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Introduction

1.1

Structural Optimization Background

Structural optimization methods, where a general finite element analysis capability is
combined with formal nonlinear numerical optimization, dates from 1960 when
Professor L. A. Schmit [1] developed the basic concepts of structural synthesis. The
original methods were quite general, but required that a large number of designs be
evaluated using the finite element analysis. A major breakthrough was made in 1974-
1976 when Schmit and Farshi [2] and Schmit and Miura [3] developed the general
framework for structural optimization using what has come to be called “approximation
concepts.” Using this approach, a high quality approximation to the original problem is
created which can be used in optimization. By repetitively applying these
approximations, an optimum design could be achieved at much lower cost.

Beginning in the mid-1980's, most major finite element analysis program vendors have
incorporated optimization into their codes. Some used very simple approaches, based
on 1960 and early 1970 technology, while others used the approximation techniques of
the mid-1970's. None use current technology.

However, in the 1980's, and still today, the technology of structural optimization has
continued to progress with the development of what is called “second generation
approximation techniques.” Examples include the force approximation method for
stress constraints, developed by Vanderplaats and Salajegheh [4] and the Rayleigh
quotient approximation, developed by R. Canfield [5]. These methods require a close
coupling between the finite element analysis and the optimization capabilities.
Consequently, it is difficult and costly to adapt existing finite element analysis
programs to the latest technology. Therefore, it has become necessary to consider the
development of a structural optimization code which is created, from the start, to be a
design program. Such software must be a design program with the necessary finite
element analysis available, in contrast to a finite element analysis code which has
optimization added later.

GENES Sis just such a program. While this program contains an excellent finite
element analysis capability, the principal motive is to provide a design code. Thus, the
analysis features have been created to support the design process, rather than having
design added later. This has allowed VR&D to create a premier design optimization
capability, while still providing a high quality analysis option as the basis for the design
decisions.
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1.2

General Optimization Features

The GENES Sprogram will solve both member dimension (sizing,topometry) and
coordinate location (shape,topography) optimization problems. A wide range of
options are available to define the design problem in an efficient manner. The user
interface is very similar to the NASTRAN [6] input data, so users who are familiar with
that program will find it easy to use GENES Sor to modify their NASTRAN data for
use by here.

GENES Scan also solve the material allocation (topology) optimization problem.
Topology optimization is used by engineers to get a preliminary or conceptual design
for further refinement using sizing and shape optimization.

GENES Sis written to operate on everything from personal computers to
supercomputers. This allows the user to solve a wide variety of everyday design tasks
at his desk, while sending only the largest problems to a mainframe or supercomputer.
To make the best use of computer resources, design problems of significant size may
be solved using workstations at night, when they normally stand idle.

The basic building blocks are a main control program and modules for analysis and
gradient computations, creation of high quality approximations for use in optimization,
and the optimizer itself. A very general concept of the overall program structure is
shown in Figure 1-1.

PROGRAM
CONTROL

APPROXIMATE
PROBLEM
GENERATOR

FINITE
ELEMENT
ANALYSIS

A4
SENSITIVITY
ANALYSIS
CONSTRAINT OPTIMIZER
SORTING

Figure 1-1 Basic Building Blocks
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The Control module acts as the program director. The control module calls an input
module which reads and organizes all data. Next, the FEM analysis module is called to
perform a complete analysis and evaluate the responses of interest. Then a module is
called which evaluates all design constraints and sorts them according to degree of
criticality. Only those constraints that are critical or potentially critical are retained for
consideration during the current design cycle. The FEM Sensitivity module is then
called to evaluate the gradients of retained responses with respect to design variables.
The formal optimization problem is then created and solved by calling the Approximate
Problem Generator. This module, in turn, calls the DOT or BIGDOT optimizer to solve
the approximate problem. During this process, the design objective and constraint
functions are evaluated as functions of the design variables. As can be seen, the overall
optimization process is far more complex than simply coupling the FEM analysis with
an optimizer. However, the result of this complexity (which the user does not see) is a
very efficient and robust design program. Thus, using GENES S an optimum design
can be found as economically as an only “acceptable” design is found using traditional
methods.
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1.3

Review of Analysis Capabilities

GENES Swill solve analysis problems in static, vibration and dynamic linear elasticity
where the structure is modeled as an assemblage of rod, beam, bending/membrane,
shear, composite, scalar and solid elements. Multiple loading and multiple boundary
conditions are considered. Responses that are calculated include internal forces,
stresses, strains, joint displacements, velocities, accelerations, grid point stresses,
reaction forces, system strain energies, mass, volume, system moments of inertia and
vibration frequencies. Single and multipoint constraints are allowed.

Inertia relief is available for static analysis, and it can be used simultaneously with
different support conditions.

Guyan reduction is available for vibration analysis and it can be used simultaneously
with different boundary (ASET) conditions.

Buckling analysis is also available for checking the stability of the structure subject to
statics loads.

GENES Swill also solve linear static heat transfer problems with heat flux, conduction,
convection and adiabatic boundary conditions. Volumetric heat generation loads are
available. Grid point temperatures and reaction fluxes are calculated. The resulting
thermal loads can be automatically applied to a linear static structural analysis.

Two linear equation solvers are available; sparse matrix and skyline. The sparse matrix
solver is normally used as the default. It is not available at all installations. In this case,
the skyline solver is used. The user can choose the solver to be used by specifying the
analysis parameter “SOLVER”.

Modules are also included to calculate gradients (sensitivities) of responses with
respect to the design variables or to intermediate variables such as section properties.
This feature is used by the design module as part of the optimization process. The
gradients of the retained responses with respect to the independent design variables are
available to the user.
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1.4

Shape ,Sizing, Topography and Topometry Design
Capabilities

Extensive design capabilities are available. Whether you wish to design a simple truss,
a complicated three dimensional solid structure or a structure made up of a variety of
element types, GENES Swill modify both member sizes and geometrical shape in
search of an optimum design.

Design variables may be individual member dimensions and/or grid locations, or may
be linear or nonlinear combinations of these. Dimension or shape variables may be
linked to maintain symmetry and manufacturability. Basis vectors are used to create
smooth variations in structural dimensions and shapes. For designing frame or plate
structures, a library of common elements is available to simplify the task. Also, the user
may provide his own subroutine to calculate frame section properties as functions of the
design variables or he/she may use “synthetic” functions to define the section properties
at run time.

Any response that is calculated, such as mass, a stress or displacement, temperature or
vibration frequency, may be chosen as the design objective to be minimized or
maximized. At the same time, you may impose limits (constraints) on any responses
you choose. Additionally, you may create “synthetic” functions of the design variables
and other responses and these functions may be the objective or may be constrained.
This provides a versatile means of incorporating proprietary design requirements into
the optimization process or for imposing requirements that are not already included in
the program, but which are functions of the variables and responses that are available
in the program. Finally, you may adjust the analysis model to match experimental
results. For example, you may change member dimensions or geometry so the analysis
will produce a displacement or frequency which you have measured in a structural test.
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Introduction

1.5

Topology Design Capabilities

With topology optimization, regions of the structure that have the least contribution to
the overall stiffness or natural frequency are identified. This tells the user which regions
should be removed from the structure to minimize the mass while having the least
impact on the performance of the structure. Properties are selected to be designed, and
design variables are automatically created to control the stiffness and density of every
element in that property. Any property that references MAT1, MAT4, MAT5, MAT9
or MAT11 material data may be designed. In addition, any PCOMP or PCOMPG
property can be designed. Available responses include static displacements, strain
energies, natural frequencies, buckling load factors, direct and modal displacements,
velocities and accelerations; random root mean square displacement, velocities and
accelerations, inertia responses and mass fraction. In addition, heat transfer compliance
(HTC) and temparature responses can be used in topology. Special features for
topology optimization include data to enforce symmetries and/or fabrication constraints
in the structure and a capability to reduce “checkerboard” like results. Mode tracking is
available for both frequencies and buckling load factors.

Topology results, for post processing, are smoothed and surfaces representing density
levels are output to aid the user to interpret topology optimization results.
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Structural Optimization Concepts

2.1 General Optimization

Numerical optimization methods provide a uniquely general and versatile tool for
design automation. Research and applications to structural design has been extensive
and today these methods are finding their way into engineering offices. The methods
that form the basis of most modern optimization were developed roughly 30 years ago,
and the first application to nonlinear structural design was presented by Schmit in 1960
[1]. Much of the research in structural design since 1975 has been devoted to creating
methods that are efficient for structural design problems where the analysis is
expensive. This has resulted in various approximation methods that allow a high degree
of efficiency while maintaining the essential features of the original problem.

Here, we will first define the general design task in terms of optimization. For structural
optimization, we create an approximation to the original problem. This approximate
problem is solved by the optimizer. The advantage is that it is not necessary to
repeatedly call the finite element analysis during the actual optimization process. This
greatly reduces the overall cost of structural design. In GENES S, the DOT [7] or
BIGDOT optimization programs, developed by VR&D, are used to solve this
optimization sub-problem.

In Section 2.2, some of the special techniques that have been devised to make structural
optimization efficient will discussed. It is these special techniques, that are contained
in GENES S which make modern structural optimization efficient, relative to other
applications.

Mathematical programming (the formal name for numerical optimization) provides a
very general framework for scarce resource allocation, and the basic algorithms
originate in the operations research community. Engineering applications include
structural design, chemical process design, aerodynamic optimization, nonlinear
control system design, mechanical component design, multi-discipline system design,
and a variety of others. Because the statement of the numerical optimization problem is
so close to the traditional statement of engineering design problems, the design tasks to
which it can be applied are inexhaustible.

In the most general sense, numerical optimization solves the nonlinear, constrained

problem: Find the set of design variables, X, i = 1, N contained in vector X, that will
Minimize F(X) (Eg. 2-1)
Subject to;
gj(X)so j=1LM (Eq. 2-2)
L u .
X <X <X i=1N (Eq. 2-3)
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Equation (Eq. 2-1) defines the objective function, which depends on the values of the
design variables, X. (Eq. 2-2) is inequality constraints. Equality constraints of the form

h(X) =0 k = 1,L could also be included. This is achieved by using two equal,

but opposite in sign, inequality constraints. (Eq. 2-3) defines the region of search for
the minimum. This provides limits on the individual design variables. The bounds
defined by (Eq. 2-3) are referred to as side constraints. A clear understanding of the
generality of this formulation makes the breadth of problems that can be addressed
apparent. However, there are some important limitations to the present technology.
First, it is assumed that the objective and constraint functions be continuous and smooth
(continuously differentiable). Experience has shown this to be a more theoretical than
practical requirement and this restriction is routinely violated in engineering design. A
second requirement is that the design variables contained in X be continuous. In other
words, we are not free to chose structural sections from a table. Also, we cannot treat
the number of plies in a composite panel as a design variable, instead treating this as a
continuous variable and rounding the result to an integer value. It is not that methods
do not exist for dealing with discrete values of the variables. It is just that available
methods lack the needed efficiency for widespread application to real engineering
design. VR&D has developed software to deal with this case, and this is expected to be
added in the future. Finally, even though there is no theoretical limit to the number of
design variables contained in X, if we use optimization as a “black box” where we
simply couple an analysis program to an optimization program, the number of design
variables that can be considered is limited to the order of fifty. Again, there are many
exceptions to this, but it is a conservative general rule. Also, this is not too great a
restriction when we recognize that using graphical methods would limit us to only a few
design variables. Furthermore, using the special techniques contained in GENES S the
number of design variables may be in the hundreds.

The general problem description given above is remarkably close to what we are
accustomed to in engineering design. For example, assume we wish to determine the
dimensions of a structural member that must satisfy a variety of design conditions. We
normally wish to minimize mass, so the objective function, F(X), is the mass of the
structure, which is a function of the sizing variables. However, we also must consider
constraints on stresses, deflections, buckling and perhaps dynamic response limits.
Assuming we model the structure as an assemblage of finite elements, we can calculate
the stresses in the elements under each of the prescribed loading conditions. Then a
typical stress limit may be stated as

where i = element number, j = stress component and k = load condition. The

i . - L u . .
compression and tensile stress limits are ¢~ and o, respectively (if we use a von
Mises stress criterion, only ™ would be used). While (Eq. 2-4) may initially appear to
be different from the general optimization statement, it is easily converted to two
equations of the form of (Eq. 2-2) as

12
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L
G —GCjix
g;(X) = —— 75 <0 (Eq. 2-5)
"]
o GU
-
9,(X) = —J—" 3 <0 (Eq. 2-6)
o

Thus, the formal statement of the optimization task is essentially identical to the usual
statement of the structural design task.

The denominator of (Eq. 2-5) and (Eq. 2-6) represent normalization factors. This is
important since it places each constraint in an equal basis. For example, if the value of
astress constraint is -0.1 and the value of a displacement constraint is -0.1, this indicates
that each constraint is within 10% of it’s allowable value. Without normalization, if a
stress limit is 20,000, it would only be active (within a value of 0.1) if it’s value was
19,999.9. This is not meaningful since loads, material properties, and other physical
parameters are not known to this accuracy.

It is often assumed that for optimization to be used, the functional relationships must be
explicit. However, this is categorically untrue. It is only necessary to be able to evaluate
the objective and constraint functions for proposed values of the design variables, X.

Using optimization as a design tool has several advantages. We can consider large
numbers of variables relative to traditional methods. Also in a new design environment,
we may not have a great deal of experience to guide us and so optimization often gives
unexpected results which can greatly enhance the final product. Finally, one of the most
powerful uses of optimization is to make early design trade-offs using simplified
models. Here we can compare optimum designs instead of just comparing point
designs.

On the other hand, optimization has some disadvantages to be aware of. The quality of
the result is only as good as the underlying analysis. In the case of finite element
analysis, we must remember that this is just a model of the real structure. Thus, if we
ignore or forget an important constraint, optimization will take advantage of it, leading
to a meaningless if not dangerous design. Also, there is a danger that by optimizing we
will reduce the hidden factors of safety that now exist. In this context, we should re-
think our use of optimization, using it as a design tool and not as a sole means to an end
product.

However, assuming we agree that optimization is useful, it is also important to know
how these algorithms solve our design problems. Next, we briefly outline the basic
optimization process, contained in the DOT program, to provide some insight into the
numerical techniques used.

Most optimization algorithms do just what good designers do. They seek to find a
perturbation to an existing design which will lead to an improvement. Thus, we seek a
new design which is the old design plus a change, so

ne

X" = %Ol 5x (Eq. 2-7)
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Optimization algorithms use much the same formula, except it becomes a two step
process. Here we update the design by the relationship

x4t = x954 g8 (Eq. 2-8)

where a.SY in (Eq. 2-8) is equivalent to 6 X in (Eq. 2-7). Here q is the iteration
number, and numerous search directions (iterations) will be needed to reach the

optimum. The engineer must provide an initial design, X°, but it need not be feasible;
it may not satisfy the inequalities of (Eq. 2-2). Optimization will then determine a

“Search Direction,” SY that will improve the design. If the design is initially feasible,
the search direction will reduce the objective function without violating the constraints.
If the initial design is infeasible, the search direction will point toward the feasible
region, even at the expense of increasing the objective function.

The next question is how far can we move in direction SY before we must find a new
search direction. This is called the “One-Dimensional Search” since we are just seeking
the value of the scalar parameter, o, to improve the design as much as possible. If the
design is feasible and we are reducing the objective function, we seek the value of o
that will reduce F(X) as much as possible without driving any g;(X) positive or violating
any bound (side constraint) on the components of X. If the design is initially infeasible,
we seek the value of o that will overcome the constraint violations if possible, or will
otherwise drive the design as near to the feasible region as possible. Note that this is
precisely what a design engineer does under the same conditions. The difference is that
optimization does it without the need to study many pages (or screens full) of computer
output.

There are a wide variety of algorithms for determining the search direction, S, as well
as for finding the value of o [8]. Determining a. is conceptually a simple task. For
example, we may pick several values of o and calculate the objective and constraint
functions. Then we fit a polynomial curve to each function and determine the value that
will minimize F(X) or drive g;(X) to zero. Since we picked a search direction that will
improve the design, we need only consider positive values of a.. The minimum positive
value of o from among all of these curve fits is the one we want. For further details of
how the optimization problem is solved, the DOT user’s manual [7] and reference [8]
may be useful.
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2.2

Special Methods for Structural Optimization

The state of the art in structural optimization is now reasonably well developed, relative
to other applications. To provide an overview of the methods used in GENES S we will
briefly outline several key ingredients to the structural optimization process. The key
concept is that we solve the structural design problem without the large number of full
finite element analyses that would be required if we simply coupled the FEM and
Optimizers. It is important to understand, however, that even though we use
approximations to achieve this, we retain the key features of the detailed analysis
model. Thus, when we are finished, we will have the same design we would find if we
were able to use the FEM analysis directly during optimization.

The basic optimization process contained in GENES Sis summarized in the following
10 steps.

1. Preprocess all input data and perform all non-repetitive operations (e.g., check
data for correctness, create internal tables, set up the overall program flow).

2. Perform a detailed finite element analysis for the initial proposed design.
Evaluate the design objective and all constraints.

3. Screen all constraints and retain those that are critical or near critical for further
consideration. Typically only 2n to 3n constraints are retained, where n is the
number of independent design variables.

4. Perform the sensitivity analysis (gradient computations) for the responses
included in the objective function and the retained constraints.

5. Set up a high quality approximation to the original problem and solve it using
the DOT or BIGDOT optimizer.

If no design improvement is possible, exit. This is called “soft convergence.”

7. Assuming the design variables have changed, update the analysis data and
perform a detailed finite element analysis for this proposed design.

Evaluate the precise objective function and all constraints.

If the design is not improving and if all constraints are satisfied within a
specified tolerance, exit. This is called “hard convergence.”

10. If progress is still being made toward the optimum, we say that one “design
cycle” has been completed. We then repeat the process from step 3.

From this brief outline, it is seen that key components of the structural optimization
process include the finite element analysis, constraint screening, sensitivity analysis,
creation and solution of the approximate optimization problem, and judging when
convergence has been achieved. It is assumed that the reader is familiar with the
analysis process. The key parts of the design optimization process will be briefly
discussed here to give a general understanding of the GENES Sdesign capabilities.
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221

Constraint Screening

The first thing to note is that the design of real structures requires that a very large
number of constraints must be satisfied. For example, assume we model a large
structure with hundreds or even thousands of finite elements. We may recover the stress
at several locations in each element under many different loading conditions. Assume

we must limit the von Mises stress to be less than or equal a specified value, . Then,

Oijk < Oa where i = the element number, j = the stress recovery location and k = the

load condition. Clearly, the combination ijk can become very large, often over one
million.

Because the optimization process requires gradients of the constraints, this could lead
to a very costly design sensitivity process, far exceeding the cost of a single analysis.
Therefore, we first “screen” the constraints and retain only those that are critical or
potentially critical for the current design cycle. This is a two step process. First, we
delete all constraints that are more negative than, say -0.3 (not within 30% of being
critical). Next, we search the set of retained constraints and further delete all but a
specified subset in a given region of the structure. The reason for this is that many
nearby points in the structure may have approximately the same stress. However, only
a few of these stress responses need to be retained to direct the design process.

16
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2.2.2

Gradient Calculations

Having identified the responses that will be retained during the current design cycle, the
next step is to evaluate their gradients (sensitivities). The sensitivity of a static response,
R, (e.g., stress, displacement, strain energy) with respect to a design variable, X, is
determined by the chain rule of differentiation as follows:

dR _ 6R  6ROU ]
% = 5%t 5UsX (Eq. 2-9)

Using the governing global equilibrium equations ([K]JU = F) the displacement
sensitivities are determined as:

ou oF [oK
o = KT {ax [GXJU} (Eq. 2-10)

where oF [6KJU are referred to as pseudo-loads.
oX LoX

Therefore, the response sensitivity becomes:

dR _ R OR, - 1[oF 0K
R Eq. 2-11
ax ~ax taull {ax [axJU} (Fa.- 21

The direct method first calculates the displacement sensitivity g—l)J( and uses that to

OR oV
oUoX
forward/back substitution (i.e., equivalent to solving a static loadcase) for each design
variable.

calculate ————— to form the response sensitivity. This method requires performing a

oR
ou

load to form the second part of the response derivative. Note that because K is

symmetric, [K1]" = [K]L. Therefore, this method require one forward/back
substitution for each response. If the number of retained responses is smaller than the
number of design variables, then the adjoint method should provide better performance.

The adjoint method first calculates [K™ ] { } and then dots that with the pseudo-

The sensitivity method is selected in GENES Shy the optimization parameter,
ADJOIN. A value of 0 selects the direct method, while a value of 1 selects the adjoint
method. By default, GENES Swill select the most efficient method automatically.
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The pseudo-loads are formed on an element-by-element basis and assembled into a
global vector. Where possible and efficient, an exact analytical process is used
throughout the sensitivity calculations. In other cases, a semi-analytic technique is
used, whereby the pseudo-load is calculated by finite difference, but the remainder of
the sensitivity calculations are fully analytic.
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2.2.3

Approximation Concepts

The key to efficiency of modern structural optimization lies in what is called
“approximation concepts”. The simplest approximation method would be to create a
linear approximation to the objective and constraint functions as;

FX) = FOXY + vE(XY) - 1x-x% (Eq. 2-12)

5,00 = g(X)+vg (X" - (x-x%) j=1M (Eq. 2-13)

These approximations are then sent to the optimizer to modify the design. In practice,
move limits are imposed on the design variables so that they are not changed beyond
the region of applicability of the approximation.

