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SUMMARY

The ACCESS-2 computer program was developed, based on
successful experience with ACCESS-1, to study the performance of
approximation concepts when they are applied to problems of prac-
tical size and complexity. Each modular process, such as eguation
solution, eigen—analysis or numerical optimization, 1s carried
out i1n-core. As a consequence problem size 1s still limited by
main memory capacity, even though solvable problem size has been
increased significantly, relative to ACCESS-1. Data transfer
among various modules 1s carried out through sequential data files.
Dynamic array allocation technigques are employed extensively to
make the best use of available main memory in each module. The
introduction of dynamic array allocation leads to a more com—
plicated program structure, however, the benefit of data com-
paction is an essential ingredient of the quest for efficiency
in the context of structural synthesis problems of practical size.

A thermal load analysis capability 1s added with particular
emphasis on the importance of thermal stress/strain considerations
in design with fiber composite materials. This provides test
cases for problems involving load vectors which depend on design
variables. Frequency ceonstraints are installed since they are
1mpértant in their own right. In addition to being a good mea-
sure of overall structural stiffness, natural frequencies repre-
sent fundamental information that is essential to the formation
of more advanced dynamic constraints (e.g. flutter). Since dairect

application of ACCESS 1 type approximation (first order Taylor



series expansion with respect to the reciprocals of linked
design variables) did not exhibit as good a performance as it
di1d for static constraints, additional features for representing
natural frequency constraints as first or second order Taylox
series expansions with respect to regular linked variables were
rmplemented.

A constant strain triangular element with arbitrary ortho-
tropic material properties was 1ncluded i1n the element library
to model laminated fiber composite material membrane structures.
Membrane laminates are modeled by stacking elements of this type,
with different material axis orientations, together. A thermal
shear panel (TSP) element was introduced to take uniform soak
temperature effects into account. A special shear panel element
1s needed because thé symmetric shear panel (S5SP) element for-
mulation does not permit the neutral surface to change length,
hence it cannot represent the thermal expansion associated with
a uniform temperature change in the panel. The TSP element was
especilally devised for representing midplane symmetric wings
subject to thermal soak temperature conditions in combination
with aerodynamic and inertia loads. The temperature change
effect 1s midplane symmetric and it 1s treated using the TSP
element representation of the wing shear webs. On the other
hand the mechanical loads on the wing induces midplane anti-
symmetric response (bending and twisting) and it 1s treated és—
ing regular SSP elements. The two results are then superimposed.

Gradient information for the critical and near critical response



quantities is also computed by superposing independently
computed symmetric and antisymmetric contributions.
Optimization algorithms are completely independent of the
other parts of the program and the current version includes the
NEWSUMT optimizer. Only a few interface program statements
would be regquired to add other optimizer options in parallel

with NEWSUMT.



ACCESS - 2

Approximation Concepts Code for
"Efficient Structural Synthesis

User's Guirde

1. Introduction

The development of the ACCESS-2 computer program was moti-
vated by the successful demonstration, via the ACCESS-1 program,
of the effectiveness of the approximation concepts in automated
structural synthesis. The ACCESS-1 program was developed to
test the performance of the coordinated use of approximation con-
cepts on problems of relatively small scale, subject to simple
static constraints. Furthermore, ACCESS-1 was designed as a
base program that would lend 1tself to experimentation aimed at
testing the effectiveness of new i1deas and techniques for effi-
cient structural synthesis. Therefore, the program and the data
structures of ACCESS-1 were kept simple enough so that anyone
with fundamental experience i1n computer programmlng would be able
to understand the codes and modify them. As reported in Ref. 1
efficiency, 1n terms of the number of finite element structural
analyses needéd to obtain near optimal designs, was improved
significantly over previously reported capabilities having
comparable generality. Furthermore, during the past two years
at least four dastinct research projects were carried out using
ACCESS-1 as a base program and modifying 1t o test new ideas.
Experience has shown that ACCESS-1 has been useful both in its
own right and as a research tool designed to promote the use of

approximation concepts in automated structural design.



However, many practical design problems are beyond the
capacity of ACCESS-1 and consideration of more complicated con-
straints than those treated in ACCESS~l 1s often necessary and
desirable. TFor example, 1n aeronautical applications, composite
materials and thermal loads as well as stability and dynamic
response constraints are extremely important. Indeed, there is
frequently an even more compelling need for automated design
capabilities when these rather complex materials and constraints
are involved. The ACCESS-2 computer program has been developed
in response to these needs and to build a body of experience that
can be used to set effective guidelines for future development of
large scale industrial application programs.

The key ideas central to creation of the ACCESS-2 program
are similar to thgsg on which ACCESS-1 was built. Finite element
analysis techniques and mathematical programming algorithms have
been combined using a collection of annovative approximation con-
cepts. Structures with prescribed configuration and given mat-
erial properties are optimized so that their structural weight is
minimized by modifying the sizing of finite elements; 1.e. cross-
sectional areas or thicknesses. (Optimum variation of configuratic
and/or topological design features are still the subject of basic
research investigations and no conclusive demonstrations of
efficient design algorithms are available as yet).

The fundamental structure of the ACCESS-2 program is out~
lined in Fig. 1. Upon activation, the preprocessor reads and

praints out the input data in a readable format. The preprocessox



then computes all the ancillary data that is independent of
changes in the design variables and i1t stores the results in
appropriate arrays as well as in temporary external files (see
Table 1}). When preprocessing 1s completed successfully, the
design process control (DPC) block 1s activated and 2t initializes
the design i1teration process. At the outset the design gaiven in
the input data i1s transferred to the approximate problem gener-
ator (APG}, and this design 1s analyzed by the finite element
method. Constraint functions are evaluated using the response
quantities obtained from the finite element analysis and then
the 1nit1al set of critical and potentially critical constraints
18 1dentified and tagged. Explicit approximate expressions for
these tagged constraints are computed using the Taylor series
expansion with resﬁéét to appropriate intermediate design vari-
ables. Recaiprocals of independent design variables are used as
intermediate variables throughout the program, except for an
optional use of the independent design variables themselves when
expanding frequency constraints. In ACCESS-2, the objective
function is structural weight and 1t may be expressed exactly and
explicitly in terms of the independent design variables or thear
reciprocals. Thus, the APG block can generate an approximate

problem statement of the form:

Minimize W(f)

¥ = (xl,xz...xn)

Subject to
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where W(X) and all ﬁq{X) are explicit analytic functions of X.
Note that the number of constraints @ for this approximate pro-
“blem 1s much smaller than that of the original structural design
problem, because only the tagged constraints are included and
all other constraints are temporarily ignored during a particular
design stage.

The data which define the approximate problem are sent back
to DPC and subsequently given to the optimization algorithm block
(OA). The primary function of OA 1s to carry out numerical
search process which will improve the design by operating on the
current approximate problem statement. Since 0OA deals wath
problems that are stated in algebraically explicit form, 1t is
not even aware that these problems are related to structural de-
sign. Therefore, éﬂy established algorithm for inequality con-
strained minimization of a function of many variables may be
used. Ideally 1t would be desirable to select an OA from a
collection of available options, taking into account the size and
special functional characteristics of the current explicit
approximate problem statement. However, in the current version
of ACCESS-2 only the NEWSUMT optimization algorithm i1s available.
This OA implements a sequence of unconstrained minimizations
technigque using a modified Newton's method and a quadratic extended
penalty function feature to facilitate the unconstrained minimi-
zations. One virtue of this interior penalty function type 0f
OA {(1.e. NEWSUMT) 1s that 1t can usually be controlled so as to

provide an improved design that i1s also feasible with respect to



all of the constraint at each stage i1n the design process.

After carrying out a numerical search with the approximate
problem, the optimization algoraithm (0A) block proposes an
improved design i' to DPC. This step completes one stage
of the design iteration procedure,

In summary, one stage of i1teration includes one finite
element structural analysis, one constraint deletion process,
one sensitivity evaluation for retained constraints, and one
optimization of an approximate problem. Since the fanal
design 1s subject to a detailed finite element analysis, the
total number of finite element analyses equals the number of
iteration stages plus one, which will be typically 10. The
1terative design process 1s terminated when one of the speci-
fied convergence criteria 1is satisfied.

Strictly speaking each new design i' proposed by the 0OA
block to DPC i1s a better design than the original design b4
only with respect to the approximate problem statement. When
the structural design corresponding to i' 1s analyzed by means
of the finite element method, 1t may tan out that some con-
straints are violated. This situation may occur when the
design changes in one stage exceed the applicable range of the
approximate problem statement. It should be noted that the NEWSUMT
optimizer is capable of locating feasible designs starting from
an infeasible design. However, violation of constraints in the
intermediate stages usually has a deleterious effect on the

convergence characteristics and 1t is also inconvenient 1if



constraint violations are found at the final design.
Constraint violation can usually be controlled or eliminated
by appropriate use of the maximum step size parameter STEPMX
and 1ts dynamic modification feature via parameters STEPMX-
multiplier and STEPMX-lower limit (see Appendix B).

All routines are written in standard FORTRAN IV language
and they have been tested on: (a) the IBM 360/91 using the
FORTRAN-H compiler at UCLA; and (b) the CDC 6600 at the NASA
Langley Research Center. Implementation on other types of
computers will be stralghtforward provided those computers
have the required main memory capacity. Except for the blank
COMMON arrays, 38010K and 28010K bytes are required on IBM
360/91 without and with program overlay, respectively. On a
CbC 6600, the corresponding basic memory requirement 1s

1008K words with overlay.



2. Program Implementation

ACCESS-2 computer program may be executed as a stand alone
program. It consists of approximately 8500 FORTRAN statements.
The program supplied upon request 1s a version operational either
on IBM 360/370 oxr CDC 6600/7600 systems. Since 1t contains no
machine dependent statements, 1t can be made operational on vari-
ous computers, provided enough main memory capacity and auxiliary
data storage support are available.

Auxiliary storage files are required as shown in Table 1.
Files 10, 11, 12, 13, 14 and 15 are reguired for all problems.
File 16 is required only when type 4 elements (TSP} are used 1in
the structural model. Files 18, 19, 20, 21 and 22 are reguired
only when second order expansions of frequency constraints are
specified. o

The required size of blank common 1s very problem dependent:
1.e. 1t depends on the structural analysis model (number of nodes,
elements and load conditions), the number of independent design
variables, and the constraint types included. For certain pro-
blems, 1t also depends on the initial design. Hence, 1t 1s rather
difficult to give explicit formulas which estimate the size of
blank common requirements. Table 2 gives actual blank common
array size requirements for several example problems.

