6C0E+Q6
L-Ese SWEEP ANGLE.++ANGLEL = 5.05000Q00E+01 DEGREES
SEMISPANcemasccesnescashs * B.59988374E+Q2
SEMI=ROOT CHORDesss««BREF = 5.90618621E+02
TAPER RATID.esesesaaTAPER = 1.,27065000E-01
DEPTH RATIOceeasassaeasaDR = 3.000000C0E-02

SUNIT

G = D.3864E+03,

LUNIT = 0.254FE-01,

MUNET = 0.1751268348E+03,

MNORM = O.lE+DLl,

$END

FLUTTER CONDITIUN 1

SUBSONIC KERNEL FUNCTION AERODYNAMICS

88

MACH NUMBER .sovsessssasassscaMACH
AERD UATA TAPE MUMBER....soNTAPE
NUMBER OF K VALUES+casssssrenahi
MAXIMUM KessowsvnsmssennasnsRMAX
MEDLAN Kavwasscasasansunenee=aKMED
HINIMUM Kescoss sanenssakMIN
GAIN FACTDR.ssasansnwreonessIGAIN
STRUCTURAL UAMPINGssavecressse3l
REFEHENCE FREQUENCYwaewaessseeREF

OMEGA INITLALawacawcaoees oOMINLT
UMEGA I[NCREMENT cucsanvessssDELOM
H O INITIALucsasssossnssnemnas RINIT
M INCREMENT cuuasnavansaonssnsbELH
H LDOWER BOUNDess avesnessssasHFIN

Wnboyow o

nownHH

6 .000Q0000E-01
17
10
2 .00000000E+00Q
1.00000000E+00
[+
LQ
2.00000000E-02
1.00000000E+02

11111
LIL1L
=1+92400000E+03
11111
111l

RADIANS/SEC.
RADIANS/SEC.
METERS
METERS
METERS



APPENDIX F - Continued

FLUTTER CONOITION 2

SUBSONIL KERNEL FUNCTION AERODYNAMICS

CRIGINAL PAGE

MACH NUMBER .vesvasanenasenasMACH = 7.50000000E~01
AERO UATA TAPE NUMBER.....-NTAPE = 18
NUMBER OF K VALUESsuwwensssacaNK = 12
MAXIMUM KuuuenonmesaosaaanesKMAX = 2.50000000E+00
MEDIAN KuurosesnsssnaneseneakMED = 1.00000000E+00
MINIMJS KesuassareansasceanekMIN = O
GAIN FACTOR . vuuusoa saes IGAIN = 10
STRUCTURAL DAMPINGaesssnesnussaSt « 2,00000000E=02
REFERENCE FREQUENCY.uuavewesaREF = 1.0D000000E+0Z
UMEGA INITIALeuscanvevrase«UMINIT = TITI1 RADIANS/SEC,
OMEGA INCREMENT . wenaennsoaDELOM = IITI1 RADIANS/SEC.
HOINITIAL cessecarrarenasesaHINIT = 3.04800000E+03 METERS
H INCREMENT sevesssarnsnssscalDELH = II1I1 METERS
H LUWER BOUNDevssnasaanneeasHFIN = ITIII METERS
FLUTTER CONDITION 3
SUPERSUNIL PISTUN THEORY AERUDYNAMICS
SPEEW JF SUUNUcesresessansnrssad = 1.22040000E+04
AIR MASS DENSITYucwasssseeseaRHUA = 5.14000000E-08
P/l VauceeisaiaanrnenesannasGAMA = 1,40CC0000E+00
UMEGA INITIALsssuananesessdMINIT = 0. RADIANS/SEC.
UMEGA I NCRLMENT . aveannvaessDELUM = [.00000000E+00 RAD [ANS/SEC.
OMEGA FINALeecanvecoaasansaUMFIN = 2.00000000E+Q] RAOLANS/SEC.
v sirerrsssssea¥VINIT =  1.50000000E+04
¥ OINCRCMENT chsiiiannncvennaaliclV =  1.000C0000E+03
VFINAL cssuanannscscnananessVFIN = 4 ,00000000E40%
MATENIAL PROPERTIES
all w21 Q22 Q31 Q32 Q33
L.8022E+UT  5.4066E+06 1.8022E+07 0. Q. 1.2615E+07
L.d022E+07 5.4U606E+08 1.8022E+407 0. 0. 1.2615E+07
(::;‘ S5IGMAL SIuMA2 SIGMALR dHO
L.25006405 1.2500F+05 7.ZL1T0E+04 4. Ll400E-04
1.2500F+¢05 1.25006+¢05 7.21705+04 0.
SEGMENT DATA
SEGMENT | 15 DEFINED BY NUDZS I &% 18 -¢ MATERIAL ORIENTATION 1 DEGREES
NODE THICKNESS
i 1.00000000e-01
2z 1.0GU00O0UE-DL
3 1.06000000E~-UL
4 1.00000030E-01
8 1.00000QVQE-01
4 1.00UQUUQUE-0L
10 1.00000000E-01
1l L+ QUUOUIUUE =L
i 1.000002300z-0t
16 1.0U000QOUE-OL
i7 1.00000000E-~01
19 1.0000UUVUE=- DL RODUCIBH—‘ITY or IHEE

89



SEGMENT

NODE

&
5
6
12
13
1%

SEGMENT
NGDE

12
13
L4
17
i8
19
20

SEGMENT

NODE

18
L9
20
22
23
24
26
27
30

SEGMENT
NOCE

30
3l
3z
EX
34
is
36
37
38

SEGMENT
NOUE

]

T
14
13
40
21
2%
25
27
24
29
30
n
32
33

90

2 IS .DEFINED BY NODES
THICKNE 55

1.00000000E-01
1.00000000E-0L
1.00000000E-01
1.00G000000E-01L
1.00006000E-DL
1.00000000E~Q1

3 15 DEFINED BY NODES
THICKNESS

1.0000000GE~0OL
1.00000000E-0QL
1.00000000E-0Q1
L.00000000E=DL
1.,00000000E-0L
1.0000000VE~01
1.00000000E-01

4 1S DEFINED BY NDDES

THICKNESS

1.00000000E-01
1.000000G0E~01
1.00000000E-01
1.00000000E~01
1.00000000€-01
1.00000000E~CL
1.00000000E-01
1.00000000E-01
1.00000000E~CQ1

5 [5 DEFINED BY NODES
THICKNESS

-1.00000000E+00
=-1.00000000E+00
-1.00000000E+00
- 1.00000Q00E +00
- 1.00000000E+00
-1.00000000£+00
-1.U000000UE+QD
=1.00000000E+Q0
~ 1. 00000000E+ 0G0

& IS DEFINED BY NJDc5S
THiCKNESS

1.00000000E-01
1.0000000UE-QL
1.000000uQE-01
1.00000000E-01
1.00000000E-01L
1.00000000E-OL
1.00000000E-01
1.0000000UE-01
1.0000u0000E-01
1.000UUJ00E=-OL
1. 000UUOVUE~UL
1.00000000E~01
1. 0000UIUUE=DL
1.000000J0E=01
1. 0QVOOVAUE=UL

APPENDIX F — Continued

4 6 L& 12 MATERIAL ORIENTATION
iz 14 20 18 MATERIAL ORIENTATION
18 20 30 -0 MATEREAL ORIENTATION
33 30 37 38 MATERIAL ORIENTATION
& T 33 30 MATERIAL ORIENTATIOM

1 DEGREES

1 DEGREES

I DEGREES

1 DEGREES

1 DEGREES



NODAL DATA

NOUE NAR
4 Jug
2 JJao
A qao
L] vy
5 JJo
-] UdQ
7 J00
] i1
L] it
10 it
il Ll
12 Lil
13 kil
e il
15 Ll
I Lii
AT il
18 il
L9 il
20 Lil
21 il
22 1Ll
23 iLL
24 LLt
£5 1l
26 Lt
27 Lil
24 1Lt
29 1Ll
k0] Ll
a IRt
3 il
33 LL
EL) Lit
35 il
3o 1l
ar Lit
i8 Lil

X

309339600401
l.54 0098002
2.d8T7L496L +02
4.94943365+02
LR L FETY IRV,
9.07396 10+
L. 154986 1dE+ 93
la546698JEed2
ZoddTloFbetus
2.88716%6c+u2
EN I N EN AN Y Y
434943 36E+D2
Ga599284dE+ 02
W.UTIV616E+Y2
lalb4vaTdE403
39183016402
LER LR DX R YR VY
4949435 36E+02
LR A FLET- T VP
Ya DT 39b lbEs Uy
leld%de7BE+DI
B H9Y254BE v
To939TL64E+ 02
Y. UTIVBLoErL2
lal5486 T8E4UI
To93971 64002
AT 596 Lok vu?
P, 89046 TL2E 2
la LS540 TaE* U
QeI 1GERUL
9.0898d56 T2E+D2
LuUb2Ubo0E+d3
ls Lo4BOTHE+ S
9. 89446 T2E 432
1.0620660E+0 3
1a lb%d6 TBE+JI
lewb2UBH0E+US
Lal5%d6 Toc+ud

APPENDIX F — Continued

Je

J.

Ja

Ja

s

[+)N

0.

1.0200000E +u2
1.0200000E+02
2.125000C€E+02
2. 125000CE+02
e LZSQOQCE+D2
24 L2SOUVEE+C2
2.125950000F +02
Z2a LLS0JQCE 2Q 2
2.9 TSDOULE +02
2.975000CE +02
3.82500CCE+02
3. 325000CE +02
3+ 82500CCE+D2
3.825000CE+02
5. 185000CE+02
5. 185000CE 02
5.185000CE+02
5. 185000CE +02
64 2900000E +02
6. 2900000E+02
6.2900000E+02
5.290000CE+02
T.225000CE+02
7.225000CE+02
1.225000CE+02
7.2250000E+02
7.905000CE4+02
7.905000CE+02
7. 905000CE+02
B.5000000E+02
8.5000000E+02

z

L.BO74321E+00
B, 0650% 1 2E+00
L.30884941E+01
1.7253601E001)
LeTal457196 +01
1.2621 46 2E+0!)
1.5468446E+00
1.801T4LTE+OD
8435453528400
17938571 +00
6. 8T53324E+00
l.0575160E+01L
1.3621056E+01
[« 1557989E+01
la5366315€+00
1. 7860393E ¢+ 00
6. T2B5T69E Q0
1o TTS9TRGE+{O
Be5439254E 490
1.0156974E+01
1.52336E8E+00
1.7520545E+u0
G49415372E+00
B8.2828984E+00
L.505787TE+QD
L TLAT243E+00
5.6T14982E+00
6.2274635E+00
1.4814275E+00
l.6616223E+00
4. &T25TISE+QO
4.3539431E+00
1.44421056+00
1L.5976985E+00
3.3165591LE+00
1.3933901E+Q0
1.4T34612E+00
1.3032014E+00

MASS

3.990319BE-01
£.3332753E¢00
3.3043610E+Q0
1l.6281453E+01

L.669601TE+OL"

la2748639E¢01
2.0261142E+Q0
1.4708037E+00
T.7493428E+00
L. 204431 TE+QQ
$5.8514008E+00
T I 2195€ ¢00Q
2.5316531E+01
2.4229432€+01
6.5517108E+0Q0
1. 3058982E+00
4.60/73347€E+00
1.5595538€E+00
L.06&T424E+OQ]
1.7546598E+ 11
4+ 0752140E +00
1.9164768BE+00
6.0TZ09U8E+0O
5. 734 3033E«00
4. 2658238BE+00
1. 1696217E+1Q
2« T572432E400
3.7510129E+00
1. 1719953E+Q0
6.253L1007E-01L
L.3131149E+0Q
1.5595128E+00
3.0726553E-01
2. T430620E-01L
7.025857SE-0Q1
3.2031959€-01
1.5204059E-01
1.6417938E=-01
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LOAD DATA
NUDE

[ 18
é Ja

3 0.
4 U
9 0.
-] 'Y

T 0.
-] 2.
9 Q.
LD Je.
il Q.
Le 0.
13 a.
L4 Jde
L5 0.
la Q.
17 G.
18 0.
L9 0.
24 U
21 .
24 Q.
23 .
2% Q.
Z5 0.
26 0.
27 0.
28 0.
29 Q.
30 o.
31 Q.
32 ad.
33 0.
3% da
35 G.
36 0.
AT Q.
38 0.

TOTAL MASS IS

ELEMENT DATA
ELEMENT

-
[ R RN N N SR

ot g P T Py p b e e e e e
VWSROV e RN

L8
-

92

SOV WED NN

AL AL

2.06T382E+02

NODES
2 8
3 9
9 8
9 10
£ 9
4 1l
11 10
12 il
11 i6
14 is
17 l&
17 18
5 13
13 12
13 L7
19 17
i9 i8
19 22
] 14
L4 i3
L4 20
24 19
24 23
2% 23
23 22
23 26
27 26

-0
-0
-G
-0
-¢
-0
-0
=0
-0
-Q
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
=0
-0

APPENDIX F - Continued

YiLAD

SEGMENT TYPE

ILUAL

I.09L7546E¢03
34 3305564F+03
2. HI2ILGHE 40
1.21974 326+ 0%
1o L6B6163E+ U4
le3146933E¢04
4.38231L10E+03
3.4255064E+403
Ha9910414E+03
2.91%42368E+03
T.01l169T6E*CI
T+ 3768902E+03
2+07T42939E406
2a 30645 TIE+ (S
1.22T04T1E+CS
2.92154CTE+Q3
65,1352354E+03
3.7687875E+03
L. 3205364E+06
2.021TULLEH+DS
F.0163766E+03
%.623336LE+C3
B.9326106E+03
B.1T30100E+03
F.4073609E+03
3.1625678E+03
5.017T461E+03
T.0482169E+03
3.527T604E+03
1.9939515E+03
3.1333524E+03
4%+ 031T261E+03
l.2489586E+03
1.2343509E+03
2.622082TE+03
La5118973€+03
8.1803139E+02
9.2028531E+02

THICKNESS

S AP ST WWRN W WWR R P e e
RNMNMMNMNNMMMNNRMNMNNMNNNRUUBMNNNRNRD N

1.0000000E-0L
1.000000GE-01
1. CO00000E~O1
1. G00000DE-01L
1. 00Q0Q00E-01
1. 0000000E~Q1
1. 04000000E-01
1. 0000000E-Q1L
1. 0C00000E-01
1.0000000E-01
1. 0000000E-01
1. 00060000E-01
1. 0000000E-01
1. 0000000E=-QL
1. 0000000E-01
1. QO0GDOOE-OL
1. 0Q00000E-OL
1. 0000000E~T1L
1. 0Q00000E-01
L. 0000Q00E-0L
L. 00Q0000E~-DL
1.0000000E-01
1. DOOQOODE~-OL
1. 0000QQO0E~01
1. 00000GOE~QL
L. 0000000E-01
L. CU0C0000E~OL

MATERIAL

T e e P P g Bt et e Bt e e P e Bt P e B el et e e s e

THETA

1.6300000E+01
=0
=0.
-0.
=0
—o.
-0.
=0.
-00
=-0.
-0a
=Q.
=0
b
-0.
=0a
=0
=0.
=0.
-0a
-0.
-0.
-0.
~0.
=0
=0
-0,



24
27

L5
15
21
21l
25
28
25
29
31
24
32
29
33
3t
35
32
L
33
35
38
36

10
[ 3}
12

lo
17
Le
18
1Yy
13
12

L
3
2v
Le
24
26
2T
14
20
4
27
30
XY
28
25
21
15
1%
41
I3
e
24
5l
32
33
29
36
is
32
34
N
37

36

27
30
15
14
21
20
25
24
27
28
28
30
E
31
32
32
EL)
34
i5
a5
EL]
a7
3ir
a8
-¢
-9
=0
-0
-0
=-Q
-0
-G
-0
-
-0
-0
-
-
-9
=0
-0
-0
-0
-u
-0
-J
-0
=
-0
-
-0
-9
-0
-0
-Q
-0
-0
=0
-0
=0
-0
-0
-0
-0
=2
-0
-0
-
~J
=0
=9
-3
-9

-Q
-0
-0
-0
=0
-0
=

-0
=0
-9
-0
-0
-0
-0
-0

-0
-0
-0
-Q
-0
=0
-0
-0
-0
-J
-
-3
-0
=0
-0
-0
-J
-
-0
it
-0
-0
-
-
-1
-0
-9
-0
-0
-a
-0
-0
-0
-3
-
-0
-J
=0
=0
-4
-0
-
-0
=0
-0
-J
-0
-0
-0
-J
-0
-0
=-dJ
-
-Q
=0
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4
&
&
b
]
&
6

6
]
&
6
]
6
[
6
-]
5
5
5
5
5
E]
5
S
]
]
0
0
0
0
Q
0
Q
¢}
0
0
0
0
1]
o]
0
[¢]
Q
o
0
[¢]
1]
Q
0
0
¢
Q
o]
0
0
[+]
]
0
0
0
4]
Q
Q
Q
[+]
Q
o
0
0
Q
0
0
0

2
F
2
2
2
2
F
2
2
2
2
P
2
2
2
2
2
2
2
2
2
2
F
2
4
&
4
4
4
FA
4
4
%
4
4
%
4
4
4
&
4
&4
4
4
&4
A
&
4
LY
4
&
&
&
&
4
4
&
4
4%
4
A
&
&
'3
&
4
Fy
FA
4
&
&
&
4

1. 000Q000E-01
1.000G000E-01
1. 00G00Q0E~DL
1. 0000Q00E-Q1)
1. 00000Q0E-01
1.0000G000E-01
1. 000Q00GE-DL
1.00QG000E-Q1
1. 0000000E-Q1
1. 0000000E-01
1.0000000E-01
1. J000000QE-01
1.0C00000E-01
1. 0000C00E~-0 L
1.00C0OD00E-01L
1. 0000000E-01
2.0000000E-02
2. 0Q00000E-02
2. 0000000E=-02
2. QCQ0CO0E~02
2. 0000000E=-02
2.0000000E-D2
2. 0CO0QOOE~-02
2. 0000Q00E-Q2
9. 80C0000E +00
9. 80000Q0E+00
9.8000000E +00
9+ 8000000E +00
9. 8000000E+00
9. 8000000E+00
9. BOOGDOOE +00
9. 8000000E +00
3. A000OQ0E +0D
9. 8000000DE +00
9. 8000000E +00
9. 8000000E +00
9. BOQQOOOE +00
9.8 C00000E+00
9. 8C00000E + DO
9. BOOOOOOE +00
9. 80000V0E +Q0
9. 80000Q0E +0Q0
9. BO0OCOQOE+Q0
9. 80000QUE +00Q
9. 8000000 +00
9.8C00C00E +00
9. 8000000E +00
9. 8CQUOJUE +Q0
9. 8COUO0DE +00
9. 8000000F +0D
9. 8000000E+00
9. 8000Q00E +u0
9.8000000CE +00Q
3.8000000E+00
9. BOQOCOQOUE «00
9. 8000000E+00
Y. BQOUOOJDE +00
9. 800UUVOE +00
9. 8CUO0000E +Q0
3. 8000000E+00
9.8000000E +00
F. B000000F +00
9. 8000000E +00
9+ BOOOQUOE +0Q0
9.8C000Q0E +00
9. 4000000E +Q0
9. 8000000E +0Q0
9.8000000E «00
$. 8000000E +00
9. 500G QJOE +00
9. 800G000E +00
9. B00UOUOE »00
9. 800V00Q0E +00

NNI\NMNNNNNNNNNNNMNNNNNNNNI\-NNNNNNNNNNNNNNNNNNNNNNN-——-—-v--t-‘t--—v-v-r—-v—r-r-t-l—n-a-i—--r-.-—a-—

~0.
=0Q.
=0.
=0,
—-a.
-0.
=0
=0a
=0.
-0.
=0.
~0.
=0
-0.
=0a
-0,
-0.
=0.
=0,
=0
~0.
=0,
~0.
“0a
-0.

4.
~0.
-0
-0.
=0.
=0.
-0,
=0
=0
~0.
=0.
—0e
=0
=0.
=0.
=D
—0.
-0.
-0
-0.
“0.
-0,
=0.
-0.
-0.
=0.
=4,
=-0.
=-d,
=-0.
=0.
=0.
=0.
=0
-0
=0
-Ja
-0.
=-0.
-0
-0.
=0.
-0
=0,
-0.
-0
=0.
=0.

0000000E+D]

93
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AERD MESH UATA

STAT LON .  NODES
0.0000 1 2 3 4 5 6 7
.2500 10 1L 12 13 14 15
-4500 1 19 20 21
L6100 22 23 2. 25
. 7400 26 27 28 29
.8500 30 31 32 33
L9300 34 35 36
COLLOCATEUN STATEDNS 2 4 6 7

DESIGN CONSTRAINTS CUNSIDERED
FLUTTER - T
S5TRESS = T
MINGAGE - T

TOTAL NUMBER OF D.0.F, = 93
THLS PROGRAM REQUIRES 011360{0CTAL) OF BLANK COMMON

$OPTIMUM 3
SNAML

MACH s Q.TS5E+00,
RK = 12
KMAX = 0.25E+0L,

KMED = 0.lE*0Lls

KMIN = Q.04
NM = 287T948901175006132,
5YM =* O

ZETA = Q.lE+Q0,

NG LT

xG = 0.148874338981l63E+00, 0.%43339539412925E+00, D.67940956829903E+00,
0.865063366608899E¢00, 0.973904528517LTE+0C, Ly Uy 2o D¢ 1o Ls Lo Ls
fo Ja b Lo 1o T Lo Le 1y Ly I,

WG

0.295524224 TL4TSE+00, 0.2692667193LE+00, 0.21908636251598E+00,
0,149451349150%BE+ 00y 0.66671344308688E-01s Is 1o Ty 1o 1y Iy Ty I»
Ly Iy 1y T9 Lo 19 1y 50 19 Te 1o

$END

MISCELLANLQUS GEOMETRIC PARAMETERS

R0JT SEMICHORD, BREF = 599.613620635
SEMISPAN/YREF = L.43914929850
REFERENCE VULUME = 39%4962180.332

PANEL ARcA = 565H08. 000000

PANEL ASPECT RATIO = i.27090000000
MEAN AERUDYNAMIC CHORU = T94,71725¢5100

MEAN CHOXD = 66%-605575686
94



SADRRSS
NODES
COON
1A
ITYPE
MAT
ELTHK
Lt
NRR
RA
RHIA
GAMA

Vi
ov

vF
veR
ACTIV
KF

Yy

NY

Iy

KC

X1
THETA
Q
SIGMA
THTSEG
IGAIN
5

HK
MACH
KM
NTAPE
REF
TUL
xPL
L
8PL

RHOE

401,
515,
12586,
1356,
1456
155¢
159

L7014

L1714

L72¢

1726

1732

L1738,
1T44,
1747,
L7153,
1756,
1763,
1770,
1840,
1847,
L1917,
201 T,
2035,
2041,
2047,
2050,
2053,
2056,
2059,
2068,
2071,
2074,
2079,
2083,
2087,

2091,

APPENDIX F —~ Continued
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NNN
NSE
NNS
MASS
VECLUD
VECMAS
VELNSM
LELL
C5av
]
DiIRCUS
NODSEG
T5EG
NDSIGN
c
NELDS
AD
YFREE
UTHICK
INIT
IFIN
ISTORE
NOC
INC
DHOX
TNDD
FK

VK

vOK

HH
EQSTR
vy
nE

3TR

96

2093,
2213y
231 4,
2319,
2457,
FLY 8
2509,
2541,
2585,
2585,
2585,
2585,
2609,
2633,
2657,
205d,
2754,
2758,
2778,
3254,
3259,
3260,

326y

3268y

31289,
3359,
3587,
4848,
4B60,
4872,
4872y
“BT2,
4872,
4972y
$3l4,

5323,

APPENDIX F — Continued



DISP
VE
B
B8

1SET
LY 14
YMAT
DMMAT
VOMAT
V2ZmaT
GFR
GFL
FREQ
GM

bz

IH

FQ

HF
RGF
T
EB
FB
MATAER
80Z
¥4
BFQ
TAR
TR
TI
ax
BY
GFRD
GFiu
AMAT
AR

Al

5623,
5737,
5323,
6349,
6430,
5475,
6513,
5323,
5373,
5398,
5423,
5448,
5373,
5673,
5973,
5978,
5373,
5389,
5405,
5421
S4T0,
5480,
5490,
55104
5679,
57030,
5473,
6003,
5083,
Glb3,
YL T
6259y
G284 ¢
4309,
6389,
6003,
6303,
b6b648,
6984,

6904,

APPENDIX F — Continued
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SMAT
VO
VPLUS
GLl
GG1L
&l
VA
vl
ve
VPP
G1O
GlP
G1lPP
EQSS
VOR
¥S
GP1l
MARK

$END

THIS PROGRAM REQUIRES 016&45110CTAL)

98

TUo4,
T320,
T326,
7332,
7337,
T342,y
7392,
T452,
T458,
Thbé,
T410,
T415,
T483
T485,
1585,
1585,
7588,

7593,

APPENDIX F — Continued
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OISPLACEMENT FIELD

NUDe

LWE T AP W

8}

Ja

Je

.

Ja

da

Je

Je
G202201090E-03
=~2.502284 UNE-02

24 99366556E-013
=5.81191040L-02
=9.73373774E-02
=1.91367527c~01
=2 L012U6 T4E-DL

La 2001 349aL-02
=2.755707S1LE-02
~la%2001139€-01L

L «B690UB6IE-UZ

“3.40490835E~01
—a.0% 7345 T2E-01
=2.TeT82101E~02
=1.09872450E-01
“4e 740504 T1E-QL
~5.952 T4545%E-01
~8.19802209E-02
=l-508CT9d0E=-0D1
=3.37T24066TE~0L
=5.T3929223E=-01
=L.1l96T9179E-0L
~1.645TQ196E-01L
~%.60622829E-01
=%.56230584%E-01
=1.55234703€E~01
~1.81083652E~01
~%+12414393E-01
~1.7T2302B03E-01
=2.13013924E-01
=l.#4049332E-01

APPENDIX F — Continued

Ve

Ja

Oa

G.

Ja

Ua

Ua

~%.99459T5 2E-Q4%
—4%.506954 1 BE-(Q2
~l.483L268%E=-02
=1.32989(C99E-01
=3.18970157E~-01
—b.4%4104210E-01
~9,%693S869E~-01
=Ll.75732722E-01
—4.7T3864836E-02
=2 TlU4l164E=-0QL
~9.148511L05E-02
=71.16075752E-01
=1.25173292E+00
=2456U91349E-01
=de13532687E-01
~9.05376lb69E—-D1
=1.25926364E +00
=3.03363653E~01
~£a 12924 154E-Q1L
~9.6TUBL597E-0Q1
~L.10L38894E+400
~3.19885148E-01
=3.01681042E=-01
~-8.23182559€=-01
~8.57986513E-01
-3.029643516-01
=3.36196654E-01
=1.70502759E~01
~3.6B8287523E-01
=3.6346THI4E-01
—~3248211905€E~-Q1

5.21390586E-03
2.1556B331E-01
H.675%74%7E-01
l.5222552RE+00
2.43937819E+00
4. 406THITHE+OD
B.35014730E*00
1.21108374E+01
3.2895214TE+00
5342554 3BE+00
B.9T492B815E+00
1.48453968E+«01
2.55T18654E401)
3.61080024E+01
2.TL217410E+01
3.61336169E+01
4. 409386065E+01
6.12251751E+01
5414 TOL394E+QL
6.1T218622E+0L
6.94380T85E+01
8.42824604E+01
ToeTO9GB43E+QL
8.65785802E+01
9.43028238E+01
L.0418T655E+02
1.00008849E+02
L.08T740603E+02
1.20281468E+02
1.226826T46E+02
1. 3609 TTHLELQ2

' 99



STRESS FlcLD

ELeMENT

100

W SN R e N~

THICKNESS

1.0000000JE-01
L-00000uOuE=01L
1. 000UR00JE-01L
b.00000ddJde-ul
L. QOUQIUOUE~OL
L.UD00ONI0UE-JI
1.0000B0000E~-D1
L« UUUOUUUIE-UL
1.00000000E-0 L
L. 000I0JYueE-01
1. 0000U000E-ul
L0 0uUUUE-U L
1.00udo0vE-Vl
1.0000U0wdIE-UL
1 000QU0OIE=-UL
1.002uu0YIE~UL
1+ QUQCUJO0E-U L
L. 090QuuUoE-CL
L.00000000E-0L
1« 00UQU0WIE-TL
L« V0UQQUUIE-QL
L.0Q00000uE-01l
L 00000 UYE=-UL
L+ 0Q0000UvE-D1
1 . 30000000E~{1
L« 200000U0L=-01
1.0d00uQQur=-01
L . 0000000UE~LL
L.000000E-VlL
L .0000000uE~U1
1.0000003)E-D1
L.00000000E-01
1.00000000E=01
14900300 U0E~D1
1. QI0000UIE-U]
1.000000UJE~01L
1. 00000dUU=-01
L 00UQagdue=ul
1+ 00030000e=-01
1.00UQ0000E-JL
1.00000000E-01L
L« 000QUYOOE=-01
1.00000000E-01
£2.00000000€E~02
£.00000000E-02
2+ 0UQQYQ00E=-02
2.00000000E=02
2.0000000UE-Q2
£ .U0UQU0OuUE=-02
2.00000000c-U2
2. 00000000E-02
F+80000000E+UD
9. BOUOODJOE+DRD
. 8000 EHD D
4. 8000000UE+LQ
4. 800000 J0E+00
4. 80000000400
9.80000000E+U0
9, 83000000c+00
9. BOL0GLOUE+UD
94 HOOGUOQOE+UOD
9. BU0000A0E «00
9.80000000E+00
3. 8000DUJIE+VO
Y. 800000 00E+O0
9.800000UUE+QQ

APPENDIX F — Continued

SIGMA X

-2.54938878E+07
249196013 3E+US
4,512593609E +03
3.59d31051E+C3
29040626 2E+03
BedfI4BTIE#03
Led2542 1SHE 404
$.3803843LEt0US
b 294 TTQCE+O ]
Lda3TTI2TR2E 03
L.36H85B62E +04
4,778T039BE+03
L.d4l50932E+046
4o 40999339E +04
lalbuub02 LE #04
4allU2396GE +04%
2.39L00244E+04
L. 355BLb3E +us
2.515445T5E+04
Sa94% L4 QU6E +D4
1.8J081116E+04
4,184660955E +04
Lel9l 3432 6E +0%
3.61132368E+04
3.19953885E+04
5.90008034E+03
2,811 U09535E+0%
1-038TT7623E ¢4
4446203T12BE+03
4.4B8591 166E+03
44,358B8705E +04

—2.50637860E+403
24875946 T3E+04

~3.42439654E+03
2.26T520600E+04
2.69002263E4+04
2.8T483068E+03
2+6355255T7E ¢03
la 514694 T6E+04
L.3U294B05E+03
1.83626T93E 404
4.,20854354E +02

-1.567T0L2Z2E+403
3.05640563E+03
2.3327T462TE+D4
d.80038796£+03
2.636 3L TOZE 404
6. T2835T4E6E*0D
B, 750 TOUOBE*03
1. 13859333E+04