The repeated application of simple linearizations such as this is called “Sequential
Linear Programming” and this has been used for nearly 30 years as a valid optimization
strategy. However, in the special case of structural design, we are able to create
approximations that are valid over a much wider range of the design variables.

Consider calculating the stress in a simple rod element, as ¢ = FJAA) . Now, if we

linearize the stress in terms of the design variable, A, we get

~ 0
G =c+ QE\SA =o'+ —]-'6{ oF _ 0 }SA (Eq. 2-14)
0 Al oA

The equation 6 = E is quite nonlinear in A, and so the approximation is valid only for

small changes in A. Now consider using an “intermediate” variable, X=1/A, so
(o = FX)x. Linearizing with respect to X gives

~ 0 0 0 0
c=o0 +5)9(5x =0 +{ F0+%|;(—X0 }5x (Eq. 2-15)

The equation o = F(X) - X is more linear in X and, in the special case of a statically
determinate structure F is independent of X, so the approximation is precisely linear in
X. The optimizer will now treat X as the design variable. When the approximate
optimization is complete, we recover the cross-sectional areas as A=1/X.

As another example, consider a rectangular beam element, with the width, B, and
height, H, as design variables. We can treat the section properties (e.g., A, I, J) as
intermediate variables and calculate the approximate stresses and displacements in
terms of these. Then, when the optimizer requires the stress or displacement values, we
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first calculate the section properties as explicit functions of the design variables, B and
H, and recover the responses from the linearized quantities. In this fashion, we retain
considerable nonlinearity contained in the design variable to section property
relationships.

Now take this process one step further by considering intermediate responses. Here, for
stress constraints in a rod, we approximate the force, F, instead of stress in the rod.
When stress is needed, we first calculate the approximate force in the element as

c_ g0, oF ]
F=F +225A (Eq. 2-16)

Then we recover the stress as o = E This can be shown to be a higher quality

approximation than found by using the reciprocal variable, X, and a much higher
quality approximation than found by direct linearization.

GENES Suses these approximations, as well as a variety of others, to improve the
overall efficiency and reliability of the structural design process. The key concept is that
we are free to restate the optimization problem in whatever form is best, as long as we
retain the important mathematical features of the original problem. By using high
quality approximations, we use only the approximated functions during optimization.
In this way, we avoid the large number of finite element analyses normally needed for
optimization using numerical search methods.

20
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2.2.4 Move Limits During Optimization

Even though GENESISuses very high quality approximations to drive the design
process, they are still not a precise representation of the model analyzed by the FEM
model. Therefore, it is important to limit the design changes during any single design
cycle. To do this, “move limits” are used, being the amount by which the design
variables can change before it is considered necessary to perform a detailed analysis of
the new proposed design. Additionally, because GENES Suses intermediate variables,
move limits are imposed on the element section properties, since these are used in the
Taylor series expansions. Typically, the design variables and section properties are
allowed to change by 50% during a design cycle. This is roughly 4-5 times the design
changes that could be allowed if simple linearization methods were used. In practice,
the move limits are not active as the optimization process converges, but they are
important in the early design cycles to properly direct the design process.
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2.25

Convergence to an Optimum

Because the optimization process is iterative, it is necessary to judge when the process
is complete and should be stopped. GENES Suses a variety of mechanisms to detect
convergence. The first and most obvious is that the optimization process will
automatically be terminated after a user defined number of design cycles. The default
limit is ten design cycles, and this will normally produce a high quality optimum,
assuming a reasonable initial design was provided.

Beyond this, GENES S considers both “Soft Convergence” and “Hard Convergence”
tests. Soft convergence is defined as the case where no further progress can be made
(i.e., the design variables do not change). Since the design variables did not change, it
is considered unnecessary to perform an additional detailed analysis and repeat the
process. Hard convergence occurs when two consecutive design cycles do not improve
the optimum appreciably, even though significant changes in the design variables are
occurring. In this case, since the design variables did change, a detailed analysis is
required to insure the quality of the proposed design.

On contact analysis optimization problems, if soft or hard converge occurs on a design
cycle where no full contact analysis was performed, the program will not stop and it will
issue a warning message.

22
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2.2.6

Matching Analysis Results

Sometimes it is desirable to tune a finite element model to match experimental data
generated by tests of an actual structure. This is referred to here as matching analysis
results. There are currently two methods available in GENES Sto do this: the Least
Squares method and the Beta method.

In the least squares method, the objective function is the sum of the squared,
normalized, differences between the actual responses and those calculated by the finite
element analysis. This can be stated as;

NR

2
F = Z [M;(R{=T)] (Eq. 2-17)

i=1

where Tj is the target value of the response, R; is the calculated value, NR is the number

of responses to be matched and M; is a multiplier calculated using the following
expression:

w, _
if(W,>0.0)
,RMATCH)

wj| if(W; <0.0) (Eg. 2-18)

1.0
,RMATCH)

M. =
' Max(|T;

Max(|T;

in the above expressions, W; is a weighting factor specified in DMATCH2 (DMATCH
sets all W; to 1.0) and the DOPT parameter RMATCH is 0.01 by default.

Constraints on the other responses can also be included in the optimization problem
formulation

In the Beta method, the objective function is the internal variable called BETA. An
internal set of constraints is added to the original constraints to force the matching. The
internal problem is;

Minimize (Eq. 2-19)
STB<M;(R;-T)) <P i=1NR (Eq. 2-20)
In addition, all of the originally defined constraints are included, though they are not

listed here.

The DOPT parameter IMATCH can be used to select the matching method. A value of
1 will select the Beta method and a value of 0 (Default) will select the Least Squares
method.
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2.2.7

Stress Ratio Method

The stress ratio method is an optimization method applicable to a special subset of
structural optimization problems. It is used to resize members of a structure such that
certain static stress constraints are exactly satisfied. In GENES S this method is
typically used in conjunction with the standard method. When selected, the stress ratio
method is used for the first ISRMAX design cycles and after that GENES Swill use the
standard approximation method. ISRMAX is a DOPT parameter with a default value
of 3. With the stress ratio method, GENES Scan be used to design areas of rods and/or
thicknesses of shells or composites subject to stress and/or failure index constraints. In
problems that contain other constraints, GENES Swill temporarily ignore them while
using the stress ratio method. They will be considered when the approximation method
gets activated.

Due to its limited scope, this method is not recommended for most problems. This
method should only be used on the rare occasion when the standard method has
problems resizing elements.

The advantage of the stress ratio method over the standard method is that it does not
require the calculation of sensitivities or the solution of the approximate problem. This
means that each design cycle can be faster.

It is interesting to note that the stress ratio method, when used to optimize a statically
determinate structure that only has stress constraints, can converge in one design cycle.
In non-statically determinate structures this is usually not true.

If this method is used alone, it may not converge to an optimal solution. The reason for
this is that an optimal solution usually does not require that all members be fully
stressed in at least one load case.

To update areas of rods, the stress ratio method uses the following equation:
Area new = MAX(Area old*Stress/Stress limit,PMIN)
To update thickness of plates the stress ratio method uses the
following equation:
thickness new = MAX(thickness old*Stress/Stress limit,PMIN)
Where,
PMIN is the minimum property value as defined in DVPROPL1.

The DOPT parameter, ISRMET, is used to control the stress ratio resizing method. If
ISRMET=0, GENES Swill not use stress ratio (this is the default). If ISRMET =1 or
3, GENESI Swill not change the design variables that reference elements that do not
have stress ratio constraints. The difference between 1 and 3 is that the later case will
not stop due to hard convergence until at least one cycle using the standard
approximation method has been completed. Between 1 and 3, 3 is recommended for
most cases. Option 1 should be picked over 3 only when analysis is very time
consuming. If ISRMET=2 or 4, GENES Swill attempt change the design variables
associated to all stress ratio designable elements (e.g., shell elements without stress
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constraints will go to their minimum gage). The difference between 2 and 4 is that the
later case will not stop due to hard convergence until at least one cycle using the
standard approximation method has been completed. Between 2 and 4, 4 is

recommended for most cases. Option 2 should be pick over 4 only when analysis is very
time consuming.
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2.2.8

The STRDOT Optimizer

STRDOT is a new and experimental optimizer. STRDOT can be used to solve a special
subset of structural optimization problems. It is used to resize members of a structure
S0 that certain static stress constraints are satisfied. In GENES S, this method is
typically used in conjunction with the standard method. When selected, the STRDOT
optimizer is used for the first ISDMAX design cycles and after that GENES Swill use
the standard approximation methods along with the DOT or BIGDOT optimizer.
ISDMAX is a DOPT parameter with a default of 0. The user must set the ISDMAX
value or STRDOT will not be used for any design cycles.

The STRDOT optimizer is primarily controlled by the DOPT parameter STRDOT. A
value of 1 will turn on this optimizer. With this value, GENES Scan be used to design
thicknesses of shells or composites subject to stress and/or failure index constraints. In
problems that contain other constraints, GENES Swill temporarily ignore them while
using this optimizer. The ignored constraints will be considered when the
approximation method gets activated.

The STRDOT parameter can also take values of -1 or 0. A value of -1 will cause
GENES Sto only use the STRDOT optimizer. In this case all constraints that are not
considered by STRDOT will not be used in optimization and might be violated. A value
of 0, the default, will cause GENES Sto not use STRDOT and only standard optimizers
will be used.

Due to its limited scope, this method is not recommended for most problems. This
method should only be used when there is a large number of stress constraints and/or
when the standard method has problems resizing elements.

The advantage of this optimzer over the standard ones is that it requires much less disk
space and memory to use it.

In most cases, STRDOT can be used to replace the stress ratio method. STRDOT will
most likely make the stress ratio method obsolete.
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2.2.9

Discrete Optimization

Design variables (DVAR) can reference discrete sets (created by DVSET and
DVSET1 bulk data entries) to allow for discrete optimization.

Several DOPT parameter are available to help the user control the process. The first
and most important parameter is DSTART. This parameter controls when the discrete
optimization process starts. The default for DSTART is -1, which causes GENES Sto
perform first continuous optimization (with either DOT or BIGDOT) and when that
converges, perform discrete optimization using the BIGDOT or DSCDOT optimizer.

The second parameter available to the user is DVINIT2. This parameter controls the
way GENES Shandles the initial values of the discrete design variables. If the value of
INIT specified on the DVAR entry is not in the associated design discrete set, by default
GENES Sstops with a fatal error. The DVINIT2 parameter can change this behavior by
forcing GENES Sto replace INIT with the closest value in the discrete set or to use
INIT even if it does not belong to the discrete set.

Other DOPT parameter of interest are: DDELP, DDELC, DDELL, DDELA,
DDPMIN, DDCMIN, DDLMIN, DDAMIN, PENLTD, IPEN, PMULTD and
NDISCR. These parameters should be used only in case difficulties are encountered.

Further details on how to use discrete variables can be found in Discrete Design
Variables (p. 261).

GENESIS provides three optimizers to perform discrete optimization. DSCDOT,
CMBDOT and BIGDOT. BIGDOT has been used in GENESIS since the late nineties,
DSCDOT since 2008 and CMBDOT since 2018 . To use CMBDOT, the DOPT
parameter DSCDOT must be set to 2.To use DSCDOT, the DOPT parameter
DSCDOT must be set to 1. To use BIGDOT , the DOPT parameter DSCDOT must be
set to 0. The current default for the DSCDOT DOPT parameter is 1.

The CMBDOT optimizer uses a DOPT parameter named MAXDPG to control the
maximum number of discrete variables that are use by CMBDOT on a given instance
of using the optimizer. When the number of discrete variables exceeds MAXDPG,
GENESIS will call CMBDOT using additional instances of CMBDOT calls. It is
recomended to not exceed a value of 10 for MAXDPG as larger values will require a
very large number of function evaluations, causing the process to slow down. The
number of function evaluations required grows exponentianly with MAXDPG.

The CMBDOT optimizer may provide better results than DSCDOT, but will usually
require significantly more compuation time. To speed up CMBDOT, use a lower value
of MAXDPG.

For problems with relatively few design variables, CMBDQOT is recommended, while
for problems with larger numbers of design variables, DSCDOT is recomended.
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2.2.10 Nonlinear Contact Analysis Optimization

Maximum
Number of
Contact Iterations

Nonlinear contact analysis requires the solver to iterate many times to get accurate
answers. This iteration causes the analysis to be much slower than simple linear static
analysis. When performing optimization with a nonlinear analysis, it is possible to use
a technique termed “simultaneous analysis and optimization”. Since the optimization is
going to perform many design cycles, it might be not necessary to have a precise
nonlinear answer in each design cycle. In this class of problems, the user might want to
limit the number of full contact analyses. The user might also want to limit the number
of full contact analyses when the solver time become too large.

The DOPT parameter CNTDC allows the user to control the frequency at which full
contact analysis is performed. The default, 1, causes the program to perform full contact
analysis in every design cycle. A value n, greater than one, causes the program to
perform full contact analysis every n-th design cycle. The program, however, will
always perform full contact analysis on the first and last design cycles. For the design
cycles that are not performing full contact analysis, the DOPT parameter CNTIT sets a
reduced maximum number of contact analysis iterations.

The following figure shows an example for CNTDC=4 that assumes optimization
finished in design cycle 10. The figure shows that CNTDC=4 causes the program to
perform full contact analysis in design cycles 4 and 8. Design cycles 0 and 10 are
performed by the program too which provides for good starting and final designs.

A

! CNTDC I ! CNTDC I

I CNTIT
>

01 2 3 45 6 7 8 9 10 Design Cycle Number

Figure 2-1

If soft or hard converge occurs on a design cycle where no full contact analysis was
performed, the program will not stop, but instead trigger a full contact analysis on the
next design cycle.
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2.3 Shape, Sizing Topography and Topometry Design Bulk

Data

This section summarizes the shape, sizing, topography and topometry design input data
to GENESIS The design data is placed with the analysis data between the BEGIN
BULK and the ENDDATA commands.

Design Variables

NAME INFORMATION
DVAR Design variable definition
DVSET Design variable discrete value list
DVSET1 Design variable discrete value list
DLINK Linear linking between design variables

Design Variable To Property And Grid Relationships

NAME INFORMATION
DVPROP1 | Linear relationship between design variables and properties
DVPROP2 | Synthetic relationship between design variables and properties
DVPROP3 | Built in design element library relationships for beams and plates
DVPROP4 | Linear relationship between design variables and composite thicknesses and /or
angles
DSPLIT Defines a topometry region, symmetry conditions and coarse levels
DOMAIN Define a set of grids (DOMAIN Element) to be used with DVGRIDC data to create
basis or perturbation vectors.
DSHAPE Defines data for DVGRID/DVGRIDC sets
DVGRID Linear relationship between design variables and grid point locations
DVGRIDC | Linear relationship between design variables and corner grids, or middle edge grids,
of DOMAIN elements.
DTGRID Defines data needed to generate design data for topography regions.
DEQATN Equation referenced by DVPROP2
DTABLE Tabled constants for equations
DLIB Library element information defined by the user
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Responses
NAME INFORMATION

DRESP1 Identifies direct response to be used as objective function or constraint or entry to
DRESP2

DRESP2 Synthetic relationship between design variables, grid locations, DRESP1 and
DRESPG quantities

DRESP3 Relationship defined by an external analysis program or by a built-in equation that is
a function of grid point locations, design variable values, DRESP1 and DRESPG
quantities

DRESPG Defines a geometric response to be used in optimization

DRESPU Identifies responses generated by an external analysis program

DEQATN Equation referenced by DRESP2

DTABLE Tabled constants for equations

DSHIFT Frequency response shifting parameters

Objective Function

NAME INFORMATION
DOBJ Identifies a DRESP1, DRESP2, DRESP3, DRESPG or DRESPU entry as the design
objective
DINDEX Identifies one or more of DRESP1, DRESP2, DRESP3, DRESPG or DRESPU

entries and corresponding weighting factors to form a design objective.

Matching Analysis Results

NAME INFORMATION
DMATCH Identifies a DRESP1, DRESP2, DRESP3, DRESPG or DRESPU entry and values
that they are to match
DMATCH2 | Identifies a DRESP1, DRESP2, DRESP3, DRESPG or DRESPU entry and values

that they are to match, along with weighting factors
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NAME INFORMATION
DCONS Identifies a DRESP1, DRESP2, DRESP3 or DRESPG entry as a constraint and
provides bounds
DCONS2 Identifies a DRESP1, DRESP2, DRESP3 or DRESPG entry as a constraint and
provides bounds as scale factors of the response’s initial analysis value
DSCREEN | Constraint screening information for sensitivity analysis and approximate

optimization

Design Variable Selection

NAME INFORMATION
DSELECT | Defines information used to add constraints intended to force the selection of a
subset of design variables.
Parameters
NAME INFORMATION
DOPT Defines various optimization parameters
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Relationships Among Shape and Sizing Design Data

DVAR
DLINK
DVSETx
Design
Variable
Definition

DVPROPx
DLIB
ANALYSIS A
<«——] DOMAIN
Input Data DTGRID DOPT

Design to S
Analysis Optimization

Relationships Parameters

DOBJ DINDEX
DMATCHXx
DRESPx |« Objective
DEQATN Function
DTABLE Definition
ANALYSIS ¢
Results
Responses
Used In
Design |<€——— DCONS
DCONS2
DSCREEN
Design
Constraint
Definitions
Figure 2-2
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2.4 Topology Design Bulk Data

This section summarizes the topology design data. The design data is placed with the
analysis data between the BEGIN BULK and ENDDATA statements.

GENES'S May 2018 Design Manual 33



Structural Optimization Concepts

Topology Regions

NAME INFORMATION
TPROP Selects a property whose elements are to be topologically designed.
TPROPC Selects a property whose elements are to be topologically copied from another
topology designed region.
Responses
NAME INFORMATION
TRESP1 Identifies direct responses to be used as the objective function or constraints.
TRESP2 Synthetic relationship between extra variables and TRESP1 quantities
TRESP3 Relationship defined by an external analysis program or by a built-in equation that is
a function of extra variable values and TRESP1 quantities
DEQATN Equation referenced by TRESP2
DTABLE Tabled constants for equations
DSHIFT Frequency response shifting parameters

Objective Function

NAME INFORMATION
TOBJ Identifies a TRESP1, TRESP2 or TRESP3 as the design objective.
TINDEX Identifies TRESP1, TRESP2 or TRESP3 entries and weighting factors used to form
the compliance index objective function.
Constraints
NAME INFORMATION
TCONS Identifies a TRESP1, TRESP2 or TRESP3 as a constraint and provides bounds.
TCONS2 Identifies a TRESP1, TRESP2 or TRESP3 as a constraint and provides bounds as
scale factors of the response’s initial analysis value.
DSCREEN | Constraint screening information.
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Fabrication Constraints

NAME INFORMATION

TSYM1 Identifies a symmetry plane based on grids. Also used to defined fabriacation
constraints.

TSYM2 Identifies a symmetry plane based on points. Also used to defined fabriacation
constraints.

TSYM3 Identifies a symmetry plane based on a coordinate system. Also used to defined
fabriacation constraints.

Extra Variables

NAME INFORMATION

TVAR Topology extra variable definition

Design Variable Selection

NAME INFORMATION

TSELECT Defines information used to add constraints intended to force the selection of a
subset of topology extra variables (TVAR) or internal topology variables.

Parameters

NAME INFORMATION

DOPT Defines various optimization parameters.

The chart below shows the basic relationships among the data statements for design
using GENES Sfor topology optimization. It includes all topology design commands
that may be included in the input data file. The chart also includes the most relevant
analysis data that are referenced by the topology design data.

GENES'S May 2018 Design Manual 35



Structural Optimization Concepts

Bulk Data
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Shape and Sizing Design Capabilities

3.1

Basic Sizing Design Capabilities

The analysis engineer deals with element cross sectional dimensions (height, thickness,
etc.), section properties (area, bending moment of inertia, etc.), structural dimensions
(length, span, etc.), and responses (displacements, stresses, frequencies). The cross
sectional dimensions, section properties, and grid point locations define the analysis
model. The design engineer deals with design variables that, in general, have some sort
of nonlinear relationship with the description of the analysis model, and constraints on
the responses generated by the analysis model. The collection of design variables,
constraints, and the objective function define the design model. The basic design
capabilities are used to relate the analysis model to a basic design model.
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Sizing Designable Elements

Following is a list of all elements designable with sizing optimization:

SIZING DESIGNABLE ELEMENTS

Element Property

CELAS1 PELAS

CVECTOR PVECTOR

CBUSH PBUSH
CMASS1 PMASS

CONM3 PCONM3

CDAMP PDAMP

CVISC PVISC

CROD PROD

CBAR PBAR

CHBDY PHBDY
CSHEAR PSHEAR

CTRIA3 PSHELL/PCOMP/PCOMPG
CQUAD4 PSHELL/PCOMP/PCOMPG
CTRIAG PSHELL/PCOMP/PCOMPG
CQUADS PSHELL/PCOMP/PCOMPG
CTRIAX6 PAXIS

K2UU1 PK2UU

M2UU1 PM2UU
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Shape and Sizing Design Capabilities

3.1.1 Design Variable Definition (DVAR)

Each design variable has an initial value and lower and upper bounds. The initial value
usually comes from the engineers preliminary design model. The lower and upper
bounds are used to keep the design from becoming unreasonable. For example the
wheelbase of a car must be less than the width of the road. Lower bounds are usually
the results of manufacturing considerations. For example it is difficult to manufacture
rod elements with a diameter of 0.001 mm. Each design variable has an ID number by
which it is referenced and an optional label which is provided to help the user quickly
identify it in the program output.