Overlay or segmentation of the program can be designed
easily by referring to Fig. 2. The simple 3 level overlay is
adequate to solve most of the meaningful problems. If an oper-

ating system allows more flexible overlay structure, i1t i1s pos-
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sible to decrease the core requirement further. However, the
net gain acquired by the elaborate overlay may not be signifi-
cant, since most of the core 1s used for data and not for in-

structions.
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3. Structural Model and Input Data Preparation

It is assumed that the reader is familiar with elastic
structural analysis via the finite element displacement method,
as well as with associated structural modelling techniques and
typical data preparation procedures. Sufficient information for
preparing the input data card images is given in Appendix B,
therefore the explanations given in this section are limited to
topics which require somewhat detailed technical discussion in
order to avoid possible misunderstandings.
3.1 System of Units

Input data of the ACCESS-~2 computer program may be prepared
in any system of units as long as they are consistent. For
example, if it is @ecided that the units for length and force are
to be centimeters aﬂa Newtons, respectively, then the correspond-
ing units for pressure load or allowable stress must be N/cmz.
Note that the material constant specification calls for the spe-
cific weight of the material, not its mass density. To be con-
sistent lumped nodal mass should be given using weight rather
than mass units. Example problems given in Appendix C are pre-
sented both in the International System (IS) of Units and in the
U.S. Customary (U.S.) units. Computer input data for examples
are shown using numerical values associated with the U.S. units,
simply because all the examples were originally presented in the
literature using U.S. units.
3.2 Node Numbering Scheme for the Effective Use of Memory

The system stiffness and the mass matrices are stored in a

12



vector form within the skyline of the non-zero elements, 1.e.
there are no operations or no storage allocations with elements
that remain zero during the solution. This scheme allows some-
what more flexible node numbering arrangement than the ordinary
band equation solver. It 1s better, however, to follow the same
guidelines in preparing data as for a banded matrix solution
scheme; 1.e., differences among node numbers associated with an
element must be kept as small as possible for all elements.
3.3 Symmetric Wing Model

If the webs of a midplane symmetric wing are modelled wath
SSP elements, only the upper (or lower) half of the wing 1s
modelled. Assuming that the X-Y reference plane is the plane of
symmetry, the X and Y displacement components and lcocading com-
ponents are then anti—symmetrlc. Displacements and loadings in
the 7 direction are identical for both sides of the X-Y plane.
For example, if a cantilever beam such as that shown in Fig. 3(a)
1s to be modelled using two SSP elements, then the simplified
model should be that shown in Fig. 3(b). Note that only half of
the load P need be applied to the node 3, since the other half
1s 1mplicitly applied to the conjugate node 3' {(which does not
exist explicatly in the model). The SS5P elements are always ver—
tical to the X-Y plane of symmetry.

The assumed* displacement function for SSP elements cannot
accommodate uniform thermal expansion of each SSP element. If
specified maidplane symmetric temperature changes are specified

for a midplane symmetric structural model, in which the vertical
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webs are represented by SSP elements, ACCESS 2 branches and makes
a separate calculation which adds in the midplane symmetric tem-
perature change effects. This is accomplished by assembling
equilibrium equations for the midplane symmetric structure with
all of the SSP elements replaced by TSP elements while only con-
sidering midplane symmetric temperature change loading. These
equilibrium equations are solved for displacements a

th
to midplane symmetric temperature changes. These thermally in-

due only

duced midplane symmetric displacements are superimposed on the
previously computed mirdplane antaisymmetric displacement state
due to mechanical loads only. Treating the symmetric and anti-
symmetric contributions separately reduces the number of dis-
placement degrees 9? freedom that need to be considered in each
of the two analyses and for thin wings 1t also tends to improve
the accuracy of the analysis by avoiding the poor conditioning
often associated with simultaneous treatment of bending and mem-
brane response. The strain state i1s computed based on the total
displacement, and the stress state i1s computed by transforming the
strain state using the stress-strain relationships.
3.4 Design Variable Linking

The general concept of design variable linking i1s discussed
in Sec. 2.3.1 of Ref. 1. 1In the ACCESS-2 computer program, 1f
the sizes of some group of finite elements of the same type are
controlled by a single design variable, these elements are said
to belong to the same design variable linking group. The sizes

of elements 1in a design variable linking group are modified in
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proportion to the initial sizes given in the input data.

Design varaiable linking groups are also used to define "re-
gions" for the regionalization of stress constraints. The general
1dea of regionalization is described in Sec. 2.4.1 of Ref. 1.
Elements which belong to the same design wvariable linking group
form a region and only one stress constraint per load condition
(the most critical) 1is considered for each group in any stage of
the i1terative design procedure. Selection of the critical stress
constraints within a region 1s not rigidly fixed, but dynamically
updated at the beginning of each stage. If the location of the
critical stress constraints shifts frequently within a region
from stage to stage the i1teration process may be unstable, al-
though this type of instability was not observed in solving any
of the problenms qléeh in Ref. 1., However, 1f the user desires to
remove the regionalization of stress constraints, 1t as only
necessary to specify IGLINK = -200.

3.5 Failure Criteria for CSTOR elements

The CSTOR element is implemented to model st;uctures made
with orthotropic materials including multi-layered fiber composite
laminates. While strength failure criteria for isotropic metal
alloy materials are imposed using the von Mises combined effective
stress, strength failure craiteria for CSTOR elements are selected

from 3 available options.

They are:

15



A, Maximum strain criteria

-C -t
e s sL - aLAT < QL
-C -t
€p £ Ep — aTAT O
lvppl € Yop

B. Stress interaction formulas

GT 2 TLT 2
o + o £ 1
LT

C. Tsai-Azzi Craiterion

2 2 2
°0y - (O , (= O
¥ 2 —) {7 <t
L Fp Fr Fro
where
ey, : longitudinal strain
€ : transverse strain
Yrp G shear strain
GL :+ longitudinal stress
GT : transverse stress
Tip ° shear stress
Eg : allowable longitudinal compressive strain
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longitudinal tensile strain
shear strain

longitudinal and transverse stresses
shear stress

ratio relating to contraction in
udinal direction due to extension

in the in-plane transverse direction

EL : allowable
Yo G allowable
FIKFT: allowable
FLT : allowable
- 1
vTL : Poaisson's
the longit
- 1
Ve G Poisson's

ratio relating to contraction

in the i1n-plane transverss direction due
to extension in the longitudinal direction

Among the three alterna
strain criterion is the most
action formulas are usually
3.6 Computation of Constrazi

All constraints., except
so that potentially craitaical
region assume values between

are defined as follows:
Side Constraints
pW /p-1.032 0

1.0 - o /p s 0

tive strength criterra, the maximuam
conservative while the stress inter-
the least conservative.
nts
the side constraints, are normalized
constraint functions in the feasable

0.0 and 1.0. Constraint functions

Displacement Constraints

U)

(s 51769 5 o

(6 - sy s 50
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Slope (Relative Displacement) Constraints

Slope

g0 _ (8, =80/ 2 0

5 (0)

Relative Displacement

r(U) ~ (62

{0

~61) >0

where dP 1s the projection of the distance between the two points

on a plane normal to the displacement components 61 and 62.

Stress (Strain) Constraints

()
o - g
___”;TﬁT—_ =0
g - c(L) > 0
GKL)

For strain constraints, see 3.5.

Frequency Constraints

w(U) - w2
) z 0
(0
2
wo - w(L) 0
5 2
m(L)
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4. Restractions and Limaitations

The amount of main memory storage required for solution of
a particular problem depends upon many factors, including the
number of nodes, the number of elements, the number of design
variables, the element types used, the kinds of comnstraints im-
posed, and even the initial design employed etc. For static
problems, 1t 1s necessary to retain two system stiffness matrices
and the load vectors in core. For dynamic problems, three system
matrices must be retalnéd in core, If a problem involves dynamic
constraints and thermal shear panel elements, four system matrices
must be 1n core simultaneously. Also a complete approximate pro-
blem statement (all retained constraint values and all the corres-
ponding deravative components) must be in core for the 0OA block.
It 1s daffaicult to eétlmate the array size required for a system
st1ffness matrix in advance. Only the nonzero skyline of an upper
half matrix 1s stored, hence the memory requirement depends on
the node numbering scheme. For medium size problems (300-600
DOF), the density of nonzero elements in the matrix i1s usually
20-50% and a first approximation can be made by estimating the
density based on observation of the finite element model. The main
memory storage required for the integer portion of the blank
COMMON 15 usually less than 10,000 words, but the real variable
portion 1s very dependent on the nature of the problem. For pro-
blems 1in which the number of constraints retained tends to be
larger and in which there are many independent design variables

(e.g. structures involving laminated fiber composite skins) the
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constraint derivative array size [1.e. (Number of Design Vari-
ables) x (Number of Constraints Retained)] may limit the problem
si1ze, since this large array must be in core in addition to the
instructions and local variables.

When first order approximations are used frequency con-
straints can be imposed on any subset of fregquencies within the
lowest NFREQ frequencies. If second order approximations are )
emploved all frequencies in the lowest NFREQ frequencies must be
bounded.

Capabilities for aeroelastic constraints are not available
in this version, therefore NMODE must be zero and the flight
condition specification flags must all be zero.

All input data are read i1in with fixed format, hence column
positions of the pﬁnéhed data are of critical importance. Es-

pecially note that all blank columns are regarded as zeroes for

numerical inputs.
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File Name

Table 1. Temporary Files

Contents

10

11

12

i3

14
15

16

17
18

19

20

21

22

Stiffness matrix components associated with
unit values of independent design variables

and load vector components which are independen
of design variables

Mass matrix components associated with unit
values of independent design variables

Load vector components due to thermal loads
and dependent on independent design variables

Load vector components due to inertia loads
and dependent on independent design variables

Constraint gradients
Input data and a part of preprocessor output

Thermal shear panel stiffness matrix components
Used only when IETP(6)}#0

Not used

Eigenvector sensitivity vectors, 1f computed
Mass matrix post-multiplied by eigenvectors.
Required only when second order expansion of
freguency constraints is used.

Original system stiffness and mass matrices.
Required only when second order expansion of

frequency constraints 1s used.

Modified [K~X,IM] in the ergenvector sensitivaty
computation. Stored in decomposed form.

K M 5 _ —
555 - ll 555 Xl » ((1=1, NE1G), b=1l, B}

Required only when second order expansion of
freguency constraints 1s used
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Table 2. Reguired Blank Common Size

9¢

Problems Elements Total No. Free Daspl. No. of Total No. of Requared
of Elements d.o.f.s Desigh Varaables Constraints Real Array Integer Array
Wing Carry-Through !
Truss Model TRUSS 63 42 63 319 11415 18926
(static)
Delta Wing (Metal) CsT 63 105 28 14 7400 2033
{Static & Dynamac) ssp 70
Delta Wing-Composite CSTOR 252
(Static & Dynamic) agp 70 105 60 2725 12750 6747
Delta Wing-Composite CSTOR 252
(stataic, thermal SSP 70 105 60 2725 16960 8264
and Dynamic) TSP 70
Elevon-Composite TRUSS 45
{Static, thermal CSTOR 192
and Dynamic) 48P a5 109 68 3354 47334 10680
TSP 45
»)
22
%%
2%
rd
23




APPENDIX A

ELEMENT LIBRARY

Currently, 6 element types are available: they are TRUSS,

CS8TIS, CSTOR, S5P, PSP and TSP. Basic characteristics of these

elements are given in the sequel.

1. Type 1 - TRUSS : Pin j0inted bar element of uniform cross

sectlion

Fig. A-1 Space Truss Element

Strain-Displacement Relation (local coordinate)

- ~

-1 1) )P (a-1)
Yo

il o
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Stress Straain Relation {local coordinate)

0 = E g — EgAT {(A-2)

where o : thermal expansion coefficient

AT : average temperature change

Force Displacement Relation (local coordinate)

1 -1] (a -1 EP
EA PU - moaTa - =0 (A-3)

L —lluQ 1 0

Fh @

where FP, Fq are externally applied force at P and QO

nodes, respectively.