~5.lUudes82€+01

SIGMA ¥

4.40003303F+ 02
9. 71533 7195E+03
-1.580f601BE+02
2.32699741E+01
Y. 71354207E 403
Leb6291337E+00
-1.45B800542E+03
1.12009008E+U4%
5. 723030 ME+Q3
4,58436036F+03
B.22102R530.+03
To44694132E403
b.lAB3bG4LErDS
7.70395062E+03
L.975342i0E+04
la341661460+04%
-4,B815994810E+03
L. 70450084E+04
8,38481918E+04
2a92FLTT28E+ 04
4, 849083060E+04
L. Q4237658404
2452 1320T4E+04
L.4T501512E+0%
=1, Q0490255E+0%
1.3364T242E404
~T.6576077BE+03
2.16002211E+0%
6.0338T7144E+03
L.%95303B9E¢04%
5.876L9TTTESDS
T.18CTIL4sE+QR
2.57346065E+04
5.06209130E+03
1.83893413E+04
~4.83268892E+03
1.93561278E+04
-1.913037TLE+03
=2 19030T748E+03
1.44485183E+#04
=5.6349920ZE+02
106 146023E+04
3.46175035E+01L
1le236T49CaE+04
-1.15898886E+03
3. 46549299E+04
1.887L4634E+04
2.0T455596E+04
1.07035892E+04
=~1.02580872E+03
9.T5T025459E+02

SIGMA XY

-4.55958564€E+02
1.04590634E+03
-4.5862076TE+0O2
~7.2503386TE+02
1.27653257E+03
~4,192631 59E+ 03
~1.70558L17E+03
-1.3442065TE+G4
Y.02TU610BE+ D2
T.74498060E+03
~l.256196770k+ 04
-4,.044 75465402
5.50412853E+C3
5.1 TOG390FE+03
L.51568459E8+ 04
~1.58206380E¢04
2,6T418354E+03
1.033024 56E+03
L.11129T93E+0%
2.2383932BE+04
2. 36821 TBUE+ 04
2,07644460E¢04
1.6B959756E+ 04
~2.14445983E+04
4.0840630TE+03
9.05QL1603E+02
3.897071 13E+C3
1.492696 1IE+ 04
6.12584891E+02
1.57147T14E+04
3.03391215E+ 04
1.T85TO056E+04
2,03TTLI15BE+ 04
1.7815L40TEeO%
1.71342243E¢04
3.91794293E+03
1.40606685E+ 04
=1.02%62 TS TE+04
~9.59526L 468+ 02
7.1505T834E+03
3.743B87011E+403
L.04l24696E+04
—T.04178522E+03
7.24105012E+02
2.423B6TT9E+ 03
7.293258595+03
1.423527TT9E+04
1.11625158E+04
4.784L9938BE403
6.60627481E+03
9.4610354TE+0I
1.2847T220E401
—1.8127272HE+C2
-1.14818926E+02
-5.2T135156E+01
~¢. 287054 08E+02
-1.3667664TE+02
-1.B0423820E+02
1.72T58Q005E+01
~1.84T21264E+0L
-1.13271832E+02
2 96383590E+02
B.41024050E+01
-3,.76413662E+402
5.52519268E+01
~1.95333602E+02

STRESS ARATIOD

008
071
«037
»027
071
.131
.093
«303
«050
$L112
«216
«0533
PR R
- 334
.251
363
«252
-k23
616
-4 9%
-&T0
“ %52
. 292
. 389
«309
- 034
. 266
-25%
« 04k
o262
« 376
257
«357
w256
290
«243
«263
. l46
« 131
149
.158
. lab
.098
«088
« 194
269
«273
L213
« 103
o132
137
«020
-003
002
+001
-003
.002
«002
« 000
«201
«002
004
-001
« 005
«001
003



Y. HO00U0UDE+00
9. 80CU000UE+QQ
P BUJOUOOUE +D O
P+ BOUQVOOUE+DD
2« BUOOULBIDE #0D
Y. 80UUUYUNE +U T
Y.80030C00E+YQ
F.d0000VDUE +0 U
FadUUUUIIIE IO
94 BOUUOUUVE +0U
¥.80U0000UE +00
Y. B00UQQUVE+0D
Y. BOUUQOJVE +0Q
94 800000 JUE +U0
YaBUOQUUUUE+Y D
9. 80000000E+00
¥4 80UQQUAVE+UO
9. 800000 00E+00
3. 80003000 +00
Y+ 80UCQUUVE +00
Y. 300000DVE +UD
7. 80003000E+00
9. 80000000 +00
4480000000t #00
4+ 400 Q00VUE +QD
Y« 80000000E +00
9. 800QUUQVE +J0
YL BUODILIDE+DD
FBODOUODUC +Q0
3. 8000UBIIE+LO
9+ 8OO0V UUE +00
P BUDUUUOUE+JO
9. 80000000 +00Q
P.800000UQE+YD

RODUC!
L eerey

RIGIN

0
BILITL
pAGE B P
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QOR

7.024864TLE+02
4.328357216+02
1.40T0i232E+02
—2.56738822E402
~1.0985505254+02
4.8358972TE+u2
2.95165102E+02
9.07906148E+02
3,TB5354 85E+02
4.16745893E+02
3.00391464E+02
L.499 THOTOE+ 02
2.73711496E+01
2.46599706E402
6.4T576587E+ 02
2.844292945402
1.02297549E+03
2.64T63944E+00
2.597 774556402
1.0621031125+01
1.998567306E+02
~2.993720235+01
2466647846564 02
1.7579484 25402
1. 793406 30E+02
2.17037628E401
7.36087863640]
“4.23535523E+01
=1.22954355E + 02
64549671 TBE+0L
-1.21180974E¢01
H.26341 L9701
2.53623252E+01
~2.16393884E+01

.010
. 006
+002
. 004
.002
.007
- 004
.013
. 005
-006
.004
.00z
.000
« 003
.009
- 004
-0l4
.000
.004
. 000
.003
-000
.004
.002
. 002
000
.001
001
.002
.a0l1
000
.00l
.000
-000
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APPENDIX F - Continued

FLUTTER CONDITION NO. 1

01/16/74 DAMPING = VELOCITY/{IREF LENGTHI*{REF FREQUENCY))
DENSITY PARAMETER = 3.54B83399A677SE+02

2.000000 =-.LB84138 -.165307 =-,067282 -.124826 =—-.14B8431
.031063  .096747 .160612 .171832 .079804
L.97TT778 -.186206 -.l67329 -.065966 —,126666 -.l48265
.031428  .097892  .162280 .173784  .0BOS552
1.955556 =.188328 =.l69413 =,064586 =-.128545% =,14%8052
+031802 .099066 .l63916 175785  .081312
1.933333  -.190509 -.Ll71565 =-.063142 ~.130464 =.147790
«032186  .100269 165581 Li77837 .0B2087
LoSllldl  =o Ll 92750 =-.1T73789 -.061634 =,132425 -.147479
.032519 Ll01504  L167275 .1799%42  .08287%
1.B88889 =-.195057 <—.l76088 =.060061 -.134429 =,147117
032982 L102771 .169000 .182102 .0B3676
L.866667 =-.197434 -.L78469 =.058622 =-.136477 =,.l486702
2033396 104071  LLT70756 184320  .084492
l.d44444 -,.1998864 =,180937 -.0S56715 -.138572 -.146234
.033821 -105406  .172544 L186598  .085323
1.822222 =.202414 =.183498 -.054940 =.140716 =—-.l45711
£ 034257 106778 L1T4364  .188937  .086169
1.800000 =-,205028 =.186158 =-.054096 =.142910 -.14%130
-034705  .10BLB7  L.176217 .191340  .087030
L.T7T778  -.20773¢ -.l88924 =.051180 =.145158 =.144491
035106 109635  L178104  .193E10Q 087908
1.755556 -.21053]1 -.1l91803 =,049190 =-.147462 —-.143791
035639 .11i1l2%  L.1B0026 .196350  .088802
L.734333 -.213432 =.194803 -,047122 -.149824 =.143027
£036126  LL1265T7  .181983  .198962  ,L089712
L7l - 216439 -.197931 -.044961 =,152247 —-.14219%5
.036626 -tl4233  L183977  .201l649  .090640Q
1.688889 ~.219558 -.201195 —~.042720 =,154732 -.141291
L037 142 «L15857 L186008 .204%14 091585
LibbbobT =.222795 =~.204604 =.040373 -.157243 =,140311
~037672 LL17529  ,188078  .20726l 092548
1644444 =.220151 =.208168 —.037917 =,159902 —.139250
.038219 -119253 L190187  L2i10194  ,093529
L.622222 =~.229651 =-.211d97 -,035342 =~,162593 -.134103
038754 «L2L030  L192337 .213215 094529
L.600000 ~,433286 -.215803 -.032639 =.165359 —.136664%
SU39363 122864 L194528 .216330 095548
LeSTTT7d -.23706d8 -.4LlY898 =,029796 ~.l6B203 -,135526
039963 124757 196761 L219542 L096586
1.555556 -,24l0U8 =—.224198 -—.026801 -.Ll71129 =~.134083
L 40584 Lol 199038  .222856  LU9T643
Le533333 -.245116 -.2248716 —~.023641 -—.1741472 -.132527
041222 -128732  .201360 .226277 .0987T21
FaS1L11L -.249403 =.23347F —. 020300 -.177246 -.1308486
041833 130822 L203728 .229810  .0Q998l8
1.488389 -.2538dl =-,238479 =.016761 =-.1B0645 =.129027
«042568 LL329H3 L 20bLl44 L 2353482 100938
l.460607 -.258566 =,243T60 =-.013007 =,183745 =-,127057
LUa32TE Ll3nlel £208610 L,237237 .102075
Lo4444as  ~.283071 -.2493350 -,009017 =,187152 -.124919
=U460UY 137540 L211128 .241143 .103235
1.42222¢ =.408613 -~.255234 -,004769 =, 190672 ~.12259
U4 TT0 LL39944  L213700  .245186 L 104415
1490000 -.274012 -.l6l4%6 =-.,0002640 ~.1943L1 =-.120070
045508 142435 LZ16328  .249375 105617
LadTTI78 -, 279087 -.263393 ,006596 -~.198076 -, 117317
«DALITT 143022 L2E9007  W2S3ITLT 106840
1.355550 ~.28%662 -.275417 009165 -,201976 -.ll43i6
20GT22d L LGTTOT  J221T6d  .258221 108084
L.333335  -.29196¢  ~.282580 LulS299 -,206019 -.1Ll1039
NITY ISP SL50499 L 224986 L 262HYb L 109343
Le3lhllL -.2986l4  -.290522 020227 -.210214 ~o.107457
«UJadU3d L153400 L2274%6 267752 L11u63e
Le2BBdlY  -.30%651 —.294982  JU2758l -,214570 -.104539
ATV 150420 L230442 LJT2802 L11)S44
Le266667 ~.313lul  -,30d004 034396 =, 219101 =~,099253
VRN 2159564 4233450 L278056 L1137274
L.244%4a  -.3200¢3  =.317639 L0417048 -.023817 -.094559. .
«U52035 logdds 236648 283529 Sll4s25 0 0L
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l.24224¢2
L. 200000
lal77774
L.15%%%0
La133333
I« LllELL
l.udBbgy
l.vobos T
LaD44%40s
Lau2e2e2
| PEAISIIVIVES)
«977714
=« 955550
933333
29l
;BUH&H?
- dob6b7
LTS
«B22222
«820QUQ7
«T77778
-7T355%0
+73333)3
~TlLLL
~538889
+ 665667
~54e444
022222
«60Q000
STTTTH
«555554
533333
Sl
«48888Y
JAob66T
e Habds
422222
«&20000
377778

S 32956l - 421092

«Unille -lbozed
~s3sele -, 33d922
0542060 LA V]

“adedJUt  =.350684
«U55%0l 173516
~e3%82G3 -—.303264
056713 ~177388
=2 309277  =LATel L7
=280 - lai4e 3l
—addllén —.3910%6
<0594l 1 « L2653
~«3HINUY =, 4do4e54
«U6NEGT + L9JUOY
—.oUT 73T - 4li347
Db 2as AR LY. Y
422731 -.44J306
Johdl2 -199492
~ 39055 2458894
« 065 Ti0 U531
—«4b035%8 ~,4l8640
«0bT551 » 2093 04
a4 TadIT —L499609
~UEFLTT 215325
=¥ TTOH  =.521830
«O7L543 +221110
~a5281214 =.54535Y
«Ur3Tu0 «£271 78
—+ 547129 -.5T0257
WTHU20 «233546
=« 573793 —.9%6529%
078495 [P rL Y
—HUTHI5  =.bloabi
«UdLI3Y +24T29¢
~e64l410 =~,653958
«UB39a7 <547 24
=+081300 =~-,0685222
«+08b990 02583
=+T24311 =-,.718409

09242 «270901

~aIT1940  -,753715
L0937 L279T27
~.824670 -.791370
~U9TaT4  .289116
~.B83044 ~.4316TH
SlOL509 L 29vL30
-~.947TUT =, 5749065
<l0%865 L3094 e
~1.Ul9%445 =.921674
<Ll058e 32133
~1.099245 -.972311
SLL5710 L33371)
L. 188373 ~1.u27523
121308 3547084
-1.288483 ~1.088126
«l27453 L361595
~1.401758 =1,15511%
134262 377414
=1.531117 -1.229788
SLALTYT  L394Ta2
-1.680530 -1.313807
150278 .4L3B3S
~L.B55507 ~1.409361
«159B%4  .43500%5
~2.U63893 —1.519381
170931  .45H865%
=2.3517221 -1.,647869
183783 .485101
-2.633154 =1,800439
199021 ,515629
-3.040019 ~l.9y85197
L217502  ,550573
=3.586609 =2,214275
L 240591 .591444
~%, J64DHE = 2.506660
-270633 640165
=5.565261 ~2.893754
4312099 699693

APPENDIX F
L049541  -,228733
Le39H61  .289214
~0B1943  —-.233d64
L243201 L295187
L0B6944  ~.2392217

+ 246657 « 301406
078577 -, 244040
« 250242 « JOT909
~08e813 -~.250723
+¢53968 <IlA&TL7
«297858 -.256901
- 257851 +3218%4
< U955 -, 263399
261910 « 329345
21979 —.2T0244%
«lb6LEL 337217
» 135140 -,277469
270627 « 345504
- 149042 -.285108
- 215329 « 354239
163683 -.293204
«280291 »A6346]
«179057 -.301803
+J85539 ~3T3219
« 195153 ~,310958
« 251099 383559
»211960 -.320732
« 2956494 « 294540
- 229486 —.331199
« 303269 406227
el THBE ~.342443
» 309943 a%l 8695
«266548 -,354566
317057 «%32031
- 286123 -,3067693
- 324654 BTV EXL]
« 306359 =,381971L
«332769 w461 TET
«327401 =.297584
+ 3414465 «478344
»36TLTZ2 —L4l4als]
«3507T499 46357
ATLITTT -—u433712
« 360846 «515961
« 399316 —.454988
«371692 «53T399
419937 -.4788T71
383447 +56097T2
« 445855 -.506030
396245 « 387050
«473383 -.537287
«%10253 -6516109
« 502981 -.573766
425687 bHBTHZ
« 935315 -,617058
« 342823 - 685824
a5T7T1362 -.669472
« 462022 « 729405
6125595 -.T34499
« 483761 . 178078
2061013 =-.817651
- 508682 +937161
- T1l3908 =~,928137
+537662 - 909264
« 1940233 -1.082520
«571927 L.000414

-891142 -1.31378]1

+613246 1.121650
1.023517 =1.,698145
~ 664274  1.296023
1,212750¢ -2, 460423
« 129222 1.582835
1.499461 -4.681738
«815313 2.211528
Le970504-97.675856
«936422 10.216923
2.851823 I
l.124187 1

- Continued

-.089417
L115999
-.083114
L7395
-.Q77591
.l18815
-.0T0796
120258
063328
2iTes
-.055112
.123219
=.U46065
124740
036092
2126290
~U25085
127874
012926
129495
.000518
.131154
015390
2132872
031852
«l34647
.050073
-1136494
070237
«13R432
092537
140479
117172
142661
144348
«145009
«Ll74267
.147559
«207146
1503459
243205
153427
-2B2690
-156840
325843
« 160643
373138
»164893
424893
169653
481733
174994
+544415
«180995
«613936
.l8r1s52
591606
.195378
«779161
« 204015
BT8920
»213843
2994038
225094
1.128889
w238076
1.289739
.253211
1.485860
2271090
1.731600
292577
2.050435
«318998
2.483680
»352513
3.111278
«396952
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APPENDIX F — Continued

.3555560 ~7.680828 =3.431438 4.976736 T 4.110807
«3T44996 ST714898  l.479824 1 «459%45
2333333-12.636389 -4,229378 Lb.0437049 1 5.9&a9862
08819 JBTab2d  Lab2231C 1 559791
S311101~32,265515 ~5.935941 i [ 10.6990%%
LB40387 L.O0lolis 1 1 .7501482

.2B4488Y | =daubSl4la 1 ] 48.,687041
[ ladéslaTd 1 1 L.638984

s268661 f~l4es9l1673 I 1 1
1 L.7L554% 1 I I

wd i d i#0L.0a3973 1 1 1
I %.532%81 1 1 1

« 222242 I t 1 1 1
1 I [ I 1

« 200U 1 1 [ t I
1 i I 1 !

SLITITS i 1 1 i 1
1 [ 1 I 1

-1555586 1 I 1 1 f
I 1 1 t 1

«133333 i ! 1 1 [
I I [ I !

«1111kl [ 1 I 1 1
1 1 1 [ 1

088889 1 i 1 1 1
I 1 1 1 I

066667 1 1 1 I I
I 1 1 [ I

e T L L 1 1 1 1 [
1 1 1 i [

022222 i 1 I 1 |
1 [ I I I

0. 0U33I0 I 1 1 I 1
I I I 1 I

VF= 1.33369353c-Ul OMEGA= 1.2B662558E+01
L= -d79.9 ICODE = 0
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| APPENDIX F — Continued

\ DENSITY PARAMETER = 3.3414171690609E+02

€.0U0000 =,L173l05 =.155245 =-.06781l2 ~.115755 -—.143346
+U03L0T0 096732 «l61260 «L72022 080251
L.9T777d -.175032 ~.157115 -.066631 —.A1T48B4 -—.143274
«03l4ade ~0ITHTG . 162889 «173963 «L81010
1.955550 ~,L7/008 =.139042 =~-.0653d7 -.119253 -.l43l6b
Q51807 IO 44 164547 + 175954 Q81742
1.933333 -,17T903d -, 161030 =-.064083 —J121063 =~,14301L1
«0321490 « LO0L 44 « 166235 «L7T79596 «082568
La9lllll =, 18l124 ~.Ll63UB4 =.062716 -—.122916 -.l142813
« U325 «l01475 « 167952 180090 -083368
L.B38889 ~a183270 =.165207 =.061288 -.124812 =.142570
+03294% 10 F3T « 169701 «182239 -084183
L.Bo6867 =+1854T7T9% —.167403 -.059797 =,126752 -.142282
<3337 «lad33 +171481 184446 L085012
leB4%%4ase =,187757 =-.16% 79 =-.u058243 =-.128T739 -~.141946
«0238¢1 «LU5363 «173293 +186711 «QBSB5T
l.82244¢ =.190103 -.iT2040 =.056626 =.130774 -.l41562
R Y314 «l06730 «1T3138 - 183039 «086TLT
L.8Uu000 =.192935 =.174490 =.J54945 =—-.132858 -~.141129
PUVEL R AT «108133 «177016 «191430 -087593
Le777778 =.195046 =,LlTT037 «.053199 =-.134993 -.140644
«035161 « 1995 16 «LT0929 + 193887 LJB8486
L.T556556 -.19T646 =.179687 —.J51386 =~.137183 =-.l40107
+0356353 «1110%9 . 180877 « 196414 +0389395
Le733333 -.20033% -—.l820%0 -.049501 =~,i394d8 =.13951%
~0361L4 ~lldbuy . 1828461 «199012 090322
Le7RLLLL =.403123 =,185322 =.047540 =-.141730 -.138862
036610 « 114155 184882 201685 091266
LebB38BY =.20bULs —.188321 =.Us5495 ~-.ls4091 ~-.138147
037429 »lloTT) « lB6F42 « 204436 092229
L.68666T =.20%0103 ~.19l45¢ -—-.043361 =,146514 ~,137367
ETEY T ol L7430 « 189039 207268 093209
Lab4bdias ~o202kdno —4194T723 =.041129 =-.149001 =-.136516
« 034242 «l19152 L1911 77 «210185 = 294209
lo622222 =.21530U0 =.i%dlae ~.038791 -.151554 =.135591
«03dTos W l2uv 2l « 193356 «213190 «Q95228
LabUO090 -, 218721 =.201726 =.036337 -.154177 -~.134586
2039361 «d2214% . 195576 -216288 0962566
LoSTTIT8  =.222217 =.205479 =-.U33759 =-.156473 ~-.135495
«U39934 L24629 2 197849 ‘s 2194 82 +097325
1.55559%6 =.2454857 -—.20%%l7 ~.031044 ~.159646 =-.132313
«040%94% 2126574 « 2001 47 « 222778 «298403
1533333 =.229650 =.21355%% =-,028180 -.162498 ~.131033
«04livl ol 235 84 202499 « 226179 095503
LaS1iLll  =.23360% -.2017905 —-.02515%3 =.l65434¢ =.129643
' eUh | B4 PYRENLY-E] « 204898 «229691 100623
L.%Bu889 -.237/734% =.d226d% =,021947 =-.l68459 =.128134
042543 132813 « 207344 233321 «L0OL 765
LabdbbbT =.242049 -.227314 -.018546 -4171577 =~,126492
sUG3E 3L 1353089 « 209840 237073 102923
lebbbtnt  ~.26b565% —.232641l2 =.014930 =.L174793 =-.124704%
PULEL L)Y L3734 «212348 « 240954 104113
1.2282828 =,2512%6 =,Z37800 =-.011079 =-.178113 ~.122752
Qaa?lT + 139735 - 214989 « 244971 «105320
La®UQ0ID  =.2562508 —,243506 =-,006971 =,181543 ~.l20821
L U435a0 L FFAL) « 2L 164D 269131 « 1065458
La3TTTITE  ~.261469 —.2495349 =,902580 =.185089 -.118290
000343 «l447B? « 220360 «253042 107799
1.3553556 =.260931 =-.4559b0 L002119 =-.188758 -.115738
RILY SR sleTe58 « 223136 « 257914 109071
Le333333 =.274T26 =.262784 J007157 =.192559 -a.112942
+048Us5 «153235 .225916 « 262554 110306
Le31Lial =.2788l8 =.273051 2012565 =-.196498 -,10987S%
2048948 «lbo3Ll23 «22B8B5 « 267373 «111643
LallBd89 ~a289%490 -—.4TT794 L018374 «.200587 -.106509
- Us9898 156124 + 231868 2272582 113022
Le26660T ~-.2892071 =..80059 wU24615 =.204835 =~,1028613
« 050889 « 159258 « 234924 «277593 s11%383
Le2fhdnd ~,.299298 =.29%B906 »U031337 -.209253 -,098754
PULIR FE] «L62519 « 238065 «£H3018 «L15767
1,222282 =,306911 —,30435¢ + 038586 =.213854 —,0942%2
053003 2165940 + 241297 2886 T1 «LLTLT3
L.200000 =-a3195153 -~a3l4483 + 046346 =,218651 ~.u8938%
094133 slBP467 s 244626 «£94h68 «L18aU2
Lal777T0  =.343876 -.3272348 2054717 =.223660 ~,08394¢
«059315 «i7s170 « 248063 « 300726 «120053

RODUCIBILITY OF THE 105
B GINAL PAGE IS POOR



APPENDIX F - Continued

1.155556 -.333204 -.336999  .063720 -.228897 -.C18Q32
.056554  LLTI038  .251619 .307163 .121528

1.135333 =.343205 =-.349504 .0T3394 -,234381 -.071473
L057854 L 1BL0OT9  .255305 .313898 123026

L1110l -.353955 ~.362922 .0837715 -.240132 -.064235
L059221 L185303  .259138  .32095% 124548

1.088889 =-.365540 -.377314  .U94897 =,246L74 -.056240
.060660  L1B9720  .26313%  .328358  .125096

1.066667 —.378060 -.392738 .l06786 =.252532 -,047399
.062176  .194339 267311 .336134 .127669

1.044%445s -.391633 -.409250 .i119462 =-,259233 -,0317608
063776 L199172  .27T4692 344314 129272

1.022222 =-.406390 =-,426902 .132938 -.266309 -.026754%
L065469  .204229  L2T6299  .352930  .130905

£.000000 -.42248T -.445742 147219 -.273797 -.014708
L06726%F .209524 L 281158 ,362022 .132573

«9TTTT8  -.440101 ~-.46581l6 .162303 =-.28L737 -.001325
2069162 .215069 .286294  .371632  .i3d4283

«955556 ~.459436 -.487la67 178181 -.290177 .0L13553
~071182  .220881 .291736 .381808  .136040

.933333 -.4B0T26 ~.50986l .194840 -.299170 .030102
073332 L226976  .29T515 4392604  .137856

29L10LL  -.504237 -.533889 .212266 -.308T7HL  .04B513
075624 233373 .303661  .404083  .139745

.838889 -.530266 -.5959370 230445 -.319084 .068992
L078072 .240097 © .310209 .4l6316 .141723

«BB66LT -.559146 ~-.586354  ,249365 =.330166 .091754
L080688  L24TL72 .31T7194  .4293B4  .143813

+Bh&ibs  -.591239 -.614933 L269021 -.342133 L117025
2083489 - 254629  ,324656  .443384  ,146045

SB22222 - -.626938  -~.06452l6  .289416 -,355113  .L45031
. 086492  .262503  .332640  .45842% . L4B452
-800000 =-.666660 -.677343 .310563 =-,.369259 .176000
S089714  L270833  J341195  L474637  .151074

STITITS  —.Ti0B46 -, TLL485 332494 =_,384762 .210163
-093L74  .279665  .350380  .492177 153959

«T55556 —.759966 —.l47850 .355258 =—.401B58 .247155
-096896  .28905¢  .360262 .511228 .157154

.T33333 -.414534 ~, 786697 .378936 -.420B46  .269033
L100904 .299058 370925 .532013  L1&0728

«TLLLLL  —.475131 =.828339  .403645 =.442107  .334299
2105229  .309751 382466 554806  .164729

688889 -2 824456 -.813162 + 429561 =-.466139 + 3834925
.109908  .321714 . 395009 .5T9965  L169226

«666667 ~1.017331 -.921638 .456939 —,493605 .438398
2114945 0333545  .408705 607857  .174291

«B%4%6% —1.10087% =.974350  L4BELSL' ~.525401 .498361
«120518  .346857  .423748  .639087 L180001

«622222 ~1.194492 =1,032027 511141 ~.562777 .564610
126577  .361288 440385  .674352 186448

«600000 —1.300057 -1,0495584  .5525¢2 =,607523  .636466
«133252  L3TIO00  L458937 L 7l461l3  .193T40

“STTITY —1.420076% =1.166185  .5916C0 =-.66228T 121263
-140655  .394193  .479826 .761206  ,202010

4555556 =1.557945 =1.245328 636755 =-.T31159 .815092
-148935  .4l3110  .503815  .Bl&0SS 211422

£533333 —L.7183423 ~1,.336975 .690532 -.820771  .922701
«15d2d4 434055 . S31068  LHE20TI  .222191

SSLLILL =1,207d46 = 1437737 156819 ~.942589 1.047887
216d960 L45T4ll  .563242  .963930  .234597

~#B88BY ~2.136097 =1.557167  .B41645 -1.118207 1.156020
SLHl3lE  .4B36T70  L601644 1,0697T74  .249021

456667 —2.417527 =1.698211L  .954606 -1.393552 1.37495Q
«195862 L513483 L648485 1,215398 L 245%90

w4%G444 -2 TT4Y9L13 —1.06795%% Lelll234 ~1.8B6347 1.596643
«213337  ,54T726 .T011B4 1.435867  .236265

“9E222¢ -3.266328 =2.070902 L.3%3715 -3.016557 L.880178
2234902 (587ole . 783366 1.843070  .310990

S4UUUIL -3,900670 -2, 341286 L.70B064 -8,224655 2.258359
2262483 Lu3e91T7  LHBMZLB  1.0BLTZ6 34199

«3TT77d ~4,.07527L ~2,087547 2,343321 b 2.792342
“299595  L692302 1.019528 1 .382397

355556 -G hha Y —Jd 16l T30 3. bbbl G4 1 J3.61l0367
2353573 .764086 L.29660H 1 .43d156

+333333 -9, 739219 =3.651612 {.841573 [ 5.03%044
G4 3409 «HSTd L2 1L.881121 I 522483
SAILLIL-19, 616298 ~4uwall6] 1 1 B.181984
sL%bUYT «IHHLS S 1 1 «ETAT42
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VFa

L

2204989 1 -6.9%3F 3% 1
\ PoL.189723 |
«26b66 7 =Ll {77976 i
I 1.579334 !
2299 44%a [-38.360743 [
1 2.883414 I
2222242 1 1 L
‘ ! t t
« 290099 t I 1
I 1 !
LA7T774 1 1 t
1 1 1
+155950 1 1 1
1 [ 1
2133333 I 1 1
1 t t
Sl 1 I [
! 1 1
08588y ! ! 1
1 1 !
+080667 [ I I
[ ! 1
RTTVYS 1 1 1
1 ! 1
S02dec2 I 1 1
i 1 !
J. 00000 1 1 1
1 1 t

ledeTaitelu-ul IMEGA=

APPENDIX F — Continued

“T92.4 1C0D:E 3

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

2i.176286
1.09d467
1

1
1
i
1
[ i
1 [
1 1
1 1
1 [
1 [
I 1
I I
1 1
1 1
[ 1
] [
1 I
1 [
1 1
I I
1 !
I I
I [
I i
1 !
1 I
1 [
I I

1.28665945E+¢0]