The basic format for the design variable data in GENES Sis:

1 2 3 4 5 6 7 8 9 10

DVAR ID LABEL| INIT LB uB

GENESS May 2018 Design Manual 41



Shape and Sizing Design Capabilities

3.1.2

Linear Design Variable to Element Property Relationship
(DVPROP1)

The DVPROPL1 input data is used to construct linear relationship between one or more
design variables and a finite element property listed on the PAXIS, PROD, PBAR,
PBARL, PBUSH, PSHELL, PCOMP, PCOMPG, PELAS, PELASH, PK2UU,
PM2UU, PVECTOR, PSHEAR, PCONM3, PHBDY, PDAMP, PMASS or PVISC
data. The design variables are specified by their ID numbers. The property is specified
by its property input data ID (PID) and a code, called the FID, which points to a specific
property on the input data. These codes are found with the DVPROP1 input data
described in DVPROP1 (p. 603) For example, the code for the area of a ROD is 1 and
the code for the thickness of a QUAD4 element is 2.

The basic format of the DVPROP1 input data is:

1 2 3 4 5 6 7 8 9 10

DVPROP1 ID PID FID Co

+ DVID1 C1 DVID2 Cc2

The ID is the unique DVPROP1 identifier. The PID and FID define the property that is
being controlled by the design variables DVIDi and CO0, C1, C2, ... which are used in
the relationship

Property = C0 + ZCi -DVID; (Eg. 3-1)
i
The most basic use of the DVPROP1 data is to form a direct one to one relationship
between a design variable and some element property. For example, to link the areas of

the ROD elements associated with PROD 6 with the value of design variable 10 the data
would look like:

1 2 3 4 5 6 7 8 9 10

DVPROP1 14 6 1

+ 10

where 14 is the DVPROPL1 ID. Note that the default value for C0O is 0 and for C1 is 1.0.
Therefore:

Areag = DV, (Eq. 3-2)

A more complicated example of the use of the DVPROP1 data would be to assign the
thickness of plate/shell elements that reference PSHELL 20 to be 2.0 plus the average
values of design variables 15 and 16. In this case the data would appear as:

1 2 3 4 5 6 7 8 9 10

DVPROP1 14 20 2 2.0
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1 2 3 4 5 6 7 8 9 10

+ 16 0.5 15 0.5

Note that, while there is no limit to the number of design variables that can be
referenced by the DVPROP1 data, only a single property can be specified.

GENESS May 2018 Design Manual 43



Shape and Sizing Design Capabilities

The DVPROP1 data can also be used to create sizing Basis Designs (Basis Vectors) for
optimization. For example, consider the design of a ROD assembled with 5 CROD
elements. Assume that we have the following three candidate designs and wish to find
the best linear combination of these.

BASIS 1 BASIS 2 BASIS 3

Al1=1.0 Al1=1.0 Al1=1.0

A2=1.0 A2=0.8 A2=0.8

A3=1.0 A3=0.6 A3=0.6

A4=1.0 A4=0.4 A4=0.8

A5=1.0 A5=0.2 A5=1.0

These shapes are shown in Figure 3-1 below.

BASIS 1

BASIS 2 &T

BASIS 3

Figure 3-1 Basic Design
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An optimum design can be found as a linear combination of these three designs, so we
can define the member areas as:

Al 1.0 1.0 1.0
A2 1.0 0.8 0.8
A3 ¢ = DV1{ 10 +DV23 06 +DV3s 06 (Eq. 3-3)
A4 1.0 0.4 0.8
A5 1.0 0.2 1.0

To solve this problem, three DVAR data statements are required, corresponding to the
three design variables. Five DVPROP1 data statements are required to control the
member properties.

Thus, the appropriate data statements would be:

1 2 3 4 5 6 7 8 9 10
DVAR 1 DV1 0.333 | -10.0 10.0
DVAR 2 DV2 0.333 | -10.0 10.0
DVAR 3 DV3 0.333 | -10.0 10.0
DVPROP1l 100 1 1 0.01
+ 1 1.0 2 1.0 3 1.0
DVPROP1l 200 2 1 0.01
+ 1 1.0 2 0.8 3 0.8
DVPROP1| 300 3 1 0.01
+ 1 1.0 2 0.6 3 0.6
DVPROP1| 400 4 1 0.01
+ 1 1.0 2 0.4 3 0.8
DVPROP1| 500 5 1 0.01
+ 1 1.0 2 0.2 3 1.0

In this example, the initial design is the average of the three candidate designs and each
design variable has a lower bound of -10.0 and an upper bound of 10.0. Note that the
design variables can have negative values. However, the properties must not be
negative. Therefore, a value of PMIN=0.01 is used on the DVPROP1 data to insure that
the cross-sectional areas are positive. The PMIN value is placed in the sixth column of
DVPROP1 data.
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In many structural design problems the finite element properties are not linear functions
of the design variables. For example the bending moment of inertia of a beam is a
nonlinear function of the height of the beam and the bending stiffness of a plate element
is a nonlinear function of the thickness. In these cases the nonlinear design variable to
property relationship (DVPROP2) data or design element library data (DVPROP3)
must be used. See DVPROP3 (p. 621) for more detailed information on this data.
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3.1.3 Design Variable Linking (DLINK)

The DLINK input data is used to link a dependent design variable to independent design
variables by a linear relationship. This relationship is defined as:

dep indep
DV = Cp+ Cmultzci*DVi (Eq. 3-4)
i
The format of the DLINK data is:
1 2 3 4 5 6 7 8 9 10

DLINK [ DVID CO0 |CMULT| DVi C1 Dv2 Cc2 DV3 C3

+ Dv4 C4 DV5 C5 ce Blank

Note that the continuation line is not needed if only one, two or three independent
design variables are referenced. The simplest linking is one to one. For example
dependent design variable 6 is equal to independent design variable 9. In this case the

input data is:
1 2 3 4 5 6 7 8 9 10
DLINK 6 0.0 1.0 9 1.0
or
1 2 3 4 5 6 7 8 9 10
DLINK 6 9 1.0

Note that the default values for CO and CMULT are 0.0 and 1.0 respectively. There are
no default values for the C;.

Many times designers develop tapered structures. One approach to the design of these
types of structures is to have independent design variables control each end, while
dependent design variables control the interior. For example consider a structure
composed of five equal length ROD elements whose areas are controlled by design
variables 1 through 5. The equations for the areas of RODs 2, 3, and, 4 are

3 1

A2 = ZAl + ZAs (Eq. 3-5)
1 1

A3 = éAl + §A5 (Eq. 3-6)
1 3

Ay = A1+ 3A (Eq. 3-7)
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DLINK data for this problem is:

1 2 3 4 5 6 7 8 9 10
DLINK 2 0.25 1 3.0 5 1.0
DLINK 3 0.5 1 1.0 5 1.0
DLINK 4 0.25 1 1.0 5 3.0

As a final example, in many symmetric structures one design variable is the negative of
another. In this case the DLINK data is:

1 2 3 4 5 6 7 8 9 10

DLINK 6 9 -1.0
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3.1.4

Structural Responses (DRESP1)

The structural responses of the analysis model are used to construct constraint or
objective functions in the design model. The DRESP1 input data is used to tag the
important structural responses for the design model. These responses can be system
responses: mass, volume, moment of inertia, strain energy and frequency; grid point
responses: displacements, velocities, accelerations, grid stresses (for TRIAX6, HEXA,
HEX20, PENTA, TETRA and PYRA elements), temperatures; or element responses:
stress, strain, and force. Element responses can be referenced element by element or
property by property. When referenced by property all of the elements that reference
each property are tagged.

The basic format or the DRESP1 data is:

1 2 3 4 5 6 7 8 9 10

DRESP1 ID LABEL | RTYPE| PTYPE ATTA | ATT1 | ATT2 | ATT3

+ ATT4

Each DRESP1 data has a unique ID, which is required, and an optional LABEL that can
be used to identify it in the program output. The response type (RTYPE) must be
MASS, VOLUME, INERTIA, FREQ, RFREQ, LAMA, DISP, SPCF, EVECT,
REVECT, DDISP, DDISPS, MDISP, MDISPS, DVELO, DVELOS, MVELO,
MVELOS, DACCE, DACCES, MACCE, MACCES, RMSDISP, RMSVELO,
RMSACCE, PSDDISP, PSDVELO, PSDACCE, STRESS, DSTRESS, DSTRS,
GSTRESS, DGSTRESS, CSTRESS, FINDEX, CTHICK, LTHICK, STRAIN,
DSTRAIN, DSTNS, CSTRAIN, SENERGY, VMINDEX, CDISP, CPRESS, TEMP,
FORCE, DFORCE, DFORCES, UFDISP, UFDISPS, UFVELO, UFVELOS,
UFACCE , UFACCES, ERP or ERPS. If the response type is SENERGY or
VMINDEX, then the rest of the data fields are not used. If the response type is TEMP,
then the ATT]I are the grid points. If the response type is MASS or VOLUME and the
rest of the data fields are blank, then the total system mass or volume is referenced. If
the response type is MASS or VOLUME and the PTYPE is PROP or MAT, then the
ATTI are the property or material ID’s. If the response type is FREQ or RFREQ, then
the PTYPE data will be the mode number. If the response type is EVECT or REVECT,
then the PTYPE data will be the mode number, the attribute data (ATTA) will be the
degree or degrees of freedom, and the ATTi will be the grid point. If the response type
is LAMA, then the PTYPE is the buckling mode number. If the response type is DISP
then the attribute data will be the referenced degree or degrees of freedom and the ATTi
will be the grid points. If the response type is GSTRESS, the attribute data (ATTA) will
be the stress item code and the ATTi will be the grid points.

If the response type is INERTIA, the attribute data is the inertia item code.
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For element responses, if the DRESP1 data references elements directly, then PTYPE
should be “ELEM”. If the DRESP1 data references elements by referencing their
property data (the default) then PTYPE should be PROP, the property type (PROD,
PSHELL, PELAS, etc.), or blank. The ATTi are either the element or property ID’s.
The ATTA data is the stress, strain, or force item code. These element response codes
are found with the DRESP1 (p. 522) of Volume I1.

For dynamic responses real, imaginary, magnitude and phase components can be
referenced by DRESP1 data. Note that the magnitude of a response is always positive.
Care should be taken in constraining the phase of a response since it is limited to the

range of 0-360°. Note also that if a phase is constrained to be less than 2° and it becomes
-2° = 3589, the constraint will be violated.

The RTYPE, PTYPE, ATTA, and ATTi data are summarized in the table below.

RESPONSE RTYPE PTYPE ATTA ATTi
Static DISP Blank Displacement | Grid or Spoint
Displacement component ID or “GSET",
code. See “THRU"” or
remark 5. “ALL”
Relative RELDISP Blank Displacement | Grid or Spoint
Displacement component
code.
Reaction Force SPCF Blank Reaction Force| Grid or Spoint
component
code (1-7)
Static Element STRESS Blank or Stress item Property entry
Stress PROP, PAXIS, PBAR, code (PID) or
PBEAM, PBUSH, PROD, Element ID
PSHELL, PSOLID, (EID) or
PELAS, PSHEAR, ELEM “ESET”
Dynamic DSTRESS |Blank or Stress item Property entry
Element Stress PROP, PAXIS, PBAR, code (PID) or
PBEAM, PBUSH, PROD, Element ID
PSHELL, PSOLID, (EID) or
PELAS, PSHEAR, ELEM “ESET"
Shifted DSTRS Blank or Stress ATTL:
Dynamic PROP, PAXIS, PBAR, Magnitude DSHIFT ID.
Element Stress PBEAM, PBUSH, PROD, |item code
PSHELL, PSOLID, ATTI (i>1):
PELAS, PSHEAR, ELEM Property entry
(PID) or
Element ID
(EID)
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RESPONSE

RTYPE

PTYPE

ATTA

ATTI

Static Grid
Stress

GSTRESS

Blank

Stress item
code

Grid ID or
“GSET",
“THRU” or
“ALL”

Dynamic Grid
Stress

DGSTRESS

Blank

Stress item
code

Grid ID or
“GSET",
“THRU” or
“ALL”

Composite
Layer Stress

CSTRESS

Blank, PCOMP or ELEM

Stress item
code

ATTL:
layer number.

ATTi (i>1):
Property entry
(PID) or
Element ID
(EID)

Composite
Element Failure
Index

FINDEX

Blank, PCOMP or ELEM

Findex item
code

Property entry
(PID) or
Element ID
(EID) or
“ESET”

Static Element
Strain

STRAIN

Blank or
PROP, PAXIS, PBUSH,
PSHELL, PSOLID, ELEM

Strain item
code

Property entry
(PID) or
Element ID
(EID) or
“ESET”

Dynamic
Element Strain

DSTRAIN

Blank or
PROP, PAXIS, PBUSH,
PSHELL, PSOLID, ELEM

Strain item
code

Property entry
(PID) or
Element ID
(EID) or
“ESET”

Shifted

Dynamic
Element Strain

DSTNS

Blank or
PROP, PAXIS, PBUSH,
PSHELL, PSOLID, ELEM

Strain
Magnitude
item code

ATTL:
DSHIFT ID.

ATTi (i>1):
Property entry
(PID) or
Element ID
(EID)
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RESPONSE RTYPE PTYPE ATTA ATTI
Composite CSTRAIN Blank, PCOMP or ELEM | Strain item ATTI1:
Layer Strain code layer number.
ATTi (i>1):
Property entry
(PID) or
Element ID
(EID)
Static Element FORCE Blank or Force item Property entry
Force PROP, PBAR, PBEAM, code (PID) or
PBUSH, PSHELL, PELAS, Element ID
PSHEAR, PROD, (EID) or
PVECTOR, ELEM “ESET”
Dynamic DFORCE Blank or Force item Property entry
Element Force PROP, PBAR, PBEAM, code (PID) or
PBUSH, PCOMP, Element ID
PSHELL, PELAS, (EID) or
PSHEAR, PROD, PDAMP, “ESET”
PVECTOR, PVISC, ELEM
Shifted DFORCES |Blank or Force ATT1: DSHIFT
Dynamic PROP, PBAR, PBEAM, Magnitude item| ID.
Element Force PBUSH, PCOMP, code
PSHELL, PELAS, ATTI (i>1):
PSHEAR, PROD, PDAMP, Property entry
PVECTOR, PVISC, ELEM (PID) or
Element ID
(EID)
Composite Total CTHICK Blank, PCOMP or ELEM |1 Property entry
Thickness (PID) or
Element ID
(EID)
Composite LTHICK Blank, PCOMP or ELEM | Thickness item| ATT1:
Layer code: 1 = layer | layer number.
Thickness thickness
2 = layer ATTi (i>1):
thickness/total| Property entry
thickness (PID) or
Element ID
(EID)
Grid Contact CDISP Blank Contact Grid ID or
Clearance component “GSET",
code: 1 “THRU" or
“ALL”
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RESPONSE RTYPE PTYPE ATTA ATTi
Grid Contact CPRESS Blank Contact Grid ID or
Pressure component “GSET",
or code: 1 “THRU" or
SALL”
Grid glue
connection
pressure
Natural FREQ, Mode number Blank Blank
Frequency RFREQ
Eigenvector EVECT, Mode number Component Grid or Spoint
Component REVECT code ID or “GSET",
“THRU” or
“ALL”
Buckling Load LAMA Mode number Blank Blank
Factor
Mass MASS Blank or MAT or PROP Blank Blank or
Property entry
(PID) or
Material entry
(MID
Volume VOLUME Blank or MAT or PROP Blank Blank or
Property entry
(PID) or
Material entry
(MID)
Static Strain SENERGY | Blank or PROP or Blank Blank or
Energy PAXIS or PBAR or PBARL Property entry
or PBEAM or PBEAML or (PID)
PBUSH or PROD or
PSHELL or PSHEAR or
PCOMP or PCOMPG or
PSOLID or PELAS or
PVECTOR or PBUSH or
PBUSHT or PGARP or
PWELD or PK2UU
Von Mises VMINDEX Blank Blank Blank
Stress Index
Temperature TEMP Blank Blank GRID or
SPOINT ID or
“GSET",
“THRU” or
“ALL”
Heat Transfer HTC Blank Blank Blank
Compliance
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RESPONSE

RTYPE

PTYPE

ATTA

ATTI

Dynamic
Displacement,
Velocity,
Acceleration
(From Direct
Loadcases)

DDISP,
DVELO,
DACCE

Blank

Component
code (1-24)

Grid or Spoint
ID or “GSET”

Shifted
Dynamic
Displacement,
Velocity,
Acceleration
(From Direct
Loadcases)

DDISPS,
DVELOS,
DACCES

Blank

Component
code;(1-6)

ATT1: DSHIFT
ID.

ATTi (i>1):
Grid or Spoint
ID

Dynamic
Displacement,
Velocity,
Acceleration
(From Modal
Loadcases)

MDISP,
MVELO,
MACCE

Blank

Component
code (1-24)

Grid or Spoint
ID or “GSET”

Shifted
Dynamic
Displacement,
Velocity,
Acceleration
(From Modal
Loadcases)

MDISPS,
MVELOQOS,
MACCES

Blank

Component
code: (1-6)

ATT1: DSHIFT
ID.

ATTi (i>1):
Grid or Spoint
ID

Random

Power Spectral
Density
Dynamic
Displacement,
Velocity,
Acceleration
(From Direct or
Modal
Loadcases)

PSDDISP,
PSDVELO,
PSDACCE

Blank

Component
code.

Grid or Spoint
ID

Shifted Random
Power Spectral
Density
Dynamic
Displacement,
Velocity,
Acceleration
(From Direct or
Modal
Loadcases)

PSDDS,
PSDVS,
PSDAS

Blank

Component
code: (1-6)

ATT1: DSHIFT
ID.

ATTi (i>1):
Grid or Spoint
ID
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RESPONSE RTYPE PTYPE ATTA ATTi
Random RMSDISP, |Blank Component Grid or Spoint
Dynamic RMSVELO, code (1-6) ID

Displacement, [ RMSACCE
Velocity,
Acceleration
(From Random

Loadcases)

User Function UFDISP, Blank Field Pointitem| Field Point ID

of Dynamic UFVELO, code (Defined in

Displacement, UFACCE 1: Magnitude | UFDATA file)
Velocity, 2: Phase
Acceleration 3: Real
4: Imaginary
Shifted UFDISPS, |Blank Component ATT1: DSHIFT
: UFVELOS code ID.
User Function ! .
of Dynamic UFACCES 1: Magnitude
Displacement, AT_T| (i>1):Field
. Point ID
Velocity, Defined i
Acceleration EJ FeDIR'? A Ifnl
(From Direct or ile)
Modal
Loadcases)
Equivalent ERP Blank Item code Element set ID
Radiated Power| 1: Standard (Specified in
scale ERPPNL entry)
2: Decibel
Scale
Shifted ERPS Blank Component ATT1: DSHIFT
. de ID.
Equivalent C(_)
Radiated Power 1: Standard
scale Element set ID
2: Decibel (Specified in
Scale ERPPNL entry)
System Inertia INERTIA Blank Inertia item Blank
Matrix code
Component

The following examples show the preparation of the DRESP1 input data for different
response types.

To tag the system volume, the data entry is:

1 2 3 4 5 6 7 8 9 10
DRESP1| 10 VOLUM
E
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Note that the DRESP1 ID is 10, the optional label is not used, and the ATTA and ATTi
data are blank. To tag the mass of material 3, the data entry is;

1 2 3 4 5 6 7 8 9 10

|DRESP1| 15 | |MASS| MAT | | | 3 | | |

To tag the system moment of inertia, |,,, at the center of gravity, the data entry is:

1 2 3 4 5 6 7 8 9 10

|DRESP1| 18 | |INERTIA| | | 3 | | | |

To tag the third system frequency the data entry is:

1 2 3 4 5 6 7 8 9 10

DRESP1| 20 MODE3| FREQ 3

Note that the label is “MODE3” and the ATTA and ATTi data are left blank.
To tag the first buckling load factor the data entry is:

1 2 3 4 5 6 7 8 9 10

DRESP1| 21 LAMA1 | LAMA 1

Note that the label is “LAMAZL” and the ATTA and ATTi data are left blank.