Force Displacement Relation {reference coordinates)

22 am -2 ~%m -%n ( U,
m2 mn - fm —m2 -mn VP
2 2
EA n -8&n ~mn -1 ﬂ WP
L - 2
u
2 2m n 0
n2 mn Vv
Symm ' 0
2
n W
§ 4o\ e
£ XP
m YP
n Z
= —-EaATA J + P (n.4)
-4
X
-m
e
-m
Zo
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Consistent Mass Matrix (reference coordinates)

where

[M]3

p

Il

2
pAL
6
density

0 0

2 0
2

Sym
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2. Type 2 - CSTIS: Constant strain traiangular membrane element

with uniform thickness and 1sotropic materzal

s ]

- X Fig. A-2 CSTIS Element

Strain-Displacement Relation (local coordinate)

(s,

- - {;-P
€y (s-b) 0 -3 0 b 0 .
P

_ L - -
Ey Bh o h 0 h 0 0 < ~Q {A-6)

~h - h - 0 b 7

YXY (s=b) s 0

o)
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Stress—~Strain Re

ORIGINAL PAGE IS
OF POOR QUALITY

lation (local coordinate)

o~

g 1
X
) = B AY)
4 1-v2
Yey 0
§

v 0 £ i
X
L 0 €&, L maar § 1 (A-7)
l=v
0 l;v YXY 1

Stress-Displacement Relation (local coordinate)

- N ﬁP
< (s-b) -vh -5 vh h 0 Vo
= —2 | v(s-b) -h -vs h vb 0 < P }
Y {  ph(1-v?) ﬁ
Q
T ~(1-V)h- (1=V) (s=b) {1=v)h —{1-v)s 0 (1-W)b %Q
xy 2 2 2 2 2|
N w
\ "Q/
|
EGAT -
= )1 (A-8)
0

Local-Reference

Digplacement Relation

" - 4 T
i, 1T
- T
p XY
~ X T
uQ X

) 7 = 3T

Q y
~ - T
up Ax
o >+ T
VR Ay
L J .

o Y
UP

i}
*tp

. O L or i = [T]ﬁ (A-9)

31



=
(=2
o
K
m
M>+

PN

R'X mX nx
2
y Ty Ty
[T] =
0
0

\,

Stiffness Matrix (local coordinate system)

K=X + K
n 8

where
-~

Et
D 4a(1-v?)

unit vector parallel to the x~axais

unit vector parallel to the y-axis

digplacement vectors of P,Q,R nodes.

(s—b)2 -v(s-b)h -(s-b)s

h2 vhs

Symm.
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(2-10)
(A-11)
(s-b}b 0
—vhb 0
~bs 0
vbh 0
1% 0

0




2 2

h -(s=-b)h -h hs 0 -bh

(s=b)%  (s-b)h -(s-b)s 0 (s-b)b

K, = ﬁ%ﬁ n?  -hs 0 bh
52 0 -bs

0 0

Symm. b2

b-s
~ BEaATE h _ = -
K + 3 (1-v) { > = £ (A-12)
s
~h
-b
. 0 S

Consistent Mass Matrix

oAt | 7

[M] 15 2 0 01 0 0 1 0 O

(A=-13)
Symm. 2 0 0 1 0
2 0 0 1
2 0 0
2 0

o)

L

where p : density 33



3. Type 3 ~ CSTOR: Constant strain triangular membrane element

with uniform thickness of an orthotropic material

erse axis

0
Longitudinal
_——*4"’#anax1é
0
Z P\ V\Z
€
. 4
Y
X Fig. A-3 CSTOR Element

Strain-Displacement Relation {local coordinate)

i
® gx (s=b) o0 -5 0 b 0 F
_ 1 _ P
Eyy = 55 0 h 0 h 0 o .
Yy ~h (s-b) h -8 0 b J ~Q >
v
Q
“}R
\ P
= [B] 1 BG@@
INTRIEICES
@Y»‘GY%QY» oo
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Stress—-Strain Relation (material axis)

ORIGINAL PAGE IS
OF POOR QUALITY

\

3 [
5 Er VerBr 0 o Bp, (Gr #V;pp Op)
LL l_ULTUTL 1_vLTvTL LL l-vLTvTL
Oprg= | Vol Erp o [{8TT)p AT < Eq CptVaty [
VoV, 1=V, ’ T-v. v
¥ L7 TL.
LT UL
0 0 GLT Y 0 5
i SN - \W
[D] i (A~-15)
Strain Transformation IL.aw (material-loczl)
2 2
ELL ELX £Ly QLXQLY Cxx
2 2
Epp > = QTX gTy QTXRTY Eyy (a-16)
Yrr 2SI'I.XR"I'X 22Ly£Tx gLyng+2Ty£Lx ny
K -
[T]
where & =2° + & = cosb . =@ .8 = -s1
Lx L X ’ Tx T x n
. _;T —_ _ = —)—T . = -
gLy = eL ey = sginf , gTy eT ey cos®
Note: the direction of Eé 1s chosen so that
(e1 X e2) . (éx ® ey) > 0,
Stress-Displacement Relation
LL
~ >
o = [D][T]1[B} G - AT h (A-17)
Yoo
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Local-Reference Displacement Relation

same as type 2

Sti1ffness Matrix (local coordinate)

K = Kn + Ks (A~18)
C (s--b)2 ~-C,(s-b)h ~C. (s-b)s C,(s-b)h C, (s=-b)b 07
1 2 1 2 1
¢ h? C.hs -c,h?  —c.ph 0
2 2 3 2
t 2
K = - C.s -C,hs ~C.bs O
n 2bh (1 vLTvTL) 1 2 1
2
. C2h Czbh v}
2
Clb 0
0
. -
where . (A-19)
4 2.2 4
Cl-—p EL+2pu\)LTET+uET
_ 22 4 4 2 2
02 = pu EL + {(p” + u )vLTET + pTH ET
_ 4 2.2 4
C3 = U EL + 2pTu vLTET + p ET
VppPe = VorFr
p = sinb
U = cosb
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2
(s=b) Dy Symn,
2
+ 2h(s-b)D2+h D3
2
h(s-b)Dy h Dl—Zh(s-b)D2
2 2 2
+[h“-(s-b) IDZ-h(s b)D3 +(s~-b) D3
~s(é-b)D =hsD [(S-b)s~h2]D -ézD +2hsD +h2D
1 1 2 1 2 3
2
-(ZSmb)th—h D, +{s-b}h Dy
2 2 2.2 2
-h{s b)Dl ~h Dl+h(25-b)D2 hle+(h -5 3D h Dl-2hs D2
.2 . _ - 2
+[(s-b)s=-h ]D2+sh D, s(s b)D3 hs D3 +5 N
_ _ - _ _ _ 2
b(s b)Dl+bh D2 thl b(s b)D2 ble bh D2 thl+bS D2 b Dl l
_ _ .2 2
-b(s b)D2 bh D, -th2+b(s b)D3 bs D2+ bh D3 bh D, bs D4 b D2 b Dy
~ -~
where Dl = 4p2u2
b, = 2pu(92-u2)
_ .2 2.2

(A-20)



Equilibrium Equation {(local coordinate)

~

2 2
-(b-s) (p hy+u hy) + 2hpu(hl-h2)

+ 0%h,y) + 2(b-s)pu(h,~h,) &

h=tAT ﬁ -h(uzhl

2 2
-s{p"hy + wh,)-2bpu(h,;-h,) (A-21)

1

2 2
h{y“h. + p h2) + ZSpu(hl—hz)

1

b(p?n, + u’ny)

—2bpu(hl-h2)

EL(aL + vTLaT)
1 1=V oV,

g__ET(uT + vLTaL)

1-v

h,

LV,

Consistent Mass Matrix (reference coordinate)

same as type 2
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4. Type 4 - 8SP: Symmetric shear panel element with uniform

thickness and 1sotropic material

This 1s a special element used to model relatively thin
symmetric structures such as i1dealized supersonic lifting
surfaces. Theoretical discussion is given in Ref. 1. It
1s assumed that this element models the upper (or lower but
not both} half of the symmetric structure and the element
plane of symmetry coincides with the X-Y plane. It is
further assumed that all SSP elements are placed vertically

with respect to the X-Y reference coordinate plane.

Z

T kSl

Fig. A-4 SSP Element

Note:
1. There are only two nodes per element.
2. The line of intersection with the XY plane does not

move in the XY plane. It can only move vertically.
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3. If the heights PP' and QQ' are different, the average

(PP" + QQ')/2 1s considered as the heaght of the

element,

l1.e.

4, No thermal load can be considered in this element

Strain

2n
€x = 0
21
€Y = T 0
1 L
ny b a
€ = [Blu

¥/b

I,

wherein n

Stress-~Strain Relation (local

g 1
X
B
g = v
4 1—v2
0
Xy

~ (ﬁ\
2n P
a
v
1P
2;n 0 <ﬁ r
Q
1 1
b a v
1 \'o
coordinate)
0 €y
0
“y
1-v
2 ny

Displacement Relation {local coordinate)

Stress Displacement Relation (local cooxrdinate)

o

g - 2n 0 2n 0

X a a

o] =5 0 0 0 0

y

T 1 1 1 1

XY | S{l+v)b 2(lFv)a 2(1+v)b 2(1¥v)a
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Local to Reference Displacement Transformation

/
(9, [q n. 0 ) UP\
X X v
0 P
v 0 0 11 #*
PR Wp‘g (a-25)
ﬁQ' 2 m 0 < u
0 % X Q
7 *
VQ) \ 0 0 1 ] VQ
W
\"Q /

*(-) sign 1f ZP <0 and ZQ<:0

where RX and nm_ are components of a unit vector 8% along

the local X axais.

Stiffness Matrix (local coordinate)

- N

P+30 -3 -F+3a 3
3/a -3 -3/
- Et -
K = T3714v) (A-26)

Symm. F+3a 3

L 3/&.-

where o = %
F = 2(1+v)
o
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il

Consistent Mass Matrix (local coordinate)

-~

1 1 1 1 )
1 1 1
5 % 1zd s °
pabt 1 0 0 1 (a-27)
2 9 18
1 1 1
) g+t ¢ iz 3
1
Symm. 3 0
.y
\ 9J

where p = density

|Q

[¥%]
(o)
<

H=oa+=
a

It may look strange that the mass matrix depends upon
Poisson's ratio v through G. This 1s due to the fact that
the assumed displacement field is derived based on assumed

stress field. (see Refs. 1 and 3)
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Type 5 — PSP: Pure symmetric shear panel element with uniform

thickness and isotropic material

This element is identical to a type 4 (SSP) element,
except for a minor change in the assumed displacement state
so that the stress state of the element is pure shear: 1.e.

cx = Gy = 0. This implies that €y = Ey = 0.

Strain Displacement Relation (local coordinate)

T
AR N A I L I T -
ny“[b, a,b aJ {uP' Ver Ho VQ} (A-28)

Stress—Strain Relation (local coordinate)

_ E _
Txy = Z{I+) Txy (A-29)

Stress-Displacement Relation

T
~ " 1 1 1 L] - ~ A~ ~ -
Yy = T@E 50 3 B 3l (G Ter o %ol. (A=30)

Local to Reference Displacement Transformation

same as type 4.

Stiffness Matrix (local coordinate)

same as type 4 except F = 0.

Mass Matrix

Assumed to be the same as type 4.

43



6. Type 6 - TSP: Thermal symmetric shear panel element with

uniform thickness and isotropic material

Since SSP and PSP cannot be used for problems involving
thermal loads, this special element 1s added to the ACCESS-2
element library. The TSP element 1s designed to be used under
steady thermal soak load conditions such that the temperature
change in each TSP element 1s uniform and therefore symmetric
with respect to the X-Y plane.