107



APPENDIX F - Continued

GEiNSITY PARAAETE= = 35136 TO6GRS2SS +0 2
Z2U0OUUIY =Ll T7leal -, 0i98911 - U THLS -.Llle%5%0 -.142645
VRIS S U907 3 lelss? L2090 L0BOALL
law7IIld ~ . LTi3%0 = 13%76f -,u060?C2 . LlB269 -.l425%4a7
«DSL43n ed9fdIL e l629¢E9 IERELL ] YR |
Le@55%5%0 -.175513% —e L3776 - ULETT = lldU2s -,lb4rl46Y
+U3laud AU L A E-ET. 1) SLFSHTG «UdlEes
La33333 = 177%e3 =.159b41 —-.064191 =.119BlA =-.l42348
PRVE V.4 V) s lJidnl - leb3él «1THULY -Col633
L.F40lEL  =.1Tdodd =.lolol? =.06/B4s —,121656 <«~,1l42105

sl 32583 ldlaTi PN-1VE ¥, ludlle «033439%
LeBdbdod  ~aldllis =olb37F2 «,061435 =,123537 -~,141937
adil g PYVER T 1697934 o260 L0Aa251
LeBbEbOT - ld39d]l  -.1653945 =.05990% -.L125463 ~.lalsbsy
35397 s idedly SL7L5TT . LG4 bs L035042
LeBea4s4s -,1ld0l50 -.1l6dL96 =.04%8431 =~,127435 ~.141346
-J33841 « 105357 W L73393 186729 H.LL Py
L.d2222¢ —4188433 -.170530 =-,0%6835 =,12965% =~.14J094Q
ELY L «L06T23 «Ll75241 ~l89054 .CBeT90
1800000 -.190887 ~,I1T2953 =-.05%E7% -.131524 -—.14ChH66
« 034 Tus L0416 «L77L23 191444 087664
L.TI7178  =.193372 ~,1756T1 ~.05345%2 ~.13364% -.140101
«UiSlol «lUY> 64 « 179040 « 193899 SCBESH S
La755506 o 190944 =.173091 -—,051686¢ —.L135818 =_.135584
«135032 «lllusg - 180991 196624 «28494 15
leT33333 -.198607 =.1d0819 =,045801 ~.138048 =,139013
«036lle « 182575 -182979 199021 090404
La7LLLLL  -.20k367 -.183662 =~=,047865 =,140334 =-_133344
«Qibeld lislaeg - 185004 205692 +091350
L.68B88Y ~-.204228 =~.1868627 -.045847 -.162679 -,137694
037128 -113759 « 187067 “d044s] «092315
Le666667 -~.20019%6 =.189721 -.043T40 ~-.145085% -.136939
«03Th50 «ll7523 - 1BS169 «20T271 -193298
Labhaass - 210276 =-.L92954 -,04L1537 -.14755%4 =~,l3611%
038200 »1191338 « 191311 «210186 «094300
L.6dedee -.213476 -.196335 -,039230 ~-.150090 =,1352L9
038760 +120905 « 193434 -413189 -095322
1.600000 =~,216802 ~.199874 =.036B0% -,1526%9% =.134244%
« 039339 S L22729 «195719 «216284 096343
L.577718 -.220261 ~,203583 =.034265 ~-.155371 -.l133185
-03993% «l2%611 « L9798 +2194 76 «097424
L«555556 ~.223862 -.207474 =.031587 -.158123 -—.132036
«U40550Q « 126555 -200298 « 222769 -098506
L.533333 -.22T613 ~.211561 -.028B762 =-.160955 '—.130791
« 04l 186 » 128564 « 202654 226168 « 099608
La5E1111 -0 231525 —.Z215859 -,025776 ~-.163B69 =.129440
«04lBas «130641 - 205057 229671 -100732
1.4388389 =-.235609 -.220383 ~,0226l4 -.i668T1 =-.127571
« 042523 -132790 « 207508 233304 «101877
1.466667 =.239876 —.225153 =,019259 =-.169965 -,126371
«043227 «135014 « 210009 -237053 « 102044
L. 444444 =.24434]1 -.230188 -,015693 -.173156 ~,L124628
« 043955 ~137314 -2125641 « 240930 «104232
1,422242 -,249018 -.235510 =-.011895 -—.176450 ~.l22724
«044Ti0 »139706 2215166 - 244944 «105442
1400000 =.253924 -.Zkll42 =-,007842 =.179853 =~,120&44%
~045492 « 142183 «2178217 - 249100 «1066T4
L.3777718  -,259075 -.267112 =-.003510 =-.183370 -.l118368
+ 046304 «La4T54 + 220546 «253408 «107929
1.355556 =.264493 =-.253449 «U0L127 =.MBTOLO0 -.l15875
«047148 «L4T424 « 223326 257875 «109206
1.333333 ~-,270400 -.260l86 «006098 =-.190779 -.l1314i
- 04302% »1501L98 226170 «262510 110504
Le31liil ~.276219 ~-.267359 «0M1435 -.1946086 =-.110141
-048936 « 153084 «229081 -267324 «111826
1.2B8889 -.2825H0 =,275006 <OL7LT0 ~-.198739 -,106847
« 049836 «156087 « 232065 ~272328 «113169
L.266667 =-.289312 =-.283170 - 023338 -,202950 =.103228
050876 «159215 + 235126 « 277533 «114535
Le244%44 -,296450 ~-,291899 «029975 =.207330 -.099251
-251908 -ladeT4 T L. 2382869 282952 «L15923
l.222222 -.3040335 —.305243 «037L19 -.211889 =-.094B78
052987 «165872 +» 241501 +288598 «117334
1.200000 =-.312405 -.3li256 2044812 -.216643 -,0900656
«054115 ~1694148 « 244830 - 294458 118767
L.1T77T78  =.32071l6 =-.321995 « 053094 ~-,221606 -,084767
« 035495 -l TAL20 «248265 - 300638 120224
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1.155556
1.133333
1.110111
i) .088489
DeDbbEST
15044444
liozzzae
1.000009
977774
2555554
«933333
<L
- B888uY
«BbLELT
Ry ryres
$82224¢
« BUDVOY
T
.755554
J733333
JTHLLLL
588449
+5bbb07
-T2 T
2622222
VUSR]
STTITH
. 555550
#533333
WSRLLLL
488489
“4b666T
Shbhhbs
422222
2400000
37T
+355550

2333333

«3LLLLL-

~» 329924
«036533
~+ 339794
057831
—+ 350400
«U5%LYs
-+361830
060632
~« 374181
«J62ZL45
=~ 3875617
«063T43
=+4U2121
- 065432
= 417995
06T 2214
~a4 3364
« 069119
454431
«07ll3e
415427
«JT3282
~advdol?
~ATS570
—+ 524299
«Q75Ul3

-a552803°

«080626
=+ 584495
U342 3

= 6l9707
U842 2
~. 6459058
«VBI64 0
=~ TV27T53
LEDLN
-« 751342
Y681y
T BUSHIY
«100dL Y
~+ BL54H8
« L0514l
=+93221%
- 109814
=laUdb4abs
elldddt
~l.ud9e7s
120411
~1l.1420%53
- L2645Y
=l.286633
i3l
~le40%40u
« 140504
=ls54L84%9
LT YEY
=l. 7TQU4uYy
- 158073
~lewd ol
«lbstul
=2.11259%
e LU0Y9Y
=2. 339864
«19545%6

R TRLTVI
«21l28U5
~3.2U355%
LYY
~3.B431c5
w2blab s
EETEEIE T
. 298057
~-b, 351020
350015
=F.ahl620Q
CELELTY
I8, 57361
«B3uLUG

-«333520
«175%86
=« 345893
«i81027
~.359177
185259
—e3T3432
« 189667
-. 388720
194284
=»4050%6
«199122
~a422614%
«L04132
=u4%l13 24
2094 Ty
~+4681270
«215028
=.482494d
w22UH%3
=«52505¢
« 226342
~.52d982
»£33344
2554345
-24Q071
—.281211
e 247150

~ s UYL HE
«2546 0
~.639820
« 252487
~+6T1807
«7T0819
=e 70574986
279653
-« 741993
LH9TAZ

= 180050
299046
—eH2Z2UTY
«3J9T 30

=~ 8500657
«321195
R AT Y-1. P
« 333520
=96l 19
FEL TP
=lad24b%33
w36 1245
=l.y8T0u49
YL YA
=l.157722
« 394149
=leddeslss
«4l3013
~le.32%11l8
IREELVS]
—le%lb941
“a5T24%4
=1l.545204
e8 3453
=lebd4To0b
22131099
=he8525dT
eS4T349
—2.Uh89648
58711
—Z.3lYybL
Wb35229
=2s06IG 35
sudl 340
-3.127¢ 3d
~focb gy
=-3.dU34% 76
89567y

APPENDIX F — Continued

« 062006
»2518148
«071590
- 255500
~-081882
« 259327
- 092918
« 263315
« l04725
- 267483
« 117328
«271853
«L30735
+dTH44T
o L44957
-281291
-159992
« 286412
- 175832
- 291838
=192463
« 297600
« 20987
« 303729
- 228042
- 310258
« 246962
«3E1225
« 266625
« 324669
«ZB87033
«332633
308198
« 3401069
+330149
-« 350333
» 3529234
« 360153
376631
« 370831
«401354
- 3823494
« 421274
+« 194854
- 454638
« 208510
« 483808
+ 423504
«315313
«4hk00TH
349926
« 458549
« 588779
479332
+63354 3
» 502980
SLH6T13
+ 5502494
- 52063
2621861
» 435449
630204
«94886202
e 646535
14100080
«T04481)
l. 425241
- 119490
i.677839

«ddl3u3

Le2BT604%
L. 030259
3.539920
Ll 27Tus4
fa321919
Lads 3925

=4.8750093]1¢, 344510

eBaTis

Ll 774548

“a 226795
« 307066
~e232227
+ 313792
=+237923

«320839 -

-.243906
.328230
-.250201
<335993
~. 256834
+ 344159
-.263838
- 352760
-e271247
-361835
-.219103
371426
-, 287450
-381580
-.296344
.392352
-. 305845
403804
-. 306027
+416006
-, 326976
+429040
-.338796
-443000
-.351610
-457995
~. 365571
474156
-.380863
«4FLb34
~.397717
2510614
~+416425
-53131%
-.437359
+5540C8
-.461002
+679027
-.487999
«406793
-.519219
637842
~v555874
2672580
-.599691
LTL2850
-.653226
L759059
-, 720410
LEL3347
-.807593
.878663
-. 525704
-959415
-5.0951 86
L.y 3673
-1.359086
1.20590Q
-1.826008
1.420612
-:2.871619
L.8307406
- 217104
2.914064
t

I
1
1
!
I
I
i

—«078928

«121703

~.072488

«1232046

=« 065379

124732

—+057524

-l26284

a0 48833

«L27862

<2 039204

-129467

-.028525

«131103
~«0lb666
132774
=+002485
« 134484
011178
«136240
027498
+138054
045668
«139937
»65893
~141907
088393
a 143987
«113394
=146204
~l41127
«l4f593
«171824
+151193
«205716
«154053
»243041
«L57223
« 284052
»160760
+ 329046
e L&HT2T
«378387
-l69148
+ 432548
« 174214
« 492158
~179886
»558055
«1lBb2089
«631355
«193535
eTl3947
- 221755
«806622
211111
«913280
«221816
1.031244
LTy
1.183774
+ 248419
l+36U%50
« 265331
1.579231
285451
l.0858446
- 3094562
2.229943
+ 340650
2.T52815
«380%63
3.549993
+435402
4.944093
<3 14028
T.92254]
“Hbhdn]
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280589013, 620403 ~L.BLL300 I 1 19.634411
4.445177 L.lB8306&T 1 I 1.060066

+ 2660617 I-11.43% 173 1 1 1
i 1.55%3860 1 I 1

24 %%h 1-35.749495 1 1 1
I 2.781806 I 1 1

222222 I 1 L 1 1
1 I 1 1 I

« 200000 I [ I 1 1
I 1 I I I

J1TTTTE 1 1 I I I
1 1 1 1 I

155556 1 i i 1 1
1 1 1 I I

«l33333 I 1 1 1 {
1 i 1 I I

»111111 { 1 I ] 1
I 1 1 I 1

-08BB8Y i 1 1 [ I
I 1 1 1 1

«066607 i 1 1 I I
I 1 1 1 I

RET TN i 1 I 1 1
[ 1 I I I

+022222 1 1 I I 1
I I I 1 1

0.000uu0 I I 1 I 1
I 1 I 1 I

VF= le. 372204 T2E~01L OMEGA= L.288500T6E+Q1L
L= -740.8 ICODE = O
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APPENDIX F — Continued

!
FLUTTER CONDITION nNO. 2

Y
01A!6I7¢ DAMPING - VELOCITY/((REF LENGTHI®{REF FREQUENCY)}
DENSITY PARAMETER = 2,26487206529TE+02
2500000 -.094514 -.131428 -«086918 -.090280 ~.103097

~02%871 69421 «Q77671 - 131533 +140349
2.4560863 -.095731 ~-,.133981 —.088H10 -.090476 -.103561

. «025223 dfuila «0T8762 2123257 “laz21r
20432432 ~.U98962 ~.136594 -,090737 ~-.C90606 -. 104024
' 025583 wOTLE 30 .0798 174 135009 «l4al120
2u399LI3  -L09821L - 139267 -.092696 -.090668 -—,104488
025950 072158 -C810Q7 .136789 «146058

2.386071L -.099480 -—.14199Y -, 094683 -.090867% -.104951
«026324 073095 +082162 138598 1438031

22333333 ~L 100177 -,144718Y ~.096693 ~.090627 -+ L05416
26707 074049 . 083339 . leds3s 150041

24300885 -~.102105 -.l147635 —+U98723 -,090532 -.105882

«02TquT CRL TR ) « 084539 - 142305 -152087

2.268722 -.103471 -.150%36 =+ 100766 =.C90395 -,.10613150
+0e 7490 +0 1999 «+ 0857618 144205 «l5%1T1

24236842 -~.104882 -,153484 =.1028L8 -.090225 ~-.106821
027902 »0To99s . 087007 186136 «156293

242uSL9U0 - l063%4  ~.1586487 —,Ll04872 =.C90028 -. 107296
234l e Q784086 «0s821718 « 148099 ~158454

2o LT39L3 =L 1UTHES ~.159%30 =,.106923 ~.08981l4 ~-,107776
. + 028 7% «OTH030 « Q49572 - 150094 60654
2ela2837 ~.109452 ~.162609 =,108965 =.089589 ~.l0B8264
29175 U086 - 3908923 « 152123 « 162895

2al12969 =.111107 =-.16S5720 =-.l11C9v9 ~.0893446 ~-.108766
LU0L961L 7T «+08L1LS « 052239 +1l54186 -165178

2.081565 -.1liBe¢8 -.ibBBS6 -,113044 =-,089074¢ -.l09289
« 030006y -03218% 093613 «l59462462 1675046

€.051482  ~.llebld - L7010 =-.115044% -~ 0BBT62 -.109843
~U33545 s UBIZBY +095017 158412 «165881

€e02127T  ~.llbebd =oi75175 -,1L7060 -.088397 -.110436
031003 <QH43159 «U9645]) «l605T6 «172306

1.991525 ~.ll8a74 -,17d343 -,119077 ~. 087966 =-.111078
+031485 +0853468 097917 162775 174785

L.962023 =.120342 ~-.181504 -.L121098 —-.087458 «,111778
«33leTe «u86592 « 099418 «L65008 LL7T321

1.932773  -o122386 -.184649 =,123149 ~.C86860 =.112546
Q32404 087733 « LUCYS4 +l6T27s L7991 7

L.903T66 -.lcé494l ~el8ITpd  -.125176 -,08615%9 =,113390
«033001 «J83d 94 + 102548 - 169578 -182578

La8T5000 =,126563 =,193852 ~.127244 ~.085344 -,114321
« 033530 090064 « 04l 42 171914 « 185307

LeB46473 =,128728 =,193889 =-,129339 = CB4405 -.1153423
LY G LL5G « 105798 -l74286 .18811Q

la8iB182 =.130939 =-.196371 -—.l31469 ~=U083343 -,115456
«034b27 «UJI24HT «l0T494 + 1716693 130989

L.790123 ~.133201 -,159788 —+133637 -,082160 -.117653
~@35196 UF1694 « 109243 «179137 -193945

L.762295 =-.135522 ~.202629 =,135850 ~.080860 --118931
035730 «U9493y « 111034 «181619 -196984

1. 734694 =~.131907 -.205385 -,138114 == 079443 —-.120483
1363579 096201 «ll2874 1841472 -200]103

L.707317 ~.l4vudss =,208042 ~.l4%0%37 —.CTT912 -.12170&
«UDiadys U9Ta 78 +11476% + 186706 -2403304

1.68d162 -.l@29u2 ~.2135%8% =-.142824 -.076269 -s+123193
037643 ~09dT T 116735 «1l49315 +2065958

1a6532206 =,149529 -.213001 -, 145284 ~a 074512 -,124742
L0382710 Ll0UaTe 118699 - 191569 209977

1.026206 =,14H457 ~.21%271 =-.147825 =aQT2643 =.12634%6
JU3493h «10LE 399 -120748 194671 «2134%0

1.0000Jd =, 151uy?  =-,217377 =-.150498 -.07065H —. 128004
| «U396ls -102724 - 122854 « 197425 217007
1.37373% =-,156061 =.219299 -,153192 —+068554 =,129713
040321 « L0%0 64 «125019 »-200231 =220662

Le547619 =~=,1571%3 =~,221023% =-,158038 = 066324 -.131479
« 041043 LY E) - 127245 «203091 «2244)5

1521749 =_1603TY -.222538 =.159004 ~.063962 -.133307
U4l Tde SlQaTT2 « 129534 206006 . 228271

Le99bubd -, 163742 -.223833 -,162102 -.061458 =+1 45204
«04255¢ cludiaZ «1313894 - 208976 232236
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APPENDIX F - Continued

lLea TUanE -« L6T2765  —oddhnidd S labdas - 09nHOT -1 371G
eibu i RN NS ELEFN LLAu0S YA B
Latw&53La  =elTud¥s coeldbléd  —.lodlal  =.U55998 LT
TN ] alludbte «L36R 40 4150813 LV
Lowdudir =—olfubdY - 2l630]  ~.l72308  -.053024 —slalsb3
NS R Y SLl23sd RLLY-S L2l8240 LT LLY,
L. 349349  =olTdb0ob S d2abdh  =. 176058 —.0avdll - l4354y
MVEYE-Fi] SLL 3TN Ldelast 2721414 « 249304
L.d7064%0 =, Ll8eTed -, 220690 —.1lBU006 -.04653% ~. 145309
L4l T4 Sl 13U ALY 226603 .£53904
L.34bl%% -—elufdul  =a2lD493 -.l84leB  =.0623999 -.1led327
ety “llnb3d Cie?TLL «22T90HI A OB0G3
Laderdsd -.ol9lalo ~. 220029 —.1BESE4  -.039253 -.1508%48
UGl LlLBtoe « 150684 2231331 ~ 263579
L.29T1LJd  -.l%budb —,245289  =J193215 —.C3527T9 =-.153474

«JeY6l1 JlRe0d 153753 L234T50 L6860 1
L 2FiTae  =J20udlo  —.224458 —. 198148 -,031057 -.1%0L208

059638 WL21015 L1569357 «230227 213940
L.Z2500d0  =—edubBlT  =.222921 -,203391 =-.026565 -.159055
»35Lud e lLZ2db4b . 160244 L2ulTh4 279363
L.226%1l9 =.2L1045 -.deldbe -, 208971 -.021776 -.162019
W Jo AT L1241 76 .lo3671 205361 L85 001
leaddidud =a2l0%92¢ -ezl926l - 2146%44 -.0l4661 -.165106
RVEER KTV 125763 167236 259023 290842

L LTYTT5  =.ce22fo -—.2lb09? -,221333 =.CLl1B& ~—.lb8324%
£05511L4 127341 L LT0943 « 252749 £ 296898
lal5olle =.,228334 <=.Zlel4as —, 228193 =-,0053L6 = 1710678
.56 340 «leB34G L T4B0Z « 256542 «503180
Leldagey -.23al3l =-.210980 -+235577 L000998 =-.175179
JU5Ta2ZY . L3050) LLT8%20 « d60406 -309702
LellLLLE =.241503 =—.207358 =.263045 LO07798  ~.178835
« 058966 «132188 .183007 « 264345 loaTe
L.UBESaL -.Z2adeFa  =—.203271 -.252186 LOL5L37 =.182657
060200 «133824% + 181373 » 268363 .3235117
1.0661T6 =.256351 -.198645 -.261510 L023069 -.1B6654
+06ldld «132470 £ 191929 2272468 « 330842
L.043956 =—,204525 =.193435 -.2T1652 .03165% -.190836
«06336d 137125 . 1966806 «2T66608 + 338469
1.041898 =,273279 ~-.1875383 ~ 2B26 15 040955 -.195214
LUb58939 1387384 « 201654 2809175 +3406418
1.000000 =-.202682 =—.181018 -.294663 L351030 -.19%798

~O66614 JladedT . 206846 +2B5403 »354711
L978261 -.292018 -.1t3662 =~,307703 061939 =-.206603
Q08374 aléclll 202272 2894968 +363371

L956679 -.303785 -.Ll6542¢ -—.32L077 L073733 -.209643
L0T02217 WladTT4 W 2LT943 L 2945692 3712425
+935252 -,315699 ~.156200 -.337262 L086453 =—.214933
«07LLTY . l%5433 «223869 2996090 331901
L9OL3974 -.328698 =-.l65869 -.353923 100125 =.22C0490
LOT420l +147089 « 230060 +304721 +391832
892857 =.342945 ~=.134292 -.371910 114756 ~.226336
~0Tbald «148738 «236524 «310086 »402253
LB871886 —.3%8637 -,121307 -.39125%4 .130330 =.232491
LQ78737 150383 .2432172 +315729 .413203
LB51084 —.376007 -.106727 =-.411974 +l46813 -~,238984
0811495 « 152026 250314 321684 424126
830389 =-.395335 =-.090336 -.434071 164152 -.245845
083811 153674 257682 «327987 436871
L.809859 ~.,416949 ~-.0T7LB9L =+457544 .182285 =-.253112
086601 +1535336 » 265330 334072 « 449693
LT89%4T% —.441230 -.051129 ~-.4823%0 +201143 —.260825
089581 «157030 273337 «o4lT72 4063255
L169231 -.46H6L4 -.027769 -—.5080615 «220659 —.269034
092769 L158781 «281705 -349321 417627
749129 -.499575 -.001533 —.536241 L240TT3 - 2771795
« 096 1de « L60626 « 290460 «357350 +492890
.729167T -.53456409 027435 =-.565310 .261434 =-,28TL75
+0998438 162613 . .299632 . 36589 «509135
«709343 -.5741953 060536 =-.595892 202606 —.297254
«L03T46 «L64803 309259 - 374989 ~ 528470
+089655 -.618759 .096695 =.5628083 304259 -.308125
«L0T924 167266 +319383 + 384677 545017
«6T0103 ~.6068644 +138349 -.662013 »326390 -.319906
112383 «L70076 + 3340050 «395004 +564919
«B50685 =.T24109 L7672 =-.697852 «349004 =.332736
117135 «173307 «341315 +406027 «5863456
+63139% =-.785376 «226021 =-.735811 «3T2L30 =4346787
122197 «177026 + 353243 .4174)13 +609498
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«395827
v430441
«420192
~&44014%
« 443376
+458653
471606
~4T7T4514
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-491793
528704
«510738
« 560769
«53l666
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»554989
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-581243
+685074
611136
« 7143250
2645614
=~8316258
~H85971
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—e3 79487
661986
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5691969
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« 725004
“+ 5445652
«TH1652
-4 TH170
«802635
--50%219
«848905
~.550822
«+ 901756
~.502328
« 9463011
—-a668055
1.035338
-+ 755155
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-+8T756296
1232404

«F11019 -1.056135
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L.038400 =1.349710

« 792384
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012245 -.8527G0 «2T76000 —,776149
' « 147594 «l81293 - 365903
«593220 ~-,.926447 «329521 —-.81%182
«1333%59 «18615Y «AT937TY
«3T4324 ~1l.00T179 »386 847 -,B65301
« 139530 « 191675 « 393765
»555556 -1.0957T15 +Sa4Be22 =,914971
+lably]d «1978%7 409171
536913 ~1.193201 «514898 -.948770
«15%33T3 « 204887 + 425726
+518395 ~1.3011%90 «5871L60 -1.027409
. «lbllya 212726 » 443582
«500000 =l.42175% 0566378 ~1,091769
* 169759 L221510 462917
«4BLTZ8 -1.557658 « 155071 =Ll. 162961
« 179207 +23L36H 4839446
« 463576 ~-1.712617 2852223 =1.242403
« 189716 242461 « 506933
+%45545 ~1.891701L 9603454 - 1,331925
« 201517 254998 » 932199
27632 =2,1uL931 La09L288 - 1.433912
214915 « 269256 « 560145
+ 409836 ~2,353588 L.240592 -L.5%1638
’ » 230325 +285001 591283
2392157 -2.661559 L.418284 -1.689433
248328 «304547 626270
«374593 =3,049202 1.034565 —L.853466
269771 36T HY « 665984
«35T143 =3.554680 1.90515% -2.052605
« 295950 «3533238 «TLL&LE
«339806 -%.2451485 2.295630 ~2.300108
. 328969 .3857 80 . 764846
«322581 =5,25043U0 Z2.T30609 =2.6164693
« 372550 26690 «d281%5
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R 434129 «%H0513 905322
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APPENDIX F - Continued

UENSITY PARAMETER = 2.2231806956673E+02

2.500000 =-.092559 =,128954 -,085039 =-.088573 -« 10L%62
« 024372 ~0B9453 «0776548 «L31l613 « l40420
2.466063 ~.093749 -.13l1467 -.0B86888 -.08878B6 =-.101903
«025224 «JTU3I52 “DTBT4Y » 133341 .142289
2.6432432 -.09495¢ ~.134039 -.088771 -.088935 -.l0234%
~U25584 -UT12686 +079860 135057 w146192
2.399103 =-.09617Z -.130669 =.090686 -.089023 «.102783
0254950 072193 «08Q0993 -l36882 «146130
2.366071 -.0474l3 —.139359 —.094628 -.089056 ~-.103221
«026325 ~T3135 « 082147 «138696 «L4B1l04

2.333333 -.06868U -.L142106 ~.094593 -.089037 =-.103660
~0267QT 074091 LOH3324 140539 150113
2.300845 -.DY99TH -.la4908 =-.096578 -.088972 =-.104099
L027097 «075061 + 084522 142413 152160
2268722 -.L0L313 —.14716% =-,098576 -.088669 =-.104540

«02T495 «AT6 045 2085744 .l44318 « 154244
2236842 -.104691 =-.l50672 -.100582 -.088734 =.104983
«J2T902 0T T4 « C346990 « 146255 « 156366

2.205240 =.106119 =.153627 -.102592 ~-.088575 -.L054¢9
202831017 «Q73057 ~U88260 «l4B223 .158%27
2.173913 ~.105605 -.1l56625 =-.104558 =.CBB400 -—.1U05B81
«02ETal «UTFOBS ~089554 + 150225 2180727
2.142857 -.10T126 —.159860 =-.1065%6 =.C88217 =-.106339
«029173 ~Q8aL24 .090873 152261 Ll62967
2.112009 -.108772 -.162726 =-,108586 =,088Ul9 ~-.106611

_029515  L081180 .092219 .154330  .165250
2.08L545 -.Ll10453 =.16581% -,110567 -.087793 -.l07303
L030067  .UB2249  .093593  .156433  Ll6757H
2.05128¢ -.412197 -.16893¢ =-.112544 =.087530 -.107825
L030528  Lu83332  .094996  L1585T1  .169653
2.021277 =.114003 ~.172056 =—.ll451& =.C87213 =-.108385
L030999 L8443 .096429  .1l60T43  LL72378
1.991525 =-.115869 =-.175185 —.106450 =~.(86843 -.L08992
«03l481 #8530 &4 U3 T894 - 162950 -1 74856
1.962025 =.LL77910 -.47830% -.l118467 =-.086394 =-.109655
S031974 086674  .099394  L165192 177391
L.932773 ~.119767 =-.i8l420 =-.120453 -.085857 ~.110384
L032479  LOBIBLY . 10CY29 .lo7469 179986
1903766 =-.12L79¢ =-.184508 -.122453 -.C85221 -.L11189
L032995 LU88981 .102502  L169THL  J1B264%
1.B75000 =.l23863 =-.18756¢ =.Ll244T4 =-.08447¢ =.112078
.033523  Lu90l6l . lD4llS  L172128  .189373
1846473 ~.125976 —.l90574 =,126520 =-.083606 =-.113057
L034065  L091359  .10576%  L174510  .188174
1818182 =-.128133 =—.193534 =-,128598 -,082611 ~.114125
L036620 L092575 LLOM46T  .176928 .191050
L.790123 -.130351 -.196433 -.130714 -.081510 =-.115276
Z035188  LU9ISL0  .109210  -179344  .1940U4
L.762245 =-.L32604 ~-.199261 =,132872 -.080287 -.116507
L015771  .092061 L LLI1OUD  <181879  .197C39
1.734694 =.134931 =-,202008 -.135079 -.078969 -.117812
.036309  .U96330 L 112838  .1846414  .200155
1.767317 =-. 137327 -.204661 =-.137341 -.077500 -.119147
.0369d¢  .u9T6l>  .114725  .188991 203355
1.680062 =-4139801 -.207201 —.L39665 =.075940 -,120627
C0376L1  LU9B915 L1663 L 189613  .206642
1653228 -.142302 =.209632 =-.142C59 =-,0Te270 -.122126
.Da8258  LLD0230  .118655  .192281  .210017
1.8265ub -.l45021 =.211918 ~—.144531 ~-.07T2489 -.123682
LO3892E L10ULS5T  L120701  L194997 L213481
1.6000U0 =-.147768 -.2l4047 ~-.147091 -.0T0595 -.125290
L049603  .102897  .122803 197765  .217037
L.573705 -.150676 =-.2lal0) =-.149T4% -,068584 =.126950
L0403U5 104246  L124965  .200586  .220688
1.54T6L9 -,1536H8 =.2L7766 =-.152513 -.066451 -.l28666
.041026 105806 127187 203462  .224436
1.521739 -.156830 -.219332 =.155393 ~.064187 ~-.130444
L041768 106977  .129474  .206393  .228287
1.49606) -.160104 -.220686 ~-.E58400 -.061787 -.132290
L042532 L10835% 131630 L209379 .232246
1.470588 -.163514 -.22L820 -,161545 =-,059262 =.134210
S06331H L HD9753 L 134257 202421 .236319
1445313 =—. 167063 -.222725 =.164839 —,0565%4% —.136209
JUGRLZY  LLALLEU .136F60  L215520  .240513
1420233 =~ 170758 ~=.223393 -, 168295 ~-.053685 -.1348291
044905 1125 8Y e L3934 3 -218675 2h4B34
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1.395349 -,174596 =~.22381s —« 71926 -.050655 -~.140462
045824 “il4dle 142011 .221886 .249289

L.370656 ~-,1785585 —,22399¢ =« 175748 -—,04T445 =,142128
046 TLY sll5486Y “l4aTss + 225154 253488

Lo346lSe — 18277 -.ec039l4 = L7971 -,0440&3 =-,145088
047639 Slle93y 47622 «228419 258634
~L8T026  -.223540 -, 184026 -.040437 -+141550
. «Uadsyy +llse3y 150514 «23lbsl 263541
La29T7Ld ~.191493s  =-,c2e982 —- 184521 -.036611 -.150115
< 045574 119941 153640 + 235304 268615

1.273T8% -, 1% 144 —.222104 -,193285 -.C32546 —elS527u7
S US50593 sl2i47? 156815 « 236794 273864

Lad33000 -, 200995  -.22u933 -, 198347 —«028220 ~.155569
WINiBay 123022 .l60110 «242358 “2719297

1.2264L5 -.200065% =.219451 -,203737 -. 223609 -.158466
WheTes 126591 4+ 16453) - 245978 ~2H4G2 4

Logudony - 211376 ~,217642 —+209452 «,0186HY -.l6l484
053854 PR . la708s +249656 290753

L.l79775  -.216948 =,2154d4 ~+ 215652 «,0l3all -.i64629
+U55000 l27Ta4 170782 «253403 296796

lalSaTlo  ~.222816 -.212955 -,222283 =«Q0T755 -.167508
«03a6l88 . L129405 « 174629 257218 .303065

L.133329  -.229008  =.210027 —. 225377 =-Q0l675 -,171330
-U57566 «l3l04) . 17886238 261099 +309571

Lellllll  =,235553 -.:0867¢ =-,231054 +004877 -,.174903
058897 «13269¢ . 182810 - 265058 +3l6329

1088561 -.242502 -.202d54 =~.26%356 «011951 =-,174639
JU6U2BO « 134353 «l87164 + 269090 «323352

1.066lT6 -.2498%6 -,190528 =, 254362 QL9603 =, 182545
060757 + 136025 191708 «273208 - ,330658