To tag the u eigenvector component of mode 6 of grids 2, 3, 5 and 7, the data entry is:

1 2 3 4 5 6 7 8 9 10
DRESP1| 25 EVECT 6 1 2 3 7
+ 5

To tag the u displacement of grids 2, 3, 5, and 7 the data entry is:

1 2 3 4 5 6 7 8 9 10
DRESP1| 30 DISP 1 2 3 7
+ 5

Note that the PTYPE data is blank and that the grid point ID’s do not have to be in any
particular order.

Now consider the axial force at end A of ROD elements 1 and 2. The force item code
for end A of a ROD element is 1. Therefore, the data is:

1 2 3 4 5 6 7 8 9 10

DRESP1| 40 RODFA |FORCE| ELEM 1 1 2

Note that the PTYPE is “ELEM?” to specify that the ATTi are element ID’s and not
property ID’s. The element type does not have to be specified since all element ID’s
must be unique.
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Suppose we want to flag the Von Mises stresses on the top and bottom surfaces of all
the plate/shell elements associated PSHELL ID’s 100 and 200. The two DRESP1 data
would be:

1 2 3 4 5 6 7 8 9 10
DRESP1| 10 BOTTO |STRESS 2 100 200
M
DRESP1| 11 TOP [STRESS| PROP 9 100 200

Note that the PTYPE is the default value in DRESP1 10 and “PROP” in DRESP1 11.
Both are the same since the default is “PROP”. Also note that the stress item codes for
the Von Mises stress on the bottom and top surfaces of plate/shell elements are 2 and 9
respectively.
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For grid point stresses (GSTRESS) and temperatures (TEMP), the keyword “THRU”
can be used in the ATTi list. For example, to tag the maximum shear stress at grids 1,
3,4,5, 10, 100, 101, 102 and 103, the DRESP1 data could be

1 2 3 4 5 6 7 8 9 10
DRESP1| 10 GSTRES 9 1 3 THRU
S
+ 5 10 100 THRU 103

The keyword “THRU” can be used many times in the ATTi list and anywhere in the
list. The only restriction is that the grid ID after the “THRU” be greater than the grid ID
before the “THRU.”

To specify all grid points for grid point stresses or temperatures, the keyword “ALL” is
used and the other ATTi must be blank. For example;

1 2 3 4 5 6 7 8 9 10

|DRESP1| 30 | |GSTRESS| | | | ALL | | |

To tag the magnitude of user function of u velocities at filed point 12, 13, 15, and 17
the data entry is:

1 2 3 4 5 6 7 8 9 10
DRESP1| 40 UFVELO| 1 12 13 17
+ 15

Note that the PTYPE data is blank and that the filed point ID’s do not have to be in any
particular order.The field point are defined in the UFDATA file.
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3.1.5 Geometric Responses (DRESPG)

The geometric responses in the analysis model may be used to construct constraints or
objective functions in the design model. The DRESPG input data is used to get
geometric quantities for the design model. Currently, this data statement can be used to
calculate the distance between points. The format of the DRESPG input data is:

1 2 3 4 5 6 7 8 9 10
DRESP ID LABEL | RTYPE | Blank | Blank | Blank Attl Att2 Att3

G

+ Att4 Etc.

Each DRESPG data has a unique 1D, which is required, and the optional LABEL can
be used to identify it in the program output.

The response type (RTYPE) must be ANGLE, LENGTH, AREA3, AREA4, VOL4,
VOLS6, VOLS8, DGLINE, DGPLANE, DIFFX, DIFFY, DIFFZ, DISTX, DISTY and
DISTZ. The Atti are grid points.

The Atti are the grid IDs.
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The following table illustrates the meaning of each response type.

RTYPE DEFINITION (Gi used here is the grid ID, GIDi)
Gl
ANGLE
G2
G3
G2
G3 G5
LENGTH ~ o
~ ~
2 J
Gl G4 Gn
G3 G6 G9
AREA3 +{>+{§+"'
Gl G2 G5 G8
G4 G7
G4 G3 G8 g7 Gl2 Gl1
+g +Q+
G6
Gl G2 G5 e G10
cs G12
G4
Gl1
G3 a7
VOL4 + + + .
G5
G1 o
G2 G6 G10
G4 G10 G16
G18
VOL6
+ + +
Gl G7 G13
G9
G3 G8 Gl4 G15
G2
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RTYPE DEFINITION (Gi used here is the grid ID, GIDi)
G5 G8 613 G16 G21 G24
‘& G15
G7 k G23
VOL8 + + + . . .
- o G17
c3 G11
G2 G10 G18 G19
G2
DGLINE G3
d>0
‘d\‘/
G1
G4
o1 Normal
G3

IF GID4 IS ON THE IF GID4 IS ON THE
POSITIVE SIDE OF NEGATTIVE SIDE OF
DGPLANE THE PLANE, d >0 THE PLANE,d <0

G2

\2 IF GID2 IS ON THE IF GID2 IS ON THE

POSITIVE X SIDE OF  NEGATIVE X SIDE OF

-
DIFFX THE GID1,d >0 GRID GID1,d <0
Z d is measured in the
y basic coordinate system
X
G1
d‘\z IF GID2 IS ON THE IF GID2 IS ON THE
)ad POSITIVE Y SIDE OF  NEGATIVE Y SIDE OF
DIFFY THE GID1,d >0 GRID GID1,d <0
z

d is measured in the
y basic coordinate system
L L X
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G1

th IF GID2 IS ON THE IF GID2 IS ON THE

DIFFZ POSITIVE Z SIDE OF NEGATIVE Z SIDE OF
THEGID1,d >0 GRID GID1,d <0

z d is measured in the
y basic coordinate system
X
G2 Di ) _
D is always positvel or zero (DISTX >= 0)
DISTX -
z D is measured in the
y basic coordinate system
X
.\22 ) )
D D is always positve or zero (DISTY >=0)
DISTY i
z

D is measured in the
y basic coordinate system
X
G2 ) ) _
#N‘ D is always positve or zero (DISTZ >= 0)

DISTZ
z D is measured in the
y basic coordinate system
X
For example:
1 2 3 4 5 6 7 8 9 10
DRESP| 101 [LENGTH|LENGTH 10 11 12
G
+ 13 14

In this example the response 101 is calculated by adding the distance between grids 10
and 11, 11 and 12, 12 and 13, and 13 and 14.

The geometric responses tagged by DRESPG can be referenced by DOBJ, DINDEX,
DMATCH, DMATCH2, DCONS, DRESP2 and DRESPS3.
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3.1.6 Objective Function (DOBJ)

When only one response is to be selected as the objective function. The DOBJ data
entry can be used. When one or multiple responses are needed, the DINDEX data can
be used.

The DOBJ input data is used to flag one of the responses (DRESP1, DRESP2,
DRESP3, DRESPG or DRESPU) as the design objective function. The format of the
DOBJ input data is:

1 2 3 4 5 6 7 8 9 10

DOBJ RID | LABEL LID |MIN/MA
X

The RID corresponds to the DRESP ID that is the objective function response. The
optional LABEL is used to help identify the objective function in the program output.
The LID corresponds to the LOADCASE or LOADCOM number in which the
response will be the objective function (default is the first LOADCASE). Finally, the
last data specifies whether the objective function is to be minimized or maximized
(default is minimization). If the RID corresponds to a mass, volume, or DRESPU
response then the LID is ignored.

For example, the DOBJ data for mass minimization could be:

1 2 3 4 5 6 7 8 9 10

DOBJ 10

Here 10 is the DRESP1 ID that tags the system mass.

To maximize the response tagged on DRESP1 entry 33 in LOADCASE 5 the DOBJ
data would be:

1 2 3 4 5 6 7 8 9 10
DOBJ 33 |EL10ST 5 MAX
R

GENES'S May 2018 Design Manual 63



Shape and Sizing Design Capabilities

3.1.7 Multi-objective Function (DINDEX)

The DINDEX data is used to specify the responses the user needs to be included in a
index objective function. This is done by specifying DRESP IDs, weighting factors and
LOADCASE numbers in the format:

1 2 3 4 5 6 7 8 9 10
DINDEX RID1 LID1 w1 RID2 LID2 w2
+ RID3 LID3 W3 -etc.-

RIDi is the response number, LIDi is the load case humber and Wi is the weighting
factor.

DINDEX is an alternative way to select a design objective function. The index function
is a weighted sum of response terms. How each term enters into the index function
depends of the DOPT parameter, DINDEXM.

If DINDEXM, is 0 or 1, then responses are normalized by their values in the first design
cycle. If DINDEXM is 2 or 3, then responses are not normalized.

* DINDEXM =0o0r1

i = |:eessppc:) :sseeoli| (Eg. 3-8)
* DINDEXM =20r 3
R; = Responseg; (Eq. 3-9)
The index objective function is calculated using the following equation:
T=Y1 (Eq. 3-10)

i=1

If the DOPT parameter DINDEXM is 0 or 2, then the compliance index objective
function terms are calculated using reciprocals for negative weighting factors. If
DINDEXM is 1 or 3, then the compliance index objective function is a straight
summation.

* DINDEXM =0or?2

=l w Eq. 3-11
T =i w<o0 (Eq. 3-11)

« DINDEXM =1 or 3
f. = WR, (Eq. 3-12)
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Typically, the index relationship is used for combining strain energies and/or frequency
responses. In this case typically the weighting factor used are positive for the strain
energy responses and negative for frequency responses.

The reason for this is that GENES Swill minimize the index function. The choice of a
positive weighting factor for strain energy and negative for frequency will make the
structure stiffer.

In any case, it is up to the user to decide the sign of the weighting factors.

DINDEX is not the only way to combine responses to create the design objective. A
more general way can be obtained by using DOBJ referencing DRESP2, DRESP3 or
DRESPU. The advantage of using DINDEX is that the data is simpler and that
GENES Sprovides a a summary with the individual contributing responses. DINDEX
is similar to the TINDEX data use in topology optimization.

DINDEX can be used together with DMATCH/DMATCH2 to simultaneously
minimize and match responses.
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Examples:
Minimize
Tl = 1.0 x (SEnergy) (load case 10) + 100 x Freq (mode 1, load case 20 initial)
SEnergy (load case 10 initial) Freq (mode 1, load case 20)

The data for this problem could be:

1 2 3 4 5 6 7 8 9 10

DRESP1 1 ENERGY |[SENERGY

DRESP1] 2 MODE1| FREQ 1

$
DINDEX 1 10 1.0
+ 2 20 -100.0
DOPT

+ DINDEX 0
M

Since the default value of the DINDEXM parameter is 0, the DOPT data statement is
not required.

Instead of using the reciprocal of the frequencies in the compliance index function the
user could use the negative components as it is shown in the next problem:

Tl = 1.0 x (SEnergy) (load case 10) 100 x Freq (mode 1, load case 20 )
SEnergy (load case 10 initial) Freq (mode 1, load case 20 initial)

The data for this problem could be:

1 2 3 4 5 6 7 8 9 10
DRESP1 1 ENERG |SENERGY
Y

DRESP1 2 MODE1| FREQ 1

$
DINDEX 1 10 1.0
+ 2 20 -100.0
DOPT

+ DINDEX 1
M

In this case the DOPT parameter DINDEXM is required to override the default value
of 0.
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100.0
Freq (mode 1, load case 20)

The data for this problem could be:

1 2 3 4 5 6 7 8 9 10
DRESP1 1 ENERGY |SENERGY
prespi 2 |moDEL| FREQ [ 1
$
DINDEX| 1 10 1.0
+ 2 20 | -100.0
DOPT
+ |piINDEX| 2
M

Instead of using the reciprocal of the frequencies in the compliance index function the
user could use the negative components as it is shown in the next problem:

TI1 = 1.0*Strain Energy (load case 10) — 100*Freq (mode 1, load case 20)

The data for this problem could be:

1 2 3 4 5 6 7 8 9 10

DRESP1| 1 |ENERG [SENERGY
Y

DRESP1| 2 |MODE1| FREQ 1

$
DINDEX| 1 10 1.0

+ 2 20 -100.0

DOPT
+ |DINDEX| 3
M

In this case the DOPT parameter DINDEXM is required to override the default value

of 0.
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3.1.8

Constraints (DCONS and DCONS2)

The DCONS data is used to place lower and upper bound constraints on the DRESP
tagged responses (DRESP1, DRESP2, DRESP3 or DRESPG). This is done by
specifying the DRESP ID, LOADCASE or LOADCOM number, and lower and upper
bound values in the format:

1 2 3 4 5 6 7 8 9 10

DCONS| RID LID1 LB1 UB1 LID2 LB2 uB2

+ LID3 LB3 UB3

where LIDi is the load case number and LBi and UBi are the bounds for load case i.

Note that different bounds can be used in different load cases and that the response does
not have to be constrained in all load cases. If the response has the same bounds in all
the load cases then the following alternate form of the DCONS data can be used:

1 2 3 4 5 6 7 8 9 10

DCONS| RID “ALL” LB1 UB1

If this form of the DCONS data is used in input data sets that contain static and/or
frequency calculations and/or heat transfer and/or dynamic load cases, GENES Swill
only constrain the response in the appropriate load cases (static responses in static load
cases, frequency responses in frequency calculation load cases, dynamic responses in
dynamic load cases and temperatures in heat transfer loadcases). If the DCONS data
references a mass or volume response then the LID will be ignored.

The constraints can also be defined using the DCONS2 entry. The purpose of DCONS2
is to use constraint bounds relative to a response’s initial value. The form of DCONS2
is similar to DCONS:

1 2 3 4 5 6 7 8 9 10

DCONS2| RID LID1 LBF1 UBF1 LID2 LBF2 UBF2

+ LID3 LBF3 UBF3

where, LBFi is a factor that scales the intial value of the response to calculate the actual
lower bound and UBFi is a factor that scales the intial value of the response to calculate
the actual upper bound.
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3.1.9 Matching Analysis Results (DMATCH, DMATCH2)

The DMATCH or DMATCH?2 data is used to specify responses (DRESP1, DRESP2,
DRESP3, DRESPG and DRESPU) that are to match target values. This is done by
specifying DRESP ID, LOADCASE or LOADCOM number, target values and
weighting factors for any number of responses in the format:

1 2 3 4 5 6 7 8 9 10
DMATC| RID1 | LID1 T1 w1 RID2 | LID2 T2 w2

H2

+ RID3 | LID3 T3 w3
where RIDi is the response number, LIDi is the load case number, Ti is the target value
for the response, and Wi is the weighting factor.
DMATCH is similar to DMATCH2, with all Wi assumed to be 1.0;

1 2 3 4 5 6 7 8 9 10
DMATC| RID1 | LID1 T1 RID2 | LID2 T2 RID3 | LID3 T3

H

+ RID4 | LID4 T4
Note that each DRESP data referenced by DMATCH or DMATCH?2 data can only
generate one response per load case. To specify that the response described by DRESP
3 should be 0.3 in load case 1 and that the response described by DRESP5 should be
70.0 in load case 2 the data would be:

1 2 3 4 5 6 7 8 9 10
DMATC| 3 1 0.3 5 2 70.0

H
If the DMATCH data is used then there can be no DOBJ or DMATCH?2 data.
DMATCH data can be used simultaneously with DINDEX to form a hybrid objective
where some responses will be matched and other will be minimized. DCONS data can
also be used in conjunction with DMATCH data.
To select the method to use for matching responses, use the parameter IMATCH. To
select the Least Squares method use IMATCH = 0 and to select the Beta method use
IMATCH = 1. The default is IMATCH = 0.
When some responses are more important to match than others, weighting factors can
be specified using DMATCH2:

1 2 3 4 5 6 7 8 9 10
DMATC| 3 1 0.3 1.0

H2

+ 5 2 70.0 1.6
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3.1.10 Design of Laminated Composites

The layup of laminated composites can be optimized by GENES S Each composite can
have up to 400 layers. The individual layer thicknesses and material orientation angles
can be controlled by DVPROP1 and DVPROP2 data. The FID for a layer thickness is
100 + i, where i is the layer number. For example, the FID for the thickness of layer 3
is 103 and the FID for layer 23 is 123. The FID for a layer material orientation angle is
500 + i, where i is the layer number. For example, the FID for the material orientation
angle of layer 4 is 504. The distance from the reference plane to the bottom of the first
layer (Zp) can also be designed. The FID for Z; is 4.

Optionally, multiple thicknesses and angles can be designed by a single DVPROP4
entry. The DVPROP4 data provides a simpler way to design thicknesses and angles. It
does not require the use of FID numbers, as the continuation line number identifies the
layer number. When using DVPROP4 data, the user may also design Z,, GE and the

non structural mass, if necessary, using DVPROP1 or DVPROP2.

The layup configurations is specified with the LAM data in the PCOMP/PCOMPG
input data. There are three possible layup configurations: blank; where each layer is
specified, SYM; where only the bottom layers of a symmetric layup are specified and
the value of Z; is always -1/2 of the total thickness and, SYM1; where only the bottom
layers of a symmetric layup are specified and the value of Zy must be specified by the
user. If the SYM layup is used then no DVPROP1 or DVPROP2 data can reference Z
(FID=4). Note that if the blank or SYML layup is used when the layer thicknesses are
being designed, the user will most likely want to use DVPROP1 or DVPROP2 data to
control the value of Z,,

There are several responses for DRESP1 that can only be used with composite
elements. These responses are identified by RTYPE values FINDEX, CSTRESS,
CSTRAIN, CTHICK and LTHICK.

The composite ply failure index can be used as a response with DRESP1 data. The
RTYPE for the composite ply failure index is FINDEX. The Findex Item Code (ATTA)
can be 1 or 2. The item code for the composite ply failure is 1. This will create a
composite ply failure index response for every layer (including symmetric layers) of the
composite. The item code for interlaminar shear failure is 2. This will create a
composite interlaminar shear response for every bonding interface (including
symmetric layers) of the composite.

In the output files the composite ply failure index response item number is calculated
as 10*L + i, where L is the layer number and i is the failure mode specified in the table
below. For example, item number 34 is for layer 3 if when HOFF failure theory is used
and the item number 57 is for layer 5 STRN theory failure in the 2 direction.

i Ply Failure Mode

3 HILL

4 HOFF
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5 TSAI
6 STRN in the 1 Direction
7 STRN in the 2 Direction

8 STRN in Shear

Stress and strain of individual layers can also be used as responses with DRESP1 data.
The RTYPE for layer stress is CSTRESS, while the RTYPE for layer strain is
CSTRAIN. In either case, the result is calculated at the center of the element, and
halfway through the thickness of the layer.

The total thickness of a composite layup can be used as a response with DRESP1 data.
The RTYPE for the total thickness response is CTHICK. The thickness of individual
layers can also be used as a response with DRESP1. In this case, the RTYPE is
LTHICK. The layer thickness item code (ATTA) can be 1 or 2. Item code 1 gives the
actual layer thickness, while item code 2 gives the layer thickness fraction, which is
defined as the layer thickness divided by the total thickness of the layup.
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3.2 Basic Shape Design Capabilities

There are two approaches to shape design optimization available in GENES S The first
is called the basis vector approach and is usually used with continuum structures
(structures composed of plate/shell or solid elements). The second is called the grid
perturbation approach and is most often used with truss and frame structures. However,
either method may be used for any structure, depending on what is most convenient to
the user. Both approaches use the DVGRID input data which defines the relationship
between the design variables and the shape of the structure.
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3.2.1

Basis Design Approach

This approach is used when the value of the design parameter BASIS is 1. In this
approach the designer first generates several trial designs called basis vectors (vectors
of grid point locations). GENES Sis then used to find the optimum linear combination
of these basis vectors in the actual design. The design variables are used to control the
participation of the basis design (basis vectors) in the actual design. The following
relationship is used

(XYZ) - {xvzo}+ Dvl{xyz1 _ xvzo}+ DVZ{XYZZ _ xvzo}
(Eq. 3-13)
+Dv3{xvz37xvzo}+'...

The {XYZ,} basis vector is composed of the grid point locations specified on the

GRID data. The { XYZ,} basis vectors are constructed using the DVGRID input data
which has the format:

1 2 3 4 5 6 7 8 9 10

DVGRID| DVID GID CID N1 N2 N3 BASIS

The location of grid point number GID is specified by N1, N2, and N3 in the CID
coordinate system. The CID coordinate system is usually the same as the CP (input)
coordinate system specified on the GRID data for this grid (blank or 0 references the
basic system). The DVID is the design variable number that controls the participation
of this grid point’s location in the actual design.

If the location of a grid point is the same in a basis design and the original design, it
does not have to be specified on a DVGRID data entry. GENES Sassumes that all
missing grid points for each design variable are in the location specified on the GRID
input data.

The engineer almost always wants to begin with the design specified on the GRID data.
In this case the initial values of the shape design variables should be set equal to zero.
Note that the shape design variables can have negative values.

If the engineer wishes to use nonzero starting design variable values but start the
process with the shape specified on the GRID input data, the DLINK input data must
be used. The zero valued dependent design variable, which is specified on the DVGRID
data, is linked to be equal to the independent design variable minus its original value.
Therefore,

_DV.