If the structure 1s subject to both mechanical and thermal
loads, two structural models must be created and analyzed separ-
ately. One model is to use SSP elements to model shear panels
and 1t is subject to only mechanical lcads. The other model uses
TSP elements to model the shear panels and it 1s subject to only
thermal soak loads. These two models are created automatically,
1f the user specifies both SSP and TSP elements. Displacement
and stress states of the structure subject to both thermal and
mechanical loads are generated by superimposing the resulis ob-
tained from the two separate models.

Theoretically, 1t 1s also possible to consider the PSP - TSP
element combination, but this 1s not implemented in the current
version of ACCESS-2.

Note that the TSP option requires a significant amount of
core memory and CPU time, since two system stiffness matrices
are stored and decomposed. Sensitivity analyses of the responses
must be carried out separately and superimposed afterwards.
Therefore, analysis effort is nearly doubled when thermal effects
need to be considered.
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Strain~Displacement Relation (local coordinates)

b

-l _v2x I vi-2x 5
Ex a b(l‘ a ) a b(l a) uP
P
- 21X 2%
Y 0 0 0 0 ~
X
Y § A VQ
Stress-Strain Relation
£ 1 v 0 1 £ 1
X X
EoAT
€y % = E v 1 0 Ey 1—v 1
L1=v
1+v
Yxy 0 0 =5 Yxy 0
Stress-Displacement Relation
i 1 v 1 \Y
Ox a b a b
2 2
_ _E -2 1., 2 2(1-v%) v 1,2 2(1-v%)
UY = 1—v2 a b[2 v 2 x] a b[v + 3 X
0 0 0 0
Yxy. I
1
_ BaAT (1
1-v

Local to reference displacement transformation

same as type 4
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Stiffness Matrix (local coordinate

- Sy
1 - 1 _ /1
s AV -3 v P
2 2 ﬁp
_ Et 4~y 2+v
K=——— = ¢ Vv 3G {. (A-34)
2(1-v™) uQ
é v ¥
\ 'Q
Symm, 4_U2
. 3 .
where o = %

Force Displacement Relation (local coordinate)

.-.b N
K & - Eaﬂf t a = % (A-35
2(1-v) )
b
a

Consistent Mass Matrix-

7

Assumed to be the same as type 4

Note: As shown in the stress—-displacement relation, stress
distribution is linear with respect to x. In order
to samplify the problem, an approximate stress dis-
placement relation is used in computing stress and

stress sensitivity.
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APPENDIX B

INPUT DATA DESCRIPTION

I. Job descraiption and heading cards (Il, 79Al)

fﬁe first column 1s used as follows

0 or blank: ordinary heading cards, whose contents in
columns 2-80 will be printed on the first
page of the output.

1 : a1ndicates that this 1s the last heading card
and input data cards follow.

2 : request for immediate normal termination of
this job. —

Any number of cards may be used to describe or to comment

the ;ob. Note that the last heading card must have "1"

punched in the first column. Without this, all of the

data may be regarded as heading cards.

II. Praimary control cards

Card 1 (715)
IOPT : 1 = Input data check only
2 = Structural analysis only
3 = Structural analysis and constraint
function evaluation

4 = optimization by the NEWSUMT optimizer

5
: } Not used yet
IPRINT : Praintout control parameter except for output
from each optimizer.

2 = S8tandard ocutput
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IGLINK

H

-200 =

~300

IANALY (1) -IANALY (4)

IANALY (1)

IANALY (2)

IANALY (3)

IANALY (4)

Card 2 (10I5)

N

IBN
INL
IMATIS
IMATOR
INITVG
ILOWBG
IUPPEG
ITHLQG

IPRLDG

standard execution

removal of stress constraint regionali-

zation

removal of stress constraint regironali-

zation for fixed size elements only

Not required to specify (leave as blanks} if

IOPT >

4.

Must specify if IOPT £ 3.

1 = Compute displacement

0 = Skip dasplacement calculation

il

= o
il

= Compute stress/strain for all elements
Skip stress/strain calculation

Compute eigenanalysis

0 = Skip eigenanalysis

0 always

Total number of nodes

Number
Number
Number
Number
Number
Number
Number
Number

Number

of
of
of
of
of
of
of
of

of

boundary nodes

load condations

isotropic materials

orthotropic materials

anitial value groups forxr design varae
minifmum Size groups for design varial
maximum size groups for design varial
thermal load groups

pressure load groups
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Card 3 (1015)
JIETP(1), 12 =1,2,...10

Number of elements in the i1-th element type

i=1 TRUSS
2 C8TIS CST 1isctropic
3 CSTOR CST orthotropic
4 SSP symmetric shear panel
5 PSP pure shear panel
& TSP thermal shear panel
III. Node Coordinates (15, 5%, 3E10.4)

IN cards are required to specify the node coordinates of node

numbers 1 through IN. The order of the cards may be random.

n, : Number of the 1-th node

Xn : X coordinate of the node n,
Ynl : Y coordinate of the node n,
Zn, : 2 coordinate of the node n,

IV. Boundary Conditions (415, 3E10.4)

If all 3 degrees of freedom associated with a node are free,
the node 1s not a boundary node. Otherwise 1t is a boundary

node and for each boundary node, a card 1s required.

bnl : 1-th boundary node number
IBXb : constraint code: 0 = £free
n,
IiBY. : 1 = fixed
bnl
IBan : 2% = oprescribed nonzero
1

daisplacement

¥ not avarlable in the current version
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PDX

bnl prescribed nonzero displacements
PDYbn H
1 required only for constrain code = 2
PDZ :
bn:L

Element Data

If IETP(1) = 0 for the 1-th element type, no data 1s regquired.
For each element type with IEPT(1)# 0, IETP(1)+l cards are
reguired.
Card 1 : element type number (I5)
Card 2-IETP(1r)+l : element information (11I5)
Ml : element number

NP : node number corresponding to the internal

node number P

NQ : node number Q
NR : node number R
NS : node number S
LGN : linking group number, = 0 for the fixed size
elements
IGN : 1initial value group number
LBGN : lower bound group number
UBGN :  upper bound group membex
MTLGN : material group number
> 0 for isotropic materials : 1,2,...
< 0 for orthotropic materials: -1,-2,...
SCC : side constraint code

-1 : element size restricted bv the lower

bound only
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0 : non negativity constrain only
1 : element size restricted by the
upper bound only
2 : element size restricted both by lower
and upper bounds
Comments
1. Elements must be numbered starting from 1 through
IETP(1) for each element type. For example, 1f a
structure 1s modeled using 100 TRUSS elements and
300 CST elements, TRUSS element numberxrs are 1,2,3,...100
and CST element numbers are 1,2,3...300. Withain an
element type, order of element data cards may be random.
2. NR and/or NS are not reguired for element types waith
6nly 2 or 3 nodes per element.
3. LGN, linked group number starts from 1 for each element
type. For example, if a structure is modeled with
100 TRUSS and 300 CST elements, with 10 and 30 design
variables allocated to TRUSS and CST, respectively, then
the linked group number for TRUSS runs from 1 through 10
and that for CST ranges from 1 through 30.
VI. Initial Values (7810.4)
INITVG real numbers must bhe given. If INITVG > 7, two or
more cards are required. The first value of the first card
indicates the initial value for the group number 1, and so on.

VII. Lower bBound Values (7E10.4)

" Minimum gauge values. ILOWBG real numbers must be given.
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If ILOWBG > 7, two or more carxrds are required. If
ILOWBG = 0, no card 18 reguired.

VIII. Upper Bound Values (7810.4)
Maximum gauge values. IUPPBG real numbers must be given.
If IUPPBG > 7, two or more cards are required. If
IUPPBG = 0, no card is reguired.

IX. Isotropic Material Data (6E10.4)
IMATIS cards are required and on each card the following

6 real numbers must be given.

E : Elastic modulus
v : Poasson's ratio
Y : Specific weight
o : Thermal expansion coefficient

Orp ° Allowable compression stress
Oyg ¢ Allowable tensile stress
X. Orthotropic Material Data (7E10.4/7E10.4/6E10.4)
IMATOR X 3 cards are required, 1.e. for each material group

3 cards are required, caontaining the following data.

Card 1
EL : ILongitudinal elastic modulus
. Eq : Transverse elastic modulus
GLT : Shear modulus
Vop  f Iongitudinal Poisson's ratio
¥ : Specific weight
o : Longitudinal thermal expansion coefficient
O +  Transverse thermal expansion coefficient
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Card 2

RL : Direction cosines of the longitudinal
m : axis with respect to system reference
nL B coordinates
eE : Tensile allowable longitudinal strain
eg : Compressive allowable longitudinal strain
e§ : Tensile allowable transverss strain
e; : Compressive allowable transverse strain
Yip G Allowable shear strain
FE : Tensile allowable longitudinal stress
Fg : Compressive allowable longitudinal stress
F§ : Tensile allowable transverse stress
F; : Compressive zllowable transverse stress
FLT : Shear allowable stress
Comments

1. The transverse Poisson's ratio vTL 1s internally

computed using the relation Vo Ep = VLTET

2. Depending upon the failure criteria applied to the
specific material, either strain allowables or stress
allowables are left unspecified. Failure criteria
options will be specified later in the category XX.

X1, Lumped Nodal Loads

Two card groups are required to specify lumped nodal loads

applied to the structure.
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XIT.

Card Group 1 {(1415)

Number of nodes subject to lumped nodal loads for each
load conditions. INL integer numbers must be given.

Card Group 2 (15, 5X, 3E10.4)

For each load condition, the specified number (by the
group 1 cards) of cards must be given to identify the
node numbers and associated load components in the
reference coordinate system.

Pressure Load Data

No card is required xf IPRLDG = 0. If IPRLDG > 0, the
following 5 groups of cards must be given.

Card Group 1 {101I5)

Number of elements subject to pressure load for each
element type. (Presently, only CSTIS and CSTOR elements
can be subject to pressure loads).

Card Group 2 (14I5)

Pressure load ON-QFF flag for each load condition.

ONOFFk = () No pressure load for load condition k
-~ 1 Pressure load should be considered for
the k-th load condition.
Card Group 3 {(1415)

Element numbers subject to pressure loads for all member
types corresponding to NEPI?TYP # 0. For each element
type, the first element number subject to pressure load
must be punched in columns 1-5; namely the group 3 cards

should be subgrouped for different element types.
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Card Group 4 (1415)

For each load condition corresponding to a load condition

ko 1, an identical amount of data gimilar to

with ONOFF
that specified in the card group 3 must be given. Those
- numbers designate the pressure magnitude group numbers,
which are the pointers to the pressure magnitude applied
to the corresponding element type and element number.
This set of cards should be gaiven for all load conditions

wikth ONOFFk = 1.

Card Group 5 (7E10.4)
Pressure load magnitude for each pressure load group
must be given. IPRLDG real numbers are reqguired.
Comments:
1. The direction of the pressuré force is determined
by the node numbering scheme of the triangular element
and also by the sign of the pressure locad magnitude
specified in the card group 5. When the P, Q and R
nodes of the triangle are in counter clockwise order
and the corresponding pressure magnitude has a posai-
tive sign, positive pressure 1s applied to the surface

of the triangular region.

R 0 I R

PR > O PR < 0

Fig. B~-1 Pressure Load Sign Convention
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2. Pressure applied on a single triangular surface must
be uniform; no variation of pressure over an elements
surface can be represented.