Le0%39%6 -.257783 -.193843  -.264139 027892 ~,186632
V63294 137706 « 196453 277418 «338265

1.021898 -.2662/3 -.184143 - 2747122 «036681 =-,190909
06484 5 13939, +201%10 281730 «346191

LedU0I0U  =.275280 -.181959 -.. 86347 046635 ~_195387
060509 «h41082 « 206592 «286157 354459

«TB26L -, 285035 -, 175918 ~-.29895% «05721l6 =-,200080
LY PN L2774 «212010 «290715 363092

V56679 =, 258581y -, 187232 -« 314683 «068683 ~,205000
LOTO101 s 144455 217675 2295425 «372115

*933252  -.30T088 = L5850 -, 427616 «081L086 =,21016%
V7204 «l4nls2 +223598 L300310 « 381559

+FLIFTE =.319494 -, 144705 -, 341826 +094458 -,2155a7
A Y I «L47835 229789 «305400 «391454

*8F2857 ~-.333150 -.U137719 -, 361373 «108817 -.22)1289
wilegny LTI 236257 LIL0TZS 401834

287188y =,348176 -,125378 ~. 380297 «124157 -.227291
«UT855Y  LLUSLLTe «243013 316321 412740

851004 =,.364794 ~,111501 ~+400621 R40ea9  -,2335820
« 230995 +152843 « 250065 322223 424213

«B3JIBY ~L38IL2TZ - 095076 -,422352 «1597644 -,240305
JUBASY2 +154505 « 257426 328469 +436303

<B0985% -, 403924 -,078204 -.465485 +175681 -.2472381
+U86301 156176 + 265110 «335095 449063

«THRTE =, 427124 -.058397 -.470015 «194487 —-.254888
«089320 «157868 «273132 +342]136 +462555

169231 -.453302 ~-,035987 -+ 495940 +213993 ~,252873
«0¥244d6 «15960% «281515 « 349626 476849

«T49129  “,482936 =,010739 -.523215 «234130 -,2T1389
$095378 ~lelaly -29028% +357598 «492023

« 729067 -.5i6534 «ULTG3) =,54205] «254844 -,280500
0995 ¢ 163357 299468 »266088 508168

+TO9343 -.5545148 2049359 =,582327 «276089 -,290282
«lUud4ve -l654 78 « 309105 «375130 . ,525387

689055 =,597645 084610 =, 6141972 297836 -.300823
LUTSTU0 loTHeT - 319234 «384T6T . ,543802

HTOWI  -.646003 «Ll23455% -.647765 «320071 =,312234
2oLy L7054 329904 «395045  ,553554

650685 ~,699948] »l65878 -,683206 342756 ~.324646
wlloTon «lT365Yy 341168 «406017 -584805

631399 =,7159802 «213326 =~.T720716 -366035 -,338221
) . 121824 177251 -333089 -, 417748 607753
«Bhedes  =,82509) 261269 ~,T760543 189839 -,.353165
L2721 7 «1913490 «365738 +430318 «632630

5935240 -, 497904 314270 -,802993 414298 -,.3691738
132974 «1861 30 « 379197 443823 659717

«5T8324 -,977120 «3711J40 ~,348438 «439548 -,388270
«l3vlie 191524 + 393560 458382 «589360

«955550 -1,.0b638v3 +431970 ~-,H97332 «465802 -,409210
L85 tus «197625 «408%936 «4T4l45 . T21985

ta321839
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APPENDIX F — Continued

DENSITY PARAMETEK = 2.217457016S97£402
=-092319 -.124650 ~-.084809 -.088362
<Q24H72  L06945T  .0T7657  .13l623
=+093506  -,131158 -.086652 -.084573
=025224  L0TUIST  L0TE747  ,133152
—s094706 -.133724 =-,088530 -.088729
<025584  L07i270  .0798%9  .iis1g8
“eU¥3823  =.136350 -.090440 -.08882)
<025951  ,0T2498  .080991  .135893
=«d9Tleu  -.139034 -.092376 ~,088856
=026345 0?3140 .082145 ,138708
=- 098424 -.141776 -,094336 -.088840
-026707  .074096  .083322  .140552
“e099717  -.144573 -.096315 -.D88780
sU27397 075066  .UB4521  Jl4ze2e
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053874 «L20230 « 167067 » 2649735 «230742

Lel19775 -.216298 -.215302 -.21495% -.013680 - 164176
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-8.087196306UF+)10
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126

L« 7UUUUDO0EFDL

1.70J00000E+OL"

1.70000000E+DQL
1.80000000E+U1
1.BO0OUCGO0QE+0L
1. H0000000E+01
1.80000000E+01L
1.8U000Q000E+DL
1.80000000E+QL
1.80000000E+01
1 .80000000E+01L
1400000008401
1.89000000E+01L
1.B0QJ0300E+TL
L.500300QDUE+DL
1. 80000000E+01
1.BU0gQ00UE+01
1.8Q0000000E+01L
1. 800U UUUDE+OL
1.60030000E+DL
1.80400000:401
1.B80U000R0E+OL
1+ 80udQ00uCc+01
1. 50000000E+UL
1.80000000C+01
1.830000000E+01L
1.6000000UE+DL
L.800000002¢01
1.800J3000E+0)
1. 900U UUU0E+UL
1.9000Q000E+JL
1.90u00000E +J1
L+ 9U000UIJE ¢ ]
L.Y0UO0DOUE+V]
1.900000JVE*QL
1.9000u000E+D1
1. 9000U000E+D]
1. 20300000c+d1
1.90000000L+01
Le 90 000VE+D L
1.90uUJd0OUE+UL
1.90ud0000c+01
1.9330000UE+91L
1.90Qu0000E+QL
1.900J0000E+0L
1.900Q0000VE*JL
1.9900000QE+31
1.90u0000UE+JL
L.9Qu00003E DL
L. 9000000UE+U L
1.90900000E+J1
1,99000000E+J1
1.99000000E+DL
190000000 vUL
1. 9003 000VE+0 1
2.U03u0UUE +YL
2.00000000E+J1L
2.00000000E+01L
Z.00000000L#D1
2.000J000VERI L
2. U0J0J000UE+D L
2.00000000E+01
2.09ud0Jae +L L
2.U0JDJ000E+UL
2+ 00udOUUE+D L
2033000 0UL DL
2.00000U00E+0L
2. 00J00200E+01L
2.00000000¢+01L
2aDUJUOGUT +Ul
R HIVIEI I TI v IHE SR
PRIV IV TVIVIOIRE IV R §
PRV VIV TATEINE L S |
FRRIANRIVHITRIE E]
2.000J0000F+01
2« JU0000L 0 L
2 JUUUOLUUL +U L
200000000+l
PR IR X
200000000 +ul
£ BDJUDTOE+UL

APPENDIX F — Continued

3. H0GOCQOQOE+0%
3. 30000000E+0Q4
4. JQ000000E+34
L. 500000JUE* 0%
1.4000CG000E«0%
1. TOCUDOUDE+04
1.80000030E+04
L. 9I00TIUIE +U0
2e UUDOGOUJE+DN
2.1000C00JE+04
2.20000000E+04
2+ 3000CI00E+Q4
24400000C0E+ 04
2.50000000E+04&
26000000 Q0E+ 04
2. TUQUODQQE+04
2.30000000E+04
2+9000000JE+LS
3.,00000000E+04
3,10000000E+CH
3.20000000E+04
3« 3UCQ0000E+ 04
3.40000000E+04
3.50000000E+0%
3,60000000E+04
3. 700Q00Q0E+ 04
3. B0GUQQA0E+ 04
32900000 00E+Q4
4,00000000E* Q4
1.5JO00DUOE+0%
1.60000000E+04
1+ 7JCOQUOOE+DC4
L HIOUJDJUE+ DS
L. 99000000E+04%
2. 0000J00CE+D%
2. 1UC00UUJEXDS
2+ 220000 00E+04
2+ 30000000E+04%
2.400000UDE+ D%
£.5000030UE * 04
Z.0000000dES 04
2. TOI0C000E+04
2, BOQUUOJOESXOS
2.+9J000000E + 0%
3.0Q0U000UE+ DS
4.10000000C+04
32200000 0E D4
3+ 300000QUE+04
3,42000000E¢04%
4.5000C0QUE+ D4
3.0000Q000E+04
34 TOUQO0QOE+ D4
3.30000000E+Q4
A.900U0Q 0IE+T4%
4. JUOVUQJITE » 34
L.500JCAUUE* 34
laGaCunoudc+04
1. TOOUO0DUE + 0k
1 .3J000QCIE*D4
L.90000dduc+ 04
24 JU0000CUE +U4
2.1000000Q0E+C4
2+20C000C00E+04
¢4 3VUROTJUE +04
2+ 400000 COE+04
24953300000 E+VS
240 JUIDUUIE+D4G
2o TOCUQQIIE+Q4
£ 8JUIRI IR EF DG
2+ FUN0INIVE+T
3. 00Qudu0dc+ D%
3. LG0ULOUUE+ e
A, 2000000 E+ 04
34 300J0UAY e + 04
3.400000QUE * 04
3.9000C0gIE #0%
EPR-IV ISV AN IVIVI N SE A O
3. TOULCUIGL+OS
EPEINTIISTSTE VISR SV ES
EPR TN IVHIV T SV DY
4. 0000000+ 04

-6.04556823E+12
-7.8L174427TE+12
~9,715745535E+12

1.35232360E+12

1.5395615086E+12

1.71607TL4BE+12

1.87B036TSE+12

2.02164860E#12

2.142B3209E+42

2.23T26821E+12

2.30054156E+12

2.32783812E+12

2.31424315E+12

Z2.25458914E+ 12

24163483T9E+12Z

1.,97550813E+12

Le74421461E+12

1.44412538E+12

1.06873094L+12

6.1148650BE#11
6.56144639E+10
=5.75901159E+11
-1.320314095+12
—2.,17511760E+12
-3,14804575E+12
4,24 10T46QE+L2
-5,48042340E+12
-4.,85655560E+12
-8.38417986E¢12
-1.09262502E+12
-1. U1 6B0258E+12
-9, 43444002E+11
-B.7552609LE+11
~8.16228893E+11
-1.68936258E+11
-7.372387138+11
-7.2493586GE+11
-7.36048T60E+11
=71.74772115E¢+11
—8.455T6551E+11
-9,531L07CTE+LL
-1.10225330E+14
-1.29810512E¢1L4
-1.54599093E#12
~le85146135E¢12
~2.22029455E+L2
-2.65849B09E+12
-3.17231040E+12
-3.T6020245E+12
-4.4528T919E+12
~5.23328096E+12
-6.11658486E+12
-~7.11020598E+1<
~8,221 79865+ k2
-9.45%25752E+12
=3, 1 T4859T0E+12
-3,263987221+12
-3.35033331C+1¢
-3,436203081E+12
-3.52409120E412
-2,614T0728E¢12
-2, 7L6925T9E+12
-3, B2184502E+¢L2
~3.95270026kE+12
~4.095LT225E+14
=4.25878955E+1¢
-4.4675307T9E+12
~4.606552689E+12
-4,91712325E+12
~5.206881LT6E¢12
-5.53958283E +12
—53.92C22TA2E+12
~5.3540383TE+12
—6.H6646321E+12
-1,40317488E+12
-8.0300T362E+L<
-8,7332H94TE+12Z
=9, 5 L9LBLT5E+12
—L.03943425E+113
-1l.13£55960E+13
— 1. 20400048 1 3

-5.6601 T24BE+11]

-1.07941950E¢12

~1.63007T3BE+12
3,443461508E412
3,5B89TB09E+12
3,72331087E¢12
3, B84555206E+12
3.954T81645+12
4.05006TH5L+12
4.130468541E+12
4.1%502281E«L2
4,262TT048E%12
4.,27213207E+12
4.2B8391946E¢12
4.27533405E+12
4,24596695E+12
4, 19479923E+12
4,12080221E+12
4.02293THGESL2
3,90015798E+12
3.75140664E+12
3,57561823E+12
3.3707LBT9E+L2
3.13862608E+12
2.87524976E¢12
2.580491T1E+L2
2.25324622E%12
1.89240031E+12
1.49683389E+12
2.904F1BLSE#12
3,1823569TE+12
3.39226144E+12
3.59371B06E+1L
3, 78579960E+12
3.96756534€¢12
4.13806133E5+12
4.29632065E+12
4.46136365E%12
4.5T2L9B1BE#12
4.68TBLI9LE#L2
4.T76T2L255E+ 12
4.86934B0TE+L2
4,93318705E+12
4.977a780855+12
5.00LT6193E+1 42
5.00436408E+12
4.984402T0Ce12
4.940T8505E+12
4.871240853E+12
4.TTBLG093E#12
4.6569207T05#12
4.50755T23E+12
4.32893109E¥L2
4. 11989433E412
3.81929072E+L2
L.90L27973E+12
2.1T72896265+12
2ak4096048E412
2.70456H04E412
2.96279107E+ LS
3.214095855E+12
3.,45933049E+12
3.69973828E¢12
3.922922B1E+12
4,13989514F¢12
4.34564609€¢L2
44539153LBE+12
4o T1938054E+12
4, 88527T932E+12
5.03578TEFE#LS
5.16983220E+12
5.286359TE+L2
S.384L7TL0SE+12
5.46225765C+14
5.51946465E+12
5.55465988E+12
5,566 T0034E+L2
5,.554432705¢14
5.51669319E+12
$5.45230B295+12
5.360094081E+12
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APPENDIX F -- Continued
Example 2 Input

ExAMPI E 2 FULL VEPTH § ~uwlCH wING OPTIMIZATION Ru.

SOPTION  IPRINT=Zy  TZCOR=Je  [UPT=dy [PurRCH={0%

pOIMNSHN MELS1uls NNOD=38. NTSEO=De NSN=ZUs NEIG=5e NvbEC=9y NMuT=2e Ni:VE/,

NOC=T4+ KF=dy NYL=Ts NYCS@s NySwy APS]10 sNFREE=L 3

BWNGEOM  AR=Z,5530+AREA=] 131610t eaNLI_EL=20.59 + (A4Pka= 127005 UR=0,.3 %

PUNIT LtINIT=e0294% sMUNIT=,/9,1707 308 MNORM=,1le0u=300e4

PFLUTER OMINIT=13.0s0EL0 FauDiley HINIT=E =1224, » UELHZ. 3085 eHFINS=1224)ay
KFK=2s HER=15¢4 s MACH-ehs K4aA=c oy KMINZOas KMEUS 149 REFZLJDasnyn=]u P

SFLUTER OMINIT=164s DELOM-leb—=wy VINIT=300U0ae DELV=41sy v(w=3U3i00.s
A=]122064,9 RHINZS,.lab= « (AMA=] e KFK=ZL%

dMATTER Rrvsa, ler-6e SIOGMALE=] . E5E9e 5, 0MA251 ,cDED,
El=1.64ET7s EL€=lobab T Ul2l=edy ©l2=,03uT5Te  ~lbanle=sT.2lfgs  »

BMATTEN E=lo.babVs Us.3s SIOMAL=L.25L9s SIOMAZZ1,25E5+ >l10Mat2s7,217ra, 1FL=1

1 .03

Z .15

3 -L;]

“ 48

5 .7

6 1)

7 1.12

=] +15 sl
9 o8 s l2
1y e .25
11 o J3d g
i e oy )
13 -1 25
14 +08 2D
15 l1.12 29
!b 38 .39
17 + 4B .39
[§-] -] S
19 s -1"3 5
P4 y-1.} 45
2\ 1.12 45
22 « Ok N.T
23 T Dl
- -1 a6l
25 .12 .0l
-] o7 P £
er -1} sl
28 96 o T4
F 1.2 o Tl
a0 w88 5
31 96 85
32 1.93 85
33 lel2 05
k1% % -] .73
35 1.2 «93
E).) 1.12 93
37 1.03 1.00
34 l1.12 1.0 103132 B,

1 2 1 Z “ auc 1 1.5
P 2 3 9
3 2 * A
o .} 4 1a
L] 3 “+ 9
6 G “ 11

7 PR L R

. ] 4 le 11

9 1u li I
10 11 iz in
11 i2 Iy 16
12 16 1 15
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14
14
15
lo
17
1
14
2u
21
22
23
24
25
26

28
24
Ju
31
32
33
k1%
KL
36
37
34
39
L2V
41
42
43
iy
45
46
w7
48
449
jo31]

5]
52
53
S4
55

57
58
59
b6
6l
62
63
123
65
66
6T
Y-}
69
Tu
71
72
73
Th
75
76
17
i)

128
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79 Jy
a1 a7
a1 2y
a2 20
83 14
a4 7
o5 is
He 21
87 és
=1} 9
3] 28
i) 31
Yl 32
we a3
93 33
9S4 J&
95 35
6 kY|
a7 34
94 45
99 37

1 lou kT
1 oue s

1 4 Y]

& 6 14

12 14 20
i el Jo

1 6 7 33
STETA ITHETA=0%
CMass lg
TVMASS 1
1P 2AD 1
0 Y4
7 6 4

Z “ 6

i 2 3

10 11 i2
16 19 29
22 73 Z4
26 27 8
3y 3] 32
34 15 36

41
[4-]
[g=]
cl
12
1>
[}
£
8-
o4
K
I
J3
[
Jo
3o
A2
S
32
>f
S0

00v

i
o

Su

i
N
o

o
!
L
i3
¢l
[=g=]
“ 3
LK

APPENDIX F - Continued

3 vou 4 Ugo
) 02 P e
a2 aud +0z
02 el 20e
002 s iFrd
02 e 02
7
l-l. SLeby
2.5
«45 «6] o‘_"t
i i 3
5 b 7
la 13

BCONSTR STRESS=,Tes GAGE=, ey FLUTTLH=LT %
POPTIMUM C(ll= g¥,u8, R2,204RUL=Ides £(7)=
Twn FLUTTER M=,6

PNAM] MACH=,0043 NK=]0, KM AZ2,0y KMIN=G .y AMEU=].4

ORIGINA

oF THE

RILITY
B,EPROD;? PAGE 18 POOR

=02
02

«02

45

91

L= PO TR

W e

bl PO E PR
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EXAMPLE

APPENDIX F - Continued

Example 2 Output

2 FULL DEPTH SANDWICH WING OPTIMIZATION RUN

INPUT OPTLUNS

TPRENT
12L0R

12PT

iPUNCH

$DIMINSHN
NEL
NNOD
NTSEG
N5 A
NEIG
NVEC
NMAT
NDV
8oC
NF

NY3

N5
NP
NFRct
A 18

NT

HEND

130

n

= 2
‘0~
2
=0

120,
a8,
5
20,
S
G
2y
Ty
T
2y
Ts
r
4,
10y
a,
11

Uy

[

NORMAL PRINTQUT, 2 -~ EXTENDED PRINTOUT
BICONVEX SYMMETRIC, -1 =~ INPUT I COORDINATES
A SINGLE ANALYSISy & = OPTIMIZATEON

PUNCH A NASTRAN DECKs 0 -  NO PUNCH



APPENDIX F - Continued
BADRESS
NlJaes = 1y

COMN = 4Jl.

14 = 5l%,

ITYPE = 125ty
MAT = 1356,
ELTHK = L4956y
LI = 1556,
ALEY = 1994,
A = 1703,
RHJA = 1710,

GAMA = 17l

v = LlTla,
vi = 1720,
ov 2 1T24,
VF = 1728,
ViR = 1732,
ACTIY = 1734,
KF a 1738,
Yy = LT40,
NY = 1747,
1Y = L1754,
KC e 1824,y
xl1 = 1831,

THETA = 1901,

Q = 2001«
S1GMA = 2019y
THTSES = 2025,

1GAIN a 2034,
56 = 2232,
NK = 2034,
MACH a 2036y
KM e 2035,

NTAPE = 2044,

REF = 2046,
TUuL = 2048,
XPL = 2052
YPL = 2056
BPL = 2060,

KHIE = 2064,

131



APPENDIX F - Continued

NN = L0bb,
NSE = Zlbuy
NN 3 = 22660
A5 = 24Tl
YECLUD = 23UY,
VLLMAY = g4l

VELNSY = 2465,

VERM = 2494,
C3AV = 2937,
ue = 25%4,
DERCOS = 2551
NJUSEs = 2558,
1556 = 2578,
NDSIGN = 2598
C = 2618,
NELDS = 2626,
A0 = 2726,
VEREE = 2733,
% = 2733,
7 = 2743,
UTHICK = 2753,
INIT = 3153,
LFIN = 3lbl,
ISTOHE = 3164,
NOC = 3177,
INC = 3lds,
DHDX = 3205

TWOD = 3275,
F¥ = 3465,

SEND

WING DZeCRIPTION

ASPECT RATIUssssvswesresAR
SURFALC AREAsasusweseAREA
LeEw "SWEEP ANGLL wa»ANGLEL

£.5538Q000QE+0Q
1l.131616COE+06
5., 05CQ00COE+DL DEGREES

wlbow W

SEMISPANsucssssssssasas3s B.49988374E+02
SEMI=RIUT CHURU.aaasaHBREF 5.90648621E+02
TAPaR RATIOsvasssseeTAPER 1.27065000E-01
DEPTH RATIDwwsnnwmanenanlf 3.000000C0E=-0Q2
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SUNIT
G = 0.3864E+03,

LUNIT = 0.254&-01,

MUNIT = 0.1751268348E+03,
MNORM = 0. 1E400.

SEND

FLUTTER CINDITION 1

APPENDIX F — Continued

SUBSONIC KERNEL FUNCTION AERODYNAMICS

L.2500€405 1.2500E+405 7.2170F+06 6. 1500E-04
L.25006405 1.2500E¢05 7,.2170E+04 O.

MACH NUMBERwusessnsoonaasnssMACH =  6.00000000E=01
AERU DATA TAPE NUMBER......NTAPE = 17
NUMBER OF K VALJES+sascusascseNK = L0
MAXLMUM KeuoasnoonesoasanseakMAX =  2.00000000E+00
MEDIAN Kuoeoeauonnnorananan KMED =  1.00U0000QCE+QD
MINIMUA KussssnnoonnnssenaaskdIN = O
GAIN FACTORyusasonsannnansa [GAIN = 10
STRUGTURAL DAMPING.uesvsveseasS6 = 2.00000000E-02
REFEREVCE FREQUENCY cmeenseeasREF =  1.00000000F +02
OMEGA INITIALswesraaaass, oUMINIT =  1.30000000E+0L RADIANS/SEC,
UMEGA INCREMENT..vsevseasensDELOM =  1.00000000E-03 RADIANSYSEC .
H INITIALeesauansnensnane oo RINIT = =1.524000006403 METERS
M OINCREMENTasiseveraossanaasDEbH =  3,048000006-01 METERS
M LIWEX BOUNUsss savuaannsvsoHFIN = =1.52400000E404 METERS
H CRITICALasuseourasessansaeaMiR =  1,52400000€+03 METERS
FLUTTER CINDITION 2
SUPERSUNIZ PISTON THEJRY AEKOOYRAMICS
SPEED JF SUUNUsssecacosvaassnsesd = 1a22040000E+04
AIR MASS DENSITYuseuisonensaooRHUA =  5.14000000E-08
CP/iVesnataneersosanenesesaaGAMA =  1.40000000E+00
OMEGA INITiALuscussnsasas sIMINIT =  1.60000000E+01 RADIANS/SEC .,
UMEGA INCREMENT. 0uveeasas OELIM =  1.00000000E=04 RADIANS/SEC .
Y INITLALeesesuasnasncoseaaVINET =  3.00000000F+04
V INCRCMENT e aeesvnannsassanaDELY = 1,000000006-01
¥ CRITICALsussnassusnaresnanaVCR = 3.03000000F 04
MATERKIAL PROPERTIES
J11 @zl 222 011 Q32 233
LedU225¢0T  5.4006E+Q06 L.8U27E+07 0. Da l.2615E+0Q7
Le80L2E40F  5.40665¢06 1.d022E+07 O, J. 1.2615E+07
SIcmat S1Gwa? SIGMaL2 RHT

133



SEGMENT OATA

SEGMENT

NJOE

L@ & W

10
11
12
la
17
18

SEGMENT

NODE

4

5

-}
12
L3
[T

SEGHENT
NUDE

12
13
L4
L7
Ld
19
290

SEGNENT
NUD E

Ld
L9
24
27
23
24
db
21
£V}

SEGMENT
NuDeE

b

T
Lo
15
20
21
FL
25
27
28
29
30
3l
3
33

134
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2

3

&

5

IS LEFINcD BY NUDES

THICKNESS

2.00000000%~-02
2.00000000E=-02
2.00000000e~Q&
20000 JIJ0E—02
2.0000C0J0E-02
2.000000Q0e-12
2.0000000uE-02
2+00000000E-02
2.03000000c~02
2.4 000000u0E=D2
2.006000000e-02
2.00000000e~-02

IS DEFINED BY NODES

THICKNESS

2+ Y0UJADUQE—(2
2.00000000c~02
2400000000E-02
2. QUUIUIUGOE-D2Z
2.0000U000E-02
2.0U00d0 e —02

15 DIFINLD BY NODES

THICKNE 55

2.00000000-02
2.0000uvduc-02
2.0000Q000E=-02
2.0000000VE-D2
2.0Q001000E~02
2.00000000E-02
2.0000000uE=-02

IS DEFINGD BY NOQES

THICKNESS

2.00000090k~02
2.0000000uE-u2
2.00000000:-02
2.00000000E=02
2.00000000E-02
2. 00000030z -2
2.00000009E-02
2. 000WWIUVE~D2
2.03000000Q0E~02

[5 DEFINED BY NDODES

THICKINESS

2.000000udc—02
2.0000J0UCE-D2
2.00200q300e-02
2,000 HI0-~-02
2.000°WJIVIE-02
2y VU0 dLe =02
2.000000025-07
2. 00000000 -2
2.0000009JE- 02
2. 000QIIY0OE-D2
2.00000090¢-02
2.00000000E-02
2.000000uuE-02
24 QUUUUJUIUE= U
2. 000000U0E~D2

i

4

1]

APPENDIX F — Continued

4 14 -0

6 14 12

12 14 20 18

lg 29 30 =Q

T 33 3

MATERIAL ORTENTATION

MATERTAL QRIENTATYION

MATERIAL URIENTATION

MATERTAL OKIENTATION

MATERIAL ORIENTATION

1 OEGREES

1 DEGREES

I DEGREES

I DEGREES

I UEGREES



NOUAL DATA
NQDE AR
1 0J0
2 au o
3 ouo
4 udo
5 JJo
6 Ja0
7 040
8 Ll
49 i1l
10 it
11 [
Le 1kl
L3 Ll
L i
15 1Ll
16 Ll
L7 it
1d 111
19 111
20 111
21 il
22 Ll
23 Lil
24 L1t
25 111
26 il
27 L1t
23 L
29 il
30 KLl
31 il
32 Ll
33 1Lt
34 Lil
5 il
34 1L
3t LiL
EY:! Ll

X

3.0933960E+01
l.5466980E+02
2.8871696E+2
.94 943 36E+02
HeGVILGABESI2
Y. 0T3I96 L6E*UL
1. 154586 78E+93
Ll 5% 66380E+ 02
2.88T1636E+0L
2.487T1696E+02
3, 9183016E+02
e 94943 I6EF U2
G.5992448E+02
9,07 590 L6E+02
l.154d678E+03
4. 31 Y3016E402
4.9494336E+02
4,94 5943 36E402
6.59924 481402
9, 37396 L6E+02
La 154946 THE+D3
b.5992448E+02
749397 Lb641E+I2
9, 0739616E+02
l. L5485 78c+03
Ta 33971648 +02
9,07 396 16E+D2
Ge BIBHL T2E+02
l.154486 T8E+0Q3
Y. 07396 16E+02
Y. 8906 T2E+02
L. 00 20660E+03
1. 15486 T8E«03
9, BI98H6 T2E+D2
1.06206560E+03
L. 15486 THE+ 03
L0620 00E+Y3
L. 15406 78E+03

APPENDIX F — Continued

0.
e

Qs

G.

Q.

Q.