DVdep = DbV indep

For example:

1 2 3 4 5 6 7 8 9 10
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DVAR 1 INDEP 3.0 -10.0 10.0

DVAR 2 DEP 0.0 -13.0 7.0

DLINK 2 -3.0 1 1.0
DVGRID 2 20 1.0 2.0 0.0 1

GRID 20 1.0 1.0 0.0

In this example the independent design variable 1 controls the location of grid 20. The
dependent design variable 2 has a value of zero in the initial design. Therefore the
location of grid 20 is (1.0,1.0,0.0) in the initial design.

Because the general concept of using basis designs is somewhat complicated, the
following more detailed discussion is offered.

Consider the equation used by GENESI Sto update a design of n grids and m basis
designs:
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0 1 0
X1 X1 X1 X1
Yy Yy Yy Yy
Zy Zy Zy Zy
X, X, X, X,
Y2 Y2 Y2 Y2
Z, (=12, 1 *PV1yy z, () 2,
Xn Xn Xn Xn
Yn Yn n n
Zn Zn Zn Zn

, . . . (Eq. 3-15)

X1 X1 Xy X1
Yq Yq Yy Yq
Z, Z, Z, Zy
X2 X2 X2 X2
Y, Y, Y, Y,

DVall 7 (1 z, [ [+ +DVnid 2t~ 2,
xn xn xn xn
Yn Yn Yn Yn
Zn Zn Zn Zn

where the subscript on the coordinates X, y and z represents the grid number.

A good way to understand this equation is to examine it from two different points of
view. The first is to examine the effects of the equation grid by grid. The second is to
examine the equation by studying separately the effect of each design variable on the
total shape (this is done by selecting one design variable and setting the rest to zero).

Let’s start the examination by studying a single grid. First, assume that we have one
design variable and we want to study grid number 7. The equation for this case would
be:
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0 1 0
Y7 (=9 Y7 ¢ DV v, ¢ =1 Yy (Eg. 3-16)
Z7 Z7 Z7 Z7
0

X
7
where the vector Y7 is the vector that defines the location of grid 7 in the original

Z7

X
design, which is defined in the analysis input data (GRID data). The vector y:
Z7
corresponds to the coordinates of grid 7 in basis design 1 (defined by DVGRID data),
X7
and finally, the vector Y7 is the calculated vector that defines the location of grid
Z7

7 in the current design. The last equation represents a line that contains the vectors
0 1

X7 X7
y; ¢ and< y-, ., asshowninFigure 3-2.

Z7 Z7
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DV,=3.0 DV,

b Py=(X7,Y7 Z7)
A o 0=(X7.Y7.Z7)o
P1=(X7,Y7,Z7)1
P=(X7,Y72Z7)
0 - Y

Figure 3-2 Single Grid

Any value of the design variable will produce a design in which the grid lies on the line.
A value of 0.0 for the design variable will produce a design in which the position of grid
7 corresponds to it’s position in the original design. A value of 1.0 for the design
variable corresponds to a design in which the position of grid 7 correspond to its
position in basis vector 1.

A value of design variable 1 between 0.0 and 1.0 corresponds to a design in which the
grid 7 is between its location in the original design and basis design 1. Finally, a value
greater than 1.0 or smaller than 0.0 will produce a design in which grid 7 is not between
the position of grid 7 in the original design and in basis design 1. In the figure above a
final design with a value of 1.6 for the design variable 1 is shown.

Now, continue the study of a single grid but assume that we have two design variables
with two basis designs. In this case the equation is:

0 1 0 2 0
Y7 (=1Y7 ¢ * DV, Y7 1 -1 Y7 +DV, Y7 (-1 Y7 (Eq. 3-17)
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0
X7
where the vector <y, ¢ isthe vector that defines the location of grid 7 in the original
Z7
1 2
X7 X7
design, the vectors 4 'y, » and§ y, ¢ correspond to the coordinates of grid 7 in

Z7 Z7

X
7
basis designs 1 and 2 and finally, the vector Y7 is the vector that defines the

Z7

location of grid 7 in the current design. The last equation represent a plane that contains

0 1 2
X7 X7 X7
the points 3 'y, » ,4 y, ¢ andq y, ¢ ,asinFigure 3-3.
Z7 Z7 Z7
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DV2 DV1:2, DV2:2
z DV,=2, DV;=0
A
5 DV,
P2
Al M‘W )
Cop DV;=2, DV,=0
. Po=(X7,Y7, Z7)o
P1=(X7,Y7, Z7)
] 1 2Y7, Z7)1

Po=(X7.Y7, Z7),

At P; DV;=1.6, DV,=0.6 P=(X, Y. 27)

v

Figure 3-3Two Design Variables

Any combination of the two design variables will produce a design for which this grid
lies in the plane. A value of 0.0 for design variable 2 will produce a design in which the
position of grid 7 is on the line defined by the position of grid 7 in the original design
and the position of grid 7 in the basis design corresponding to design variable 1.

A value of 0.0 for design variable 1 and 1.0 for design variable 2 will produce a design
with the shape of the basis design number 2. Similarly, a value of 0.0 for design variable
2 and 1.0 for design variable 1 will produce a design with the shape of basis design 1.

In the figure, the case where design variable 1 is 1.6 and design variable 2 is 0.6 is
shown. This figure only shows the region of the plane defined by positive values of the
design variables. However, the design variables can just as well be negative.

When more than two design variables are considered, the same approach is used (i.e.,
perturbation vectors are created that define the directions in which the grids can move).
Then a linear combination of these perturbations is used to create a change in the grid
position. Finally, the linear combination of perturbations is added to the initial position
to create the current design.
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0 [ 0
X5 X7 m X7 X7
Y7 (=9 Y7 ¢ * z DV, Y7 (=9 Y7 (Eg. 3-18)
Z7 Z7 =1 Z7 Z7

Now, the manner in which all the grids move together will be studied. First, we will
study the effect of just one design variable on the entire shape.

Assume that we want to study the effect of design variable number 1. In this case the
equation for the entire shape would look like:

0 1 0
X1 X1 X1 X1
Yy Yy Yy Yy
Zy Zy Zy Zy
X, X, X, | | %,
Y2 Y2 Y2 Y2
2 =12z, 1 *DVi{{ z, 1 Z, (Eq. 3-19)
Xn Xn Xn Xn
Yn Yn Yn Yn
Zn Zn Zn Zn

80 Design Manual May 2018 GENESS



Shape and Sizing Design Capabilities

Assume that n=5. The original design and basis design 1 are as shown in Figure 3-4.

Z DV4=00 05 1.0 2.0 3.0
A

DV,

DV,
DV,

G, DV

Original

Basis 1

Figure 3-40riginal Design and Basic Design

As we see from Figure 3-4, the shape can change from its original shape for a design
variable value of 0.0 to another shape that is between the original and basis designs if
the design variable value is between 0.0 and 1.0, or to a shape not between the original
shape and basis design 1 for values of the design variable not in the 0.0 to 1.0 range. It
should be pointed out that for a value of 1.0 of the design variable the shape corresponds
to the shape of basis design 1. In the figure only the positive values of the design
variable are shown. However, the design variable can have negatives values.

Assume now that we add another basis vector to the problem studied before. The
equation in this case would become;
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0 1 0 2 0
X1 X1 X1 X1 X1 X1
Yy Yy Yy Yy Yy Yy
Zy Zy Zy Zy Zy Zy
X, X, X, X, X, X,
Y2 Y2 Yo Yo Y2 Y2
Z, (=12, ( *PV1y z, () 2, [ (PPV2)) 2, () 2, (Eq. 3-20)
Xn Xn Xn Xn Xn Xn
n n Yn Yn Yn Yn
Zn Zn Zn Zn Zn Zn

Also assume that basis design 2 looks as it is shown in Figure 3-5.

DV,

N

A Basis 2 . .
Current Design with

DVl = 16, DV2 =0.6

e
_— -
—_—

Y

Original Gsg DV,
X Basis 1

Figure 3-5 Basic Design 2
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In Figure 3-5, we see that the final shape is a linear combination of the perturbation
vectors defined as the difference between the basis designs and the original design. For
this case, we see that every grid is restricted to move in a plane.

GENES'S May 2018 Design Manual 83



Shape and Sizing Design Capabilities

3.2.2 Anomalies or Unexpected Results in Shape Optimization:

Itis important to understand, geometrically, the effects that can be produced using basis
designs. What follows it is a discussion of situations that the user must be aware of. The

first one is related to changes of curvatures of shapes and the second relates to the
reversal of grid locations.

Change of curvatures

From Figure 3-6, it can be seen that the original curvature does not change for DV1 <
1, but for DV1 > 1 the shape does change curvature. This is not necessarily bad, but the
user should be aware that dramatic shape changes can be created with basis designs.

DV=-0.5  DV=0.0 DV=0.5 DVF1.0 DVF=2.0
* L 4 » »DV,
4 »DV,
L > DV,
¢ + < + » DV,
Original Basis
Design Design 1

Figure 3-6 Change of Curvatures

Reversal of grid locations

The reversal of grid locations as shown in Figure 3-7 can cause severe problems. This
problem is produced because of a poor choice of positions of the grids in the basis
design or because the design is allowed to change too much. In this case, if an element
is connected to the two intermediate grids, severe ill-conditioning may result (or
analysis may not be possible at all) for a value of DV, near, or greater than, 1.6.
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DV;=0.0 DV=1.0 DVfF1.6 DV;=3.0
DV,
DV,
L ® . » DV,
Original Basis
Design Design 1

Figure 3-7 Reversal of Grid Locations
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3.2.3

Grid Perturbation Approach

This approach is used when the value of the design parameter BASIS is 0. In this
approach the design variable value determines the amount of perturbation in the
location of the grid point. The direction of the grid perturbation is determined by the
values of N1, N2, and N3 on the DVGRID data. When the grid perturbation approach
is used the DVGRID input data has the format:

1 2 3 4 5 6 7 8 9 10
DVGRID| DVID GID CID |[COEFF N1 N2 N3 BASIS

The grid perturbation vector is defined in the CID coordinate system (blank or 0
references the basic system). The perturbation vector is defined as
COEFF*(N1,N2,N3). The default value for COEFF is 1. The perturbation in the
location of the grid point caused by design variable i is DV;*COEFF*(N1,N2,N3).
During the optimization process the grid point locations are defined as:

{XYZ} = {XYZy} +DV,{XYZP } + DV,{XYZP,}

(Eg. 3-21)
+DVg{XYZP5} +. ..
where the {XYZP;} are the vectors of grid perturbation for each design variable. If a

grid is not referenced by a particular design variable with DVGRID data statement, then
it is assumed that there is no grid perturbation for that design variable.
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Usually this approach is used with one design variable for each degree of freedom
involved in the shape design problem. For example to control the X and Y locations of
GRIDs 5 and 6 the input data could be:

1 2 3 4 5 6 7 8 9 10
DVGRID 1 5 1.0 0
DVGRID 2 5 1.0 0
DVGRID 3 6 1.0 0
DVGRID 4 6 1.0 0

Note that the values of the design variables can become negative during the
optimization process. If the engineer desires that the initial grid point locations be the
same as those specified on the GRID data, the shape design variables should be equal

to zero.

The value of the coefficient (COEFF) should be chosen so that the design variable value
is between -1.0 and 1.0. Of course it is impossible to know the final value of the design
variable at the outset of the optimization process, but the engineer usually has a good
idea about the possible range of the grid point locations. GENES Swill find the
optimum design even if the final design variable value is 1.0E10, but the total number
of design cycles may be larger than if the final value was 2.0.

Because the general concept of using perturbation designs is somewhat complicated,

the following more detailed discussion is offered.

Consider the equation used to update a design of n grids and m perturbation vectors:

0 1 2 m
Xy Xy Py P1 P1
Yy Yy a1 a1 a1
Zy Zy r r r
X2 X3 P2 P2 P2
Yo Yo op; a4y a4y
Z, (=12, *DVai 1, [ +DVy p, [ -+ DV (Eq. 3-22)
Xn xn pn pn pn
Yn le qn qn qn
Zn Zn rn rn rn
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0
X.

where < Y. ¢ ,i=1,2,...n corresponds to the position of grid i in the initial design

and< qg; ¢,J=1,2,... mcorresponds to the perturbation of grid i associated with design

variable j.

In this approach many of the entries for the perturbation vectors could be zero and the
number of design variables could be large. The limiting case is that every grid has three
design variables, each controlling only one perturbation vector in a different direction.

This equation can be understood by examining it grid by grid and then studying the

effect of each design variable on the entire structure. Let’s start by examining with a
particular grid, say grid 7. First, assume that we have only one non zero perturbation
vector associated with grid 7. The equation used to update this grid would look like:

0 1
X7 X7 P7
Y, =1y, | +DVq| g, (Eq. 3-23)
Z7 Z7 r7

0
X7

where 1 y- ¢ is the position of the grid 7 in the initial design, which is defined in the

Z7
1
P7
bulk data (GRID), ¢ g, | is the perturbation vector, defined in the bulk data
r7
X7

(DVGRID), and § y- . is the position of grid 7 in the current design.

Z7
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0
X7
The last equation represents a line that contains the vector ¢ y, « and is oriented in the

Z7
1
Py
direction { q-
r7
z DV,=3.0 DV1
M Po = (X7.Y7.Z7)o
d=(p7.97.17)
P =(X7.y7.27)

Figure 3-8 Perturbation Vector

Any value of the design variable will produce a design in which the grid is on the line.
A value of 0.0 for DV1 represents a design in which grid 7 has not changed position. A
value of 1.0 of DV1 is a design in which the grid has moved in the direction of the
perturbation vector. The distance that the grid has moved for DV1 is exactly the
magnitude of the perturbation vector. In general, for a positive value of DV1 the grid
moves in the direction of the perturbation vector and the distance corresponds to the
product of the design variable and the magnitude of the perturbation vector. For
negatives values of the design variable the grid moves in the opposite direction.
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The entry data for the perturbation vector in GENESISis very flexible. The user can
chose any coordinate system that has been defined. Also, GENES Sallows the use of
an scaling factor to control the magnitude of the perturbation vector. The corresponding
data is:

1 2 3 4 5 6 7 8 9 10

DVGRID| DVID GID CID COEFF N1 N2 N3 0

In this case the data could be:

1 2 3 4 5 6 7 8 9 10

DVGRID 1 7 1.0 1.0 2.0 1.0 0

In the data presented above we chose to use the default value (basic) for the coordinate

N
1
system that definesthe < N, + vector. Inthis case the perturbation vector is calculated
N3

in the basic coordinate system with the formula:

D Ny 1.0
q (= [Ty Ny =120 (Eq. 3-24)
r N3 1.0

where COEFF is the scaling factor, [T] is a coordinate transformation matrix between
the coordinate system defined by CID and the Basic coordinate system and is generated

N
1
internally and N, is the vector used to define the direction of the perturbation
N3
Ny
vector in the convenient CID coordinate system. In this example, asthe N,  vector
N3

is in the basic coordinate system the [T] matrix corresponds to the identity matrix.
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In this case a value of DV1=1.0 represent a move of «/1.02 +2.0%+1.0% = 245 of
grid 7 in the direction of the perturbation vector. If we wish to have a move of 1.0
corresponding a value of 1.0 for design variable 1, we can set the scaling coefficient

COEFF in the DVGRID to 21210—5 ~ 0.40285. In this case the data would look like:
1 2 3 4 5 6 7 8 9 10
DVGRID 1 7 0.40825 [ 1.0 2.0 1.0 0

The above data is completely equivalent to the following:

1 2 3 4 5 6 7 8 9 10

DVGRID 1 7 1.0 0.40825 | 0.81650 | 0.40825 0

This represents the following line:

z : bV,

Po = (X7,Y7.Z7)0
d =(p7,.97.r7)
P = (X7,¥7,27)

Figure 3-9Perturbation Vector 1

Of course it is the same line because only the perturbation vector has been scaled. But,
in this case the same design as with the first data would be a design with DV1=3.91.

The position of grid 7 is calculated in the first case as:

0 0
X1 | %7 10| | % 1.6
Y7 (=1Y7( *16{20(=1y; +] 32 (Eq. 3-25)
2, | |z 1.0 z, 16

while in the second case the position grid 7 is calculated as:
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0 0
Tl | % 0.40825 X7 1.6
Y7 1=1Y7 +391 081650 [ =1 Y7 [ *+1 3.2 (Eq. 3-26)
z, z, 0.40825 z, 1.6

From these two possible forms of the data we see that to geometrically interpret each
perturbation it is necessary to represent both its direction and magnitude. The direction
of the perturbation can be represented with a line that contains the initial design and is
oriented in the direction of the perturbation. The magnitude of the perturbation can be
represented on the line with a value of 1.0 for the design variable.

Now, continue the study of a single grid but assume that there are two perturbation
vectors associated with the grid. Again assume that we are studying grid 7. In this case
the equation could look like:

0 1 2
Y7 (=1 Y7 ¢t DVl 7 1 + DV2 o (Eq. 3-27)
Z7 Z7 r7 r7

X

;

where Y7 is the vector that defines the location of grid 7 in the initial design and
Z7

1 2
P+ P~

the vectors | q, + and{ g, ; correspond to the perturbation vectors associated to
r7 r7
X7
grid 7 and design variables DV1 and DV2. The vector Y7 defines the location of the
Z7
grid 7 in the current design.
0
X7
The last equation represents a plane that contains the point | y, « . The defining
Z7
vectors of the plane are the perturbation vectors.
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Any value of the two design variables will produce a design that is contained in the
plane. A value of 0.0 for design variable 2 will produce a design in which the position
of grid 7 is on the line defined by the position of grid 7 of the original design and
perturbation vector 1.

N

N DV,=2, DV,=2
DV;=0, DV,=2
P> 2
A=Y
- = b 4
4 P1 DV,=2, DV,=0
Po /1
Po=(X7.Y7.Z7)o
/
P1=(X7.Y7.Z7)1
Po=(X7,Y7.27),
At P; DV,=1.6, DV,=0.6 P=(X7,Y7,Z7)
-y

Figure 3-10 Perturbation Vector 2

In Figure 3-10, the case where design variable 1 is 1.6 and design variable 2 is 0.6 is
shown. In this figure only the region of the plane defined by positive values of the
design variables is shown. However, the design variables can be negative.

The data for the two variable example above could be

1 2 3 4 5 6 7 8 9 10
DVGRID 1 7 1.0 1.0 2.0 1.0 0
DVGRID 2 7 1.0 -1.0 17 16 0

When more than two design variables are used the same approach is used by GENESI S
i.e. a linear combination of the perturbations is added to the initial position to create the
current design.

GENESS

May 2018 Design Manual 93



Shape and Sizing Design Capabilities

0 i
X7 X7 m P
Y7 (=9 Y7 ¢ * z DVii a5 (Eg. 3-28)
Z7 Z7 =1 r7

Now the manner in which all grids move together will be studied. First, we will
consider the effect of just one design variable on the entire shape.

Assume that we want to study the effect of design variable number 1. In this case the
equation for the entire shape could look like:

0
1 1 0.0
Z Z 0.0
X2 X2 P2
Yo Yo 2
Z, ()2, [ *PVyy 1,
X, X, 0.0
AEEE
Zn Zn l
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Assume that n=5 and the original design and the perturbation is as shown Figure 3-11.

Original

Figure 3-11 Perturbation Vector 1

As we see from Figure 3-11, the shape can change from its original shape, with design
variable equal to 0.0, to another shape by moving the grid in the direction of the
perturbation vector. As was mentioned before, in the perturbation approach, usually
most of the entries of the perturbation vectors corresponding to one design variable are
0.0. This is not a limitation in GENES'S in fact we can create a problem in which one
design variable can control each grid of the structure, just as in the Basis vector
approach. In this case the equation could look like (Eq. 3-29).
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0 1
X1 X1 P1
Yq Y a3
Zy Zy il
X2 X2 P2
Yo Yo a2
2, {=12, [ *PVi 1, (Eq. 3-29)
Xn Xn pn
Yn Yn qn
Zn Zn rn

The entire shape of the structure for different values of the design variable could look
like:

z
ADV,=00 05 1.0 2.0 3.0
G, —— — DV;
Gy
DV,
DV,
Gs
G —» DV,
0 / > Y
Gy
Original —> DV,

Figure 3-12Perturbation Vector 2

In Figure 3-12, the perturbation vectors associated with the grids are implicitly
defined by the original design and a design variable value of 1.0. In the figure, four
possible shapes besides the original shape are presented.
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Assume now that we have two design variables. The equation in this case could look

like:

and the structure could look like:

0
X4 1 2
v 0.0 0.0
1 0.0 0.0
Z 0.0 0.0
X3 P, P2
Yo a2 a2
=1z, +DV, r, +DV, r, (Eqg. 3-30) 3
X, 0.0 0.0
Y, 0.0 0.0
0.0 0.0
Zn
z DV,
A
DV,
Perturbed Design for
DV;=2.0, DV,=1.0
dy
Gy
Y

Figure 3-13 Perturbation Vectors 1 and 2
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InFigure 3-13, each of the two design variables controlled just one grid. Another case
could be that each design variable controls all the grids just as we studied before for one
design variable. In this case the equation used by GENES Sto update the grids would

look like:
0 1
Xy X1 Py Py
Yy Y1 Q3 Q3
Zy Z il il
X2 X2 P2 P2
Y2 Y2 4z 4z
Z, z, +DV, r +DV r (Eg. 3-31)
Xn xn pn pn
n Yn qn qn
Zn Zn rn rn
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and the structure could look like:

DV,

Current Design with
DV;=1.6, DV,=0.6

| gl N

_—
—_— e
—_—

Y

Original
9 DV,
Figure 3-14 Perturbation Vectors 1 and 2

In Figure 3-14, we see that the current shape is a linear combination of the
perturbation vectors and the original shape.