XIIXI. Inertia ILoad bata

Self-weight i1n a gravitational field or uniform translational
acceleration will be accounted for by specifying this set of
data. WNote that rotational inertia loads cannot be considere
Two groups of cards are required.

bard Group 1 (1415) B

wertzX® : k = 1,2,...INL

Interia load ON~OFF for each load condition.
l : 1Inertia load exists .

2 : No inertia load for the load condition

Card Group 2 (4E10.4)

For each load condition with INERTLk# 0, one card will
be required. -
Acck : Magnitude of acceleration in units of the

standard earth gravitational field (1.e. 4g)

X

Direction cosine components of the acceleratio
Y :

vector in the reference coordinate system.
zZ :

XTIV. Thermal Load Data

No card 1s required if ITHLDG = Q. If ITHLDG > 0, the
following 5 groups of cards must be given.

Card Group 1 {101I5)

Number of elements subject to thermal load for each
element type.
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Card Group 2 (1415)

Thermal load ON-~OFF flag for each load condition.
k

ON-OFF ™ = 0 No thermal load for load condition k
1 Thermal load should be considered for the
k-th load condition.

Card Group 3 {1415)

Element numbers subject to thermal loads for all member

MTYP

types corresponding to NETH # 0. For each element

type, the first element number subject to thermal load
must be punched in columns 1-5; namely the group 3 cards
should be subgrouped for different element types.

Caxrd Group 4 (1415)

For each load condition corresponding to the load condation
with ON-OFFk = 1, an identical amount of data similar to
that specified in the card group 3 must be given. Those
numbers designate the temperature magnitude applied to

the corresponding element type and element number. Thas

set of cards should be given for all load conditions with

ONOFFk = 1.

Card Group 5 (7E10.4)

Temperature change for each thermal load group must be
given. ITHLDG real numbers are requared.

Comments:
1. Each element 1is considered to have uniform temperature.
2. Temperature change should be computed with respect to

an appropriate uniform reference temperature. Note
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that 2f all elements are made of the same materizal
and assume the same temperature, then thermal stress
are not induced.

Xv. Flight Condition Data

This block of data will be reserved for future development
of ACCESS-2 program which may include flutter constrains.
Specify 0 for all IFLIGHS, k = 1,2,.-.INL.

No additiconal cards are reguired.

XVI. Lumped Nodal Mass Data

Card 1 {I5)
NMASS : Number of lumped nodal masses
Card 2-{NMASS+1) {15, 5X, E10.4)
Node number to which the mass is attached.
: Werght of the mass
Comment :
Note that the magn:itude must be given in weight units,
not 1n mass units.
XVII-XXII Constraint Control Data
There are 5 types of constrains which can be specified.
Each constraint type may have different truncation control,
although the method used i1s identical for all types of con-
straints. The truncation strategy is similar to the one
used 1n ACCESS-1, but the sign of feasible region is reversed.
It é gth constraint function at a design a4 is evaluated as
hq(&), hq(a) 1s compared with a truncation boundary value

(TBV) which is determined by
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TBV = + {Mz.n[hq(&) - Cl}x TRF + C,
g

where Min 1s applied to all g's in the constraint type.
q
Initrally, TRF xs set to be TRF-initial and at the end of

each design state, TRF is updated by
TRF = TRF x (TRF multiplier)

Since TRF-multiplier 1s chosen to be less than 1, TBV is
decreased stage by stage, which means more and more con-
straints are truncated as the design proceeds.

XVIT. Side Constraint Control Data

Since side constraint codes are gpecified in the element

data, only truncation control parameters are specified:

TRF-1nitial : Initial truncation factor
TRF-max : Upper limit of TRF
C-cutoff : Cutoff base wvalue

TRF-multiplier : TRF modification multiplier

XVIII. Displacement Constraint Control Data

Card 1 (I5)
NDPC : Number of constrained displacement degrees

of freedom

Card 2 ( E10.4)
TRF-1na1tial : Initial truncation factor
TRF-max : Upper limit of TRF
C-cutoff : Cutoff base value

TRF-multiplier TRF modification multiplier
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Min. Norm Ftr. : Minimum constraint normalization

factor. Constraints are usually
normalized by the absolute values of

the lamiting values.

Card 3 - (NDPC+2) (315, 5X, 2E10.4)

Node 1 : Node number associated with the i-th

displacement constraint

Ixyz : Direction 1dentarifier
0 = not used
1 = X direction
2 = Y direction
3 = 2 direction
Code : -1 = Lower bound only

0 = No constraint

=
I

Upper bound only
2

i

Both

Lower Bound

Lower bound of the displacement

component
Upper Bound : Upper bound of the displacement
component
XIX. Slope/Relative Displacement Constraint Control Data

This constraint type is restracted to place bounds on relative
displacement components of two arbitrary nodes. In other

words, the difference between Y-displacement components of

th

the L and Uth nodes may be bounded. But the difference

between thé Z-displacement of Lt

ponent of Uth node cannot be bounded.

and X-displacement com-
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Card 1 (I5)

NELC : Number

Card 2 (5810.4)

TRF~initial
TRF-Max
C-cutoff
TRF-multiplier
Min. Norm. Ftr
Card 3-(NSLC+2)

Node(L)
i

(U)
1

Node

I
Xy 2

Upper Bound

Note:

at

of slope/rel-displacement constraints

Initial truncation factor
Upper limit of TRF

Cutoff base value

TRF modificatrion multiplier

Minimum constraint normalization factor

(3I5, E10.4)

-
.

Node numbex of the Lth node associated

with the 1th slope constraint
Node number of the Uth node associated
with the lth slope constraint

Direction and code

0 : not used

.
1 : X direction
relataive
2 : Y direction |«
displacement
3 : Z direction
4 : X directaion
5 : Y direction { slope
6 : Z direction

.

Upper bound of the slope/rel. displ.

l. If I = 1, for example, the constraint function is

XYz

Node

1 - (UX

(U)

- Node(L))/Upper Bound z 0
X
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2. If IXYZ = 4, for example, constraint function 1is

() (L)
U Node - U Node

1 -~ 2 5 X /Upper-bound 2 0

Y7

where Déz 18 the projection of the distance between

node (0) and node (L) to the Y¥-Z plane.

3. If lower bound 1s to be specaified, node(L) and

(U)

node should be exchanged to transform i1t to an

upper bound constraaint.

Stress/Strain Constraint Data

card 1 (10I5)

Code MIYP : Stress/Strain constraint code

Except for element type 3

-1 = read stress constrain code element by element
0 = no stress constraint
1 = all elements in this element type are constrainec

by lower bounds on compression stress
2 = all elements in this element type are constrainec
by upper bounds on tensile stress or Von Mises
combined stress (Element Type 1 or Types 2,4,5,6
3 = effectively this implies that both codes 1 and

2 are applied simultaneously

Fo£ element type 3 )

-1 = read strain constraint code element by element
0 = no strain constraint imposed
1 = maximum strain envelope criteria imposed on all
elements
2 = stress interaction criteria imposed on all eleme:
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3

= Tsail-Azzl criteria imposed on all elements

Card 2 (7E10.4)
TRF-initial : Initial truncation factor
TRF-max : Upper limit of TRF
C-cutoff : Cutoff base value

TRF-multiplier

Min.S

Min.S

TEBCF

Card 3

Stres

TRF modification multiplier

tress Norm Ftr. Minaimum stress constraint

normalization factor

train Norm Ftr. Minimum strain constraint

normalization factor

Truss EBuler buckling control
factor

If TEBCPF < 0, TEBCF stands for the specified mean
radius r of the truss element assuming tubular

cross section. Stress constraint is

C

el 2
allowable mUEx/24"}

g 2 Max{g
If TERCF > 0, 1t stands for the thickness to mean

radius ratio of the truss element (r) assuming

cylindrical cross section stress constraints

c 2 2 .t
o > MaX{Uallowable T EA/[4% (F)]}

If TEBCF = 0, no Euler buckling constraints are
considered.
- (141I5)

s/strain constraint specification for element type
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MTYP MTYP

code, Code < 0. If all Code are positaive,

no cards are required.
MTYP
For each element type with Code = ~1, stress/
strain code must be given to all elements sequentially
starting from element number 1.
Element stress/strain constraint code.
Stress code
-1 : only compression side is bounded

0 : no constraint

+1

only tensile (truss only) or Von Mises
combined stress is bounded

+2 both compressive and tensile stress

[

are bounded.

Strain code

MTYP

same as Code specification

Natural Frequency Constraint Data

Card 1 (215)
NFREQ : number of lowest frequencles to be bounded
NSPACE : frequency constraint approximation scheme
0 = first order Taylor series expansion with
respect to linked reciprocal variables
(1inear in the optimization design space).
1 = first order Taylor series expansion with
respect to linked direct variables
{(nonlinear constrain in the optimization

design space)
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2 = second order Taylor serlies expansion with

respect to linked direct variables

Card 2 (7815.6)

TRF-1nitial : Initial truncatron factor

TRF-max : Upper limit of TRF

C-cutoff : Cutoff base value

TRF~multiplier : IRF modification multiplier

Min.Norm.Ftr. : Minimum constraint normalization
factor

Eig. Conv. : Eigenvalue analysis convergence
criteria (see note below)

Acc. Gravity : Acceleration of gravity

If 0.0, American standard unit is
assumed and replaced by 386.0 1n/sec2.
Note: Subspace 1teration algorithm is used to obtain
eigenvalues and eigenvectors. Iteration is judged
to be converged 1f the relative differences of all
eigenvalues are less than Eig. Conv.

Card 3 {(I5, 2E10.4)
=1

Code : constraint code
-1 = lower bound only
0 = not bounded
1 = nupper bound only
2 = lower and upper bounds
Lower Bound : lower bound on the 1R frequency

Upper Bound : upper bound on the 1 TR frequency
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XXITI. Not used

Card 1 : supply one blank card.

XXIII. NEWSUMT Optimizer Control Card

Card 1 :

JPRINT

MAXSTG

MAXRSFEF

MAXODM

JSIGNG

Card 2 and 3 :

EPSSTG

EPSODM

LX)

Optimizer printout control

standard output = 0

Maximum allowable number of stages

Maximum number of response surfaces

per stage; 1.e. response factor is

reduced MAXRSF times before the approxi-
mate problem i1s updated.

Maximum allowable number of one dimensional
minimization per response surface

sign of feasible region

1

e

feasible region is qq(&)zo

-1

feasible region 1s qq(&)so

Stage convergence criterion.
Overall iteration is judged to be converged
1f both of the following conditions are

satisfied at the end of the Pth stage.

|w

b ~ W_y|/W, < EPSSTG

|Wy_y = Wo_o /W, | < EPSSTG

Unconstrained minimization convergence

criterion. Convergence 1s obtained 1f
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RACUT

STEPMX

ITpe

Power Fr
Coefficient
STEPMX-mul

STEPMX-L.L.

L3

the relative values of total function at
the ends of 3 guccesgsive one dimensional
minimzations are not different by EPSODM.
Response factor decrease ratio

Max:mum step size at each stage.

All design variable components are

constrained by

-S-,'i,-E—:%—ﬁ'X— £ Bl £ STEPMX. 1= 1,...B.