IV

1.0200000€ +02
1.0200000E+02
2.125000CE+02
2.125000CE«C2
2. L25000CE +02
2+ 125000QCE +02
2.125000CE+02
2.125000CE+02
2.975000CE+02
2.975000CE+02
3.825000CE+02
3.825000CE+02
3.8250000E+02
3.825000CE+02
5. 1B5000CE+02
5.189000CE+02
5.185000CE+02
5.,185000CE+02
6.2900000E402
6.2500000E+02
6.2900000E+02
6.2900000E+02
7.22S000CE+02
7.225000CE+02
7.225000CE+02
7.225000CE+02
7.9C5000CE+D2
7.9050000E +02
7.9050Q0CE+02
4.5000C00E +02
8.5000000E+02

Fa

1.80T4321E+00Q
8.065051L2E+00
1.308894 LE+0]
1.725360LE+01
L. T4745T79E+01
le 26214628 +3]
L.5468446E+0D
1.801741E+Q0
B.3549352E+00
1.793857T1E+00
6.8753323E+00
1.05675160E+01
1.3621056E+01
1. l557T989E+01
1.5366315E+00
1. T860393E+00
6. T2B5T69E+00
L. T759T44E+00
B.54 392 54E+00
1.015637T4E+01
1e5233688E+00
1. 752054 5E+00
b.94153726+00
B.Z2B2H384E+00
1.505787TE+OD
1.7L87243E+Q0
5.6T1a982E+00
64 22T4639E+Q0
1.,481427SE+00
1.66TH223E400
4. 2T25T39E+00
4. 353943 1E+Q0
la4442 1 05E+00
l.5976985E+00
3.3165591E+00
1.393390LE+00
l.4734612E+00
1. 30232014E+04

MASS

3.2936376E-01
2410 26593E+00
3.1127734E+00
le54T73495E+0]
1.5921925E+01
1.1077586E+01
L.7358299E+00
1.2438982E+00
T+ 1537762E+00
1.0113926E+00
5.3869459E +00
T.3075743E+00
2.3942519E+01
2.2561897TE+0Q]
S5.7389148E+00
1.1123753E+00
4.2009407E+00
1.3099093E+00
G TT2TAL1E+00
1.62074L9E+01
4, 22649TT2E+CO
L.6l02269E+00
5.4804027E+00
5. L935231E+400
3.4226802E+00
9,601332LE-01
2-42486TTE+QQ
3.2841390E+00
9.3831649€E-0Q1
5.2399438E~01
1.1907L17E+Q0
1-389212TE+Q0
2.5936863E-01
2. T430620E-01
T.0258575E-0L
3.2031959e-01
1.5204059E-01
1.6417938E-01
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LUAL} DATA

NJDe

L S VI RV R Y

TOTAL MASS IS

136

XL A0

L-993299c+Q2

APPENDIX F — Continued

YLOAD

ZLCAD

L.O5LT546E+03
3.3305564E+C3
289232548403
La2197432E+04
LeloHBlASE+ 04
l.31969332E+04
4.3823110€¢03
JabZ5%006C+ 04
Be9Ulual4ErS
Z2eFNG230HBRES (3
T 0LlLlb9 T3
T, 3768902€+04
2.0T42939F+04%
2436644 TIE+ 06
L.22T0471E+04
2.9215407E+03
6. 1352354E+90)
3.768787T5E+03
1.3205364E+04
2+ 021TOLLE+04
P+ Bl63T66E+03
4.6233381FE+03
8,2326106E+03
8.1730100E+03
9.4073609E+03
3.46256THESC3
S0LlTT4&1FE+03
T.0482169E+03
3.52T7T604F+03
1.99395155+03
3.1333524E+03
4.0317261E+03
1.2489586E+03
1.2343509E+C3
2.622082TE+0)
1.5118973E+03
8.1803139E+02
9. 202853 1LE+02



ELEMENT
ELEMENT

FomuFEwnewmne-

e e e e e i e Ry L I o P O P T e T P P W N T O O T I I A
MENmrC L DN R FR R mrC YA NG VP URNFErOLl W VP uNrFCOEN T NS w00 N0 NS = GO0 =0 W E WA

DATA

20

NODES
2 8
3 9
9 8
9 10
4 9
% (B8
11 Lo
12 11
1l 16
i2 16
LT 16
1T 18
5 13
13 12
L3 1?
19 17
19 18
L9 22
& 14
L& 13
14 20
¢ 19
U 23
24 FEy
23 22
£3 26
eT 26
24 2T
21 ED)
! 15
(-] L&
i 21
AL 20
Fa 25
2% P
28 27
2% 28
29 28
il 30
£8 3l
3 31
29 32
33 32
3l 3%
£} 34
i2 15
s 39
33 E1)
a2 aT
g 37
EX) 38
o =0
L -J
3 =0
Lu -
1k -0
[ -3
L] -y
1Y) -
L7 =2
12 -0
la -3
ly -J
13 -0
id =0
5 ]
22 -2
23 =-Q
20 =0
la =0
P -0
L6 -J
27 -Q
l& =0
v -

-0
-0
=0
-0
-0
-0
-0
=0
il
-0
-0
-0
=0
-0
-0
-0
=-q
=0
~Q
-0
-0
=0
-u
-{
-
-0
-Q
=9
-0
=0
~0

-J
-3
-
-9
=
-Q
-0
-0
-0
-0
=-J
=0
-u
-0
-4
-9
=1
-9
-J
-J
-

~D

-J
-J
=g
=g
=-J
-y
-
=J
-
=-u
=-u
-0
-2
-
-2
-
-u
-0
~u
-
=0

COQOOOoRUIOUOOCCOCO000OROGOUQODOOOVMVVMVIVVIMIVMWN AN AN RS BD S D0 RR S U WG RN e e b e o e e et e s e

SEGMENT TYPE

PP EFT P PP FT P IEF PP P PP EARNRNNNANNNNNRONNNNNNMMNRMN SRR AMNNON RN RN RN
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THICKNESS

2. 0000D00E—02
2. 0000000E-02
2+ 0000000E-D2
2.0000D00E=-02
2. 00C0000E-02
2.0000000E~02
2. 0C00000E-02
2. 0000000E-02
2. 0000000E-02
2.0000000E=02
2. 0CO00DOE=-02
2.0000000E-02
2. 0000000E~02
2. 0000000E-02
2. 00000Q0E-Q2
2.0000000E~02
2+ 0000000E—02
2. 0CODOORE=02
2. 0000DQDE=-G2
2.0000000E-02
2, 0Q00QQOE=-Q2
2.0000000€-02
2.0000000E-02
2. 000C000E=D2
2.0000000E-02
2.00000008-02
2.0000000E-02
2.0000000E-02
2. 0000000E=02
2.0000000E~02
2. 0000000¢~02
2. 0000390E-02
2, 00CUUIDE-Q2
7. 0000000E=07
2. 0O00000E=02
2. 0000000E=-Q2
2.0000000E-02
2.0000DD0UE~D2
2. 00000Q00E=-D2
2+ 00QQOOOE-02
2.0000000E=-02
2. 0000000E~02
2. 00000Q0E-02
2. G000D00E~D2
2.0000000E-02
2. 0Q000U0E-02
2. 0000000E-02
2. 0000000E =02
2+ COGOUDUE=G2
2. 000000UE=02
2.0000000£=02
9. 8000000E +00
9. 4 C0000IE «00
5. 8000000 00
9. 5000000 +00
5. 4000000E +00
9. 5000000E +00
9, UQCQODE +00
9. 8000000E +00
9.8000000E+00
9.8000000E+00
9. B0000UCE+00
9, 8000Q00C +00
9, BUQ00VOE +00
9, 80000UVE+Q2
Ss BOOUOOUE +02
9, 830 J0I0E +00
9. CCQ0U0T 40D
9. HOOUOOOF +00
S.8000000E+00
9, 8CUUQDUE +Q0
9, 8000000 +00
9. B000000L +00
9, 8000000k +00
9. 80000Q0E +Q0

MATERIAL

NHJNHJNN.NR:NN-NKHUNH.NhJNhJNhJNhHUh-—wvH——-Ft-—v——-Hr——-—H'—hw—ﬂr——r—nrvh,-wp-huuwr-h'-hq-ﬁr-hava—Fr-h'-—.-h

THETA

1.6300000E+01
=0.
=-0.
=0
-0.
~0.
=0.
-0
-Q.
“0e
~Q.
-0
=0
-0
-0.
-0.
-0.
=0.
=0.
=0
=0.
~0e
-G.
=0
-0,
=0
-0.
=-0.
=0.
=0.
=0
-Ja
—0e
=0
~0a
=0
=0.
=0
=0
-0.
=
-0
-{Ja
=0
-0.
-0
(e
~-Ja
=0
=ik,
=0.
=0.
4.00000008+01
=0
=0.
-0,
0.
=-Q.
=
-0,
~0e
~0.
=0,
“Ue
=0.
=0
-
-
=DJe
~0a
=0
it
~-0.
=Qe
=0,
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ta
7

79
40
81
82
83
g
85
B6
87
88
49
90

92
93
94
95
36
97
98
99

o0

138

240
24
27
30
27
24
20
l4

15
21
25
29
F4:]
31
32
33
33
6
35
31
34
35
37
s

&4
27
3Q
3l
2d
25
21

15.

15
21
25
29
2B
3l
34
33
2%
EY:

32
34
35
37
38
36

-0
-qQ
-0
-4
-0
-0
=0
-0
-0
-3
-J
-0
-u
=0
-0
=-J
-0
-J
-a
-
=0
=0
-0
-
=3

-
-0
-0
-0
-0
=i
-0
-0
-0
-0
=i
~Q
=0
-0
-0
=0
-0
-0
-0
~-dJ
-
=i}
=0
-0
-0

APPENDIX F - Continued

OCoQO OO DRDOAOCoCOO0o0OCoDo OO

Rl A R B R B Ll AR B A

9. 8000000 +00
9, 80Q0000QE+00
9. 8000000F +00
9. 8000000E +00
9. 80000Q0E +Q0
9. 800Q0Q00E +00
S« 800000UE +00
9.8000000E +00
9. 8000000E +Q0
9. 8000Q00E +00
9. 8000000F +00
9. BO000VOE+Q0
9, 8000000F +Q0
5. 8000000 +00
9. 8000000E +00
9. 3000Q00E +00
9.8000000E +00
9. BACOOUOE+0OD
9, 8000CQUJE +Q0
9. BOCO0QOE +00
9.8000000€ +00
9, 80QQ0J0E+J0
9, BCOODODE +00
G4 BOOUDOOE +00
9. 8000000E+Q0

Mo A RoON RN NN RRBN AR N NN

-0
=0.
-0.
=Je
=
=0
-0
~d.
-,
=0,
=g
=0
=0.
=0
-0.
-,
-0.
=0
bt
0.
=0.
=0
=Q.
-0,
-0,



QERD MeSH UATA

STATIIN
Ja UG IO L
<2500 1
L4590 14
aldd 22
. 140U 26
L3500 30
NEETN 34
COLLOCATIUN STATIONS 2

21

3l

35

UESIGN ZUNTHAINTS {LJUNSLIDIRLW
FLYUTTER - T
STRESY = T
MENGAGE = T

INPUT VATA FUR SEARUM ROUTINE

NUMBER UF UESIGN VARLABLES ..« <N
R
A REDULTIUN FALTORssaesessanaROC

TuLl 1= 1. 00Q0UE+QU
TULL 2)= L.QD00JE+N
Tull b= 3,uQQUuE+0L
TULL &)= 1,000008+00

NG

MASS AT NODE 18

TOVAL NUMBER OF DeD.Fa = 93
THIS PROGRAM REQUIRES J2L45T{0CTAL) OF BLANK COMMON

POINTS OB ELEMENTS
SEGMENT L POINT 1
SEGMENT L POINT 2
ScGMENT L PUINT 3
SEGMENT 4 PUINT 1
SEGMENT & POINT 3
SEGMENT 5 PQINT 2
SEGMENT 5 PUINT 3
SEGMENT 2 PUINT L
SEGMENT 2 PUINT 4
SEGMENT 3 POUINT 1
SEGMENT 3 PUINT 2
SLGMENT 3 POINT 23
SEGMENT 3 PUINT &
SEGMENT & POINF 2
SEGMENT 2 PUINT 2
SEGMENT & POINT 3
SEGMENT S PUINT 1
SEGMENT 5 PUINT &

| I3

2

24

£d

32

APPENDIX F — Continued

13

21

2%

29

33

NUDES

14 15

T
Z2+50000000E-01
3.00000000E«0D)

VALJE

8. C0000000E-02

8.0000000QE~02

8.00000C00E~-02

8.00000000E-02

8.00000000E-02

8.00000000E-02

1. 00000000E-01

MASS DERIVATIVE

9.21026354E+01

L.Bl42T&TSE+DL

2.30284281E401

FubTH14269E+00

1.B8Ll42T675E+01

3.70112458E+01

1.00000000E+0O}L
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APPENDIX F — Continued

$NAML

WA CH = UabE#d s

K = L0y

KMax = W.detdle

KMED = Jalz+dls

KN = Uatdy

NM = 247944901 LT50Ub132,

5YM = O

LETA 2 Y. lE*UU.

NG = o

X6 = 0.16B5dT433393163E+00, 0.43339535412925E+00, 0.67940956329903E+00,
Ued6506336668399E+U0, U.GT390652851T1TE+00, 1,y 1s [y Ly s Iy Lo Iy
Be 19 e 1o 1y do Do Lo To o 1s

L) = 0.295524224TL415z+00, Je 2069266TL93LE+QDy 0.2190863625159BE+00,
Ue 149451 349L5058E ¢UuUy U.066T13643085888=01y 1, T 1o 1o Iy B Lo 1+
1o 13 Iy Ly [y 1x s D 15 19 Ls

$END

WISCELLANEJUS GEDMETRIC PARAMeTERS

007 SEMICHURD, BREF = 590.6186200635

SEMISPAN/BREF = 1l.43914929850
REFCHENCE YULUME = 35496218u,333
PANEL AREA = 565808.0U00000
PANELL ASPECT RATIO = L.27690000000
MEAN ASHUOJYNAMIC CHORU = T98.772325106

MEAN CHORD = b65.665575666

140



SADRES S
NOCES
CooN
Ia
ITYPE
MAT
€LTHK
Ll
NAR
RA
RHJA

GAMA

vi
DV
VF
¥YCR
ACTlv
KF
¥y
NY
1y
KC
X1

THETA

THTSES
I1GAIN
56

WK
uALH
(1]
NTAPE
REF
Tin
XPL
YPL
AP

RrH IE

1+
“0Ly
515,
1256,
1356,
1450,
1556,
L1594,
LTué,
L710y
171z,
LTle,
L1120,
Li2a,
1728,
1732,
1734,
1734,
1740,
1747,
1794,
lé24.
ig3l.
190k,
AJ01
ULy
2025,
2030,
2032y
2034,
030,
£1) 58,
2}k,
20%0y
Jialy
2004y
2090y
206Uy

200G

APPENDIX F - Continued

141



NN
NSE

NNS

MASS

VECHRS
VECNSM
VSRM
CSAV
9C
DIRCOS
NUDSEG
TSEG
NDSIGN
c
NELDS
AD
VFREE
UTHICK
INIT
1FIN
[STORE
NDC
INC
DHOX
TNUD
FK

VK

VDK

HH
EUNTh
Vv

DE

142

2066+
2166
b,
2271y
2309,
2423,
2hE1ly
2499,
2537,
2544y
2551
205d,
2578,
2598,
2618,
2626,y
2T26,
2733,
2753,
3153,
3161l
3i69,y
3177,
Jla4,
3205,
215,
3465,
JUd T,
99017,
9027
034,
9041,
9090,
9190,
9532,

9541

APPENDIX F - Continued



Dlsp
VE
BE

1]

L5eT
4AC
VMAT
OWvaT
VOMAT
VZEMAT
GFR
GFIL
FREQ
GM

0z

IH

FQ

HF
RGF
TT
Lt
Fi
MATACR
Y Fa
8IH
BFJ
YAR
TR
L
-1
BY
GFRD
GFID
AMAT
1]

Al

"

9841,
9955,
P54t
LOS6 T,
10648,
10693,
L0741,
954],
591,
Yolo,
o4l
Jobb
9591,
F84l,
10091,
1udve,
9591,
P67,
623,
Y639,
F68d .
QHYb,
7048,
wild,
9897,
9918,
9491y
1011,
1020l
10281,
10361,
LU377,
10402,
10427,
LO5U7,
10121,
L0371,
10660,
11002,

10922,

APPENDIX F - Continued
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HMAT
vl

YPLUS

GGl
Gli
VA
vi
ve

vop

ol2
Glep
£Q55
VD3
Vs

GPl
MA <K

SEND

Flund,
LL3sd,
Llsady
L1334t
L13b0,
Lliba,.
LY 394,
Lles4,
lia3d,
Lhuddy
Ll44o,
11450,
Llada,
L1458,
L2253,
L2212,
L2274,

12270,

APPENDIX F - Continued

THIS PROGRAM REJUIRES 027766 (0uTatl OF BLANK CUMMOM
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DISPLACEMENT FIELD

NOGE

COT NtV E LN~

quNW\»wnghl\haNh;N&JMNth-p’-hr—pr-pi-
b I - R R S VO =t 'lJa.-uO'\nC‘WNFOﬁwNO‘U!&uNP—

1)

V]

Ve

¥.02201090E-03
=d. 502284 09E~02
2.99346556E=-03
“5.BL191646E-02
=3.T3ITITT4E-02
~le91367527E-01
“E. 107204 T4E-01

la2011349%€-02
~2.755T0751E=-02
=l.4200L139E-01
=44 56690085%c~02
=3.40490835E-01
~ 4. HFTILS T2E~-01
~4. T4 T8LLO0LE~D2
=1l.098T2450E~01
=4. 140504 7LE-0O1
=5.95274544E-01
=3.198022096-02
=-1l.508C798uE~01L
=5.3T240667E-01
=53.T3929222¢-01
=1l.196791 P9E-ul
~1.064570196c~01
~4.60622829E=0)
—% 623058 64E~01
~1a55234T03E=01
=1.81083652¢~01
“%.13414395c-01
“laT2302403E-01
~2413013924E~01
“1.84049332E=0]

APPENDIX F -~ Continued

e
~4.99859T55E=-04%
~%.50695418E~02
~1.43312689E~-02
—1.32989099E-0]
~3.18970157TE-01
=6 44l04209E~01
=9.46939869E~0}
~L.75732722E-01
~4. TQ864836E-02
=Z+T1841164E-01
=9.14851105€6-02
~T.16075752E=0]
—1.25873292E+00
~d.560%1 349E-01
=2, 13532687E-01
=9.05374169E-~0]
=1.25926364E+00
=3.033438653E~-01
~2.72924154E=C]
=F.67081597E-01L
=1.10138B94E+00
=3.19885148€E-01
~3.01681042E~-01
~d.2318B2558E-0]
=8.279865]1 3E-¢1
=3.02964351€=¢]
=3.36196654E=0)
=1.70502715%E~01
~3.08587523E~01
=3.6346TH34E-0]
~3.48211905E-01

5.21390589E-03
2.15568331€-01
8.6755744TE-01
1.52225528E+00
2.4393T8T9E+00
4+ 406TBL7BE+Q0
8.350147T30E+00
1.21108374E+01
3.28952147TE+00
54342554 38E+00
B.97492875E+00
1.48453968E+01
245571 8654E+0)
3.61080024E+01
2.7L27T410E+01
3.61336169E+01
4.409B6064E+01
6.122251750E+0]
5.11701394E+01
6.17318622E+01
6.94380785E+01
8. 428246036401
T« 78964843E+0]
B8.65785801E+01
9.43028238€+0]
1.0418T695E+02
L.00008849E+02
1.087T40603E+02
L.202814685402
1.22826746E+02
1a3609T761E+02
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STRESS FlelLD

ELEMENT

WO S e

THICKNESS

8.00000000E-02
d.000000INE-O2
B.0000V000E=-02
8.00000000E-02
3 .00Q00000E-02
4. 00000000E=02
3 .00000000E-02
8.000Q000000E-02
3.00000U0UE-D2
4.00000000E-02
4.000000UVE~D2
8., 000000QUE-02
8.00000000E~-02
3. U000U0OULE-DZ
3.00000000e-02
8.00000000E~U2
4.,00000udYE-0d
d4.00000000k-02
4. 0000000UE-02
3. 00000000E-02
4.9000000uE-02
8. D0UQUOVVE=-D2
8. 00000000E-02
8, 000000QUE~DL
d . JAUUCIIDE-DL
5.00000000E~02
9,00000000e=02
4.00000Q00E~02
4.00000QU0E-02
3. 0000JIUDE-V2
e DOUOIGOUE-D 2
3.0000000UE-0d
4. 00000000E-02
8, 0000UUQDE=DL
4.0000Q00UE-02
d.000000QUE~V2
3.00000000E-vE
3.000000U0E-U<
3., 000000UQ0E-Q2
d4.00J0000vE-D2
4.00000000c-02
d.00000000E-02
8,00000000E-02
Je
Ja
Ja
Ja
Je
Je
V%
Ja
Je
Je
Je
Je
Ja
Ju
Ja
Ja
3.
Ja
e
Ja
Ue
Jae
Je
Ja
Ja
.
Ve
Ja
Ja
Ja
Je

APPENDIX F — Continued

SIGMA X

~2,589380873E+02
2.9L460132E+03
4.51253609E+02
3.59831051E+02
2+91406262E+03
5.%07T948T3E+C3
1.02542 158E+04
3,.3863843 LE+Q%
b.29% LTTADE+D3
2.3TIT12TS2E+03
1.86885862E404
4.7787T0397E+03
1.84150G632E+04
4.40999333E+04
1.16605021E+04
4,10102398E+04
2« 4910024 4E +04
1.£3558163E+04
2+515445T5E+04
5.544 L4 006E +04
1.80081 LLGE +04
4. TB4H6055E+04
1.15134326E +04
3.61132368E+04
3.195538685E+04
5.90608033E+03
2.811L09535E+04%
1.038776230404
4,4020T7T12HC+03
4, 48591 166E+02
4. 3538HTOSC+0%
—2.5063TB60E 403
2aBT55406T3F+04
-3.42439653E 403
2.26752600E+04
2.6900226 3E+04%
2.8Ta33C0HBE+03
2.63552557E+03
1.514694T6E +04
La30294806E+03
LeB8i026TIIE+04
4, 20854356E+02
~L.56T81222E+03
B.05540563E4+03
2.332T6621TE 404
d.80033T9TE+03
2.63032702C *04
6. 12835 T4SE+0]
d.7507TQCOTE#G]
1.13459333E+C4
-5, 1J034330E+01

STGMA Y

4. 400033036402
9.71533775E+03
=-1L.5807601L8E+0¢2
2.32699T741E+D3
9,713542CTE+Q3
1.6629133TE+04%
-1.85860542E+03
1.12009008E+04
5.7230307T4E+03
4y 508436836E+03
8.22102853E+03
T.44694132E+03
6.13836441E+04
T.7Q395062E403
1.97533218E+04
1.34168146E+04
-&.81594809E+Q3
1. 704500084 E+04
H.38481518E+04
2.9291 TT2BE+04%
%, 84908360E¢04
1.06237965E+04%
2.52732014E+D4
L.4T50T5L2E+0%
~1.00490253E+04
1.3364T242E+04
-T7.6576Q777E403
2.16002210E+0%
6.0338TL4IE+Q3
1.49530369E+04
5.87519T7T6E+0L
T.1BOTIL44E+03
2.57346065E+04%
5,06209130€E+03
1.836893413£+04
-4,83268891E+03
L.93561278EL+04
=1.91303T7TT1LE+Q3
=2.19030T4BE+Q3
l.44485183E+04
-5,63499201E¢02
Le D4 14602 IE+ 04
3.46171503TE+01L
1.2367T4303E+04
~1.154988865+03
3. 46549299404
1.B8T714634E+04
2.0T455596E+04
1.0T7T035852E+04
-1.02580873E+03
9. 15T02564E+02

SIGMA XY

-4, 55958564E+02
1.04590634E+03
-4,50620766E+02
-1.25033R6TE+Q2
1.27653257E+03
-4.19263159E£+03
-1.TOS58LLTEHCS
~1a34420656E+04
9,02 T0610BE+0Q2
ToT4498040E+03
~1.24196778E+04
-4.044T75465E+02
5.504L2853E+03
5. 170039Q9E+03
1.51568459E+04
-1.58206879E+04
F.6T4L 8353E+ 03
1.03302438E5+¢4Q3
1. LL129T93E+ 04
2.23839328BE+0%
2.34821 1T9E+ Q4
2.0T6%4400E+04
1.68959756E+04
-2 L4445983E¢ 04
4,084063Q7E+Q3
3.05011602E+02
3.89TQT172E+0Q3
L.492696 TIE+ Q4
©.125848390E+02
L.5T14TTL3E+04
3.0339L215%+C4
1. 785700565+ 04
2.037TTL158E+04
1.78151407E+ Q%
L.T1342243E+04
3.91T94252E+03
1.406066B5E¢04
~1.0256275TE+C4
-9,59526L4B8E+02
7.1505T833E+03
3.7433T0L0ES D3
1.04124694E+ 04
~7.0%178522E+02
T.2%105013E+02
2.423867T9E+ 03
T.29325859E+03
Le42352TTOE* D
L.11625158E+04
4. TH4L19938E+03
6.6062T4BLE+C3
9.86103548E+03
Lo 2B4T7220E+0L
-1.812T2728BE+02
-1.44818926E+02
-5.27135155c+01
=2.2BT0%4CIE+Q2
=l.366Toa4TEFQZ
-1.R0423B205+02
1.72756006E+01
-T.347212632+01
-1.132T1832E+22
2.96383%90E+ 02
He#l024049E+01
=3. 7646136625402
5.52%19268Z+01
-1.95333602E+02
T.024864T0E+Q2
4.32835T20E+02
1.640TOL232E+02
-¢.56738822E+02
-L.09855052E+02
4.83589727E+02
2.95165102E+02
9.07906148E+02
1,78535485E+¢02

STRESS ®ATIO

-003
0Tl
.037
.027
071
+131
=093
«303
- 050
112
218
-053
- 443
» 334
251
« 363
+252
+123
« 616
49
«4T0
452
«292
» 389
-39
« 094
. 2b6
«2%5
. 0&4
L 202
« 398
£ 257
«357
. 254
250
243
« 243
« 146
31
+« 149
- 158
. LOG
098
388
13
. 269
273
213
.103
«132
«137
«Q00
« 003
092
001
Q23
0422
002
<000
+ 001
«232
=024
001
008
<0l
« 003
+010
. 006
. 002
«004%
. 002
007
- 004
013
«0J5



16
"
T8
19
au
L1}
g2
83
84
85
-1
a7
48
89
0
@l
92
93
94
95
Y6
a7
94
99
Lo0

Ja
G
J.
Je
(U
Jae
G
Js
Oa
Je
Ja
Je
Ja
Ja
Je
Je
e
Ja
0.
Ve
Ja
F
Je
Q0.
Ja

FLUTTER ZJUNDITIUM

JMEGA
RADIANS/SEC.

1+30UQ000QE+01
L«30Ul 000uE+DL
1+300000008+01
1.28703940E+01
lLa20TT39%0E+01
Le28l039 vt sl
Le2d9359%1E+0}
ledd945941E¢01]
1.28935961E+01
Ledt93T63TE+I]
1a2894T63TE+L
l.28%3T43TE+OL
Leca937637E+01

N0

APPENDIX F - Continued

1

~Le52400000E+03
=L «5240COU0E+03
—1a524304 T9L+03
~beT4185963E+402
=0 T4 L35963E+02
~bae T4529694E+02
=T.4TQ48TITE+Q2
=T.%TU48T3TE+Q2
=T.4T389038E+02
=1.4T6154T9E+CL
=7.47612479c+02
=T 4TI55T54E+C2
=T.4%T615550E+02

COMPLEX DzTERMINANT CUNVERGED TQ O

4. 16T645893E+02
3,009 4 b6%E+02
1.499T80TOE+Q2
2.737LL496E+01
2.46599T7T06E+02
6. 4TSTHESAGE+Q2
2. B80029294E+02
La02297549E+03
2464 THIFS2E+QD
2.59TTT455E+02
1L.06213113E+01
L.9986T305E+02
~2.99372024E+01
2ebobaTB4aE+]2
1. 757948428402
L.79340630E+02
2.17037628E+01
T.2608TB62E+0)
~4.23535523E+01
—1.22954355E+02
6.5496TTTTE+CL
=1.211B80972E+0]
8.2634119TE+QL
2.33623253E+01
=2, 16393883E+0]

DETERMINANT

REAL PART
=1l.6551L8279E+00

- =le657886301E+00

=1.65568704E+00
1.8587402BE~Q1
1.83135841€-01
1.85222605E-01
1.52552191E-03
=la215748T1E-0Q3
8.88561B886E~04
l+46354597E-07
=2.74119069E-023
+6.36699215E-04
-1.846T0789E-09

IMAGINARY PART

~4.94874584E-01
~4.92351907E-01
~4.95181l 844E-01
2.548832B0E-02
2481350927E~-02
2.51%549911E-02
1.05529304E~D4%
2,73547844E=-03
~2.25531133E-04
T.297T42031E-08
2.629857T3E-03
=3.30969895F-04
=9.57133316E-10

- 006
h)
-0Q2
000
-003
- 009
- 00%
Ol
- 000
004
« 040
. 003
. 000
«00%
. 002
«002
«000
. 001
«00L
002
« 001
«000
<301
-Qoo
. 000

147



8¥1

FLUTTER CJNOITION NU. 2

UMEGA v DETERMINANT
RAULANS/SEC. REAL PART IMAGLNARY PART
1.60000000E+01 3. DO030U 0UE +04 2.16230032E¢+12 1.78403936E¢1L1
LeBJJOLUOUEYDL 3.00000000E+04 2.1623T7T59E+12 l.786268868E¢11
L«60JO0000E*+GL 3. 00UOL0VJE+ e 2.16222144E¢12 1.78371611E#LL
L.63700218E+01L 3a3LU4L03TE+DS -3.27148335E+11 =2.6316566%E+10
Le63TulZlBleul 3.31041031Ev04 -3,27044046E+11 -2.60T308L6E+LO
1.631002LBE+DL 3, 300420375404 -2,2725196E+11 ~2.63530854C+10
1.63269866E+01 3.2 T491099c+04 -4.73514894E+09 -3,88001511E+048
l.63270d56E+0L 3. 27451Q093E+04 -4.53409246E409 -l.46901621F+08
1.63209866E+01 32214920995 +0% =4.839T6442E+09 -4,24019932E+08
1.63263488E+01 3. 2739T63LE¥ 04 ~1.13681635E+06 -1.07269195€+05
l.o3264488E+01 3.27397631E¢04 9.98TL2C8TE+OT 24 %0956993E+ U
l.6320348BE+01 3. 2T398631E+04 ~1.QL707606E+08 -3.611d25464E407
let63203486E+0L 3.2739T6L8E+D4 -2.256T6160E+0L ~4.95125528€E+00

COMPLEA OJETERMINANT CONVERGED To ¢

GU 1) = 1.35505581E-01
GU 24 = T.45198391E-U2
G{ 3} = 4.49323022%8-01
GI 4) = 6.23529412E-02

VAL[ABLE ¥AS5S = WT =- Ll.74083190E+01

TOTaL STRJCTURAL MASS = TWT =  Z.16900121E+0L
PE = PENALTY FUNCTION = 1.706869955E+0L

PFUNC = W + PF = 3.44753144E+01

" DESIGN VARLASLES 1- 7

-1*##*#*#¢*###$#####$
‘*UU*‘&##F*##*‘*####*

He JOOUUQOUE-D2 4, 00000000E~02 8.00000Q000E-02

d.00000uAQE~-D2 1.00000000E-01
c‘tt#t*tt#l*tt$#tt#ttt#‘*tlft#‘*‘t##!*t#t#tltttlttt‘t*t*tt‘*t.ttt‘c*t*t¢$tttttttttt.tittttttttttttt#‘ttl
tu*tt#u#t##tt*##vt*t.tsctt*vtttt*tt-ttt$tt¢actttt.ttttno*ttttttttttt-tttact‘-tntt-caot-.-tc:tctuttusm-kt

ﬁtt#!#i##‘i##t####*#i‘ﬂ#ﬂ*ﬂ!it‘l*t.“t*t“*‘t‘ttt*t‘t*‘**#*'til"l‘#“tl#t*t‘tttttt"li‘#tttttttttt‘tt.t

8. 000u0Q0uE-0L
B, JJUUOO0DE=-D2

#**t**l‘ﬂ##t#t####tt

TMuvE DIRELTION DATA FuR UNE~-D IMENSFUNAL SEARCH

e

FInsT UERIVATIVES

~tyo Ioh s 1230E+D] L+43625230E201

L.61089440E+0L - 1. B4375079E+02 ~6.92156TB2E+Q1 1.0048T374£¢01 $.95538235E6+¢3)

LS5aVv

8. 0u0Juddut-us 8.00Q00000E~02

8. GOCOOOODE~DZ 3.00000000E-02 8.00000000E-02 1.00000000F-01

4. DOUQUU QUE- Q2

UIRECTLUN LOSINZS

-5.93541393E-Vl -9, BLubaTIVE-VI 5,206320116-01 -3.BHBLIYOIE-02

2. 12171296E-01 2.648849345-01 -4.29861108E-01

PEUNL = WT*PF = 3,44 T53L44E+QL DER1VATIVE OF PFUNC TN MOvi DIRECTION = -4.63659382E+01L

t#.it*tit!tt#l“t*tltttihi‘tt#*ttttl.“*
‘*ltl*ttt*tt'*t#t"tt#it‘*t‘it#‘ﬁ
*ﬂi'*it#tttittttlt‘*ttt

*CU*!*!*"!##!*#!"###Uk*!ttt##*tttt#tttt#tttt*t‘tt!*.tt#.ttt.tc‘.ttttt““‘t‘i.‘i.‘
*ttttti‘i#uttnt*&ul#l#lt#t*ttt#iat*t*t#!*'ttttt*tt‘#tt**t'ittat#titt#‘t"‘ttttt‘.ttt"t‘*“
-tttttttttut-st--*m#ttu:tttnvttstt#tnt-s#ntuttttttﬁntto*ttct-«-'*'ttit'*“"““““""“‘*'tt".t‘*
PF =  L.7323664T+0l WT = l.386753660¢0L 5 = T,866582030-02
CONSTANTS
2.898865T0E-02
T3 3LTLE-0O2

f.92202314E-02
1.008377T05¢-0l

9.673T82 €5E-02
6.61846233E-02

1.20955946L-21

g = L. 64043293E~01

penujuo]} — 4 XIGNH44Y



nyeo
gvd TV
0 Krmsonaouds

641

MUVE DIREZTION DATA FUR ONE-UIMENSLONAL SEARCH

FIRST OERIVATIVES

918447002401 1. 78083932¢¢y] ~1.50456864E402 “5.T4LB4544E+0L  1.68T36125E401
CSAy

2.058865TUE-02 7.922823T4E-02 FOTITH285E-02 1.20955944E=-0] T.69413171E-02

UIRECTLON COSINES
4:B6490842E-03 ~T.66914803E~02 -2.52426T62E -01

1452404534E400 4,01218481E400

L.0083T705E-01 6.618462336-02

9.1 T604393E-01 -5.35713568E-02 ~2.BT992900E-01 ~5,06TI984BE-02

PEUNC = WT#PF = 3,18212064E+4J1 DERIVATIVE OF PFUNC IN MOVE DIRECTiON = =1.7261134TE+0)