Comparison of Basis Design and Perturbation Approaches.
Using the Basis design approach, the fundamental equation used here is
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0 1 0
X1 X1 X1 X1
Yy Yy Yy Yy
Zy Zy Zy Zy
X3 X, X, X,
Y2 Y2 Y2 Y2
Z, (=12, 1 *PV1yy z, () 2,
Xn Xn Xn Xn
Yn Yn n n
Zn Zn Zn Zn

, . . . (Eq. 3-32)

Xy X1 Xy X1
Yy Yq Yy Yq
Zy Z, Z, Zy
X2 X2 X2 X2
Yo Y, Y, Y,

DVall 7 (1 z, [ [+ +DVnid 2t~ 2,
xn xn xn xn
Yn Yn Yn Yn
z. | |z, z, z,

Similarly, using the grid perturbation approach,
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0 1 2 m

Xy Xy Py Py P1

Yq Yy Q1 Q1 Q1

Zy Zy r1 r1 gl

X2 X2 P> P> P2

Yo Y5 a2 a2 a2

Z, (=12, *DVal 1, | ¥DVa ) |+ + DV () (Eq. 3-33)
Xn Xn pn pn pn

Yn Yn qn qn qn

Zn Zn rn rn rn

i i 0
Py X1 X1
ap Y Yy
r Zq Zq
P X, X,
a2 Y, Y,

— _ Eq. 3-34
ry 22 22 (Eq )
pn Xn Xn
qn le Yn
rn Zn Zn

Thus, a perturbation vector may be thought of as simply the difference between two
basis vectors. The two methods can be mixed in a given design task. The choice of
methods is provided as a user convenience. In general, the basis design method is best
if we have several candidate designs which are known to be reasonable, while the
perturbation method is best if we only want to move one or a few grid locations.
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3.3 Advanced Design Capabilities

The advanced design capabilities available in GENES Sinclude general nonlinear
design variable to analysis model property relationships, generation of general
nonlinear responses for objective or constraint functions, automatic generation of stress
constraints, and user control over the constraint screening and optimization parameters.
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3.3.1 General Nonlinear Design Variable to Property
Relationships (DVPROP2)

In many design problems the analysis model properties are nonlinear functions of the
design variables. This is especially true in frame design, where the beam section
properties are almost always nonlinear functions of the cross sectional dimensions, and
plate bending problems, where the bending stiffness is a nonlinear function of the plate
thickness. This nonlinear relationship can be written in the form of a Fortran-like
function and used to link the properties to the design variables. This is accomplished
using the DVPROP2, DEQATN, and DTABLE input data. The format of the
DVPROP?2 data is:

1 2 3 4 5 6 7 8 9 10
DVPROP2 ID PID FID EQID

+ “DVAR” | DVID1 DVID2 DVID3

+ Blank DVIDi

+ ‘DTABLE"| CID1 CIb2 CID3

+ Blank CIDi

The ID, PID, and FID are the same as for the DVPROP1 data. The ID should be unique
for all DVPROP?2 data. The PID is the property ID and the FID is a code that specifies
which element property is being updated. The EQID is the ID of the DEQATN data that
contains the nonlinear relationship function. The DVIDi and CIDi are ID’s of the design
variables and constants that are arguments for this function. For example consider the
relationship between the area moment of inertia of a rectangular beam and its cross
sectional dimensions B and H. This relationship is

3
| = I(B,H) = Bl—'; (Eq. 3-35)

This relationship function is input using the DEQATN data as

1 2 3 4 5 6 7 8 9 10

DEQATN 10 I(B,H) = B*H**3/12.0
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where the format for the DEQATN data is

1 2 3 4 5 6 7 8 9 10

DEQATN| EQID F(ARGL, ARG2, ...) = ...

+

Note that the DEQATN data has only three pieces of information: the DEQATN
keyword; the equation ID; and the equation itself. The equation can be arbitrarily long,
and uses a Fortran-like syntax. An in-depth discussion of the equation utility is given in
Section 5.1. The DVAR and DVPROP?2 data for this example would be

1 2 3 4 5 6 7 8 9 10
DVAR 1 HEIGHT 5.0 0.1 20.0
DVAR 2 BASE 2.0 0.1 6.0
DVPROP2| 100 20 4 10
+ DVAR 2 1

Note that DVPROP2 100 updates 11 on PBAR 20 using DEQATN 10 and design
variables 1 and 2. The order that the design variables appear on the DVPROP2 data
must be the same as the order that they appear in the parentheses on the DEQATN data.
The DVPROP2 data generates the functional relationship

DV,DV>
In many problems it is convenient to use tabled constants in the functions. In the above
example the number 12.0 could be replaced with a constant. This is shown in the
following data.

1 2 3 4 5 6 7 8 9 10
DTABLE |TWELVE| 12.0
DVPROP2 100 20 4 10

+ DVAR 2 1
DEQATN|[ 10 I(B,H) = B*H**3/TWELVE

In some cases the use of the DVPROP2 data may require the generation of very
complex equations. For example, the calculation of A, 11, 12, and J for a thin walled box
section with four design variables. In order to lessen and simplify the input data for
beam and plate bending elements a library of common cross sections has been built into
GENESS This library is accessed using the DVPROP3 data.
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3.3.2 Element Library Design Variable to Property
Relationships (DVPROP3)

The design variable (cross sectional dimension) to analysis model property (section
property) relationships are quite complex for many beam element cross sections. The
generation of a DVPROP2 data entries and their corresponding DEQATN data for all
the section properties and stress recovery points can be quite a large task. The
DVPROP3 data entry can be used to easily formulate these relationships. The
DVPROP3 data references a built in library of common beam and plate cross sections.
This design element library includes solid square, circular, and rectangular beams, box
beams, | beams, solid plates, and sandwich plates to name a few. The complete library
of cross sections, the formulae for their section properties, and stress recovery
formulation are given at the end of this section. The DVPROP3 data is used to specify
the cross section type and the design variables that control its shape. The format for the
DVPROP3 data is:

1 2 3 4 5 6 7 8 9 10
DVPROP3 ID PID ELTYPE | ISHEAR
+ CsD1 CSD2 CDS3 CSD4

The ID is the uniqgue DVPROP3 identifier. The PID is the property number of the
PBAR or PSHELL data that is being updated. The ELTYPE is the type of cross section
(square, box, 1, etc.). The switch ISHEAR is used to choose whether or not to include
shear deformation in the stiffness formulation of the BAR and plate/shell elements. The
default is to not include shear deformation. The CSDi are used to determine the
dimensions of the cross section. Either a design variable ID or a constant value is given
for each cross sectional dimension. The number of CSDi must be equal to the number
of cross sectional dimensions for the particular cross section. For example consider a
solid rectangular section whose height is controlled by design variable 1 and base width
by design variable 2. The DVPROP3 data for this example would be (see the tables at
the end of this section for design variable definition):

1 2 3 4 5 6 7 8 9 10
DVPROP3 10 20 RECT
+ 2 1
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Note that the DVPROP3 ID is 10, the PBAR ID is 20, the element type is RECTangular,
and no shear deformation is included (the default). All of the section properties for
PBAR 10 are updated using this simple data entry. Note also that if it is desired to keep
the base at a constant width of 5.0 the data would have the form:

1 2 3 4 5 6 7 8 9 10
DVPROP3 10 20 RECT
+ 5.0 1

All DVPROP3 data must reference at least one design variable 1D.
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Library of Bar and Plate Cross Sections (DVPROP3)

The set of cross sections available in the GENES Shar cross section library are
described here. The purpose of the bar cross section library is to simplify the design data
by internally calculating information that would otherwise have to be provided by the
user.

Stress constraints can be automatically generated for each element. See DVPROP3 (p.
621). Note, that you also have the option of creating your own elements and linking
them with GENES S

The bar element orientation and coordinate system is shown below. In the figures
defining the elements, the stress calculation points are shown a positive face. That is,
the stresses defined here are on the positive X face of the element at end b. Atend a, the
same definitions apply by considering the positive face at X=0+ (to visualize these
stress locations at end a, look at the positive face of the element at a very small value
of X).

The stresses are defined as positive if their directions are coincident with the forces that
produce them. For example, longitudinal stress is positive if Fy is positive (traction

stress is positive).

NOTE: In the following cross-section figures, the design variables are chosen to insure
that the optimization will produce a buildable section. This requires that we treat
“internal” dimensions as design variables. If the total height H (for example) of a box
beam must not exceed a specified value, Hax, this can be done by using a DRESP2

data statement to limit the overall dimension h+2*t to the specified value, Hp,,, (see the
corresponding figure for BOX3 below).

z

Figure 3-15Box Beam
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(a) Element coordinate AS2=AS;

system
Grid a
F > F >
G X
x T
End a Plane 1 End b
\%1
vV,
(b) Element forces z \
i
M2a M2b
End a Plane 2 End b
Vs X

Figure 3-16 Bar
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Type 1 - Square

Description: Figure 3-17 a solid, square element defined by a single design
variable, B. Eight stresses are calculated at each end of the element. These include four
bending stresses and four shear stresses.

z
4 8 1
y 7 5
3 6 2

Stress Calculation Points

Figure 3-17Solid, Square Element

Design Variables

Design Dimension
Variable
1 B
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Type 2 - Rectangle

Description: Figure 3-18 isasolid, rectangular element defined by design variables,
B and H. Eight stresses are calculated at each end of the element. These include four
bending stresses and four shear stresses.

z
4 8 1
Y 7 5
3 6 2

Stress Calculation Points

Figure 3-18Solid, Rectangular Element

Design Variables

Design Dimension
Variable

1
2
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Type 3 - Circle

Description: Figure 3-19 is a solid, round element defined by a single design
variable, D. Five stresses are calculated at each end of the element. These include the
maximum von Mises (location 1), two bending stresses (locations 2-3) and two shear

stresses (locations 4,5).

4

—> Y
1
\__/ /
2 4

«— D ]
Y

Figure 3-19Solid, Round Element

Design Variables

Design Dimension
Variable
1 D
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Type 4 - Tube

Description: Figure 3-20 is a tube (thick or thin) defined by two design variables,
D; and t. Five stresses are calculated at each end of the element, at the maximum
bending and shear stress locations. These include three bending stresses (locations 1-3)

and two shear stresses (locations 4,5).

z
My 5 3
1
» Y 0
/ 1/’Y
t —p 2 4
D —b
«—— Do— ] FY
Figure 3-20Tube
Design Variables
Design Dimension
Variable
1 D;
2 t

Other Dimensions
D, = D;+2t (Eq. 3-37)
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Type 5 - Spar
Description: Figure 3-21 is a frame element with the cross section described by the

sizing variables A, H and t. It is intended primarily for use in planar frame structures.
Three stresses are computed at each end of the element. These include two bending

stresses and one shear stress.

Ac Z

\

OF

v Q 2
Stress Calculation Points

Figure 3-21Spar

Design Variables

Design Dimension
Variable

1 Ac

2

3 t
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Type 6 - Box3 (Constant Thickness Box)

Description: Figure 3-22 is a frame element with the cross section described by the
sizing variables b, hand t. Eight stresses are computed at each end of the element. These
include four bending stresses and four shear stresses.

V4
4 8 1
7 5
3 6 2

Stress Calculation Points

Figure 3-22Frame Element 1

Design Variables

Design Dimension
Variable

1 b

2 t

3 h

Other Dimensions
h + 2t (Eq. 3-38)

T
Il

b+ 2t (Eg. 3-39)

o8}
Il
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Type 7 - Box4 (Two Thickness Box)

Description: Figure 3-23 is a frame element with the cross section described by the
sizing variables, b, h, t; and t,. Eight stresses are computed at each end of the element.
These include four bending stresses and four shear stresses.

4 8 1
7 5
3 6 2

‘<—b—>

<« B —>
Stress Calculation Points

Figure 3-23Frame Element 2

Design Variables

Design Dimension
Variable

1 b

2 t1

3 h

4 ty

Other Dimensions

H=h+2t (Eq. 3-40)

B=b+2t, (Eq. 3-41)
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Type 8 - | Beam

Description: Figure 3-24 is a frame element with the cross section described by the
sizing variables B, t;, hand t,. Itis intended primarily for use in planar frame structures.
Seven stresses are computed at each end of the element. These include four bending
stresses and three shear stresses.

z
tl A
l 4 7 1
A | | |
A T
—_ <_t2
H h >y 5
t
! b
e
v
v | | | |
3 6 2

Stress Calculation Points

‘HBH

Figure 3-24Frame Element 3

Design Variables

Design Dimension
Variable

1 b

2 t,

3 h

4 to

Other Dimensions

H=h+2t (Eq. 3-42)

B=2b+t, (Eq. 3-43)
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Type 9 - Rail

Description: Figure 3-25t is a frame element with the cross section described by the
sizing variables b;, t;, b,, t,, h and t,. It is intended primarily for use in planar frame
structures. Seven stresses are computed at each end of the element. These include four
bending stresses and three shear stresses.

<—B,—>
M | 4 7 1
A I | |
A f -
ty b,
—| |-t
H h | o
o [ }
¢ - Z
' v
v | | | |

3 6 2

Stress Calculation Points

Figure 3-25Rail
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Design Variables

Design Dimension
Variable
1 by
2 tq
3 b,
4 ty
5 h
6 ts
Other Dimensions
H=h+ tl + t2 (Eq 3'44)
Bl = 2bl + t3 (Eq 3-45)
B, =2b, +t3 (Eq. 3-46)
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Type 10 - Tee

Description: Figure 3-26, this cross section is described by the sizing variables b, t;,
h and t,. It is intended primarily for use in planar frame structures. Five stresses are
computed at each end of the element. These include three bending stresses and two
shear stresses.

—» N

1]
T

w
(&)
=

—

)
!
Pa——

Stress Calculation Points

Figure 3-26Tee

Design Variables

Design Dimension
Variable

1 b

2 t

3 h

4 t,

Other Dimensions

H=h+t (Eq. 3-47)

B=2b+t, (Eq. 3-48)
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Type 11 - Angle

Description: Figure 3-27, this cross section is described by the sizing variables b, t;,
h and t,. Five stresses are computed at each end of the element. These include three
bending stresses and two shear stresses. Warping of the section is not accounted for.

Z
I 1 —
A \
H h 5
t y
— <—t2 1 1
l z
v l

T 3 |eys| 4 2
b

B Stress Calculation Points

Figure 3-27Angle

Design Variables

Design Dimension
Variable

1 b

2 t

3 h

4 ty

Other Dimensions
H=h+t; (Eq. 3-49)

B=h+t, (Eg. 3-50)
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(a) Plate element forces

ny

Xy

Ny

(b) Membrane element forces

Figure 3-28
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Type 12 - Solid (Solid Plate)

Description: Figure 3-29 is defined by design variable t. Stresses are calculated at
the center of the top and bottom surfaces of the element.

f A

t 1

Stress Calculation Points

Figure 3-29Solid Plate Element

Design Variables

Design Dimension
Variable
1 t
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Type 13 - Sand (Sandwich Plate)

Description: Figure 3-30 is defined by design variables t and h. Stresses are
calculated at the center of the top and bottom surfaces of the element. The core has no
bending stiffness.

y

v
gl

| | > X

7

Stress Calculation Points

Figure 3-30Sandwich Plate Element

Design Variables

Design Dimension
Variable

1 t

2 h
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Type 14: Sand2 (Two Thickness Sandwich Plate)

Description: This is a sandwich plate element defined by design variables t;, t, and h.

Stresses are calculated at the center of the top and bottom surfaces of the element. The
core has no bending stiffness. The bending plane is assumed to be in the same plane as
corner grids. In other words, bending/membrane coupling does not exist.

y

—
N

-+ | |-

-+

f 7

ty
Stress Calculation Points
Figure 3-31
Design Variables
Design Dimension
Variable
1 t1
2 t2
3 h
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3.3.3

Design Variable to Composite Property Relationships
(DVPROP4)

The design of composites requires the creation of multiple relationships from design
variables to the thicknesses and angles. This can be achieved using multiple DVPROP1
and/or DVPROP2 entries. This standard procedure can be time consuming so an
alternative data statement, DVPROP4, is provided in GENESS This data is intended
for the special, but very common, case in which the angles and thicknesses are each
linearly linked to a single design variable.

This data does not provide for the design of Z,, GE or nonstructural mass of

composites. If these properties need to be designed, then DVPROP1 or DVPROP2
entries must be used for those properties.

The basic format of DVPROP 4 is:

1 2 3 4 5 6 7 8 9 10

DVPROP4 ID PID

+ LABEL TCO1 TDV1 | TCOEF1| ACO01 ADV1 |ACOEF1

+ LABEL TCO02 TDV2 | TCOEF2| AC02 ADV2 |ACOEF2

+ LABEL | TCO3 TDV3 | TCOEF3| ACO03 ADV3 |ACOEF3

+ etc.

The ID is a unique DVPROP4 identifier. The PID is the property number of the
PCOMP/PCOMPG that is being updated. The LABEL is optional, and is used for
describing the layer. The TCOi field is for thickness constant terms. The TDVi are used
to specify the thickness design variable IDs. The TCOEFi are to specify the thickness
design variable multipliers. The ACQi field is for angle constant terms. The ADVi are
used to specify the angle design variable IDs. The ACOEFi are to specify the angle
design variable multipliers.

In DVRPOP4, continuation line number i corresponds to layer i. The default value of
the constant terms is zero while the default value of the multipliers is 1.0.

This data will internally create the following linear relationships:
Thickness 1 = TCO1 + DVAR(TDV1)*TCOEF1

Thickness 2 = TC02 + DVAR(TDV2)*TCOEF2

Thickness 3 = TC03 + DVAR(TDV3)*TCOEF3

etc.

Angle 1 = AC01 + DVAR(ADV1)*ACOEF1

Angle 2 = AC02 + DVAR(ADV2)*ACOEF2

Angle 3 = AC03 + DVAR(ADV3)*ACOEF3

etc.
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Example:
Create the following 10 relationships:
Layer 1:
Thickness1=2.1 +2.2*DVAR 1
Anglel =450+11*DVAR2
Layer 2:
Thickness2= 2.1+2.2*DVAR1
Angle2 =-45.0-1.1*DVAR?2
Layer 3: Not designed

Layer 4:

Thickness 4 = DVAR 3

Angle4 =DVAR4

Layer 5: Thickness 5 = DVAR 5

Angle5 =DVARG

Layer 6:

Thickness5=DVAR 7=0.0+1.0* DVAR 7
Angle5 =DVARS8= 0.0+1.0*DVARS

1 2 3 4 5 6 7 8 9 10
DVPROP4| 1001 100

+ layerl 21 1 2.2 45.0 2 11

+ layer2 2.1 1 2.2 -45.0 2 -11

+ layer3

+ layer4 3 4

+ layer5 5 6

+ layer6 0.0 7 1.0 0.0 8 1.0

This data is completely equivalent to the following 10 DVPROP1 data statements:

126 Design Manual May 2018 GENES'S



Shape and Sizing Design Capabilities

1 2 3 4 5 6 7 8 9 10
DVPROP1| 1001 100 101 21
+ 1 2.2
DVPROP1| 1002 100 501 45.0
+ 2 11
DVPROP1| 1003 100 102 21
+ 1 2.2
DVPROP1| 1004 100 502 -45.0
+ 2 -1.1
DVPROP1| 1005 100 104
+ 3
DVPROP1| 1006 100 504
+ 4
DVPROP1| 1007 100 105
+ 5
DVPROP1| 1008 100 505
+ 6
DVPROP1| 1009 100 106
+ 7
DVPROP1| 1010 100 506
+ 8

GENES Sautomatically converts DVPROP4 entries into equivalent DVPROP1 data.
The ECHO=SORT command will print the internally created DVPROP1, instead of the
user input DVPROP4,
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3.3.4 General Nonlinear Response Generation (DRESP2)

The DRESP2 input data can be used to construct user defined responses that can be
used as the objective function or can be constrained. These responses can be nonlinear
functions of design variables, nodal locations, tabled constants, and structural responses
from different load cases. These user defined responses can be used to construct
element buckling constraints and constraints on the shape of a structure, as examples.
The shape constraints are used to keep the design realistic and practical. Many other
types of responses can be generated. Since the DRESP2 capability is so flexible and
powerful its use is only limited by the imagination of the user. The format of the
DRESP2 data is:

1 2 3 4 5 6 7 8 9 10

DRESP2 ID LABEL EQID |REGION

+ “DVAR” | NDV1 NDV2 NDV3 NDV4 NDV5 NDV6 NDV7 NDV8

+ Blank NDV9 | NDV10

+ DTABLE”l NC1 NC2

+ “‘DGRID”| NG1 NGC1 NG2 NGC2

+ “DRESP1| NR1 NR2

The alternate format is

1 2 3 4 5 6 7 8 9 10

DRESP2 ID LABEL EQID Blank

+ “DVAR” | NDV1 NDV2 NDV3 NDV4 NDV5S NDV6 NDV7 NDV8

+ Blank NDV9 | NDV10

+ DTABLE”l NC1 NC2

+ “‘DGRID”| NG1 NGC1 NG2 NGC2

+ “DRESPIL"[ NR1 LIDR1 NR2 LIDR2 NR3 LIDR3

The keywords DVAR, DTABLE, DGRID, and DRESP1 or DRESP1L are used to
indicate that the following data is design variable ID’s, tabled constant position
number, grid ID’s and component numbers, or DRESP1 and DRESPG ID’s and load
cases, respectively. More than eight ID’s can be input using continuation lines (as
shown for the DVAR ID’s above). Not all four types of ID’s must be referenced.
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For example if the response is only a function of grid point locations the data would be:

1 2 3 4 5 6 7 8 9 10

DRESP2 ID LABEL EQID

+ “‘DGRID"| NG1 NGC1 NG2 NGC2

However, if more than one keyword is used, they must appear in the order shown above.