Initial transition point for the extended

penalty function

i

spec1fy 6.5
specify = 1.0
Maximum step size modification multiplier

Lower limit on the STEPMX
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APPENDIX C

Examples

Three examples are élven to 1llustrate input data pre-
paration for various features of the ACCESS-2 computer program.
(1) 25 bar space truss
static constraints only
mechanical and thermal loads
(2) 18 element wing box
static constraints and frequency constraint
mechanical loads only
aluminum alloy
(3} 18 element wing box
static constraints
mechanical and thermal loads

composite material skin and aluminum webs
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ORI

Example 1 VA GINAL PAGE IS
? OF POOR QUALITY

Material Property E = 68.9 GPa (lxlO7 psi} X
p = 2800 kg/m3 (0.101 1b,/1n")
Ga = 0.276 GPa ( 40,000 psi)
0" = 23.0x107%/K (12.8x10-98/°F)
Loading
Grid Temperature Px Py Pz
Point X °F N 1bE N 1bf N 1bf
1 350 170 4448 1000 44 480 10 000 —-22 240 -5000
2 350 170 4448 44 480 | 10 000 ~22 240 -5000
3 311 100 2224 500
4 311 100
5 311 100
& 311 100 2224 500
7 275 35
8 275 35
2 275 35
10 275 35

Fig. C¢-1 25 Bar Truss Ref: NASA TND 7965 August 1975
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Example 1 Data Card Image (1)

25 BAR TRMSS l |
DESIIGN VARIABLIES. =18 .. l_ - e | T AR ST | . -
LODADING —=THERMAL AND MECHANICAL LOADS
4 2 0 1 1 0 o)
10 Fol ] 8 Qi 8 _. 3 Q « Q -
25 i i '
1 0.0000E0 ~0.2500E2 0s2000EJ
2 04000050 0.2500E2] 0.200CE3
3 =04 37S0E2 043175052 0.1000E3 . _1. . .| o ee
4 0¢37S0E2] 0.3750E2 J¢1000&3
5 0e3750E2 —043{750E2| 0.1000E3
6l ~0+3750E2] -043|75082 0.1C00E3 ,
7 =0.1000F3) 0.1000E3 . 2000080 | L. . -
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Numbers Within Symbols Indicate Element No.
Numbers at Element Junctions Indicate Node No.

Lumped Masses: 222.4 Kg m/se02 (50 1b)

at nodes 4 & 6

Material properties: E = 68.9x109 Pa, N/m2 (lelO6 psi)

o = 2800 Kg/m> (0.1 1bs/in.>)

]

0.3
L
|

v

U
ag

7Pa, N/m2 (10000 ps1i)

It

[c~] = 6.89x10

Fig. C-2 Wing Box with Isotropic Panel
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B 1S
ORIGINAL PG o

OF POOR QUAL
Constraints: Side : al = 0.645 cm2 (0.1 1n2)
£l = 0.0508 cm (0.02 1n)
TL = 0.0508 cm (0.02 zin)
Stress : o = |o"| = 6.89x10"p_, N/om?
(10,000 psi)
Displacements : ng = [Uik]= 5.08 em (2.00 1n)
nodes 3,4,5,6,7.
Frequency : f? = 25 cycles/sec
Loads : Load Condition 1
P, = 22240 N (5000 lbs)
P, = O(N) (0 l1bs)

Load Condition 2
P, = O(N) (0 1bs) _
P

44480 N (1000 1lbs)

2
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Example 2 Data Card Image (1)
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3l 2 4 j 3] 11 i1 11 -1 ! '
4, 4 6 ! %4 t2 12! 12 -1 !
S 6 7 5 13 13 13 -1
&} 3 4 5 L4 14 14 -1 l
5 6 7 15 15 15 -1 |
& 5 7 | 8 16 16 16 -1 !
0.9800E0) 0.IBOOED| 0.5809E0| 724380000 0.9800E0 0« 196050 1, 1960C
019600l _Da1/960F0] 0.1960E0! 0,1/96050 0.1960F0] 0196080l L «1460ED
0+1960E0] 0 .1960E0 : = g
De100050; Ne1POOEOD| 0.UD0NED| 041000L£00 0410000 0.020070] 0020020
04020029 0.0200E0 0320070, 000720050, 0020050, 0.20200E0] 0.7200E0 |
Q.0200E0! 0,0/200F ! X | X
0. 1000E8 001070F0, 0o l@BE~4 —~0 4 000ES| O« lJ0O0ES !
041DV 0ER Qe10NOE DI 04 128E-4 ~0e1020ES 04100085 !
0.1000E8 OoLOOOFO! 00128E~4I~O¢IPOOE5; 0. HOONES ! !
0. 1000~ 8 02 1000C0, NeoleaE—4 Q1000 CollDOEFS | !
041D00ES 041000C0] 0, 123E-4 ~0o1ID0OVES G.1[00NE5 [ s
0«100058] 0.3000EQ| 0Q.1M008), 0.128E~4 -0D,1000F5 0410005
0.100028] 03000E0] 0.1:000FE0] 0.17BE-4' -0.1000E5 0.1000FES i
0.100058: 0,3000E0] 0.1000E2 D,128E-6 -0.100056 0. 1000Z 5 '
0. 100078} 0300050 0.1000F0f 0.123E 4 -0 s 10COES ™ Do LOODES X
0e!ND0EB| Qa3D00EQ 0.110)020 0Q.128k~4 ~0,1000E5 0.1,000F5 : !
0+1000FB] 0.3000E0| 241007%€0 0o1285-4 -0,1000F5 Do OO0=S ‘
0..100058!__0.300% 00 0.10)050] 0.128E & =Qa1000F5 _0 QQES R w -
0e1PO0EB, € 43000E0! 0.1000F0, 0.128E~4 ~0, 100085 0.1000E5 ' . -
0e1000E8; 043000E0] 0.1 009E0! 04128E-4" —0.1000E5 001000F5 ;
04100058 0.300CE0] 0e102070 0.128E-4, —0.1000F5 n.1000E5 '
0.1000E8 0.3000E0 00103050 0.128E=6 ~0s100078 0.1000%5 E '
L 1 ' : ! : ! .
7 | 0.00C0EO0] 0.0DVDEO0] 0. 5000K4 ? , l
5| C«0ODQO0ED] DaDDOOED! 0.1000ES '
o' 2] S — ! } . — : INERTL
ﬁ 0, | LFCIGH
2 | i
4 0050002 } |
5 l_0.3000F2 : ;
01000501 0 «5P0OEO| 140000FE0! 1.2000F0 : ,
5 1 i i
0o100CEO| 0.600080| 0.1030E1] 1.2000E0 100000
3 3 2 42022000831 0,200081 ' —
4 3 2 -0, 2[009E1; 0,2000EL] !
5 3 2 ~0.2000E1] 0O.2000C1 :
6 3 2 ~Do2[000El 0.2900:1[ |
7 3 2 ~ 0200051  3.2000F1 :
9 ‘ NSLC
3 2 2
0,1'00020| 0.6D00E0] 1.0000=0 1,2P0050 0. 1|00 0ES
1_.....D _L. SO B _ e
0. 100080] 0o6000E0] 100300 L1.2000E0] 020/1COED 0-0080F0
2 2.4567554| 0.5D00ES I
OI 0 0
.15 2 5 9 !
94001020] 0.0010EG8] 0.3DD0F O] 0.10=-14 0.10C0E3 0.1000E0] C¢3000E0 0+130JED:
1.0070E0] 0+1200E1 ‘ i ! '
5 I & 2o 28 Jo 5 Vo “ £a 54 g0 e »a 7 Jo

g1 HVd TYNIDIHO

KIFTVAD T00d J0



Example 3

Numbers withain Symbols Indicate Element No.
Numbers at Element Junctions Indicate Node No.

-/

~ o’
517 ]
(204L§§g

254 7
(1007)

Lumped Masses

222.4 Kg m/sec2 {50 1b)

at nodes 4 & 6

Isotropic Material : E = 68.9x109 P, N/m2 (lelO6 psi1)
properties p = 2800 Kg/m3 (0.1 1bs/1n°)
v = 0,3
oV = |0L| = 11.0316x107Pa, N/m? (16000 psi)

23.0x10'6/°K (12.8x10"6/°F)

Fig. C-3 Wing Box with Composite Panel
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ORIGINAL PAGE IS
OF POOR QUALITY

Composite Material : EL = l.448x101l P, N/m2 (21x106 psi
Properties En = 1.172x10%0 » , §/m? (1.7x10% pe1
Gp = 4.482x10° P , N/m® (0.65x10° ps
Vpp = 0.21
o= 1549 Kg/m3 (0.056 1bs/1in’)
op = -3.779%107//°K (-.21x10 % °F)
op = 2.8797x10°/°K (16x10 8/°F)
th'z 0.008571 m/m (0.008571 1n/in)
e " = =~0.008571 m/m (0.008571 1n/in)
exT = 0.004706 m/m (0.004706 1n/in)
& = =0.017647 m/m (-0.017646 1n/in)
Vop = 0.018462 (0.018462)
Constraints: Side : AL = 0.645 cm2 (0.1 1n2)
t5 = 0.0508 cm (0.02 in)
™ = 0.0508 cm (0.02 in)
Stress and
strain: Ad given in the Material Properties
Displacement: ugk = |ugk| = 5.08 cm (2.00 1n)
at nodes 3,4,5,6 and 7
Loads:
Mechanical Loads: Load Condaition 1
P, = 22240 N (5000 1bs)
P, = O (W) (0 lbs)

L.oad Condaition 2

Py

Py

= Q(N) (0 1bs)

{

87

44480 N (10000 1bs)



Load Condaition 3

Pl = ~22240 N (5000 1lbs)

P, = 0(N) (0 lbs)

Load Condition 4

Pl = O (N) (0 lbs)
P2 = —-44480 N (10000 lbs)
Thermal Loads: All load conditionsg 311°K (100°F)
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Example 3 Data Card Image (1)
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APPENDIX D.