*t‘til#'t‘.‘tl*‘i‘***'!t.t.!.#.***t*t‘*t.‘il
tttt*'tt..#lttit‘i*t*#.ttlt‘#“*i*ltt.#*
*"itt!#ttlti!ttttt*i‘tttt‘t.'t'ttl*‘ttt

#tttt*t.Ul"‘ti#‘#‘t".t‘t*tiﬁlt*tt#*#‘i‘*.*tl‘1#**#**#!*‘!“‘#.**#ﬁitt*itlt##t*
.t‘i.ttttt‘“i#““t.*t##ti!it‘t*i.it*t‘t‘ltit#‘*#t.tltttltﬁt‘#ittt***ttt“‘*‘t*t*.‘
ittttlttl*tl*tt##li**.*t*‘#tt**‘t*ttt*t*t'ti!*tlt*tt*"t#t*t*#*tti*‘tl‘tt***‘#tti#*i

PF = 1.82378729C+01 Wl = 1.28T66748E+0t S = 8.59765625E-02

CUNSTANTS

2.90069251E-02 1.263456756-0¢ T.503504336~02 1.99848416E-01
T.23352360E-02 7.6u7706%52E-02 6. L8274 83E-02

[~

= 5.18122933E-02

penumuoy) — g XIONAJddV



0s1

ltt!t.ttttlttltt“*'**tti‘tl.*ttt.lti*ttt.“‘*#i#.#ﬁttt**t.“i*t‘#*t#tt#*ttt*““t*t‘*t###*tt*lt‘t*#**t**itt*t*t*l‘!it*i*i.‘
*t“.lt!tttttltt*ttt.t*C**t*ttttt#*t#‘t.t‘*.t#tl.‘tttlt‘t“l*t**tttl‘tt#‘#*t.##*t****l‘***t1**‘***##“'**##*#“*t*t#t*l‘**tt
lttt‘l‘lttttitt*..tt.t‘ﬁ'i*t.t.#t*#lt.“*tt#itt"t*l‘.t‘t“*#t.*‘Q‘t‘t**t‘ttt‘##.t*‘ttiti*l*ﬁt**t*tt“‘t*##ii*‘***t*.t*“‘*#

MOVE DIRL:TION DATA FUR ONE=-DIMENSIONAL SEARCH
FIRST UERIVATIVES
—B,1JuP2045E+0L — ¥ 66302861E-01 ~1.4111250TE+Q2 —4.09784484E+0L ~2.32574205E+00 =5.1594TCATE+QO 3.9T7114883E+00

L5AV
2.90069251E-92 T.26345675E-02 7.50150433E-02 1.99848416E-01 7.233543606-02 T.60770652E-02 &.182784B3E-02

UIRECTLON COSINES
-3,095115%42E-02 =6.41062493E-02 -17255QT919E-01 9.784840006-01 4.50198065E-02 -l.353?3119Ele -3,70586015E-02

PFUNL = WTePF =  3,.0L0145478E+UL DERIVATIVE OF PFUNC IN MOVE DIRECTION = -1.856175998E+01L

lttt.tttt!"tttttt'**ttt.t.#.tt#tOl'lttl"8.**..‘#‘*‘t#t*t.#ttit.tttt“l*tttt*#**tt‘itﬂ##ii*‘t#tl#tt*t*i.*ttt*t*I**l**#*t‘tt
t..tt‘t.tttOt.*t*tttt.‘tt#ttt..ttt.‘.‘i'*t*‘*it.‘*'*t**‘*t*t.“l't**.*tlt‘l‘*l**‘#t****#*****#*t‘*“it‘tt*t*‘ii‘#i“*it**“*
*ti#t*“#lttttt‘t#tttt.‘*ltltt.l“t#‘#ﬁ't#*#‘.l*lK*itl*i‘**‘l‘*.*“‘*t***‘li“#t#lt‘*‘*t***#***ﬂ*#‘tl#‘*#1&**‘*.*'**‘!!**&‘*

PF = L.76475200E+01 Wl = 1.25229626E+¢CL 5 = 1.,2688222TE-01
CONSTANTS
2.50785049E~02 uv.45006249c-02 5, 90988921E-02 3.24000644E-0)
7.80476493E-02 5.09006424E-02 5.7125TT04E-02

Q = 24 150 3J0L4c-02

panupuo) — J XIANIJddV



I€T

atttctttoat¢¢tttttcootttttt*otttrtt-to-otttttttttttot-ntotttttucttattattctc.totta.oamtvtttca-tttstttttttttttotut:ttttt:tt-*t
tt'tttt*tt###‘tttttlt-‘tt#tttt*#*‘ti*tit#‘ti#ttttt*#‘t‘ttltitt‘ttt#‘t‘##ttti#‘tt‘ttttt*tttlt*lt*t‘ttt.tit‘ltcttt!#'dttttttt!
ttttt‘t.tttt#*ttt#tttt*i#*‘ti‘t*i#tttt‘.t.ttttt..*tt&tt‘tt.tt.tt*.ttit‘t‘tttllt‘tttttttt&‘tt‘tttt#ittttl*#ittttttttt#ttttt.t
MOVE DIRELTION DATA FUR ONE-DIMENSIONAL SEARCH

FLAST JERIVATIVES

45420152 TERIL -9, 373556126400 ~-6.82339291E+01 ~L.18T21B90E+QL —1.0L545903E+01 ~8.09195604E +03 L.36471641E+Gu

LSaAy
2.50Td5049E-02  6.450002 3I9E-02 5.909889218-02 3.24000644E~01 T.80476493E~02 5.89006224F-02 5.T125T104E-02

DIRECTION CUSINES
2.2LU9TISE-02 4.47656035E=0¢ 3, 325164%6E-01 =9.3733LT40E~0l 6.084690516-03 9,16656205E-02 9.40917T302F=-03

PEUNC = WAT#PF = 3,01704906E+01 OLRIVATIVE OF PFUNC IN MOYE DIRECTIUN = -1.39840528E+01

t*tt##*itv*ttt*#***t#tt**#*t&ttn#‘k*ttttii!*#ii*#t**t‘tt.t*#t**tttttt*t*'#wttttttt#tttﬁt#tﬁ!t#tattttltk&tttttt!##ttt!t*.-ttt
*t#####*i*$t*t#t#**ﬁ#**t###tt*ttt#*t#*ittt#titn*tttit#!itt.*tttt*#tttttttttt‘ttttt#t‘t*t#t*t:ttattttvut#ottttttt##ttttt-t:l#
tttt#*nuxm*vw*ta#*u**«tt*tv*t#*¢tvtu**tgt#tt*t-tta*tttt:v#ntcttnttttattttt**mttttt:ttvcattt*:tt:cu:t:rtsoct«tt:t¢t4.--ttt:tt
PF = 1.61392990E+01 WT =  1.33129592E+01 5 = Ll.12667773E-01
CONSTANTS

Z.TH690235E-02 6.931832928-02 9,6562T75TE-02 2.18353540E~01L

Ted7330979€-04 6.9228303BE-02 5.816334 T4E-02
q = 1.99944248E-92

QUADRATIC CONVERGENCE TEST SATISFLED
CTEST = 5.48T747791E-0L
CURRENT VALUE OF R [5 B.333343313E-93

PF 2 5.39643301E-01

panurjuo) — I XIANAddAv



(A

ttt#t#####t#*t##*t##t#*m#*t#!*#a*#t*t##tt*ttt#*t#mtﬂt#t.#tt#t###t#‘tt*#t#*t#tt#t***ﬂ#ttt*#t#t‘##l‘tt!!tttt#uttt#tttt'ttttll*
*tttt##***##t#tt*###t*#*#####t*t###t##t#t#*#tt#tvt#tti##*#t*#t##*t*##tt*tt*#*#tt‘#!##1¢$$t$ttt#tittttt#ittt‘ctitttcttttott‘t
$¢¥0t**t*l#*#*t**#tt!t###t##tt##‘**#*it$###t$ttttl###***##.c*t*tt*t#i*tﬁttttl*l*tt!t#c*tﬁ*tt*'tvtﬂ#lttu**ttttttttt#*t‘ttctt.
MOVE DIREZT1UN DATA FOR DNE-DIMENSIONAL SEARCH

FIXRST UERIVATIVES

B.9651L05256+01 1. T6850LL8E+01 2.13129881E+01 9.08761088E+00 1. T6B64582E+0) 3,543L10567F #31  9.671330646c+00

CSAV
2.75590235E-02 6.93189292E-02 9.6562TT97E-02 Z2.18393560E-01L T.87331979E-02 6.922038386-02 5.81633474E-02

DIRECTLON CUSINES
—T.09254871E-02 ~24 158733 36E-0L -2.3756T325E-01 B. 77943235601 =2.64036266E~01 -2.01617519E-01 ~1.46630764E-01

PFUNC = WT+PF = 1.33526025E401 DERIVATIVE OF PFUNC IN MOVE DIRECTION = -2.16220050E¢01

“t‘t##'*tt*#*#t-t###t‘#tt*t*##t#**##.#**ttt#ttt‘t*lttl#lt#tl*#t‘*lt#t‘**t*t‘*t*l‘*t.tﬁ*t*lt‘ t‘.t"‘*ttt&'.it#tttttttl‘ shhkEd
SR ASEREEEREERLE e R EEEHEEEE auTaENRREE Rk kRN F tt.*t*.##‘*t#‘*‘**ti"#*"#*‘ll‘l...#.t‘tt‘l“.i#t&‘ﬂ#*‘ P TT R IR LS LA Rt
“*#*‘#'t*t#t**t*###*‘-‘#*#‘**## "l**it*i#**#*.tllt*.*“ll#t*‘#ttt*‘t*ti‘.#*‘G*.t#.‘**tii#tt srekkeERENE AERRETARE R KR ERER AL EN

Y1eLD STRESS EXCEEUED - REQUCE 5 LR DC

YiELD STRESS cXCEEDED - REDULE § OR 0T

YI1ELU STRESS EXCEEDED - RcOUCE S OR DC

Y1£LD STReSS EXCEEDED = ReDUCE § OR DC

YIELD STRESS EXCEEDED - REDUCE § VR DC

PF = B.%4709581L0-C1 WT = 1.035887B8RE+01 5 = L.32T712656E-01

CONSTANTS
1.815613910E02 4.066980558-0< 6.50345890E-02 3.34907T738E-C1
4.63464969E-02 4,24032246E-02 3.89690145E-92

Q= 5,57T380640E+00

panupuo) — 4 XIGNAAY
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..“.‘.‘ittttt‘tttt‘..“ti*‘*i..t“#‘t**‘#.ittti..t.*li..*t*‘tlttttit..tt‘tt!#l#tttt‘lt#t.#t‘#ttttl‘..*tt*.‘i*..tt“ttt-.“i
t“.‘lt.‘.tt*tt‘*‘ti*t‘tttl#t‘..!l“ﬂt#...tOtt#'*‘.‘t.‘*“t.-l.‘..t‘t.tt‘.ttl‘...‘.tt‘-'UOttttt**‘.‘it!“lttii“.tii“‘#*i"
ttt.‘.tt*t..!tli**ttttlt“ttt“'t.tttt“t..i!‘t‘*t't‘#‘it*t.‘.*.it!.tttt‘t‘.t.#li“t.t‘t**‘*".“"t*'t‘tt#‘itt‘ttt*tt‘tlttt

MOVE DIRE.TIUN DaTa FuR UNE-DIMENSIONAL $EARCH
FIRST ODERIVATIVES
T.13892993E+01 “lea%3956044TECQ0  1,4625567L4E+01 8.29495562E+400 -L.17549420E+01 1.92283699E+01 9.31311605E+00

CSav
L8120 1810E-02 4. 06693055E=-02 6.50345890E-02 3.34907738E-01 42 6346%4969E-02  4.24632246E-02 3.89690145€-02

OIRECTION COSINES
5. 3084 3009E-02 -6.31019738£-02 1. 73838728E-01 ~9.6I1T0553E-01 ~2.30661415E-02 F.6%074TT4E=-02 -1,59008483E-01

PFUNC = WT*PF = 1,.12035884E+0Q) CER IVATEIVE OF PFUNC IN MOVE DIRECTIUN = ~8.20710182€+00

‘*.‘.titt.tttltttt't**tti.i.*..‘tt‘t‘.itttt‘t.‘t‘lt“".i"t#tttttlttttt““ltt‘t*t***‘*.ttt.ttl**tttt.“t‘kt“*t**‘t‘“.t‘i
*t'.tt#‘.itttit‘tt.t*#‘t.ttt‘*!t#*ttt.ttttt.t...t‘t.*‘“*"ttt‘ttt.#tt‘*‘*“tl**"**"i‘.ttt..ttl!lt“t‘tt‘tt*******.*l*tttl
“#l‘t..‘tt.l#tttt#.t.tt.t""‘it*l‘tti.0t#tt**t.“tl#t#"tl*‘t‘tttt*tt.t*i**i‘.itt*#!t‘*l‘tttllttlt‘tit*“#t..‘t‘ilt-*‘t.‘i

PF = 1.25368529E+00 WT = 8.99770330E400 5 = 1.5647939456-01
CUNSTANTS .

9.939207426-03  3.08091256E-02 9.194377156-02 1.85814 76 8E—0 |
$LTTSOITHE-02 5.74639154E-02 1.435546416-02 '

Q@ = 6.164535446-01

Penunuold ~ 4 XIANHd AV



pat

l*'."'t-‘*t.ttt#tt#.#*#*t.#*t****l#*'*‘**t‘*"tt#**"t“ﬁt*‘t#*‘*i*li*l*‘*t*#i‘*#tiltt*i*‘#i*iitl##*i#*l##*t*t“*#*ﬂ!lt*t‘t
tltl*'ttt*t‘#*tt‘tt*‘t.‘i‘*t#*‘t“'.‘*‘#“‘il*t'*.‘*t*#i##.‘t*#tl#*#**t#'l**t*#i*t*l‘#*t*##!##*#‘**ttﬂlt*##*t***i‘*l*‘i**#**
tl.‘i!“'.t*i#ttttltt'ttttitt‘i‘#t‘*.#**i‘t‘*.'tt##t‘t"*###ttt‘-tttt**‘itttittlilltﬁﬁi*#*#t#*#tt#t**‘t*t'#i*tt‘#‘t#it***iU*

wovE ulRc.TION DATA FUR ONE-DIMENS LONAL SEARCH
FIRST DERIVATIVES
H.290%42Q0E+00 -2.73 Tl 30E+0L -3.90740203E+D0 -2.00359211E+00 ~4,629%2T55E+01 -1,77892430E+01 4,57 1573 TTE+CD

C5AV
9,949 20T42E-03 3. DBLILLS6E~DZ 9.19437TL5E~02 1.85814760E-01 4.277599TBE-02 5.74639154E-02 1.43954641E-02

DIRECLTIUN COSINES
-2.36L43945E=-02 -243TULl5034E-U2 - 1.46303979E-01 9,51104154E=-01 1.50591142E-01 ~2.23803880E-01 —1.05244T9E-D2

PFUNC = WT#PF = 1.0251096E+01 DERIVATIVE OF PFUNC tN MOVE DIRECTION = -3.09586260E+00

#itt‘.#t‘t*tt*t!tt!"ttttl‘i#*l'ltl*.“.*.#.'**t#‘l*tlt*##t****.*i*.*‘l**‘t#t#t#tt*ﬁ*t*t**#***#ﬂﬁ*#t#*#i*t#ii#**#*#i**l*‘**t
lt“‘*l‘0#.tt‘ttl"**t'.tt##t*"*#.t“t'..l‘i.t*‘#ii“t."*t..*l."i.#tt‘*ttti***.##tﬂ'#t!*t*#***#“i*“#*t**t*i'ti#*tt#*tit
*ttt'.ittti!4&*!!###*'*“!.“‘l*‘**t"“*i.'#tttttt“tti**‘##*t***#‘*'t*tﬂ*t*t#*‘**#t‘i‘*ﬂ*t#****#‘#t*#l*t*ﬁ!#*t**#*t#l‘***‘

PE 3 1.4276TL4TEL+d0 WY * 4,83550T28E+00 5 = 4.BT297119E-02
CONSTANTS
o THB4u4TBE-D3 2.965%15826- 02 B.48l44207E-02 2.3;1618COE—01
5,0ll420U0dE—02 4.65580168E-02 Ll 3842605E-02

qd = B.aUL890LBE-QL

penupjuo) — J XIANHd AV
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‘*tli!l!‘tttt*it!""Ottt*ttitttttt““#t.t.&t“t#.‘t.*lt".t#t**.*t‘tt‘..ttib.*t‘ttttilt.*lllttti*t*t‘..l#**tlit'*#t**i'tl‘
i.'#.".t*lti'U*O.l#ltttt'it.tt#*tt‘.t..*i#‘t."..t‘**"“.‘tl*.tt.#‘tt‘it*ttit“t.tt.*i‘t‘t‘tllt'tt“t“‘tttlt‘lt‘l*t.t.tlt
ll.#".“t'l#*‘“*.t#*li*t't..tttttt.‘.“.t..t*“*“‘##.*#l“lt‘t#t.“‘##ttli*ii“"‘..*.*.“‘..tit**t#‘.tl't*tt.‘.tt#!tl'Cl

JUVE OIReCTION Chla FOR ONE-D IMENSIONAL SEARCH

FIAST DERIVATIVES
lal6dG1969E+0L -2.55641432E+0) - 1.812192T1E+01 ~4.31209T69€E +0Q0

LSAav
8. 780404 7HE-03  2.96541582E-02 B.4B8144207E-02 2+32161800E-01

OIRECTION COSINES
"9.03857T229E-02 =3.6960011TE-UL ~1.55684548E~01 8.49934067E-01 3.21887432E~01

=~4.45435802E401 ~3.21338089E+01 4.35989341£400
S.01142608E-02 4.65580168E~02 1.384260925-02

L. 44893096 -02 -6.20504704% -02

FFUNC = WT4PF = L.OLl6ILTHHE+OL DERIVATIVE OF PFUNC IN MOYE DIRECTIUN = -5.15901668E+00

it**tt"ﬁ#*##l.*ﬁt*l*#*‘t*t#t*'ttUﬁl‘*‘*lil#‘.*tt‘*t#t'.t*t‘
*ttttl!i"#*.tll“ﬂ*.‘ti#*‘#l‘#t*lt“*t..‘."t#l#*.#‘tttlt**
.*t**ﬁt#ttitt*t*#t#‘ﬂ.‘t'*!‘ttl‘*l'it##*t##.t#*it**"*l“tt#

*.t‘*.*"“O!ti‘..?.‘t“*.tlt‘*“i.‘lil*l*"!i‘itltt*tt#&t------
"".#“.tt.‘.t“t.#.ti**‘l“#‘ti*i.‘tttlt.*tt'.*tttttttltliattt
***‘*.t‘#ltt*.tt‘titttttl#t‘.ti‘lt!t#ri#it‘ttt‘tlltttt*!tiloao'O

PF = 1.43897835E+00 WT = 8,61542527E+CQ 5 = 3.592T4514E~02

CUNSTANTS

N
5436151445€~03 1.0637536806-02 7T.92210717€-02 2.62697764E-01
6.1678B4559E-02 6.T70785807E-02 1.16132939£-02

1 = 2.0084%4089E~02

penupuol — Jf XIANIddV



9¢1

*ﬁt#t*-tt**#l#‘.$Uﬂ$‘¢!'l$.*¥#lt‘$$¥t'.#lttii!i-ttt
ttﬂ‘llt-“ti‘t‘*#t“#tﬂtt.'#ttt'.tiitt
#'t'ttlktt“l‘#‘ﬂt.ltt

**t*t#ﬂ#ttﬁ*##**#***###*##**#*##ﬁ**###G#*tﬁ*t#**##*#*#ﬁ‘t‘*****tt*‘t#tt*‘
ttt*#'*#*#t##tttﬂ#****###tlﬂ#*##t‘##!#t‘#l*t#tt.t##*#t****ttl#*t“####t*#ittt‘t*t‘l‘#t

##t*it‘**##*‘*#*#*####**#**t**l*#t#t#****#t*#i‘##'ti#t*#*#0*tt#*‘lt##‘##i#t#**tﬁt‘**tiﬂ‘tt#*#*ttt‘i‘#t

MOVE DIRcCTION DAT4 FUR DNE—U [MENSTONAL SEARCH

FIAST DeRIVATIVES
=3.05122029E+0l =2.00793042E+01L -1.5988T782%E+01 =3.19552498E+00 «3.04689999E+01 ~2.42540282F+01 1. T4T765827C+00

CSAV
5.361518856-03 1,63753680E~02 7.92:007112-02 2.626%TTH64E-01 b. 16 TBE559E-02 4.T0TB5807E~-02 1.16132939E-02

DIRECTIUN COSLNES
BeF6l T9560E-04 -6. 1 14T TL6E-V3 1.83659LT9E-0L -9.67738028E-01L -8.19220962E-02 1.43932304E-01 —6.82448B815E-03

PEUNC = WT#PF = 1.00544030E¢0L CER IVATIVE OF PFUNC LN MOVE DIRECTION = -9,.562614161E-01

**l#'**####***l#***#t##*##*1*#**####*‘#.‘*#l#ﬂ‘.t*****t.‘*l#*“*l*t‘*.it*i#t‘t#ttttttll##‘tﬂt‘t#t.t‘l't#t!‘lﬁttiltttt‘ttti#.
#*******####*t**##t*##it***&***t*t*i.#*#‘t.‘***#*i*tt#tht*‘***t#.ﬂ**tt#‘*#ﬁt“#ttt#“‘t‘t‘*ttﬁﬂ#itt‘ttvt!“ttttkﬁ#ttltttlttt
*#t#*t*tt##t##ﬁ#*##tt*t*##l*#*t*###t*t*#t*t*#**#t'lt#'**##i*"*#.*‘*l#**‘tlﬁ#*#l“.itttt*t#tt“#t‘t'ttt.ilts*Fkltt'*ttt'#‘#t

BF = 1431 L4B43E+00 WT = B.61307749E+C0 § = 2.07052338E-02

CUNSTANTS
S.3800T490E-03 1.62687599E-02 B8.314800%3E-02 2.42660522E-01
5.99826393€-02 5.005B732TE-02 1. L4T19913E-02

5 ONEDIMENSIONAL SEARCHEZS HAVE SEEN CARRIED 0JT FOR R = 8,33333333E~03 - CCONVERGENCE ASSUMED

CTEST = l.4%24B4692E-0L
CURREMT VALUE OF ® IS 2JTTHITRIBE-CA

PF =  4,17049418E-02

ponunuo) ~ 4 XIANIddV
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bbdttbdibtthdaniasa il L1 TTE T LIy e bbbttt ttitidbictbhtitattadil e Ll LI2T LT LT T 1T T LT PP I e gy
bbididttidtaibhiidedabtt et L LT LT T T T TR PP PRSI EEEEERREESNIRSIRRE LR E RS RS F AR RIS AR E SRR NN SN RS R
FEERENEEBR R R AR BRE DR AR ERNRRERBA RSO R tttttti.tttt.tttott"ttttittttt.t!ittntttttttt.tt“tttt##ttlttt‘tt‘.tt (i a R L P L] BT ] g
MOVE DIRELTION OATA FOR UNE~-DIMENSIONAL SEARCH
FLAST OeRIVATIVES
8+F05T6021E+IL  1.69519L TOE+OL  2.75700224E+01 9.226809887E+00 L.66573179E+01 3.50824887E+01 9.71625900E+00

CSAV
5.30007485E-03  L.62487599E~-02 8. 114H0093E-02 2.42660522E-01 5.99826398E-02 S5.00587327E-02 1.14719913E-02

DIRECTLON COSINES
=3.45158085E-02 -1.23519421E-01 ~1, L6768666E~01 9.35696184TE-0Ll 1.99259555E~00 -2.10527262E-01 ~8.67288801E-02

PEUNC = WNT#PF = u,86078244E¢00 DCRIVATIVE OF PFUNC [N MOVE DIRECTION = -4,.699078A5E+00

tltt.ttt“‘.ttt.'tt*‘t'.t#.titt#‘.‘t‘ttt..tt"tl“..F"“‘#‘.tttt.t.t‘t#.#“ltt#ﬂ ERFRBERRE LA BRE SN SO N RPN SRR AR RS E RPN SRR
SAENEREEREE AR ER AR AR ERE SRR R R AP ER D l‘#t.Ot‘t.t.‘..t.‘t.‘i.t*tttt"t“"t“‘*“‘lt‘t#tt‘t“#t‘ttttttttit*t"i k2 kxR EREREEEURRE
EEENBEEFRAERERD SRRBERRNEENERE VTR RN AR ER kR .‘tt.‘tt”.tl##‘#‘it‘tttttt.ttittl‘“‘t"‘#*t‘**‘t#ltl*t PEERREREREE T RN RE kAR KRN R EE

PF = 1.10239157E-01 . Wl » B8,25096652E+C0 S = Te4%2010581E~-02
CUNSTANTS .

2.81889075E-0) 71.08348018E-03 7.43352338E-02 3.12184083E-01
To4ToTI0ILE-02 3.443T3ATLE-0Z 5,066 1664E-03

Q= 6. 21 946263E-01

panupuoy = 4 XIANIddV
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.t.‘-tl‘t“.*tt##“‘*tit*tt“‘l"‘ttt#ttt#‘t‘.‘ttt.t‘l#‘#t.t‘#*t‘.i‘.t.i‘tt#t*‘*‘.tttt##‘.‘l‘t‘tit‘*‘t*“t‘ttttt**ﬂ“t‘t.tt‘
t.lttt.“‘tt*tttt't.!tt#l*#*t““'tti#“‘.l#‘tt‘tt*t#‘#t‘t‘t*t#‘#*#“‘*t*t#*t‘t".#‘**t**tt#l“‘tt#t*##t!*t‘#‘#*tt‘*“tt“‘#
ttttt*ttttlt“*l*t*#‘tt‘.ttli*ttt‘t‘.‘tltti*##t.*tt#t*ttt#‘t“t#**t‘**“t.“titi****tt*tttt*t*ttt#‘.#t‘.tt*‘*.t't*tt*i*t‘.‘i

MJIVE DIREZTION DATA FLR ONE-DIMENSIUNAL SEARCH
FIRST JERIVATIVES
4.283834BLE+0L L. 702362SLE+0L 5.03099939E+00 2.16784186E+00 1.70013711E+01 2,2T204855E+00 B.8530T172E+00

Csav
2.8L389075E-03 7.08348816E~03 T.43252338E-02 3.12184083E-01 7.4T67T9096E-02 3.44373871E-02 S5.03661664E-03

DIRECTION COSINES
~l.13892832E-02 -3.14479274E-02 -4.0%122903E-02 -9.62395379E-01 -8.910504406~02 2.50513758E-01 -1.86129564E-02

PFUNC = WT+PF 2 8.36120568E400 UERIVATIVE OF PFUNC IN MOVE DIRECTION = -4.56858715E+00

.**ttt‘t.til'*t*t#ttttl‘!*tt*ttt"i?ti**‘t#.tl..‘ttt#ttt"*"#t*ttC‘#i‘*t#*#iti*.#l.*t*#t#t.“ﬁ*t&tl*itt‘#tlt‘t*i#**“‘*‘tt!
.!!l'ttt#‘ttl“'**.l.t*tt““t#tl.‘l‘*‘*1*'##.‘#‘*““"tt*#‘#'***tl*t“#““t‘*t*t*'*‘***#1*.““#"*"*t#tt“i‘tt**.l*#**‘
##t"*Citt!ttttttﬂtttl*ltt‘t.‘i#lltt##tt.llittttt*#“.*ttt“t.!‘..*t‘ttl##*#‘it*ttt**t“*****‘t*it‘t‘*.*t#tt‘.#“‘tttti‘*t“

¥ WT. VCR - AEDUCE § UR C

PF 8 L1.52567961E-01 Wl = 8.12567696E¢00 5 = 2.69601076E-02
CONSTANTS ‘
2.51183%44E-03 6.235648656-03 T.32457141E~-02 2.86237800E-01
7.23656200E-0¢ 4.1L912650E-02 4.53480934E-03

Q= 2.,uTl27326E-01

panumjuo) — 4 XIONHJAV
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.tttt*i.!it*'*l'.!t‘“‘tl*t#tt.t‘.i‘tlttt*lt*i.“tilt.t.*t*ilti**‘.it‘tt.‘liti.“‘ti‘*.t#‘tt#ti*‘l“‘.i‘t‘tlti*'*‘.‘*..t.*t-
l"“l‘tttt**t*tt****‘t‘ll‘ti‘t‘ltll*.*“0“‘...*‘*!#."ti“t‘#tt‘&‘t..i#.*‘*.‘.‘t“‘ii*.*‘#t“t“##t‘ti.l*##‘tittt.tt.ttttt
*'##l“lt‘tt‘t‘.*tt#I*it.tt"#t“#ltt***.It‘#.‘t!tt.*lt't#‘tt“tttltitﬂtl..l*tl#“ttittl*t‘i*ﬁttttt‘t.tlt‘*.#*tt“‘tttlttttt

MJVE DIRELTION DATA FOR ONE-DIMENSIONAL SEARCH

FIRST DERIVATIVES
—2.6199693BE+UL 1.63082541E¢00 ~1,34179262E+0L ~1,L35186266+01L §.T70131851€+01 ~4.09802847E+Ql  9.09657324E+00

Csav
2.51103944E-03 6.24564005E-03  T.3245T141E-02 2.8623TH00E-01 7.236562806~02 4.11912650F-0Q2 4,534B0934E~03

DIReCTION COSINES
=7.01d88253E-02 -1.610382TTE-0L 4.52596311E~02 -9F.21134982k-01 -T.9T15HB62E-02 3,14748633 ~01 -1.148075206-01

PFUNC = WT#PF = d.2T7TH24492E+00 QERIVATIVE. OF PFUNC IN MOVE DIRECTION = =7,33926089¢+00

l*‘*.#*tt#ttltl*##l#**.tt*t*ti#**#*li**tt"“tttt*l*l*'."*.t‘.“*.#*tt*‘*‘*t.t‘tt*tt*#.t#t‘tit#‘titttttttﬂtottvltttt‘ttktil
**.*‘!Ittﬁlt.*lt**#***'*Gtt‘t#ttt*t*.**i‘.l‘#tti‘tut*‘*t*il**#it‘*.“*t‘.*itt.“ﬁttt“.ittttlllt#'#t!l.#.t#*"itt.#.itt‘t“*
#‘.*tt'i#t“**t*‘i.*t*..**i#t‘tl‘tﬁ*‘?"*i'i'**“*tGlt“‘.**tt**.*#t‘tt.‘#-*tttt***#*ll‘t.i‘t‘tii‘t*‘t#ttttitttt**ttt"i‘ttt