The DRESP2 data references DEQATN data which contains the equation that is used
to calculate the response. The design variable values, tabled constant values, grid point
locations, and structural response values are used as the variables in the equation.

As an example, consider the buckling of a pinned end round ROD element. The critical
buckling load is

2
I (Eq. 3-51)

F
CR™ 412

Buckling of the ROD element can be avoided by using the following constraint
function:

2
22:22—1 (Eq. 3-52)

Note that the constraint is a function of a structural response; the force in the ROD, and
a design variable value; the area of the ROD. Assuming E=1.0E6 and L=100 the data
needed to generate this constraint would be:

1 2 3 4 5 6 7 8 9 10
DVAR 1 AREA 3.0 1.0 10.0
DRESP1 40 RODFA | FORCE | ELEM 1 1

DRESP2 10 RBUCK 100

+ DVAR 1

+ DRESP1 40

DEQATN| 100 B(A,F) = 4.*F*100.**2/(3.14159*1.0E6*A**2)

DCONS 10 1 -1.0 1.0E30

DRESP1 40 specifies the force at end A of ROD 1. DVAR 1 controls the area of this

ROD element. DRESP2 10 references DEQATN 100 which contains the equation for
the buckling response function. This response is constrained to be greater than -1.0 by
the DCONS data.
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The values of © and E could be tabled constants. In this case the data would be:

1 2 3 4 5 6 7 8 9 10

DVAR 1 AREA 3.0 1.0 10.0

DTABLE PI 3.141593|YOUNGS| 1.0E6

DRESP1 40 RODFA | FORCE | ELEM 1 1

DRESP2 10 RBUCK 100

+ DVAR 1

+ DRESP1 40

DEQATN| 100 B(A,F) = 4.*F*100.**2/(PI*YOUNGS*A**2)

DCONS 10 1 -1.0 1.0E30

Finally, suppose the length of the ROD element is not constant and is equal to the
distance between the X coordinates of grid points 2 and 3. The data for this case would

be:

1 2 3 4 5 6 7 8 9 10

DVAR 1 AREA 3.0 1.0 10.0

DTABLE Pl 3.141593|YOUNGS| 1.0E6

DRESP1 40 RODFA | FORCE | ELEM 1 1

DRESP2 10 RBUCK 100

+ DVAR 1

+ DGRID 2 1 3 1

+ |DRESP1| 40
DEQATN| 100 | B(AX2,X3,F) = 4.F*(X2-X3)**2/(PI*YOUNGS*A**2)

DCONS 10 1 -1.0 1.0E30

If the DRESP1 keyword is used in the DRESP2 data then the structural responses are
all taken from the LOADCASE specified on the DCONS or DOBJ data for this
DRESP2. Since all the responses are from the same LOADCASE, static, frequency,
dynamics and heat transfer responses cannot be mixed.

Use of the DRESP1L keyword in the DRESP2 data allows responses from different
LOADCASES to be mixed. When the DRESP1L keyword is used a specific
LOADCASE is listed after each DRESP1 ID. Since the LOADCASEsS are specified in
DRESP2 data, the LID field on the DCONS data must be left blank. The LOADCASE
specified on the DOBJ data must be the same as the first LOADCASE ID in the
DRESP1L data (LIDR1). Also note that the REGION field on the DRESP2 must be left
blank when DRESP1L data is used. As an example, consider a response that is the sum
of the X direction displacement of GRID 10 in LOADCASE 3 and the first frequency
in LOADCASE 6. The input data for this response would be:
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1 2 3 4 5 6 7 8 9 10
DRESP1 90 DISP1 DISP 1 10
DRESP1 95 MODE1 | FREQ 1

DRESP2| 200 [DISPFRQ| 990

+ DRESP1L 90 3 95 6

DEQATN| 990 | F(AB)=A+B

DCONS 200 34 55

More examples of DRESP2 data are given in the discussion of the equation utility in 3
the Equation Utility (p. 271).
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3.3.5

Constraint Screening (DSCREEN)

In many structural design problems there are hundreds and even thousands of design
constraints. Most of these constraints are on element responses (force, stress, and
strain). Consider a plate structure modeled with 3000 finite elements and subjected to
five different static loadings. If the von Mises stresses on the bottom and top surfaces
of every element are constrained to be less than the yield stress in each load case a total
of 30,000 stress constraints are needed.

Although there are thousands of constraints it is likely that only a small number of them
are important to the design process during each design cycle. Since the cost of the
sensitivity analysis is proportional to the number of constraints, it is desirable to only
deal with the constraints that are critical (at or outside the constraint bound) and
potentially critical (near the constraint bound). Constraint screening is a procedure used
to eliminate the constraints that are not currently important to the design process.
Constraint screening is performed for each design cycle as different sets of constraints
will become critical as the design changes. In the output, constraint information is only
printed for retained constraints.

Constraint screening is performed for each type of response: stress, strain, force,
displacement, velocity, acceleration, temperature, mass, volume, strain energy,
frequency constraint, buckling load factors and equations. There are two parameters for
each constraint type that control the screening procedure. The first is called the
constraint truncation threshold (TRS). It is used to define the value above which
constraints are considered potentially critical. The default value is -0.5 which means
that constraints that are within 50% of their critical value are considered potentially
active. If the design does not change much from design cycle to design cycle this value
can be raised to say -0.2 (constraints must be within 20% of their critical value in order
to be retained). If it is observed that constraints which are not retained in one design
cycle are violated in the next design cycle then the value of TRS should be lowered to
say -0.7 (constraints within 70% of their critical value are retained). The default value
of -0.5 is quite conservative and will usually prevent nonretained constraints from
becoming violated.

The second parameter that controls the constraint screening process is used to specify
the maximum number of constraints to be retained in a specific region of the structure
(NSTR). This is used to limit the number of constraints that are retained in highly
stressed areas of the structure. For example, consider a uniform thickness plate that
contains a stress concentration. Many elements around the stress concentration may be
highly stressed and therefore retained. However, it is likely that if the stress is reduced
in the most highly stressed elements, the stress in the other elements will also be
reduced. Therefore, it is advantageous to only retain the most highly stressed elements.

The default screening parameter values can be overridden using the DSCREEN input
data. The format for this data is:

1 2 3 4 5 6 7 8 9 10

DSCREEN| TYPE TRS NSTR
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where TYPE is either DISP, TEMP, STRESS, STRAIN, FORCE, DRESPG, MASS,
VOLUME, FREQ, LAMA, INERTIA, SNERGY and EQUA which is used to specify
the screening parameters for the constraints on DRESP2 and DRESP3 responses.

For frequencies, it is recommended that the bound value that should not be included in
optimization be left blank or set to +1.0E+30 so that no constraint is generated.

The different regions of the structure are defined on the DRESP1 and DRESP2 input
data. The default is to put all the elements associated with a property entry in a single
region. All of the elements associated with a DRESP1 entry are placed in the same
region if a region identifier is given. All of the elements associated with DRESP1
entries with the same region identifier are placed in the same region. It is recommended
that the region identifier be left blank (the default).

Screening Control for Frequency Response

For frequency dependent responses that come from frequency response analysis a
DOPT parameter, FREQREG, can be used to further control the number of retained
constraints.

FREQREG defines how responses for different loading frequencies in a frequency
response loadcase are grouped together in screening regions.

If FREQREG > 0 then FREQREG corresponds to the maximum number of dynamic
loading frequencies per region.

If FREQREG < 0 then ABS(FREQREG) corresponds to the maximum number of
regions per frequency response loadcase.

The least aggressive screening method corresponds to FREQREG=1, which puts every
loading frequency into a different region. The most aggressive screening method
correspond to -1, which puts all loading frequencies within a loadcase into the same
screening region.

An aggressive choice can cause the program to retain fewer responses, which will
reduce sensitivity calculation time. However, an aggressive choice runs the risk of
having important responses screened out, leading to an increased number of design
cycles before convergence.
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Example 1: Conservative screening:

1 2 3 4 5 6 7 8 9 10

DOPT

+ |FREQREG| 1

or:

DOPT

+ |FREQREG| -500

The two entries above are equivalent if there are no more than 500 loading frequencies
in a loadcase.

Example 2: Aggressive screening:

1 2 3 4 5 6 7 8 9 10

DOPT

+ [FREQREG| 500

or:

DOPT

+ FREQREG| -1

The two entries above are equivalent if there are no more than 500 loading frequencies
in a loadcase.

Example 3: Intermediate screening:

1 2 3 4 5 6 7 8 9 10

DOPT

+ FREQREG| 50

or:

DOPT

+ FREQREG| -10

The two entries above are equivalent if there are exactly 500 loading frequencies in a
loadcase.
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3.3.6

Move Limits

GENES Suses the approximation concepts approach to structural optimization. In this
approach the structural responses are approximated using first order Taylor Series
expansions. While these approximations are very accurate near the design point, they
tend to degrade as the design is changed during the design cycle. For this reason, move
limits are placed on the design variables and analysis model properties during each
design cycle. Move limits also keep the design from changing so much that nonretained
constraints become violated during the design cycle. Move limits on the locations of
grid points are also used to protect the accuracy of the approximations and to keep
nonretained constraints from becoming highly violated.

Move limits for the design variables are specified on the DVAR data. The format for
the DVAR data is:

1 2 3 4 5 6 7 8 9 10

DVAR ID LABEL INIT LB uB DELX | DXMIN

The value of DELX is the fractional value that the design variable is allowed to change
during each design cycle. The default value for DELX is 0.5. This means that the design
variable is allowed to change by a maximum of 50% during each design cycle. In some
cases the design variables become very small. In this case move limits based on a
fractional change may be too restrictive. For example if the design variable value is
0.001 then the allowable change is only +0.0005. To overcome this problem a
minimum move limit is used. The minimum move limit is specified by DXMIN. If the
fractional allowable change in the design variable is less than DXMIN then DXMIN is
used for the move limit. If DXMIN is 0.1 then the move limits in the above example
would be +0.1. The default value for DXMIN is 0.1 if the absolute value of the original
design variable is less than 1.0, or 10% of the absolute value of the original design
variable value if its absolute value is greater than 1.0. If the design variable move limits
allow the design variable to move outside of the bounds on the design variable then the
move limit is reset to be the bound value. The algorithm used to determine the move
limits for a design cycle is shown below.

A DXMIN if|X|nit| <10 Eq 2.53

min {DXMIN*]X,nit] if|X i > 1.0 (Eq. 3-53)

A = MAX(DELX*X, A (Eq. 3-54)

min)

x" = MAX(X-A,x"B) (Eq. 3-55)

xY = MIN(X + a,xYB) (Eq. 3-56)
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where X is the design variable value. The default values of DELX and DXMIN are
recommended. If the responses are very nonlinear functions of the design variables or
very sensitive to small changes in the design variables then smaller move limits should
be used. The move limits are automatically adjusted during the design process to protect
the accuracy of the approximations and speed convergence.
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Move limits are also placed on the analysis model properties. They are specified on the
DVPROP data as follows:

1 2 3 4 5 6 7 8 9 10
DVPROP1 ID PID FID Co PMIN DELP | DPMIN

+ DVID1 C1 DVID2 C2

$
DVPROP2 ID PID FID EQID PMIN DELP DPMIN

+ “DVAR” | DVID1 | DVID2 | DVID3

+ Blank DVIDi

+ ‘DTABLE"| CID1 CIb2 CID3

+ Blank CIDi
$

DVPROP3 ID PID ELTYPE | ISHEAR | PMIN DELP DPMIN
+ CsD1 CSD2 CsD3 CsSD4

PMIN is the minimum allowable value of the property. The default value for PMIN is
1.0E-10 except for properties that can be negative, such as stress recovery points and
l,,, in which case it is -1.0E35. DELP is the allowable fractional change in the property
during each design stage. DPMIN is the minimum move limit value. The property move
limits are set in using the same procedure that is used for the design variable move
limits:

A DPMIN if|P|nit| <1.0 (Eq, 3.57)
min = | DPMIN*|P, if|P i > 1.0 +
A = MAX(DELP*P, A ) (Eg. 3-58)
P~ = MAX(P-A,PMIN) (Eg. 3-59)
]
P" =P+A (Eg. 3-60)

The default values for DELP and DPMIN are 0.5 and 0.1 respectively.
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Move limits can also be placed on grid point locations in shape design problems. The
move limits are specified on the GRID data continuation line which has the format:

1 2 3 4 5 6 7 8 9 10
GRID ID CP X1 X2 X3 CD PS
+ MV X1L X1U X2L X2U X3L X3U XR

MV is a switch that is used to specify whether the limits are move limits for each design
cycle (MV=1) or bounds on the locations of the grid points (MV=0, the default).

If MV=1 then the XiL and XiU specify how much the grid point location can change
during the design cycle. The algorithm that determines the grid point move limits in this
case is:

XyzL

XYZ + XL (Eq. 3-61)

XYzY

XYZ + X;U (Eq. 3-62)

Note that XiL must be a negative number. This type of move limit is usually used on
grid points near stress concentrations because small changes in the shape of a structure
near a stress concentration can cause large changes in the stress field in this area. The
XR data is a resultant (spherical) move limit and therefore must always be positive. It
causes the location of the grid point at the end of the design cycle to be within a sphere
of radius XR centered at the location of the grid point at the beginning of the design
cycle.

If MV=0 then the XiL and XiU specify bounds on the location of the grid point
throughout the design process. The algorithm that determines the grid point move limits
in this case is:

XyzL

XL (Eq. 3-63)

XYyzY

XU (Eq. 3-64)

XR is not used if MV=0. This type of move limit is normally used to prevent the
structure from interfering with neighboring structures.
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3.3.7

Optimization Process Control (DOPT)

The user is able to override the default optimization parameters using the DOPT input
data. The maximum number of design cycles, convergence parameters, move limits,
and other parameters can be changed using this data.

Maximum Number of Design Cycles

The maximum allowable number of design cycles (DESMAX) has a default value of
10. If the initial design is far from the optimum design this value should be raised to 15
or 20. It should also be raised if the responses are very nonlinear functions of the design
variables. It is observed that between 5 and 10 design cycles are needed for most
practical design problems. If the analysis is very expensive, it is advisable to set
DESMAX to a smaller number. The design process can always be continued using the
GENES Srestart capability. The restart capability is explained in Restart Capability
(p. 321).

Minimum Number of Design Cycles

The minimum number of design cycles (DESMIN) has a default value of 0. A value n,
greater than zero, can be used to force the program to run at least n approximate
optimization design cycles before stopping.

Move Limits Parameters

The default move limit parameters for the design variables (DELX and DXMIN) and
properties (DELP and DPMIN) . See Move Limits (p. 135) for more information.

Also the DXFRAC move limit parameter used for topometry design variable can be
reset on the DOPT input data.

Hard Convergence Parameters

There are two conditions that must be met for hard convergence. The first is that all the
design constraints must not be violated by more than a small value (GMAX). The
default value for the allowable constraint violation is 0.005 or 0.5%. The other
condition is that either the relative change in the objective function for two consecutive
design cycles be less than CONV1 (default = 0.001 or 0.1%) or the absolute change in
the objective function for two consecutive design cycles be less than CONV2 (default
= 0.001 or 0.000001 when DMATCH is used). CONV?2 is defined as MAX
(CONV2*|0BJ, 1.0E-19). This means that it is the maximum of 0.1% of the initial
objective function value or 1.0E-19. The values of GMAX, CONV1, and CONV2 can
be changed on the DOPT data. If the user wishes to get very close to the optimum
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design, the values of CONV1 and CONV2 can be made smaller. Larger values of
CONV1 and CONV2 will lead to faster convergence but the final design may not be
optimum. The maximum allowable constraint violation can also be reduced or
increased. It is not recommended that GMAX be made smaller than 0.003.

Soft Convergence Parameters

There are up to four conditions that must be met for soft convergence. First, the
maximum relative design variable change must be less than CONVDV. Second, the
maximum relative change in the analysis model properties must less than CONVPR.
Third, the maximum absolute change in the location of the shape design grid points in
the input coordinate system must be less that CONVLC. Last, the change in the
maximum constraint value must be less than CONVCN. As with the hard convergence
parameters, smaller values may lead to a more optimal solution and more design cycles
while larger values will lead to less optimal solutions but with fewer design cycles. The
default values for CONVDYV, CONVPR, CONVLC and CONVCN are 0.001.
However, when DMATCH is used, the default value for CONVDV is 0.000001. These
default values can be changed separately using the DOPT input data.

Basis/Perturbation Vector Default Switch

The optimization parameter BASIS is used to tell the program the default on field 9 of
DVGRID and DVGRIDC data. For basis vectors the parameter should be 1, for grid
perturbation vectors the parameter should be 0. This parameter has no default, and in
most cases it has to be explicitly specified if DVGRID, DVGRIDC and/or DVSHAPE
data is used.

Tolerance/Switches Parameters

The parameters DVTOL and PTOL are used for checking the input data. If the
calculated value of a dependent design variable is different from the user input initial
value by more than DVTOL then a fatal error message is issued and the program
terminates. If the calculated value of an analysis model property is different from the
user input value by more than PTOL then a fatal error message is issued and the
program terminates. The default value for both DVTOL and PTOL is 1.0E35.

The switches SGENEL, SK2UU and SM2UU are used to control the checking of grids
referenced by GENEL, K2UU and M2UU elements. Because these elements are not
designable, their grids should not be referenced by DVGRID data. A value of 0 (zero),
the default, in these parameters will cause the program to stop if any of their grids are
being designed. A value of 1 will allow the program to continue even if grids connected
to these elements are designed.
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The parameters RPERT1 and RPERT?2 are used for avoding using small perturbation
(typically created by third party software). RPERT1 Controls the relative value of the
cut off perturabtion. If RPERT1 = 0.0, the program will ignore this cut-off. RPERT2
Controls the absolute value of the cut-off perturabtion. If RPERT2 = 0.0, the program
will ignore this cut-off value.

Method Parameters

The switch IUGRAD is used to specify how the gradients for responses generated by a
separate user program are calculated. See Using External Analysis Programs (p.
296) for a discussion of user program responses and their gradient calculations.

The switch ADJOIN is used to control the method used to calculate sensitivities of
static responses. A value of 1 will cause GENES Sto use the adjoint method. A value
of 0 will cause GENES Sto use the direct method. The default is -1, which causes
GENES Sto automatically select the method that has the best performance.

The parameter OPTGRID controls how GRID data is written in the pname.OPT file.
A value of 1, the default, causes GENES Sto write each GRID data in the same input
coordinate system (CP) that was used in the input file. A value of 0 causes the GRID
data to be written in the basic coordinate system.

Design Variable Reset

The parameter DVINIT allows the initial value of the design variables to be set to their
upper or lower bounds. A value of -1 will cause GENES Sto reset the initial value of
all DVARs to their lower bounds. A value of 1 will cause GENES Sto reset the initial
value of all DVARS to their upper bounds. A value of 0, the default, will leave the
initial values unchanged.

Optimizer Selection

The parameter OPTM controls which optimizer is used to solve the approximate
optimization problems. A value of 0, the default, selects the DOT optimizer. A value of
1 selects the BIGDOT optimizer.

Stress Ratio Parameters

The ISRMET parameter is used to control the stress ratio resizing method. If
ISRMET=0, GENES Swill not use stress ratio (this is the default). If ISRMET =1 or
3, GENES Swill not change the design variables that reference elements that do not
have stress ratio constraints. The difference between 1 and 3 is that in the first case
GENES Swould stop due to hard convergence.Between 1 and 3, 3 is recommended for
most cases. Option 1 should be picked over 3 only when analysis is very time
consuming. If ISRMET=2 or 4, GENES Swill attempt to change the dvar associated to
all stress ratio designable elements. The difference between 2 and 4 is that in the first
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case GENES Swould stop due to hard convergence. Between 2 and 4, 4 is
recommended for most cases. Option 2 should be pick over 4 only when analysis is very
time consuming. The number of stress ratio design cycles is controlled by the ISRMAX
parameter (default is 3).