Output for 25 Bar Space Truss Example
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* —=]1=-PRESCRIIED, O=SEE. 1= IXED

ELEMERT NCRF NUMBEPRS LINKED ELF IPNT Sl ZF MATET T AL STIS0 COMSTRAINT



ND, N1 N2 N3 Na GROLP INITIAL LOW . BE yBe,pn 6r e . e
TRUSS ELEMENTS -—

1 1 2 1. LIN0000 nL.e10n00 La010080 H =1
2 1 4 2 2,209900 C C10000 0.0100090 2 -1
3 2 3 3 2.700000 0.C10000 C.C10250 2 -1
4 1 5 4 2070000 Ge.L100CO C+217C0C 72 ~3
5 2 A 5 2.200000 d.010000 0 .ALO000 it =1
[ 2 4 & 2.000000 C.CI1Q000 10000 3 -1
T 2 S 7 2+ D0000C C.CL0000 0L.000000 3 -
8 1 3 a 2.0C0000 n,C1000Y 0.NE D000 3 =1
] | & 9 22000000 n,cin000 £a010060 3 =1
10 3 6 [i) 2.700000C 0. CLOGOC Ca210000 ¢ -1
11 4 S i1 + Q00000 0. 010000 CW10Q0N a -t
12 3 4 12 2,000000 Y. CIOC0O tel10Cm0 L -1
13 3 3 1.2 SAAG0000 N, L10000 O 108 20 < =1
14 3 10 14 2,030000 D.C10000 0.010000 & -1 -
15 6 7 15 2,.,9500000 C.CICNOO ¢e210n00 o -t
16 4 9 16 2.000000 0.C10300 07172000 n -1 -
17 5 A 17 2000000 a,L1a300 0.1100a0 A =1
18 4 7 i8 2.9Q004Q0 0,0100¢CC 10700 7 -1 ~
19 E) 8 16 2+000000 G.C1N000 Q.1 0000 i -1
20 5 10 20 2,200000 0.C10000C C.210¢ 0 k4 -1
21 & ] 21 22000000 0.010n00 2212000 d =1
22 & 10 22 2.200000 NLLIONQO CeD1000N H -1
23 a 7 23 2900000 0.CENDDC 0.110C000 u -] T
24 5] L] 24 2000000 0. C10000 CaD10000 1 -1 oy
28 4 e 25 2. onrmnn 0. 010090 D21 0000 G =4 =
w k =2=F]IXED AT IMITIAL VALUF =]l=LOWFR JOUNDS ONLY >
L= 0=hON MEGATIVITY CNLY 1=LPPFR BOUIDS ONLY
2=0CTH UPPER_AND LOWFR ROUNDS
L}
MAYERLAL CONSTAMTS — ISOTROEIC MaT- 4181 s
GROUPRP YOUNG 'S PUISS0ONY s SPECIF LG THE 20AL COMPEYS 5[ Ve THta It
NO MODULUS RATID WELGHT r-x;:nm;.mN A 3TRCC3 Ay mTo L6
1 10000000,0 D+0 D.i0100% cqoocomso —u000.40 O LT
2 10000000 .0 040 04101000 Cs0N0C1280 ~&009%234+0 40 F e
3 1000C0C0+0 D.0 [+ Rl B eD) £a072001280 ~4703%a0 40370,
4 1C000QC00 .0 Q.0 0.101009 C.N20551230 =400232.0 40000.0
5 10000000 .0 Ce0 De.101000 CaJ001£°0 =23070Q.C 4NN3C. D
& 10000000 .0 Q.0 J3.3101000 C.000012890 =43070N N 4030C0
o0 7 100CeNC0 .0 Nedd Qaloreon Le00001200 =4007.0 40000 ,0
=y :._;2 a 10000000.0 0.0 0.101000 C.NanoL1200 ~AN0D0.0 403000
g
fas W am|
o=
:UF L JAD COMD [T IOMS
)
= )
e LUMIE D L OAL AT HONES
25 =
Et‘" NODRL NUMDFR % v 5
E LOAD CLMDETION 1
t Lgan.nar3d L 1093L0.03093 =SO00L 0 0N
2 00 10¢70.CaED ~FQJ2., 971
i) 200400020 C.Q [\
f 300,00000 C.0 0.
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Q NO GRAVITY LOAD
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THERMAL L&D
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! THERMAL L TAD GROUP NUMEFR
o T H - o LOAR . COMDIY TENS T
TYPE NOMBER | 1 2 3 9 5 & 7 a8 9 10 11 [ ¥ 13 1a 15 ie 7 18 1G =]
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wr i 5 2
| - £ 2 faJH
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1 21 4 aﬁ
1 22 4 e,
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TNITIAL TRUNCATION FACTRR el N

MAXTMUM TRUNCATION FACTR. O ath1035
RASTS CUTOKFF FACTMR 1.20C2
MULTIPLIER FQR TRF UPDATINC 1.,2007

MINTHMUM NORMALYZATION FACTCR

SIDE CONSTRAINT SPECIFICATIONS ARE GIVEN IN THT ELSMFNT AATA

NISELACEMENT COMNMSTPATNTS

NO DISPLACEMENT TNONSTRAINTS

SLCRE/RELATIVE Dt%PLACFMENT CONSTRAINTS

NO 3LOPE CONSTRAINTS

STRE SS /qTPAlN CUNSTRAINTG

INTTTAL TFUNCATION FACTOR 0.
MAXIMUM TRUNCZATION FACTOR T
BASIS CUTOFF FACTODR | 3
MULTIPLIER FOR TRE UPDATINCG ko

MINIHUM NORMALIZATION FACTCR
STRESS 11599,0000
STRAIN Cs1000000=-02

s

96

ELEMENT TYPE t

ALt ELEMENTS ARE CONSTRAINWFD_EY B0OTH LOWIR_A40 LPPTR ROUNDS

NEWSUMT CPTIMIZER CONTROL FAHAM‘T"P%

" PRINT DUT CONTROL
NAX. NDe IF STAGES
MAX, NI, OF AFSPONSE SURFACES / STAGE

NAX% N, OF ORNE DIM. MIM., /7 RFESF. SURF.
CEFINITION OF FFASIRLE [EGION 4 IGN
CIMINISHING RETUAN CRITERIQN AMCNG STAGES
DIMINESHING BETUSN CEITEQION AMING (1.0 .M,

DaNNO

Ce1000D-02
Galnan=no

RESPNSE FACTOF DFCREASE PATIAN

MIN., LIMIT OF RESPONSE FACTOAR

MAXes STOCP SIIE ALLOWFD IN A SINCLE STAGE
INITIAL ESTIMATE.OF TRANSITION EAQIMNY

Ce3200D#+J0
0.1000N=124
O« 10C0CN+J3
QalOonpDENg

TRANSITION POINT COFFFICIELNT - F
TRANSITION POINT COFFFTICIENT ~ C
STEP SIZE MODIFICATION FACTOR
SIEP SIZze MINIMUM A1) OWARLE

Qe 3000D+00
0elIQOD+00
0+10000D+01
Dal20n0enl)

TRUSS ELEMENT CATA

ELENMENT LENGTH LIRCX

DIRCY DIRCZ ElL

CCNSTRAINT IDENTIFICATION CCDES

fuLgy NG 4 T
—
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MEMBFR TYPF NUMEER
0.20000+01 0.20000+01 0.2000D401 0,2C00D01 0C.2000D+01
0.,20000+%21 020000401 0.20000+01 D.200900+401 0.2000D0+01
0.2000040]1 020000401 (20000401  0,Z2000D+01  (0.2000D401

CURFFNT WEIGHT DATA

MEMUBER TYPEL NUMdFP 1 WE TLRT = D.0FAL33D+0]
VARIABLE ﬁTPUCTURAL WEIGHT Q«65P1330403
FIXED STRUCTURAL WEIGHT 00
TOTAL STRUCTURAL WEIGHT O«0FR1I3D0]
NON-STRPUCTUPAL hUIGHTHT 0.0
TETAL hEIGHT 0,655813304+03
CCNVFRGENCE CHECK STAGE NC.= 1 01519D+219

OBJFCTIVE FUNCTINN OF THRFE CONSECUTIVE STAGES APRF 138 20

86

Qad200C+01

Ca20307 +31 52300040

MUIT AF |LLFS3 THaY

D.100C Cr=-02
0.100000D+31

CeABII33N+03



MOAL  DISPLACKMTHNTS

NODE X hd Zz —NOOE by Y ra
LOAD CONCITIDN 1
[} 0.282590-01 0 +33540D+C0O Q2454790 +Q0 2 Cel 29617001 TFedu FHICHIO Ge3Nud2n+e0)
3 —0.51762C~-0C1 0 .74024D-01 0.133670+30 4 Qe 5751~ JeTeE=20-"1 Jel28020+0)
5 Q0 «ABOEOSC~01 -0 +250730=-01 0.291020+00 5 =0L417230-01 =".2%A70D-"1] Ta3CN13L+0)
4 0.0 0.0 0.0 2 faf .0 3.0
< 0.0 0«0 Q0.0 1o (4] D0 2.0
25  SINE CONSTRAINTS 1 Ty 2% MOST CRITICAL CONMSTLAINT = 1,008030C1 +00

0.9850D+GCO  0,97%0D+00  Q.99800+00 Q.93040D00  0,C2,004C00 0, 3950N 40D DLOOFONCN 9,239359N04+ 00  CL.9QTANESC £, IR50D+0N
NaRSS0N+CD 093500400 0,008500400 _ Q.99500400  0.5050D+00. . 099500400 _N.C3500+00 . N.LARINEO00 _CLS08 A4 QY D54 52000

099500+ CO  0.9950D+0C0 0.7%500+C0 CeGP5CD+00  0.7950D+00

NTYD M LC S={ MR INSD Sx oy cyy e THI BM E o T AIE [t CYY o T [ aa
1 1 1 0. 335091D+023 0.33910+03 9.0 0s0
1 1 1 04 335051D+03 Ga33210+03 240 Ds02
1 2 1 —0.499959N+04 =D S000D4+04 Da0 s I
1 2 i -0.4GC95904+04 “3+3000D+08  Qa.n 0.0
1 3 1 ~0e dda] AG0+048 ~0ed841D+04 0.0 0.0
1 3 1 ~Qe044] 450408 -D.3341D+04 0.0 0.0
h] 4 1 Qa22PP3 500404 0,22R80508 0. 0.0
1 4 1 0. 222350D+040 D.22840+04 0.0 0.C
1 5 1 0.356440D+04 D 435640404 0.0 0.0
1 5 1 Q. 3562400404 Ce3504D+08 .0 0.0
1 L} k) ~Q, 04211804048 =D GARIDDA, 0.0 0.0
1 & 1 -0.,448]1 180+0%4 =0.438)1D+94 0.0 0.0

o 1 7 1 0. 3310110+04 Ce36100+04 0.0 0.0
w 1 7 1 Ca3E61CL1ID 404 O436100+08 D.0 00
1 a f =04 325060 +02 =D 431250404 D0 .
1 3 1 -0« 2325 06D +04 =0 4325D+04 3.0 00
i 9 1 0.3131CTDO+04 031310404 2,0 0.0
1 9 i D4.313107D+04 0.31%10+02 0,0 0.0
1 10 1 QW 5982220433 059520403 0,0 040
1 10 i C. 5952220403 0.37520+03 0.0 N0
1 11 1 O TE3ZEIDH02 0+70342+¢032 D.0 .0
1 11 1 Qs 7633E1D0+03 047634D+03 040 %.0
1 12 1 O 20RZEANENA 0206080404 0.0 L0
1 12 1 O 20C7502D 04 Q.20630+04 0,0 Qa0
1 13 1 ~Qe THEIHBLD DI =D+7564D+03 (0.0 2.0
1 13 1 —0.75638AD+03 ~-0.75640+03 0.0 0.7
1 14 1 =0, 2A0Q¢004NA =0, AINDEDS Nal T3
1 14 1 —0.2400£0D+D 4 =0+2410D+04 0.0 0.9
1 15 1 0.7795440+03 0+47795D+#03 0.0 Qa0
1 15 1 Ca 779544D+03 077930403 Q.0 [ s ]
1. 16 i —OL 2EPHE2NADG B P L 1 T W N W T i)
1 16 1 —0. 25726204024 “0 2537970 +04 0.0 ¢.0
1 17 1 0.27030604+03 0.2703D+03 0.0 Ga0
1 17 1 02703060 +03 0.27030+03 0.0 0.9
1 2 1 =0, 3731.05D+04 -Ca37310+04 Du0 Dl
1 12 1 =0+ 3731 05D +02 ~037T3IR+08 Q.0 2.0
1 19 1 -0, 3825 £80+04 =0.3%22D+04 0.0 Qan
1 19 1 ~0e 3A2EPD4NA ~0..3A245D+04 0.0 0.0
1 20 1 D. 1AZGAGNQ4DA C.19260404 2.0 0.0