PF = 2.13839542E~31 WT = 7.98703344E+CO 5 = 1.T3225310€~u2

" CONSTANTS

L.29594634E-03 3.44605811c-03 7.40297255E-02 2.7028L411E-01
7.0984T4T1E-02 4.66435080E-02 2.54605077E-03

B = . THTI56T2E-0Q2

paaunuoy) — 4 XIaNdIddv



091

#*##t$*t#t**##t**#*$#*tt#¥'t#t#‘*##ttt““ﬂﬁttit##tttt#‘k‘ttttt.tt#ttttI'llttt.ll

**#ﬂ*#*##*#*ﬁ###*#*ﬂ##*t#*#**##**#***i##*#!
#.llt!iﬂttt*!*t"ti$ttt..l‘t*t.‘t‘t

*#U#tl#*####t*‘i##*##**ﬁ*t*####*#*#*#‘*#*t#ﬂ*tﬂ#‘li#*i#*t‘#‘*#t‘t.**#‘lt*‘*#.*t#t#.t#tttt
ﬁ#l#t##t*t#*t*#t*#*#*tt##t*ﬂ##tﬂ#tt######t##*tttﬁ*#‘*‘*###tt#it#tlit.#*tt###**##t#t*tl###*t&1*‘!tttt*#t!lt#nt!lutttttitttttl

MOVE DIRECTION CATA FOR ONE-DIMENSTDNAL SEARCH

FIRST DERIVATIVES
~1.08561239E+02 b. T435T7929E+00 ~7.47120015E+0L -2,.49016911E+01 7.1L20LU41E+00 —T7.89T3I757E+01 5.3849927264+00

CSAvV
1.29998634E~03  3.44605811E~03 7.40297255E-02 2.7028l411E-01 7.098474TLE-0Z 4.65435080€-02 2.546050T7F-13

DIRECYLON COSINES
2. &TU92TQIE-02 ~5.To39LTOLE-02 2.92258401E~01 -9.48336199E~01 -4,08448504E-02 $.508335886-02 -4.59809505%:-02

PEUNC = WT+PF = B8,20u2298E+00 DERIVATIVE OF PFUNC IN MOVE DIRECTION = -3.6014%6530F¢00

#*##***##t#v*####t$ﬁ‘*$$$#‘##4*###*#“.*t*t**.**#*#*t*#*lti‘t“ﬂ¥*$.#ﬂl“l**‘tl‘ﬁ#‘t#ttﬁ"#ttittit‘ttt“ti*ktiit‘&t‘tttti&*t
t##*##*#t#*#**ﬁﬁ*##*##t#ﬂ##t#tl"#l&##**‘*l.l#*it““**#*i*#***ttt.#‘**.'*t‘t.*ltt“lﬂtﬁt“‘tl!ttt‘t!'tt-!t.tttﬂtt‘l.ltttlti
#*#*#*t**t#*‘tt###l#*###i**ﬁ**'##**ﬂ##ttli#tl#t#ﬂ..*#t*t*ﬂ**i*it*‘**‘l*l‘l‘*t‘#..“‘ittilt‘l'*'tll‘tkttttt."tttttlst#tttil#

PF =  2.20205830E-0L WT = 7.94TT090%E+00 S = 1.85038254£-02

CONSTANTS

8.37290009E~04 2437951257E-03 7.943T6239E-02 2.52T33563E-01
7.0£2896L1E-02 %.32178848E-y¢ 1.639TL58ZE-03

4 = 3.50504335E-04

QUADRATIC CUNVERGENCE TEST SATISFILED

CTEST = <£.69594584E-02

CURRENT valLuc OF R 1S 9,25925%326E-06

PE = £.34019432E-03

penurjuo) — J XIGNAJ4V
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t.ttt‘tttttltt‘t*tttBli0‘tttittil*t.““#.t‘..i‘..‘t*.t'lO'l.t.*ttl*‘*t““tt.‘t-.t.'t‘it.ti#titt"tO‘tttili‘.‘li"‘*..tt*‘.
tttl“tt‘tttt‘tt*#‘ttt.‘ttil'i.i“‘t“t**“‘.##tUttt.*“‘t‘.t“.i*.ii‘*“‘.‘ttili" l“tttit.‘.-i‘.#tt‘#t‘t.t#t‘ti.ltti‘t“t
tttl*‘#tﬁit‘#ttttt#.ktt‘it.t.titltt‘t“i*.“tt“¢.t‘t...‘1“&..tttl“*tt.#..#‘tl#"‘.'ttt*‘*l*‘*“.‘¢¢t¥‘tt*l““‘*t*#.t“i‘

MIVE UIRcITION vaTa FUR ONE-OIMENSTIONAL SEARCH
FIHRST JERIVATLV:=S

B.70302041lE+01 L. 74992070 4L 2,869C64988E¢01 8.95420TLTE+00 L. T5359872E+01 3.65369993E+01 9.5368017T91E+00

CSAV
B 3TLHINIVE~V%e 2. 3T95129IE=03 1,94 276219E-02 2.52734563E-01 7.0228961L1E~02 4.421788486-02 L.63971582E-Q3

GIRECTLUON CUSINES
“LeoUFZT02E-02 -5, 357T1336E~02 3. 17112573E-0Q1 ~9.45421997E-01 ~3.12506865E-02 2.21706925€-02 ~3.19354TO4E~0Q2

PRFUNC = WT+PF = 7,95504923E400 DERIVATIVE OF PFUNC IN MOVE DIRECTION = ~2,.37005112E+00

‘titt*t‘-tttttt-'lit‘t.t‘t‘*.ii.‘ilt*.t.i‘t“.“.“*‘.li“‘ttltli*.*t*t‘*“*.‘t‘ti!‘ttt*ti*l‘tll‘#*tt*‘i*#t*ttli.i‘t*#t#***l
t!*lt.t‘.t.tlttttt#att*t**i"t*‘t#.t*t.it‘ttt.tti##.*'U‘.t.tititt“.“‘*‘#l.tlt.“t.*t‘tt“.“t.*#t**ttt#tttﬂﬁt‘*l*l*‘#*‘**‘
‘ttitttt*i‘tttttttt#l‘#“tit‘.lt#‘t‘..ti‘l‘*t.t"i‘.*‘l.‘*i‘.t‘ttt*tl.*li*‘t*‘*.“t'ti..t*tit‘*lC‘t*‘##‘#tt*‘i'*t**‘#**ltttt

YIELD STRESS EXCECUeL - RtOUCE S QR OC
PE = L.99%588242-02 wl = 7.47573022E+00 $ = 2.90591302E-02
CINSTANTS
3.70228531E-04 9.22608060E-04 H,865263S4E~-02 2.25260422E-01
6.932Ub433E-02 4.0H821499E-02 T.L1698825E-04

= T.09Te54618E~02

panuuo] — 4 XJANAddV



(4t]!

“‘l*t#.*‘#l“l*'#**.‘*it##i#*#!".‘***‘l##*#t*"#‘**#*t#t‘#**#*‘**tt#lt##t#l
i‘1'**.#*‘#tlt.'*‘*t**i#‘!*tI*i‘itt!t*#l*‘.*t*t##*#****t*#**#*lt#*#*#‘*t**‘**
#“#t#*t.*i'.l#‘t**‘ti*‘*.“‘##t‘l‘.‘l‘!ll.'tttt*t*t*#l#**t*i*tt*#‘t#**l*#t#*

SEEIFE EEIEEE AP ARAFEREASREB S AR E KR AT AR ER PR RR F AN
AXSNEREESERENSEERERRRARR RS A RPN LNV XRAX SS B ER RS
SRIEREFRSEAI EIBE AR EAR SRR ER A BRE LA R A KBR XA RERR ISR

MOYE OIRKECTIJON CATA FOR ONE-OIMENSTONAL SEARCH

FIRST VERIVATIVES

4.04097992€+01 -2.2403356TE+01 1. 12820525E+01 5.5363884BE+00 =3.3847825LE+01  1.55T644632E400 7.55621629E+00

CSAV

3.70228531E-04 ©.22603066E-04 B8.86520394E-02 2.25260422E-01 6.93208433E-02 4.BB621459E-02 T.11698825€E-04%

DIAECFION COSINES
~l.64336120E-02 -9, 125L40T0E-03 -4.58476942E-01 8.8022L346E-01 2.335411236-02 1.14228288E-01 =3.25840984E-02

PEUNC = WT+PF = 7.8%568610E+00 DER IVATIVE OF PFUNC IN MOVE DIRECTION = =1.T49T4904E+00

.t*“t..tli##..#"ttt*tt.t.‘Ot.tt#tttttttitt*###t‘1**##'*“#“&'*&‘*###“#tt*tttt*#‘tt#‘t*
#‘t‘#t‘t#*l‘#l‘t"t*t%t*#.ltt{‘t**t**‘!t*tttt"*i.t**t**t*'t*t*#t
“*ltt.t.#t‘.*t*tl‘O#‘.#ttt##1#‘**“t**#tt‘t.tt##*tt‘t*#tit*#tt*‘

EHEEERESEEEEREERSE IE IR IRV KBS EESRE
.#'itlt*tt‘l.ttttt...tlttltl**“.‘t*....‘.‘.t‘ttl.t‘t‘."’.
t't““ttt*ttt..“t#Ult.tl‘#‘t*‘l'#“‘."..lt.“i‘#“ttt..t

PF = 2.94900976E~02 Wl = 7.85405948E+00 S = 9,73901463€E-03
COASTANTS

2.099885LUE-0% T7.3373818TE~04 8.41879258E-02 2.33832911€E-01
5.95482393E-02 4.99746169E-02 3.94354023E-04
q = 3,43085777-03
QUADRATIC CUNVERGENCE TEST SATISFIED
CYEST = 3.80360%64E-03

Tt T T L R L SR R L AR AL A LA St
THE FOLLOWING LNFDRMATICN IS FOR THE FINAL OESIGN

‘-tt-l#tttitt‘t‘tt.l".tttl*t't“‘tttt#tt‘*"i‘l#tti#*i"l*ttt#‘U*‘t*..t*“*‘tt*t*ltlttt

ESTIMATED MINIMUM MaSS LESS THAN TwO PERCENT LOWER THAN PRESENT MASS
VE>IGN CUWS IDEREV CINVERGED

FINAL MASSES .
AT = F.d5R659%8E+U0 Tl = 1.21363526E¢C)

FI4AL CONSTANTS
2.099a851L0E-04 Fo 337381 B7E-04 8.4187525%BE-02 2.33832911E-01

6.95442093E-02 4,99 T4bloYE-02 31.9435402 3E—-0%

panurijuol — A XIANAdIV



APPENDIX F -~ Continued

OISPLACEMENT FIELUY

NUDE

D T P oA e

v

Qe

L.41085039-02
6 LB S I0IE=02
—l. 2194062490 -0¢
-3+ 9l Ll46351L-0¢
=l.@3lu5221E-01
=2.50449339(-01
~¢+ 027176 1E=01

LaoToT989JE-O/7
~5.27353091£-a2
=2.240086136c~01
~daTQIESYLIE QL
~3a TOY03914E-O]
=bel8B65T4LL~01
=5.55575399¢-02
=la3d444931E=01
-3 1300363 7L-01
~6.45T826850-01
2 U2T26T5Te~01
=la%l0bH539E-01
~5.h8381469E-Q1
T TlleludsE-ul
=l.9689051ic-01
~2.023245331E-01
~6+42413988E=-01
-0, FBETITTEE-DL
~d+ 5885689 E-Q])
=2.605%442C3E-01
~b. 05938928k -01
~2+.55699829YE~01L
2 F4b35219E=-01
-2.03oB3%92E-01

Ga
~Z2.46531 156E~02
—1.96661130E-01
~d.686483084E-02
~4.09386713E-01
~H.6%4348TCE~CL
-1L.35678395E +00
=1-55733888E+00
~d+538 1081 2E-01
~l-54261530E-01
~0.%4199182E-01
=1l.891l9L289€E-01
=1.437805T1E+00
—1.881TOTOSE+0D
—3.84919251E-01
—3.3656T8%7E~-01
-l.24913188E+0C
~l.76026BL5E+0Q
=4.16418009E-01
=3.568208299€-01
=1.34948293E+Q0
=1.56078891E+0C
=Tl TE24TE~QI
-4 .22698095E~-01
~1l.1853T7TT3CE+00
=1.26569538E+00
=4.554689%25~Ct
~4.T72014238E=0Q1
=1.079LT004E+0DQ
~4.8587412T7E-01
~4.%36TTTOSE-0O1

—4%.61l850654E~C1

a.

2.55321834%E-01
8.89L640%3E-0Q1]
3.846212S1E+00
5.17C0314T7E+00
6.59586T12E+00
3. 27HO53ICSE+00
1.37206051E+01
L. 727909%8E+01
1.070706 14E+ 01
l.401l1l1650E¢01
2223614723620
2.-BT9929%5E+01
4.06552898E+01
5e28269445E+01
b, BIITISGZE+O]
3.88525485E+01L
6. T5251THBE+OL
8.89821T1L7E+01
B.00353039E+01
9.21558754E+01
1.0200L100E+02
l.22672186E+02
l.147933469E+02
1.26463TLS5E+02
1.37T6887T07S+02
1.53018350E+02
Le456T0963E+02
l.5B39 7S TBE+02

1.755722T4E+02 -

1. 778234 97E+Q2
L. 9&483968E+02
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STRESS FlelD

ELEMENT

L@~ NP b

THICKNESS

2.0998851JE-04
2.0994885 LUE-0%
2.099885LJE~04%
2 .09%8851UE=08
2.09988% LUE-0%
2.099865L0E-D4
2.,09988510E-UL
2.09988510E-0%
2.0998851L0E-0%
2.09988510E~04
2.099d8510c-04%
2.09988510c—-04
1.90H42652E-02
9.9090116TE-U3
B.4LB875258BE-0<
$.41875258E-02
4.4187525d6-02
4.13597115c-02
5,57853T91E-02
4.20224699E-02
3.41B75258E-02
Ba4lBT5258E-02
L.34543169E-01
1.50L18030E-01
S5.6668861l4c-02
d.55191384E-02
4. 69345T30E-02
9,365%1574E~02
2.106254230E-02
1.67941980E-02
3.338640T4E-02
1.67981980L-102
3.338640T4E-02
1.6T9HL980E-Q2
3.33864074L-02
4.44452137E-02
2. TH5TU043E-02
L. 12637948E-02
4.4445213T€E-02
3.89158L06E-02
2485481 T9TE-02
1.74893734E-02
Ge43006TUSE-D3
0.
U
J.
Ua
[+
O.
O
O.
Q.
Ja
Ja
[£3%
Ga
O
Ja
Q.
0.
0.
Ja
Ua.
Ve
Q.
Ja
Je
Ja
Ja
U
.
Je
Je
Ja
e

APPENDIX F - Continued

SIGMA X

1.68539199E+03
L.2058268B6E +C4
1.5T4T6521E+04
9.129631B5E+C3
L. 205 TBOHIE 04
1.80392514€404
2atLU16G932E+0%
F.045 432 TE+04
B.59346592E+402
3.56113423E403
2.48692821E404
3.4B8471553E+062
3. HTEHS219E+04
9.24126378E4C4
ha364STALCE*0%
4.25835015E+04
2.129584R0E+Ca
1.5392086 TE+04
4.136THRGEELE *04
9,3345B492E+04
1.65940361E404
5.15651075E ¢G4
L. 0929346 1E+04
3.44329759E«04
3.37263042E¢C4
3.18870229€+02
4.02523T30E+04
1.325T42B4E+04
1.58124406E+04
6.40241530E+03
6.8333L508E40%
—B.54922009E+02
3.85269326E+04
-1.53399382E+02
3.52602484E+04
5.,13210320E+0%
2.02139924E 404
1.45046TTSE+Q4
3.3U301 166E+04
2.02266264E404
4,19628409E+04
8.59935493CE+03
-2.82582830E+03
1.85051LT09E+0G4
3.217142521E+04
2.05094198E +0%
2.851031T3E+C4
1.16555921C404
L.2B5T0621E+04
1.1537355BE+04
3.7405T7513E+03

SIGMA ¥

7.52591502E+03
4.0194228TE+Q%
7.67038519E+02
1.363H0082F* 0%
4,01928962E404
4.513039L1E«04%
-3.45218612F+03
2,60568437E+04
1.71760321F+0%
1.5T42B8955E+04
B8.98B80596E+03
6. HGE36AIRELLS
1.292950T3E+05
3.368531732E+04
2.63076043E+04
8.92363295E+03
~T7.91383256E+02
2.32C5TTRLE+QA
1.37892955E+05
1.37150610E+04
S.T6761123E+04
L. L586T340E+04
2.21432102E+0%
l.4TT6TBZIE+O4
-7.87165484E403
1.255249T1E+04
~5,93035552E+03
2.94023009E+04
1. 17544996E ¢ 04
2.13413843E+04
1.046004560E+05
1.3334642T7STE+04
3,30930482E+04
3.41912612E+03
2.12529651E+0%
1.01808320E+03
3.547218CTE*0S
6.1564881TE+Q3
-2,15754974E+03
3,003069T4E+Q4
6.4B4TBTSLE+O3
2425134651E+D4
6.326466TT2E+03
1.55677337E+04
-4,04276589E+03
3.51846618E4+04
1.690865645+04
1.49424233E+04
1, 0820006 7F+04
—7.15795391E+402
3.236T1186E+03

SIGMA XY

3.67231398E+01
1.65622165E+03
2.640%2142E+03
~1.5790B600£¢Q3
Z2.606LT4T1LE+D3
—1.63563345E¢04
1.916058QZE+03
-4.18124601E+04
1044 T4OUGE+ Q3
1.%8L93246TE+0%
-l.d4641B8LLE+0S
-2.20021656E+03
T.0638B226E+03
2300412 G4E¢ 0%
l-89963436E404
-1.53430016E+04
6.66142026E4+03
B.6T109695E+02
1.40009422E+04
4.75522Z8T1E# 04
2.610435T4E+ 04
2.2350T468BE+0Q4
1.877%58T2E+04
=2, 39634B8G3E+ 04
71.06292118E+03
-1, Q0004406E¢03
3.44121558E¢02
2.10598L13E+04
2.649902T4E 02
2424912535E+04
4, 19T68Tb4E+ 04
2.27012945E+04
2.308194TLBE+Q%
2.73012242E+04
L.37548736E+04
~LoTT1I66131E403
2.303136CHE+04
~1.42563004E+0%
—4.929506LTE+0O3
1.2087394%LE+0%
5,21389975E+(2
2.13456674E+ 04
=1.38405772E+04
1.973648821LE+03
1.23684555E+03
1,11433440E+06
1.24256152E+04%
1.191927385+¢ 0%
4.6T318584E+C3
5.52095955E+03
7.TRDT5T36E+03
1.28348423E+02
~6e 56696 TTTECQL
~1.23360T9TE+Q2
1.382885CBE+02
-2, 75572388E+0L
-1.33L91995E+0Q2
4,56962265E¢01
1.87350146E+02
4. 40926403E+01
—6.221440325+01
2.42113980E+02
2. 80038690E+01
-2.8T600105E+02
2.58579T645+402
=2.3301T1BLlE+QZ
Tol1321081E+02
4.41150999E+02
5.49008T24E+01
~3,.41B6b613LE+0Z
-3,424T08051EYU]
L.24288636E+02
—b 26063 TAGE+DL
1.10219749E+03
4,8194TTO5E+02

STRESS RATIC

- 055
.287
.128
« 099
.288
-388
-210
« 752
- 120
« 235
+3190
057
«925
-722
«320
377
. b97
-lé4
1.000
« 4B
548
«4B6
-302
- %09
-321
- 092
- 368
«356
-1l1%
+ 347
- 989
-333
» 439
+380
«3101
o7
« 403
222
-286
-2TQ
+313
-335
«202
o141
276
. 289
263
- 198
«L16
.122
-111
« 002
+ 001
002
~002
+000
002
£001
.003
.00l
00l
.003
»000
. 004
004
003
010
«006
. 001
005
Q00
002
001
-0L5
<007



te
rr
T
4]
8g
8l
82
g3
a4
U5
86

&4
49
90

92
93
T
95
95
'}
98
vy
10y

U
(L
P
e
Js.
Je
Je
U
Ve
Je
Da
Je
Je
Ue
Je

Qe
Je
Ja
Ua
Qe
Ja
Je
e
Ja

FLUTTER CONDITION NU.

JMEGA
RADIANS/SEC.

laDal9TIRLE+UL
Lev4lJTiBeLe0]
L. 04LYTIBEE+J]
LeU4k¥T386E+01

APPENDIX ¥ — Continued

1.51121235E403
1.51120235E¢03
L.5LUTSTTRE+QS
1e51121236E+03

COMPLEX OETERMINANT CONVERGED TC O

FLUTTER ZUNDIVION NU.

OMEGA
RADIANS/S5EC.

L.46T76783E+01L
La%&TTTIBIE+UL
Le%6776T83E%UL
LedbTT6TBIE+O]L

2

3.61720131E+04
3,61 TL0L3LE+US
3.61T720131E+04
3.61720133c+0%

cOMPLEX DETERMINANT CUMVERGED TOQ 0O

Gl 1) = 7.62803906c-U4
G¢ 22 = .62335815€-01
Gl 3) = 4,429129£3C~-02
Gl %) = 8,03546137E-04

5.20228213E+02
4%aT1908423E+02
2.34316851E+01
-9.842104066E+01
3.46484T796E+ Q2
T269012167E+02
2.2679T699E+02
1.24438551E+03
-l.70628456E+02
2aT27T99436E+02
-9.33583139€+01
1.47736094E+02
~d.60444918E+01
3.34191846E+402
1.97960120E+02

1.43505462E+02

L+39525098E+01
4.38529326E+0}
~T466133348E+4C1
-1.36320931g+02
6.42456128E+01
=1.3911254%9E+01
d.008T76836E+01
242288BB578E+Cl
-2, 82508018E+01

DETERMINANT

REAL PART

-8.93463018E-11
~4+81091907E-04
=1l.4T1028CIE-04
-B.69289025E~-11

IMAGINARY PART

=4.b62214729E-10

6.49681B50E-04
~8.7TTT91958E-05
=-5.18443164E-11

OETERMINANT
REAL PART IMAGINARY PART
6.72803494E+04 1.300L6TOLE+OG
%.9339988BTE+ Q7 1.24282601E+08
-4, TLB496T3E+ Q7 =1.8804269LE+07
1.09921274L+00 1.73652209E-01

+007
- 007
«000
2001
« Q05
01l
«003
«017
«002
« 004
004
-.002
«001
« 005
-003
042
+ 000
+001
001
002
«001
300
« 001

.000 .

«030
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APPENDIX F — Contimued
Example 3 Input

1 EXaMpiE 3 BUILT UP WInG WITH o DIVERGENLE CONSTHAINT
$OPTION IPRINT=1» IZUDR =14 JURT=C IRPUNCH=0S
SOIMNSHN  NEL=218» NNOU=6s NT5E=2s NSN=Chy NEIG=6s wVECSY v NMAT=Z
ND =2y NOC=8 » NF=ly nYS=79e NYL=6s NSTbs NAP=ds =2y NT=dy NFREE=SEY

BWNGEDM YTIPE79% ey ALR=503ee XTR=Z710.80 XL F=c8B83,00XTT=30060.
YL(11=391.2s 600+ XLI1)=1873.1, 24732y YTUL)=eTbyas 453,68 ATLLI=2T700.
7748.%

pUNIT LIINIT=40254 +MUNIT=175,120583404MNORM=1 s0=30be4 3
BFLUTER OMINIT=0+u0+LELO " =40yGe 360
HINIT==2133.09 OELH= . 3048 HFIN==Z43d4.
KFK=2y HURZ=]1SC4 , sMACH= e ¥ o KMAaA=E sy KMINZ0oss KMELUZ1av REF=1J04¢ NHKsIV 3
BMATTER IMAT=Z2y RAUSLLU9E-3s SIUMALIT1425EDs SIGMACSLl.cOEDyslona)d=7,2]17e4,
E=]1,.S4E£7s U=ad %
SMATTER IMAT=[, RAU=T.ABE -4+ IFu=ls E=u.54c6s U=, 3%

1 2lol.u Jel 13,4
2 224745 val 16,1
3 2335.v dell 13,1
& 24225 Y 101,
] 251044 Vel Tel
-} 1390.0 e -
7T 1655.u et o
<] 19200 S e l) 2,5
9 21600 ey 1502
10 2eala> (=YD 1,6
11 2335n 13ei) 1241
12 242242 43, D e ts
13 2510.. ¥ Gaen
la 1390.v 17540 18,3
15 1655.u 19w e Ldao
16 1920y 1720 15,4
17 2040.v 1+0e0 17.0
lB 2160-0 110.0 15.1
19 22“7.'.'! 1"-'000 13,1
20 2335.0 1“‘0.0 10‘9
21 242242 19040 .4
ee 251044 1900 5.8
23 1740av 3i12.5 13,6
24 2005y 3ideH i,
25 2125y J1ceS 13,9
26 2245.u Jicd.S 12,6
27 2320.u 3ld.5 11,3
28 23959 3125 .5
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31 2090.u 41240 9.3
32 2210y 4 1340 Y6
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37 2530« 41340 Sl
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4 2utt.o 5 4.5 f,u
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Example 3 Output

EXAMPLE 3 BUILT UP WING WITH A OIVERGENCE CONSTRAINT

INPUT OPT]ONS

IPRINT = 1 L -
12008 =-1 o -
10PT = 2 | B
IPUNCH = @ L -

$DIMNSHN

NEL = 218,

NNOD = 69

NTSEG 2 2,

N3N = 25,

NEIG = by

NVEC = Y

NMAT = 2

NDY a2
NOC s By
NF = ls
NYS = Ty
NYC L 1
N3 = b,
NXP = B

NFREE a2y

NL = 2'
NT = 2y
$END

LEADING AND TRAILING EDGES CRANKS

¥ XL

3.91200E +02 1.87310E+03
5. 00000E +02 2. 4T1320E+03
2.76L00E+02
%4.53600E+02

WING DESCRIPTION

ASPECT RATID.svescaaesnAR
SURFACE AREA..ashass<AREA
LeE. SWEEP ANGLE...ANGLEL
SEMISPANessaaanssasaasss$l
SEML-ROOT CHORD:aesaaBREF
'APER RATID..‘;‘. ...TAPER
DEPTH RATIOwseesveovanseDR

172

NORMAL PRINTOUT
BICONVEX SYMMETRIC, -1 -
A SINGLE AMALYSIS:
PUNCH A NASTRAN GECKs Q@ — NO PUNLH

xT

2+TO00CE +03
2. T4B00E+03

1.6 161 54319E+00
1.5&6190850E+06
titi1
T. 944000 C0E+Q2
1.10390000E+03
FI11E
1II

2 ~ EXTENDED PRINTOUT

INPUT I COURDIMNATES

2 - OPTINIZATION

DEGREES



g£LT

SUNLY

G = 0.3364E+03,

LUNIT = 0,254E-0i,

NUNIT = 0.175126834685+03,
MNORM = 0.1E+01,

SEND

FLUTTER CUNDITION 1

SUBSONIC KERNEL FUNCTLUN AERODYNAMICS

MACH NUHBER..........-.--...HACH *  9.00000000€-01
AERD DATA TApPE NUMBER. ...+ NTAPE = 17
NUMBER OF K VALUES s svnesnsmasashi = 10
MAXTMUN Kesssannunscansnene dKMAN = 2400000000 +00
MEDIAN KevoneoarnsssnsnnnankMED = l.CaccoooE+00
= 0a
= 10
= .
*  1l.Q0G00000E+02
OMEGA INITIAL coevnnnsnnns dUNINIT = Q. RADIANS/SEC.
UNEGA LNCREMENT e aen ticnnseaDELOM = 0. RADIANS/SEC,
H INIIIAL-..-....-...---..-HlNIT = =2.13360000E+33 METERS
H INCRENENT--..-.-...-.---..DELH ®*  3.04800000E-01 METERS
R LOWER BOUND.vsssnunsseanaaHFIN = ~2.43840000E+¢04 METERS
H CRlTlCﬂL-.-..-..-.....-.-..HCR *  1.52400000E+03 METERS
]
MATERIAL PROPERTIES
Jil Q21 Q22 Q3L Q32 w33
1 5.9341lE+05 1.7802E+05 5.9341E405 0, Q. 4.1538E+05
2 L.6923E 0T 5.0769E+06 1.6923e+07 o0, 0. 1. 1846E+07

SIGMAL

1.0000E+20
1.2500E+05

SIGMA2

1.0000E+20
L. 2500E+Q5

SIGMAL2

1 .0000E*20
T.2L70E+ 04

" RHO

T 4500E-04
1. 0900E-03

PIRURUO) — g XIANAJ IV



APPENDIX F — Continued

SEGMENT DATA

SEGMENT L IS5 DEFINED BY NODES 6 8 16 14 MATERIAL ORIENTATICN I DEGREES
NODE THICKNE 58
b =1.00000000E+00
7 -1,00000000E+00
[:] ~1.00000000E+00
14 «1.00000000E+00
15 -1.00000000E+00
e -1.00000000E+0Q
b4 -1.00000000E+00
65 —1.00000000E+DQ
66 - 1.00000000E+00
SEGMENT 2 15 DEFINED BY NODES 22.-31 31 14 maTERIAL ORIENTATION I ODEGREES

NODE THICKNESS

14 -1.00000000E+00
L5 -1.0000000UE+0D
L& - 1.00000000E+00
17 ~1.00000000E+00
18 =1.00000000E+0Q
L9 -1.00000G00E+0Q
20 ~1.0000000QE+00
21 -1.0000000QE+00
22 -1.00000000E+00
23 -1 .00000000E+00
24 =1.00000000E+00
25 -1.00000000E+00
26 -1.0000000JE+0D
et -1.00000000E+00
28 -1.00000000E+Q0Q
29 -1.00000000c+ 00
30 -1.0000000CE+ 00
3l ~1.00000Q00E+00
3z -1.00000030z+00
33 - 1.00000000E+0Q0
34 -1.00Q0003CQE+GD
35 -1.,00000000E+020
35 =1.00000000E*00
a7 -1.00300Q00E+ 0D

174



NOOAL DATA

NJOE NRR
i 131
< 101
3 191
4 LJ1
5 Lo
L4 il
T i
8 111
9 Ll
1Y) Lil
L1 111
L 111
i3 il
L4 11t
15 il
16 1il
17 Ll
18 Lil
19 [F Y
20 11l
21 1l
22 1t
<3 it
24 i1l
25 1l
26 iil
a7 itk
8 Sl
29 LiL
30 il
3l L1
3d 1i1
33 11
34 i1
35 1Ll
36 il
37 i
38 il
39 1
40 11
&l 11t
42 i1
43 111
44 1il
45 il
46 11l
47 11
4“8 1il
b il
50 111
51 i11
52 11
53 1L
54 11
55 il
56 111
57 11l
58 111
59 il
&0 i1
sl 1L
62 111
63 il
64 i1
65 111
66 L1l
o7 L100
68 1ot
&9 101

APPENDIX F — Continued

X

241000000+ 03
de 25 T3000E+03
e J3SJOQ0E+YI
2.4225900L+0 3
245100000k +01
L.3900000E¢03
L5500 JuE U3
1. 92Q0000JE+V3
e L6UJIUIIER0D

e deTH000E+D3

20 43500 JOE+ L
a2 5000+ 03
2.51 00 0uE+ud
1.3900000VE+Q2
Labb5500U0Ce +03
La92JUDQ0E+Y3
2 I UJUJVE+L I
2+ 16Q0000E+03
242973030403
2. 33SQUOQE +03
2.4225%000E+03
2.5L00000E+03
Le T4 VOUQUE+O3
<o 0I5 JOO0EF 03
2.125000CE+03

2.2450000L+03

2.320000Q0E+03
<s395Q0UC0E*Q3
2.4 70Q0 Q0E+Q3
2.5450000E+03
2. 09000 00E+03
2,21 WQQOE*D3
24 3300000€E¢Q3
2+ 3925000E+03
2+4550000E+03
2451 T5000E+03
2+5800000E+03
2+ 295000Q0E+03
2+4150000E+03
24T ISO0QE+Q3
2.5400000E+J3
2. 60250 00E+03
2.6650000E+03
2.5000000E+03
2+ 5625000E+03
24 6250000E+03
2.68T50U00E+03

2. T500000E+03

2.54 750006 +03
2.6M25000E+03
2.5950000E+03
2. T200000E +03
2. B033000E+03
2,8425000E+03
2.7T83000E+03
2.6900000£8+03
2. 85665 Q0E+03
2.7533000E+03
2.836T000E+03
2.9100000E+03
2.8l66500E+(3
2.8950000E+03
2.8800000E+03
1. 39000 0QE+03
1.6550000E+03
1. 92000006+03
1.3900000E+03
1.6550000E+03
1.92b0000E +03

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

Qe

U,

Jda

Q.

Je

3. 0000Q00E+01
8.00C0000€E+0)
8.0GCO00CE+DL
9.50C0CICE+0L
9.500000CE+0L
9.50000ATE+I]
3.5JC0C0CE+D]
F.5CCCSCCESDL
1.9000000F +02
1.90C0000E +02
1.90C0000E +02
L.90C0Q0CE+02
1.9CCQQaQOE+Q2
1.9000000E +02
L.9000000E+02
1.9000000€+02
1.3CCODODE+02
3.12500QCE+02
3.1250Q00E+02
3. 1250000€+02
3.125000CE*D2
2.125000CE+02
3.125000CE+Q2
3.1250000QE+02
3.125000CE+Q2
%.3500000€+02
*.3500000E+02
4.3500000F +02
4. 3500000E402
4.3500000E+02
4.3500000E+02
4. 3500000E+02
5. 14500005402
5. 145000CE+Q2
54 1450000E+02
S 145000CE+02
3. 145000CE+02
5+ 145000CE+02
5.94C0000E+02
5+940000Q0E+02
5.94C0Q00E+D2
5.94C0000E+02
5494 COQ00E+0Q2
6.155000GE+02
6. 155000CE+02
6.3TQ0000E+02
6.3TQ0000E+02
6.42TOQD0E+02
5.585000CE+D2
64 THO00000E+02
6.8000000E+02
6.9135000E+02
7. 1330000E+02
7. 1900000E+402
7.4000000E+02
T.4665000E+02
7.6Q000000E+02
7. 8000000E+02
8.0000000E+01
8.0000000E+0L
8.0000000E+01
Da

00

0.

4

1.88000C0E+01
1.6100000K +J1
1. 31000COE+QL
1.0100030E+01
T. IUOUCLCE #+Qu
2.75000CRE+DL
2. T40000CE+ 01
2+45000C0E+0OL
L.8200000E+01
L.56000CCE+D1L
1.27003cCE* Ul
9. 8000303 +00
&4 BO200LIE« O
1.8300000%+01
1.8500000E+01
1. B4000Q0E+QL
1.700000CE+0Q1L
1.510000DE+01
1.31000Q0QE+01L
1.0900000E+01
8. 40000COE+00
5+ 8000000E+0D
1.36000C0FE+01
L.4L000GQE+Q]
1.3900000E+01
1.2600000€+01
1.1300000E+01
9.5000000£E+00
T.4000000E+Q0
5.100000QQE+Q0
9. 30Q0000E+0Q
9.60000C0E+00
9. BOOOGOQOE+00
9. 3000000E+00
B+ 4000000E +00
7-.00000CQ0E+00
5. 2000QG0E+Q0
T+.3000000E+30
T. TOQOODQE+Q0D
T+8000000E+00
7.3000000E+00
6.2000000E+00
4. 6000000E+00
5.30000C0E+00
5. TOC00Q0E +00
5.8QC0000E+00
5« 40000CO0E+00
44 10Q0000E+00
2+.5000000E «00
5.40000CQE+00
2.56000000E+00
5. 0000000E+0Q
3.800000Q0E+00
2.600000CE+00
%+ 300000QE+Q0
24 TOOOO00OO0E+00Q
3.4000000E+00
2.3000000E+00
3. TOO0OOQE +00
3.0000000E +0Q
1+ 9000000E+0Q
3.0000000E+00
1+ 5000000E+00
2.T000000E+01
2.6900000E+01
2.4000000E+01
2. T50000CE+01
2+ T5S00000E+01
2. 43000CQE+0L

MASS

2.T4a1395E+01
2.0507061E+01
2.4372212E+01
3.4417668E+01
3.15416T1E+QlL
9.2819TA2E+Q0
2.3639105E+01
1.3919257E+01
2.97T01180F«01
Cek262T93IE+D]
2+8428599L+01
4,296 L3d0E4+21
1.T85 76670 +G1
1.,8371239E+01
2.560T186E+01
1.680861TE+01
©+2952060E+00
Te9261266E+00
7. 3960339E+00
5.4900369E+00
9.17346981E+00
1.2746041E+01
1.9337256E+ 0L
l.4486338E+01
L.06T64654E+01
8. T209530E+00
bab3LIZTEEH+OQQ
5.9091546E+00
Ge T4Z233SOE+Q0D
1+ 2459T784E+01
8.8178452E+00
6. 1B832226E+00
5.7554521E+00
4.3268049E+00
4« LY TIS&10E+ 00
3.41T79432E+00Q
24144906TE+ (L
3.6362544E+0Q0
2.94T0T65E+00
2.7308566£+00
2.8BT60280E+00
2.5618949E+00
1.5963918E+00
L.94T1361E+00
1.6%10419E+00
1.872Q393E+0Q0
1.6492469E+00
L.4181TL3E+DO
3.006560&4E-02
3.0405652€E-01
6.1915945E=-02
4.6153434E-01
6.,8915783E-01
1.1124645E-01
3.7315312E=-01
1.2502305€-01
5,2958726E-01
9.9937197E-02
1.9795376€-01
7.56604589E- 01
7.7093195€E~02
4. T475886E=-02
3.4246321€E-02
1.3000T4TE+0L
2.44T9024E+01
3.0779551E+0Q1
8.2936504E+400
2.251T128E+0]
€+ 7933275E¢0}

1175
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LOAD DATA

N

[P R Y R R
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TAOFAL MASS IS

APPENDIX F — Continued

ALJAD

T.237223E+02

Ja
Ua
U.
Q.
C.
Q.
Ua
0.

Oa
Q.
0.
Q.
0.
0.
Oe
Ve
C.
0.
G
Je
Ja
0.
G
0.
[+
Ja
Q.
0.
Ve
[+
g.
Qe
0.
Q.
0.
Oa
0.
Oe
0.
Q.
D.
0.
Q.
Oa
O.
0.
0.
C.
Q.
'D)

O

0.
[+B)
Oe
Qs
D.
0.
Oa
2
Q.
Q.
0.
Q.
0.
Q.
0.
0.
0.

YLOAD

ZLNAD

6.92T0833E+Q2
2.0781L250E+0Q3
2.0TRLZS0E+03
2.07TA1250E4+0)
1.385416TE+03
2.429166TE+0Q3
F.2BT5000E+Q3
4.8583333E+03
2.078125QE+03
4.1562500E+03
4. 1562500E+03
4,.1962500€+03
2.07812%0E+03
T.5635%417TE+03
1. 2697TLTE+D%
9.0645833E+03
3.6T50000E+03
4o T286458E+0)
4.6302083E+03
4.6302083E+03
4.56302083E+03
2+ 3515625E+03
1.0B20833E+Q%
2.0854167TE+0Q3
7.3500000E+03
b..QUFSTIIEL+QD
4+ 5937500E+03
4,5937500E+03
4.593T500E+03
2.16927CBE+03
5.9502083£+03
5.,2650000E+03
4.5632T083E+Q3
3,2838542E+03
3.28385%2E+03
3,2838542E+03
1-4661458E+03
3.1800000E+03
2.83218TSE+L(3
2.4843750E+03
2.4843750E+03
2.4843750E+03
1.2421875E+03
L.T351044E+03
L.6901042E+03
2.0260417E+03
1.6901042E+03
L.2076Ta3E+03
2.2395833E+02
B.9583333E+0Q2
5.5989583€E402
1.4382950€+03
T.1926TQBE+Q2
5. TLBTS00E+02
1.5426846E+03
7.579916TE+02
5.5603250E+02
8.2282458E+02
1.21668687E+02
L.49T291TE+Q2
6.6059250E+02
5.0064125€+02
3.5010792E+02
0o

0.

Q.

0.

0.

0.



ELEMENT
ELEMENT

DN A~

-

-
Fow

= S e el e
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COCPET O VMIMUMNT NV AV E P PSP P L P PP WRRW LW W WWWNNRAN RN NN
o\ab\unn—o-c@-qﬂ\ma\pwu-o~om-u&1réhn-—o~ﬂw-uo\n&\nn-o~ow-4nwn$|»~n-o

e I
-0 L~

e
ow

-
wh

DATA

NODES
i5 -0
le -0
17 -0
18 -0
19 -0
20 -0
21 -0
22 -0
32 -0
33 -0
34 -0
35 -0
36 ~0
37 -0
45 -0
45 -0
47 -0
48 -0
52 -0
48 =0
62 -0
60 -0
14 -0
23 -0
3l -0
le -0
24 -0
31 -0
38 -0
44 ]

9 -Q
18 -0
26 -0
33 -3
39 -0
44 -0
49 -0
51 -0
54 -G
56 -Q
58 -0
a6l -0
63 -0
L3 -0
22 -0
30 -0
37 -0
43 -u
LY ] -0
53 -0
57 -0
ou -Q
23 -{
23 -0
EX] -0
38 -0
50 -0
47 -0
“6 -0
“5 -0
50 -0
46 -0
15 -0
12 -0
it =2
10 -0

9 -3
12 -0
21 -y
Ll -0
20 ]
L0 =0
iy -Q
25 -0
24 -g
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SEGMENT

CoO0OoO0QO0OOOlOCOCO0OoooOooOoann DGOOOQOODGOQQDOOGDOOOQDOODDUGOOOOOQOOOQOOOOOO

TYPE
4

Rl R S AR P R R L R A A o I R R O N S ’4‘#‘4‘4‘3‘#“‘4‘“‘-b&&'-‘l"J‘b“{‘#&‘“&&&&&#b#&&&&&&&4‘##&&&'&#

THICKNESS

1. 66 80000E-02
2, 1540000E~02
5.3280000E-02
3+%330000E-02
b4 TI50000E-02
4. 3510000E-02
2. 4680000E-02
L. 4430000E-02
3.1390000E-02
1.2400000E-02
3.3220000€-02
3. 7530000E~-02
3.9870000€=-02
4. 87500C0E-02
1. 86900G0E~0Q2
1. 4110000€-02
1. 2400000€-02
l. 2400000E~02
1. 24 G0000E~02
1.2400000E~0Q2
4. 2230000E-02
1.3820000€E-02
9.3520000E=-02
1. 2400000E~02
1. 24000005-02
1. 19110G0E-OL
6. $160000€~02
1.28B1000E-QL
2.9T700000E-Q2
2. 3110000E-02
9.4860000E—02
9. 0C90000E-02
6.3520000€~02
4<3410000E=02
7.0TLO000E~D2
T« 3120000E-02
8. 0440000E-02
2. T420000E—02
4. 10S00Q0E-02
3.3020000E-02
3.1500000€-02
1.85600000E-02
1.9450000E~02
4. 18400Q0E=-02
3.5130000E-02
8. 31 20000E-02
9. 411000QE~Q2
1.03210000=-02
4. 6680000€E~02
4. 5660000E-02
%+ 1540000€E-02
3.9780000£-D2
2,6490000E-02
9. 923Q000E-02
1.5100000€E~02
T.4420000E-02
l.240Q0000E-02
1.9930000E-02
L. 2400000E~02
4. 9050000€-02
4.63500G0E-02
%432 TOQ00E-02
1.1784Q000E-01
1.2400000E~02
1. 4630000c-02
3. 21900Q0E-Q2
3. 0400000k -02
1. 0995000£-01
1.9800000E~-02
1. E903000£-01
b.63400008-02
8. G030000E-G2
%4e 96 LO000E -02
5. 3580000E-02
4+1010000E~0D2

MATERIAL

PRNRRMAMNNMN NN RN NN RN AR RN RN R NNNNNNNNNNNP\-JNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

=0.
-0
~0.
h'
“0.
=0,
=0.
0.
=0
-0.
=0.
=0.
=0.
-0
d' M
-0.
=
=0.
“De
~0.
—0.
-0
~0.
~0.
=0
=0.
-0.
-a
—0a
-Q.
-0
-0
=G
=0
=-0.
~0.
=0a.
—0.
~0.
0.
=0
~0.
=0
=0.
-0
=0a
=0
=0.
-d.
=d.
-0
=0.
=0
-0.
0.
=0
=0
=0.
~0a
=0.
-0.

—Q.

THETA

177



T6
17
T8
79
80
81
8¢
33
84
85
86
87
a8
a9
90
ol
92
93
94
5
Q6
97
98
99
Q0
i1
102
193
104
Las5
106
107
198
Lo9
110
111
112
113
Ll&
i1s
116
117
118
19
120
141
122
123
L24
125
126
127
128
129
130
131
132
L33
134
135
136
137
138
Li9
140
141
La2
143
144
145
L46
147
148
149
150
151
152
153

178

17
25
k]
29
28
27
21
29
20
28
19
27
43
42
41
40
36
o2
35
4l
34
40
53
55
57

52
55
59
18
23
15
24
33
LY}
32
39
56
50
52
['%4
54
46
50
5L
45
49

L5
14
12
11

10

13
2L
12
20
il
19
10
18
18
25
17
24
26
32
s
31
22
29
4}

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-g
-0
-0
-0
-0
-0
-0
-0
-0
-g
-0
-9
-0
-9
-0
23
16
23
£
3a
33
38
44
50
56
47
52
46
54
46
45
51
44
15

14
12
1t
10

21
13
20
12
19
¥ 1
i8
10
25
18
24
17
32
26
31
25
£9
22
<8

-3
-4
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
=0
-0
-0
-0
-0
]
-0
-Q
-0
-0
-0
-0
-0
-0
~0
-0
-0
=0
-0
-0
-Q
~0
-0
-0
-0
ol
-0
-0
-0
-0
-0
~0
-0
=0
-0
-0
-0
-0
-0
-0
-0
-0
-0
=0
-0
-0
-0
-0
-0
-0
-0
=-q
-
-0
=a
-9
=4

-0
-0
-0
=-Q
-3
-Q
=0
-0
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NNNI\’NNNNNNNDOODOQ@OGOOOOOOQ!—P—;—OOQOOOOOOOOQOONNNNOOQOOGOOOOOOGGODGODODOOGGOOOO

PN NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNJ‘J‘J‘#‘*J‘-i‘-L‘i“‘&#b##“bb-&‘-“&«l‘##‘-ﬂ‘bb"*‘

1. 01C9000E-QL

T7.4420000E-02 -

L. 2400000E-02
4.7300000E=-02
6+ 9940000E-02
9.4 750000€-02
1. 0803G00E =01
4.96 L0000E-02
8. 5310000602
4.96 10000E-02
6. 1900000E-02
4.96 10000E-02
1.9C30000€~02
1. T940000E-02
1.2400000E-02
1.2400000E-02
5, 41300008-02
6.4830000E-D2
4. 96 LO0QOE~D2
4.9650000E-02
4.9610000E-02
4. 96 10000E-02
1.2400000€-02
1424 G00J0E-02
1.6300Q000E=-722
1. 9380000502
7. 7850000£-02
7. 7740000E-02
44,96 30000E-02
3. 0000000E-02
3,3590000E-02
3, 0000000E~02
Z.4421000E~01
64 14 TO000E-G2
2+ 0445000E-01
4. B280000E-02
9. 72 10000E-02
2.6158000E-01
3. 0000000E-02
2.7276000E-01
3.3245000E-01
2+426TO00E-OL
4. C460000E=02
3.1092000€-01
1. 111L000E-01
3.0C00000E-02
7.5350000E-02
3. 0000000E-02
4. 2590000E~02
8. 7540000E-02
1, 0C00000E~02
1. 4600000E +01
1. 4600000E +01
8. 000000CE +0D
8, 0000000E «00
6. 0COO000E +00
64 0CO00QVE +00
4. 7500000E +00
4. TSCOODQE +00
1.2782000E-01
1. 1927000E-01
1. 31B4000E-01
2,0672000E-01
7. 1650000E-02
1. 9455000E-01
1. 2447000E-01
3.0507000E-01
3. 2570000E-02
6+ 158G000F ~02
%.7320000€~02
3. COOC00OE-02
5. 9520000£-02
1.4888000E-01
3.0C00000E-02
7.1740000€-02
1.86 18000E-01
B. 154390CQE~02
2. 0682000€-01

.--»n—----.-r-u-—-r—i-'r-n—-r-.---r—-—--—r-h-r-r--n-'u-n-r-v—'-i-r-u—a-o-n--—u---—-'l—a—n-I-'!-NNNNNNNNNNNNN‘NNNNNNNNNNNNNNNN

=Qa
-0,
-0,
-0.
=0.
=Q.
-0y
-0.
=0
~Q.
-0.
~0a
=0.
=0.
-0
-0
-0.
-0.
-0
=0
~0.
=Ua
-0.
=0
=)
=-U.
'L
-0
=0.
=0a
=0
-~
-0.
=0
~0a
=Q.
=0.
-0a
-0.
-0a
=0,
=0.
-0.
-0
=
=0
-0.
=0.
=0.
=0.
-,
=0
~Ja
-0a
~-0a



154
155
156
157
158
159
160
161
162
L63
[E-1%
j .33
166
167
168
1469
170
171
112
173
LT4
175
176
1
178
179
180
181
182
183
184
L85
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
]
206
207
208
209
210
Z11
2L2
213
214
£15
2146
217
218

e o
W@~ DO PR

21
27
20

19
kL]
A0
35
29
34
28
33
27
%2
3r
41
38
40
35
39
3%
“7
%3
46

45
41
o4
40
55
48
58
52
59
53
6l
%5
&2
57
63
59
o4
65
&5
1]
-1

-0
-
~0
-0
-0
=0
-0
-0
-Q
-0
-0
-0
-0
-3
-0
-0
-a
-0

-9
-Q
-0
=0
-Q
-0
-0
=4
=0
-
-
-0
-0

-0
-Q
-0
-0
-0
-Q
-0
=0
-0
-9
-0
-0
-Q
-0
=0
=0
-0
-0
-0
-Q
-0
=-Q
-0
-9
-9
-0
-0
-0
-
-0
-0
-4
=-Q
=0
~0
-0
-0
-0
-0
-0
-0Q
-0
=0
-0
=0

-0 -

-0
-0
-0
-0
-0
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OOQOQOOOOO?ODOOOOOOOOOOOOQDOQOQQOOOOOOODOOOQOOOQOQOONNNNNNNNNNNNN
J-J‘r-'v-'!—'-l‘-?'&#J‘&)‘-l‘J"J‘#-"&‘NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

1.6272000€-01
2. 16 T6000E-Q1
L. 8898000E-01
6, 8210000€~-02
1. 91 79000E-01
24 C99T000E-01
1.1609000£~01
2446 T4000E-01
2, 0689000€E=-01
L. §576000E-01
2. TB59000E~-D1
la4457000€E-01
2.5042000€=-01
3, 1900000£~01
1. 2494000E-01
3, 7497000E~01
2. 4048000€=-01
3. 01 43000E-01
2,64 086000E=-01
1. 96 80000E~-01
2.3962000E-01
3.2677000E-01
1.1183000E=01
3.2038000E=-01
2. 9956 000E-01
1.8953000£-01
3.4280000E~-01
7. 4450000E-02
242986000E-01
2.5936000E-01
1. 4464000E-0]
%4 5110000E-02
1.46257000E-01
1.5237000£=-01
1.2689000E—01
3. 0Q0Q000E~-C2
1. 2135000E-01
3.9010000€-02
5.3290000E-02
8. 3927200E-02
3. 000000Q0E=-D2
1. 81 00000E +00
1. 81 00000E+00
2. 56000000E +00
2. 6000000E+00
3.6000000E+00
3.6000000E+00
1. G0CO0Q0E +00
1. 0000000E +Q0
1.0CO0G0G0E+00
1.0000000E+00
1. 0000000E +Q0
1L.0C00000E +Q0
1. 0C00000E +Q0
1.000Q000E +00
1. CO0Q000E +00
1. 0000000E +00
L. Q0CODGOE +00
1. 0000000E +Q0
L. 0C00000E +0D
1.0000000E +00Q
1. 0CODOOOE+00
1. J00000QOE +00
1. 0Q0Q0Q0E+0Q0
L. 0000000QE +Q0

Ll il el ol e il el e S Iy SR U, P R e e e e e e e i e R e e et B B e e e e e b P e e e e p

-0.
-0,
-0
=0.
-0.
=0.
=-0.
-0.
-0
=0a
0.
-0
=0.
=-0.
-0,
-0.
=0
-0.
=0
=3.
=0.
-0.
-0
—0a
=-0.
—0a
1Y
-0.
=0.
=0.
=0.
0.
-0
~0e
~0.
=0.
=0.
—0.
=Q.

-0.
~0.
-0.
=0
~Qa
=0

-0
=0
=0.
=0.
=0.
=0.
“0.
-0,
=0
—0.
=0a
~0a
=0.

=0

=J.
-0
=0,
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AERD MESH uATA

STATION

d. 000U

2390

=3930

« 548y

b4 o0

- 1480

8504

COLLOCATIUN STATIONS

[

23

il

38

sty

56

2

15

24

32

39

45

55

NGDES

[T i7 18
25 26 27
i3 14 35
“ 41 42
45 47 48

57

FREE MODE I 15 A PLUNGING MCDE

i

%

7
10
13
1.3
19
£2
25
<8
3l
34
a7
40
43
46
%9
52
55
58
61
54
a7

1.000000000€ +10
1. 900300000 +U0
1. 000000000 +u0
L. JO00000UOE +00
1. 30000000 0E +90
L. 00GQUQCIVE +00
1.000000000< +0Q.
1.3 0Q000QQ0E +Q0
1. 000000000 +00
L. QU00UOUUIE+00D
1.000000000E +00
1.4J00000003JE+00
L- 000000000 +00
1. 900000000Q0E+20
L« 0O00OC00QE +00
1. 000000 0UVE +00
1. 0000DQ0RJE +00
1= 000000000 +00
1. 0Q000C000QE +00
1. 000Q00020c +00
1.00000000QE +00Q
1« G00000GQ00E +00
1. 00000000CE+00

1.000C000COE+0D
1.000000QCOE+J0
1.0000000C0E+00
L. 00000Q0CCE+OO
L. 0000000 CTE*QO
1.0000000COE+00
1.0000000C0E+CO
1.0000000C0E+00
L. 000C0Q00COE+00
1.0009000C0OE+00
1.000C00000E+00
1.0000000C0E+00
L.0000000CCE+Q0
1. 0000000CCE+Q)
L.0U000Q0COE+0O
1.00C0000C0OE+Q0
1.0000000C0E+0D
1. 3030000 COE+Q0
L.0000000C0OE+QOD
}- 0000000 COE+QOD
1.000C000COE+0D
£.0000000CCE+00
1.Q00C00QQQE+00

FREE MOOE 2 1S A PITCHING MODE

1

&

7
i0
13
16
19
22
25
28
31
34
kY
&0
w3
46
49
52
55
58
.73
64
67

2.16000QQ000E+03
2.422500000E+03
L. 655000000k +G3
2.24T500000E+03
2. 510000000E»03
1. 220000000E +03
2.247500000E+03
2+51000Q000E+L3
2.125000000E +03
2+395000000E+03
2-090000000E+03
2. 392500000E+03
2..580000000E+03
2+ 4 TTS00000E+03
2+ 665000000E+03
2.525000000£ +03
2. 5347500000 +03
2. T200000Q0E+03
2. TTB300000E+03
2. T53300000E +03
2. 816650000E+03
1.390000000E +Q3
1.39000000Q0E+03

2
5
8

11

14
17
20

23

26

29

32

35

38

4

44

47

50

53

5a

59

62

65

68

242475000 COE+03
2.5100000CQE+03

" 1.9200000C0E+03

2.335Q000COE+03
L+39000000QE+03
2.04000COGOE+03
24335C000COE+03
1. 7400000COE+D3
2.2450000C0OE+0)
2+47CO000QCOE+D3
2.210CO00QCOE+Q3
2.4550000C0E+02
2.4950000C0E+03
2454 00000C0E+Q3
2.500C000C0E+03
2.6875000C0E+03
£2.6725000C0E+03
2.8033000C0E+Q3
2.6900000C0E+Q3
2.836 T000COE+Q3
2.895C00000E+03
1.655C000C0E+Q3
1.6550000C0€E+03

20

23

36

%3

21
29

E)

12
15
1]
21
24
27
30
33
36
39
42
45
48
51
54
57
60
63
66
69

12
15
la
41
24
27
ED]
33
36
39
42
45
48
51

5T
60
63
646
69

22

30

1. 000G00000E +00
1.000000000E +00
1. 0000000 00E +00
L+ CO000JI00QE +00
L« COUO0GO0VOE +Q0
1. CO0QUO000E +00
1+ 0000000Q0E +00
1. CO0QUUOO0E 00
1.000000000E+00
1.000000000E+00
1. 000000000E +00
1. 000000000E #00
1. COC0CO00O0E +00
1. Q00Q00Q00E +00
1. 000000000E +0v
L. COO0J00O0E +00
1.000000000E +0u
1. 00000QD0QE +00
1.0Q000Q00QE+00
1.,0000C0G00E+00
1.CQ000000CE +00
1. QQ0C0QD00E+D0
1.00Q000Q00E+00

2.335000000E+03
1. 390000000E+03
2.160000000E+03
2.422500G00E+03
L« 655000000E+03
2. 160000000E +03
2.422500000E+03
2. 005000000E +G23
2+ 320000000E+03
24545000000E+03
2.330000000€+03
2.5L75000Q0E+03
2-415000000E+03
22602500000E+03
2.562500000E+03
24 T500Q0000E+03
2.395000000E+03
2.642500000E+03
2+856650000E+03
2.910000Q00E+03
2. 880000000E+03
1.920000000E+03
1.92000000QQE+03



APPENDIX F — Continued

DESIGN CONSTRAINTS CONSIDERED

FLUTTER = T
STRESS =~ F
MINGAGE - T

INPUT DATA FOR SEAACH ROUTINE

NUMBER OF DESIGN VARIABLESaasa.NC = 2
R = 1.2%000000E-01
R REDUCTION FACTOR. cacacsecns«RDC & 2.00000000E+01

JULL Li= 1.D0000E+C1
TUt( 2)= 3.00000E+01
TULl 3i= 1,00000€-02

NO. POINTS OR ELEMENTS YALUE MASS DERIVATIVE

1 SEGMENT 1. 20000000E-01 1.90366125E+02
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT POINT
SEGMENT POINT

2 ELEMENTILZT 1.20000000£-01 h 35425000E+01
ELEMENT12S8 .
ELEMENTLZ9
ELEMENT L30
ELEMENTL3L
ELEMENTL32
ELEMENTLA3
ELEMENT L34
ELEMENTL3S
ELEMENT 136
ELEMENTL37
ELEMENTL38
ELEMENTL39
ELEMENT 140
LLEMENTL4L
LLEMENTL42

POINT
POINTY
POENT
POINT
POENT
POENT

N NN ——-
PN SrWN-

TOTAL NUMBER OF D.0.F. 2207
THIS PROGRAM REQUIRES 050014(0CTAL) OF BLANK COMNON

THIS PRUGRAM REQUIRES 064463(UCTAL) OF BLANK COMMON
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¢81

FLUTTER CONDITION NU.

1

JMEGA H DETERMINANT
RADIANS/SEC. REAL PART IMAGINARY PART
Ja -2.13360000E+03 -3,09988563E-01 6, 089)5400E~14
O. -2.13360000E+C3 -31.09988563E-01 6.08905400E-14%
U ~9.ubbQU3IT4E+O2 -9, 44458242E~02 2.55314T798BE-14
+ 1 ~9.066003 74E+02 ~9.44458242E-02 2.55314T98E-14
da 2.02326199E+C1 ~2.61201487E-C2 1.28207475E-14
Je 2.2 326T99E+ 0L -2.61201487€-02 1.2B2074T5€- L4
U 5.79142528E+02 -5,45192913E-03 8.359603B88E~15
Q. .79 142528E+02 -5.,45192913E-03 8,3596038BE-15
118 T.78376291E+02 -5.04705011E-0% 7. Lb444296E-15
Ja 7.73376291E+C2 ~5.04705011E-04 T.16444296E-15
Os B.O0LLULG6TZE+O2Z -6.01384399€~-06 7.039104%42E-15
Ja H.0L1U16T2E+02 -6.01386399E-06 T7.03910442E-15
O B8.0L379193E+C2 -2.08923682E-09 7.03T5869BE-15
V. 8.0137S193E+02 -2.08923682E-09 7.0375B698BE-15
Q. 8.,ul379290E+02 -1.41200545E~11 T.037586486E-15

COMPLEX LETERMINANT CUNVERGED TC O

sh LY = 2,789179d3E-ul
Gl 20 = 1.uQ0OBVDVE+ID
af 31 = 1.200092ulE-OL

VARTABLE MASS = WT =  2.37890350E+0L

TUTAL STRULTURAL MaSS = TWT = 4.49103812E+02
PE = PENALTY FUNCTIUN = 4.85764585F+01

PEUNC = AT + PF = T.T3654935E+01

OESIGN van[ABLES - 2
i+20000000E-01

1.2000C000E-0L

JUADRATEC CONVERGENCE TEST SATISFIED

WUADRATIC CUNVERGENCE TEST SATISFIED
stttttttttttl*tt#‘t**tttt#tt*ttt‘ttt#tlt#.tttilttt‘ttttttl‘tti*tlt#“t*tttt‘#tttt*ttttltttttt#*#ltttit##ﬁt**ltitttttti*tt‘tt
THE FULLOWING INFORMATLICN 1S FUR THE FINAL DESIGN

CTEST = 1.0222198LE-02

ESTIMATED MINIMUM MASS LESS THAN TWO PERCENT LOWER THAN PRESENT MASS

VESLIGN CONS IDERED CONVERGED

FINAL MASSES
WT = 1.47646895E+01 TWT & 4.35079466E+02

FENAL CONSTANTS
7. T75505268E-02 3.42396T2TE~05

panunjuol — 4 XIANHdAV



APPENDIX F -~ Concluded

FLUTTER CONDITION NUO. i

UMEGA H
RADIANS/SEC,
O 1.49696471LE+03
0. La 4969649 TLE+ 03
0. 1496964 T6E+03

COMPLEX DETERMINANT CONVERGED TO 0
Gl L} = 1,043509326-03
G4 2) = }.000000G0E+Q0
Gl 3) = 06.84491241E-05

DETERMINANT

REAL PARY

~5.18838412E-10
~5.18838412E-10
=-2.19868265E-12

TMAGINARY PART

%4 T8596657E-15
4.T8596657E~-15
4. 78596640E-15
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