http:9*0').f0

1 et 3 L WP [ el 30 e .
1 21 1 B 1770180404 Qal77ID¢04  J0Q well
1 21 1 Cel7701P0 Q4 Ct770D+04 20 [+
1 22 1 NaSRE20104+%4 Na3AS20804 D.) Oaf
i 22 1 0. 5R520C1D+0 & D.585320+04 NG CaQ
1 23 ] —0.5RE83360+N4 =0 +5583D#02¢ 0.9 0.0
1 a3 t —0«FREEIIEDS0S =0 .55R8310+04 Q.0 0.0
1 24 1 D:5183030D+04 Na51830+04 2,0 0.9
1 24 1 Ce S183030+04 Q31LE830+04 D0 Qa0
1 25 1 ~0.630%380,404 =0 4n3050¢048 D40 C.0
1 25 1 -0+ E30538D+04 =0.06305D4+04 N+0 Q.0
S0 STRFSS/S5TRAIN CDONSTRAINTS 26 T TR FUST CRITICAL CONSRTEATNT= J.P123% 0l +00
0, I00RD+01 0437150400 0.07500¢00 0411250+01 0.E493MD+00 Q.11 1ID+0L © LO770¢01 Q1230300 100NN N L.OLND¥CY
Q. 8EEAD+00 Q.11 120401 0.1090D+01 C.O097D+00 Q,27190+00 0.11080401 C.lOTEBEO! Q.-217C4+20 ¢ 101¢M+01 B LU IPEDD
Qs 109D+0 SACOL +CO D+ (] + L. + ] Hn.c3a8n n n AN nyc gn QoA
0. S3IS50+C0 041064D+01 0.10070+0C1  0,.9932D+00 0,20670+#00 0410930401 0.7088D0+CY D2,10Q 3:M+0L Cel D4 M™MEGL 0 NS0 END
O 10420401 O0.956TD+00 0411460401 D.BEITDHOD  0.B8AI10+00 0, 11400401 0.11300+C1 DeATIAREID 0842200 ALl LaAMEN]
25 CONSTRAINTS QUT _QF 25 CUTCEF POIMT = 04329925000 + 80
! 2 3 4 « - 7 [} - 19
13 12 13 14 15 17 17 L= 1? an
21 22 23 213 2S
[¢] CONSTRAINTS JuT 0OF n CUTCFF POINT= Ne 3267 0C0O +9N B
b) CONSTRAINTS DUT OF 0 CUTCFF POINT= 0« 3995000+ 090
22 CONSTRAINTIS QUT OF 590 CUTCFF EDINT= 0eHFRLG2ITV+00
28 3o 33 39 Jé 39 4 a3 47 4q
50 52 55 54 60 62 €5 67 Ha 70
23 74
22 CONSTRAINTS DUT OF 22 FPETAINED DUL T2 VARTABLE LINKING
28 30 33 33 36 39 a0 4% 4y L
50 52 5% 56 £n (a4 63 £7 ) 0
) 73 76
<
o n CONSTRAINTS QuUT OF Q CUTCFF POINT= D 3342370+ 0N
] CONSTRATINTS OUT OF [+] TUTCFF POINT= 0. a2 570 ¢ 00
Al Pk R R Rk R MR AR Kk A F bk AR kR SRRk kX INTEGES AWCAY S517F 20000 alil e A0 552
. POSTURT Tadl™
RETAINFD TOTAL MCMBER MEMIER NODE DIRECTENN LeCo Mr e CONSTRATINT VALUF &
SIDE CONSTRAINTS MCST CRITICAL = 0.+ 0932N00+00
1 t ! 1 -10Q Qe C3SENDQLH0NN
2 2 1 2 -10 Ce UFTACIN+ND
3 a3 ) 3 ~10 0537 OQD 400
[ < 1 4 -10 0. GO MHAD DD
S € 1 5 ~l Cw ©ISQO0LI+NQ
6 & 1 6 ~10 Qe CI=CONHDT
rd rd 1 rd =10 Qa QLN CD e 0
8 [3 1 3 -10 Ce CYROINL +010
9 5 1 9 -14Q Qe@ITQNJDHOC
10 Ic 1 10 -10 Ca @R rndNeng
11 11 1 1.1 =9 0980000430
12 12 1 12 -10 Qe 150930 +20
13 13 1 13 -i0 Qe CRASONID+CO
14 14 1 ta -t Qe BCONL+02
15 I8 1 15 =10 Qe CA%NI0T 40N

[


http:0.306704.00
http:0.0q32D.O0

1! 1 1 1, 1 . LI}
1 %4 17 3 17 -1 Oa™"F Y35 430
18 18 1 13 =19 QuCne )03 2,
12 1.S 1 149 o o No A L FoBa THY W W
20 20 1 23 -1C Ce 232000 ¢0C
21 21 1 21 -10 V.33 +27
22 22 1 a2z -10 Qs QQ=03C0 +90
23 2.3 1 23 =10 Q.59 0230400
24 24 1 24 ‘=19 Qa0 nlOD+0n
. 25 28 t 25 -1 T ASAGQD Q0
SIRESS/STRAIN COMSTEAINYS MOSY CRITICAL = NWPA2T0HNENC
20 a 1 2 1 4] Ce 70N QL O
27 30 1 3 1 Q CaPRANGAL+J0
28 33 1 A 1 Q QeRA29120 N9
29 3E 1 5 1 A DaCtoLonene
30 3€ i 6 1 0 Q+RRT7IZID400
31 39 1 7 1 C QeCnn¥a70+ )0
32 ac ] 8 1 o] DePNIATADEON
a3 473 | 2 1 Fal N3 72 IO AO"
34 a7 1 L1 1 0 Ce“ICIIFDHOC
as [ 1 12 1 2 CeRARIIIN+00
a6 ok +) 1 173 1 7 C+“RLNICH 0D
Az 53~ 2 1 14 1 n 0.0 I02ANNEI0
38 [Sha) 1 15 1 Q C+SRCTLIDEN0
a9 s€ 1 i5 1 o} 0.93°53RN4020
a0 &0 1 18 1 o QeONETZANE]IN
41 2 k1 1.3 1 L. PRy I ALY Ralal
a2 6% 1 20 i 0 0,.,05433A0+20
43 67 1 21 1 o] NL.IES5THHDHDY
a4 64 1 22 1 [ CBRITCOCH+OD
39 i+l L 23 1 ~L B HOAY ANE0D
A6 73 1 24 1 2 D+ R7Q4240+00
a7 T4 1 25 1 s} QeR4236-D400

* SIRT 3 -J LOWER B =UPPER _BOUND

ng 200w

T0T

CISPLACEMENT : —1=LOWZIR BCUNDs +1=UPPFR BQUMD
SLOAE ! ALWAYS UPRER BCUNDS
STRESS/STPAIN * 10=VON NISES

1=l ONGITUDEINAL STRATIM

2TRANSVERSE STRAIN
I=SHITAR STRAIN

FREQUENCY ASSOCIATED MODF NUMRPBER

ANALYSIS TIME DATA
ASSTMBLE MASS/STIFFNESS MATFRIX

0.6083330-01
ASSEMBLE & -]

10

H

0,1052080-01

DFECOMPOSE STIFFNESS MATRIX
SOLUTION CF DISPLACEMENTS
FREQUENCY ANALYSIS

Es IITTFE ANAIYSIS

0.316667D~02
0.0
D108 AZ0D=07

2100d
rIVNIDTHO

CONSTRAINT EVALUATION
POSTURE TABLE SET
SELECTIVE GRARIENT EVALUATION

0.7281250-01
0.6458330-01
Q.5734370+00

"T

l

GRAND TOTAL CPU TIMF

0.86415704+00

ok ok o ok e e ok e o ok e ke ook e o e e e ol e sk ok ol o ok kb e e ek b Rk MR ke R DR )

AEQAY S17ZE _FOR ORT IMIZICER

23000
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20000
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PAAER AR R RN R R IR kP BTk ARR KR R T S hAr P ek gk ko k Kk NoTow S U vMT oRr T I M1
CAONTROAL PARNMETFPS ‘

INITIAL TRANSITICN PCINT GO Jaldnnsan

KAk ket rk bk s bxw v bh by g Rk LS ATk P

TRANSTITION POINT £XPONENT o 0.52CCH+00
[RITTAL TRANSITICN PCINT CIEFFICIFANT 0.1720D+N0
GCOLDEM SECTION CCNVERGINCE Qa22nnp=32
N19%09L=22

I
EPSGSM
UNMCONSTRAINED MINIMIZATI IN CONVIRGENCE ERSODM

U o

CONVERGFNCE AMCAG RESPIN3SE SURFACFS EOERGE = 0sSIGCE- 00
PF SPONSE FACTOR RFDUCTION RATIO HACUYT = 0.3)0CH+00
MINIMUM ALL CWADLE RELPONSE FACT IQ PANiN = 0L,1300P~14
MAXIMUM ALLCWABLE STER §SIZE STERMX = _G.13000+03
MAXIMUM ALLOWAPLF GOLUYM SECTIGNS M2 X SM = A0
MAXIMUM RUMPAFR CC Q.DeM. PR SUIFACF MAXODM = £
MAXTIMUM ALLOWABLE AF SOONSE SURF ACFS MAYRSE = 2
BOINTOUT CONTROL JERINT = s )
FIMTTE DIFFEFRTNCE GPARIENT CONTROL IF{ = [+]
SYSTM PARPAML 15 <5
NUMBER OF DFSIGN VAR [AALLS NDV = 2%
NUMBRER CF EFFLCTIVE CONSTRAINTS NTCL = 22
INITIAL DESIGN ANALYSIS SUMMARY
INITIAL CESIGN VARIADLE VECTOPR
010900401 0410020401 QelOO0D+01 Cal0700+01 0.10C00+0C1L Qe 1ONNA0+D] Qs1000M+01 O.10000+01 D,10020+Ct Jel OONNA0 ]
010000401 Q0«10000+01 2+10020+01 Ce1000D+01 0.1000D0+01 Ge 1OONCH+D] Cel0CND+N] D+10000401 CL1CO00+08 J.10C0N+01
0+1000D+01 0.1 000D+Q1 Q+1000D 4] Q. 10000+01 N LCODD+0]
SINF CENSTRATINTS
-1 1 -2 2 ~3 3 -3 a - =
0«9300D#00 Q75000402 0.35900D400 Q.2979D+02 0.9900D+00 0,52000472  0,9000D 00  0.920004+02 0.9 700T4+00 D ,0CNQDCP
) £ ~7 7 -f g ~0 q =11
CeGGCUL+00 Q900CD+0Z  0.G50004CC  0.39700+02 0.9%00N+00 G4 SGCATHT I 0980407 D, QG004 C02 Lo 3000 FOF  3,0°9000+02
- 1 - -1 3 t3 -t 4 =1 <
QaIGCON+00  CoR0CN#02  CoS9000+00 PeQ200+02  N,7330004N0 N, 5S00D+)2 0.29CINHNG  D,000004072 G.2907E+00  Q.,AC00D+N2
—-16 15 ~17 | I -15 L8 -12 13 =2.)
GeIS000+00 (WGS00DFDZ Q.9S03C+00 QaFPI00+07 0LHQOINITD CaSTO00R+N? 0,70 ID 0D CAGEO0L+n 2 CeQICLIEMY DG IPSNECP
= -2 21 -22 22 -23 23 -2 5 ~2% 25
§3 C.99Q0D+CO  0.30000+02  0.59000400 0.9900D+02 0,99000+400 0466090 +02  0,0CO0NN 40N 0,8r000+0,  0.990GCL+ 10 0.2370D+02
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