DOT Optimizer Parameters

The parameter ITRMOP controls the number of consecutive iterations DOT must
satisfy the absolute or relative convergence criteria before the approximate
optimization problem is terminated. Usually ITRMOP should be at least 2 because it is
common to make little progress in one iteration, only to make major progress on the
next. Therefore, the default ITRMOP = 2 will allow a second try before terminating. If
progress toward the optimum seems slow, but consistent, and function evaluations are
not too expensive, it may improve the solution to increase ITRMOP to a value from 3
to 10.

The parameter ITMAX sets the maximum number of iterations in the DOT optimizer
for each design cycle. The default is 100.

The switch IPRINT is used to control the amount of printed output generated by the
optimization program DOT. It is included for debugging purposes and in most cases
should be set to the default value of 0.

Contact Analysis Optimization Parameters

The parameter CNTDC controls the frequency at which full contact analysis is
performed. The default value of 1 causes the program to perform full contact analysis
in every design cycle. A value n, greater than one, causes the program to perform full
contact analysis every n-th design cycle. The program, however, will always perform
full contact analysis in the first and last design cycles. For the design cycles where no
full contact analysis is performed, the parameter CNTIT provide a reduced maximum
number of contact analysis iterations.
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3.3.8 Automatic Generation of Element Stress Constraints
GENES Shas the capability to automatically generate stress constraints for all elements
in every static LOADCASE and LOADCOM. This leads to a large reduction in design
input data preparation. When this option is requested, stress constraints are generated
automatically using the stress limits from the material input data. For example, the
upper bound stress constraint for a ROD element would be the value from the stress
limit for tension, ST, data listed on the MAT1 continuation line.

Automatic generation of stress constraints is requested using the DCONS input data.
The format of this data used to request this feature is:
1 2 3 4 5 6 7 8 9 10
DCONS [STRESS
This command automatically generates DRESP1 data with the following
characteristics:
1. The RID is always 99999.
2. The label is “AUTOMATC".
3. Stress constraints are generated in a property by property, as opposed to
element by element, basis.
4. Each DRESP1 data is in a separate region.
DCONS data is generated for each DRESP1 with the same RID and “ALL” static
LOADCASEs and LOADCOMs are flagged. The upper and lower bounds are
determined from the material limits on the MATI data referenced by each property. No
stress constraints are generated for materials without stress limits.
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Element Stress Constraints

Stress constraints are automatically generated for all elements except CELAS1/2
elements, composite elements that do not specify a failure theory and solid elements
that reference MAT9 materials. The procedure used to automatically generate stress
constraints is slightly different for each property type.

ROD elements

The stress at end A of each ROD element is constrained to be greater than the stress
limit in compression (SC) and less than the stress limit in tension (ST) listed on the
MAT1 input data. If GRAVity or CENTrifugal loads are present, then the stress at end
B of each ROD element is also constrained because it may be different than that at end
A. Note that the stress limit in compression (SC) must be a negative number.

BAR elements

The stress recovery procedure for BAR elements from the design element library
(DVPROP3) is different than that of the generic BAR elements.

Generic BAR elements

Upper and lower bound stress constraints are generated for all eight stress recovery
points on the generic BAR elements. The stresses are constrained to be greater than
stress limit in compression (SC), a negative number, and less than the stress limit in
tension (ST) listed on the MAT1 input data.

Element library BAR elements

Upper and lower bound stress constraints are generated for each normal stress on every
library BAR element. These stresses are constrained to be greater than stress limit in
compression (SC), a negative number, and less than the stress limit in tension (ST)
listed on the MAT1 input data. If shear stresses are calculated for the element, then
upper and lower bound stress constraints are generated for each shear stress. These
stresses are constrained to be greater than the negative of the shear stress limit (SS) and
less than the shear stress limit listed on the MAT1 input data. Note that stress
constraints are automatically generated only for the library elements supplied by
VR&D. If the user adds extra elements to the library and desires constraints on the
stresses in these elements, the constraints must be generated through DRESP1 and
DCONS data entries.
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Plate/Shell elements

An upper bound von Mises stress constraint is generated for both surfaces of all of the
TRIA3, TRIA6, QUAD4 and QUADS elements. The von Mises stresses are
constrained to be below the von Mises stress limit (SS) on the MAT1, MAT2, and
MAT8 material data entries referenced by MID1 in the PSHELL data. If MID1 is blank,
then the material data referenced by MID2 will be used. Note that if both plate/shell
elements and BAR elements from the element library with shear stresses or composite
elements reference the same MAT1 data erroneous constraints will be generated. This
is because the two-dimensional elements require the von Mises stress limit while the
BAR elements require the maximum stress limit. In this case two different MAT1
entries must be used.

Shear elements

An upper bound shear stress constraint will be generated for the largest (in magnitude)
shear stress in all SHEAR elements. The maximum shear stress is constrained to be
below the shear stress limit (SS) on the MAT1 data.

Composite plate elements

The failure index for each layer of the composite is automatically constrained to be less
than or equal to 1.0. For automatic stress constraints to be generated for composite
elements, a failure theory must be specified in the PCOMP/PCOMPG data, and stress
limits must be specified for the material of every layer.

Axisymmetric elements

An upper bound von Mises stress constraint is generated for the von Mises stress at the
centroid of axisymmetric elements. The von Mises stress is constrained to be below the
von Mises stress limit (SS) on the MAT1 material data entries. If an axisymmetric
element references a MAT3 material, no automatic stress constraints will be generated.
Note that if both axisymmetric elements and BAR elements from the element library
with shear stresses reference the same MAT1 data, erroneous constraints will be
generated. This is because the axisymmetric elements require the von Mises shear stress
limit while the BAR elements require the maximum shear stress limit. In this case, two
different MAT1 entries must be used.

Three-dimensional elements

An upper bound von Mises stress constraint is generated for the von Mises stress at the
centroid of all the three-dimensional elements. The von Mises stress is constrained to

be below the von Mises stress limit (SS) on the MAT1 material data entries. If a three-
dimensional element references a MAT9 material, no automatic stress constraints will
be generated. Note that if both three-dimensional elements and BAR elements from the
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element library with shear stresses reference the same MAT1 data, erroneous
constraints will be generated. This is because the three-dimensional elements require
the von Mises shear stress limit while the BAR elements require the maximum shear

stress limit. In this case, two different MAT1 entries must be used.

Meaning of ST, SC and SS in MAT1 data

ST SC SS
ROD Tension Compression ---
GENERIC BAR Tension Compression ---
GENESIS Tension Compression Shear
LIBRARY BAR
USER LIBRARY BAR --- --- ---
BEAM --- --- ---
QUAD4 (PSHELL), --- --- von Mises
TRIA3 (PSHELL),
QUADS8 (PSHELL),
TRIA6 (PSHELL)
PCOMP/PCOMPG: HILL X Y S
PCOMP/PCOMPG: HOFFMAN, XT, YT XC, YC S
TSAI-WU, STRN
SHEAR --- --- Max shear
TRIAX6 --- --- von Mises
HEXA, HEX20, PENTA, PYRA --- --- von Mises
TETRA
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3.3.9

Automatic Generation of Grid Stress Constraints

GENES Shas the capability to automatically generate grid stress constraints for all
grids connected to TRIAX6, HEXA, HEX20, PENTA, PYRA and TETRA elements in
every static LOADCASE and LOADCOM. This leads to a reduction in design input
data preparation. When this option is requested, upper bound grid von Mises stress

constraints are generated automatically using the shear stress limits (SS) from the
MAT1 material data.

Automatic generation of grid stress constraints is requested using the DCONS input
data. The format of this data used to request this feature is

1 2 3 4 5 6 7 8 9 10

DCONS |GSTRESS
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This command automatically generates DRESP1 data with the following
characteristics:

1. The RID is always 99999.

2. The label is “AUTOMATC".

3. The grid stress constraints are generated property by property. All the grids
associated with each PSOLID and PAXIS property that references MAT 1 data with
shear stress limits have grid von Mises stress constraints.

4. Ifagridis connected to two elements that have different properties, two constraints
will be generated.

5. Each DRESP1 data is in a separate region.

DCONS data is generated for each DRESP1 with the same RID and “ALL” static
LOADCASEs and LOADCOMs are flagged.
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3.3.10 Automatic Generation of Surface Stress Constraints

Automatic grid stress constraints can be generated only for surface grids with the
command:

1 2 3 4 5 6 7 8 9 10

DCONS |[SURFACE

This feature is the same as automatic generation of grid stress constraints, except that
internal grids are ignored. Note that automatic generation of surface grid stress
constraints only applies to grids connected to HEXA, HEX20, PENTA, PYRA and
TETRA elements.
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3.4 Advanced Shape Design Capabilities

This section describes the advanced shape design capabilities available in GENESS.
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3.4.1

Coordinate System Definition

When coordinate systems are defined by three grid point locations (CORD1R,
CORD1C, and CORD1S data) the orientation of these coordinate systems does not
change during the design process. This is true even if the grid points are involved in the
shape design problem. In fact, the coordinate systems are defined using the grid point
locations on the GRID data which may be different than the initial grid point locations.
The initial grid point locations can be different than the locations specified on the GRID
data if the initial values of the shape problem design variables are nonzero.

The exception to this rule is the definition of the element coordinate systems (for bar,
plate/shell, and solid elements). In this case, the element coordinate systems are
generated using the current grid point locations. Note that the BAR element coordinate
system can be made to change with the shape of the structure by defining the orientation
vector with a grid point that is involved in the shape problem. Note also that this grid
point does not have to be connected to any structural elements.
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3.4.2

Move Limits

There are four types of move limits that effect the shape design problem. These are
shape design variable move limits, move limits on grid point locations during each
design cycle, upper and lower bounds on grid point locations, and pass through
constraints generated using DRESP2, DRESP3 or DRESPG data.

The design variables that control the shape problem have two characteristics that
separate them from the sizing design variables. The first is that they usually have an
initial value of zero. This is so that the initial design is the same as that specified on the
GRID data. The second characteristic that differentiates the shape design variables
from the sizing design variables is that they can take on negative values and may switch
between positive and negative values during the design process.

Because the design variables may cross zero, the minimum move limit DXMIN
becomes very important. If only the fractional move limit DELX was used, the design
variables would not be able to cross zero. If the initial value of the design variable is
zero then the default value of the minimum move limit is 0.1. The basis or grid
perturbation vectors should be constructed so that a change of 0.1 in the design variable
corresponds to about a 10% change in location of the grid points from their initial
locations to their greatest possible optimum locations. Since it may be difficult to scale
the basis or grid perturbation vectors, another approach is to change the default value
of DXMIN on the DVAR data to account for this 10% move limit. If the design is very
sensitive to small changes in the value of the shape design variable, then a smaller
minimum move must be used. To give an example of the effect of DELX and DXMIN
on the design process consider the moves taken by a design variable as it goes from 1.0
to -1.0 with DELX equal to 0.5 and DXMIN equal to 0.1. The design variable history
would be 1.0, 0.5, 0.25, 0.125, 0.025, -0.075, -0.175, -0.275, -0.413, -0.619, -0.928, -
1.0. Note that this takes 11 design cycles. If the minimum move limit was 0.3 then the
design variable history would be 1.0, 0.5, 0.2, -0.1, -0.4, -0.7, -1.0. In this case only 6
design cycles are required.

In many design situations the basis or grid perturbation vectors correspond to a sizing
type quantity such as a thickness or a radius. In this case it is a good idea to let the shape
design variable take on the value of the sizing quantity. This can be done by creating a
dependent design variable that is equal to the shape design variable minus its original
value. The dependent design variable is then used on the DVGRID data. With this
formulation the initial value of the dependent design variable is zero and the initial
design is the same as that on the GRID data. If this type of formulation is used, then the
move limits on the independent design variable will have some physical significance.
In this case, large move limits should be used for the dependent design variable so that
they never become critical.

The second type of move limits that effect the shape design problem are those placed
on the grid point locations during each design cycle. These are used to prevent large
changes in the shape of the structure in regions where the responses are very sensitive
to these changes. An example could be the radius of a fillet where there is a stress
concentration. These move limits are specified on the GRID data with the move limit
parameter MV equal to 1. Note that lower bound move limits should be negative.
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When the basis vector approach is used, many grid point locations are, in a sense, linked
together. Because of this linking it is only necessary to place move limits on selected
grid point locations, rather than all of the grids in a specific area.

The third type of move limits are used to prevent unrealistic designs generated by
having one part of the structure occupying an area where another part of the structure
is located. Suppose that a structural component must fit in a box generated by the X=0,
X=10, Y=0, and Y=20 planes (see figure below). In order to keep the structure from
occupying space on the other side of the X=10 plane grid point 6 should be constrained
to have its X coordinate less than 10.

Y=20

Go6

Y=0 > X
X=0 X=10

Figure 3-32Grid Move Limits

This is done using the move limits on the GRID data with the move limit parameter
MV=0 (the default) as shown below.

1 2 3 4 5 6 7 8 9 10
GRID 6 9.0 10.0
+ 0 10.0

If the basis or grid perturbation vectors are generated such that other grid points could
by located on the other side of the X=10 plane while grid 6 is not, then these grid points
should also be constrained.
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The last type of grid point move limit is used to prevent two parts of the structure from
passing through each other during the design process (see Figure 3-33). This is done
using the DRESP?2 input data. The distance between the grid points on Face 1 and Face
2 of the structure should always be greater than 0.0. Assuming that the two faces will
always be straight this can be achieved by constraining the distances (in the X direction)
between grids 1 and 21 and between grids 19 and 39 to be greater than 0.

1 21

19 39

/ AN

Figure 3-33Grid Pass Through
Note: Pass through constraints can easily be generated using DRESPG data.
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The input data for these constraints would be:

1 2 3 4 5 6 7 8 9 10
DRESP2| 10 TOP 100

+ DGRID 1 1 21 1
DRESP2| 20 BOTTO| 100
M
+ DGRID 19 1 39 1
DEQATN| 100 F(X1,X2) = X2-X1

DCONS 10 ALL 0.0 1.0E30

DCONS| 20 ALL 0.0 1.0E30

Another example of a pass though constraint is given in Equation Utility (p. 271).
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3.4.3

Effect of Nonrectangular Coordinate Systems

Care must be used when grid point locations are defined in nonrectangular coordinate
systems in the shape problem for two reasons. The first is that when grid point
perturbation vectors are used, the perturbations are not updated as the design changes.
This means that if a perturbation is defined in an angular direction (6 or ¢), the grid
will move in a tangential direction rather than in a circumferential direction (see the
figure below). The second reason that care must be taken involves the use of grid point
move limits which are defined in the input (CP) coordinate system. If move limits are
defined in the angular direction (6 or ¢) and the grid point is located near the 6 = 0 or
@ = 0 axis unexpected results may occur. This is because the angles less than 0 or
greater than 360 degrees are not defined. Therefore, if a grid point location changes
from 6 = 1° to 6 = -1° = 359°, it will be interpreted as a move of 358°, rather than 2°.
If a grid point is located near an axis and requires an angular move limit, it is suggested
that its input coordinate system be redefined in an alternate local coordinate system.

Care must also be taken when the grid point displacements are defined in a
nonrectangular coordinate system. This is because unexpected results may occur if
displacement constraints are used on grid points near the coordinate system origin. If
the grid point location changes just slightly, the definition of the radial or angular
direction may vary greatly. In fact, if the grid point is located at the origin of the
coordinate system, then the angular directions are not defined. It is suggested the
displacement constraints not be applied to grid points that are located near the origin of
their output (CD) coordinate system.

Grid will move in this direction
if perturbation is (0.0, 1.0, 0.0).

Grid point location defined in
Ve cylindrical coordinate system.

e

Figure 3-34 Non-Rectangular Coordinate System
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3.4.4 Automatic Generation of Perturbation Vectors in

GENESIS

Perturbation vectors are input in GENES Susing the DVGRID data statements. This
data provides the perturbation of a single grid and the id of the design variable
associated to it. For example, assume that a 12 node structure is going to be designed
using one perturbation vector. The input data for the shape will include 12 GRIDS, 12
DVGRIDs and 1 DVAR data. The figure below shows the structure and the
perturbation vector:

10 i
11 _\.
i v
8 < y
9 —
5
<= o X
2 ; —
3
Perturbation Vector
The design input data could be:

1 2 3 4 5 6 7 8 9 10
DVGRID 7 1 1.0 0.0 0.0 0
DVGRID 7 2 1.0 0.0 0.0 0
DVGRID 7 3 1.0 0.0 0.0 0
DVGRID 7 4 1.0 0.0 0.0 0
DVGRID 7 5 1.0 0.0 0.0 0
DVGRID 7 6 1.0 0.0 0.0 0
DVGRID 7 7 1.0 0.0 0.0 0
DVGRID 7 8 1.0 0.0 0.0 0
DVGRID 7 9 1.0 0.0 0.0 0
DVGRID 7 10 1.0 0.0 0.0 0
DVGRID 7 11 1.0 0.0 0.0 0
DVGRID 7 12 1.0 0.0 0.0 0

DVAR 7 0.0 -4.0 4.0
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During optimization the design variable could take different values giving different
shapes to the structure. If the design variable value is zero then the current shape of the
structure will be the same shape of the original design. If the design variable is one the
shape of the current structure will be the shape of the a basis vector defined as the sum
of the original design and the perturbation vector. If the design variable is for example,
3.0, the current shape will be as is shown in the figure below.

>
-
>
>
-
>
Original Shape Perturbed Shape

with DVAR = 3.0
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Creating DVGRID Data

The creation of the DVGRID data can be time consuming, so, GENES Sprovides four
ways to automatically generate perturbation vectors. The first method is based on
interpolations (Geometric basis vector).The second method uses loads and boundary
conditions (Natural basis vector). The third method converts grids into basis vectors.
The fourth method uses the DTGRID data (topography optimization).
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3.45 Geometric Perturbation Vectors
(DOMAIN and DVGRIDC Data)

The procedure to use it is as follows: First, define a domain in which the design variable
can act. A domain consists of 5 pieces of information; a DOMAIN ID, a TYPE to define
the shape (and to mathematically define interpolation functions), the corners of the
domain, a list of all non corner nodes of the domain (and the corners if user wants to
repeat this information here), and a list of design variables.
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This input data is called DOMAIN and its format is presented below:

1 2 3 4 5 6 7 8 9 10
DOMAIN ID
+ TYPE CG1 CG2 CG3 CG4 CG5 CG6 CG7 CG8
+ “DGRID" G1 G2 G3 G4 G5 G6 G7 G8
+ G9 G10
+ “DVAR” DV1 DV2 DV3 DV4 DV5 DV6 DV7 DV8
+ DV9 DV10
Alternate Format:
1 2 3 4 5 6 7 8 9 10
DOMAIN ID
+ TYPE CG1 CG2 CG3 CG4 CG5 CG6 CG7 CG8
+ “GSET” | SETID
+ “DVAR” DV1 DV2 DV3 DV4 DV5 DV6 DV7 DV8
+ DV9 DV10
Field Information Description
2 ID Unique Domain Identification number. (integer > 0)
2 TYPE Domain element type: RBE2, BAR, TRIA3, QUAD4, BARX,
TRIAX3, QUADX4, TETRA, PENTA, HEXA
3,4, .. Cail Corner Grid Ids (Integer >0).
2 DGRID Word indicating grid numbers will follow.
3,4, .. Gl Interior Grid Ids (Integer >0 or blank).
2 DSET Word indicating grid set number will follow.
3 SETID Set ID (Integer > 0)
2 DVAR Word indicating design variable numbers will follow. See
Remark 11.
3,4, .. DVI DVAR entry identification number (Integer > 0)

The list of design variables is optional. If it is omitted, GENES Swill use all shape
variables with this DOMAIN. The list of internal grid is also optional.

The second type of input data, required to automatically generate DVGRID data, is the
DVGRIDC data statement. This data includes the design variable that controls this
perturbation, the grid location of one grid and the perturbation.

In addition, as it will be explained below, this data includes information for generating
perturbation vectors.
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The basic format is:

1 2 3 4 5 6 7 8 9 10

|DVGRIDC| DVID | GID | ciD |COEFF| N1 | N2 | N3 |BASIS| |

Alternative Format:

1 2 3 4 5 6 7 8 9 10

|DVGRIDC| DVID | GID | blank |COEFF| Gl | G2 | blank | BASIS| |

Field Information Description

2 DVID DVAR identification number (Integer > 0).

3 GID Grid number (Integer > 0). The grid should belong to a DOMAIN
element. See Remark 1.

4 CID Coordinate system identification number (Integer > 0 or blank.
Default = 0)

5 COEFF Linear coefficients of relation between design variables and

coordinates (Real, Default = 1.0. ignored if BASIS = 0).

6-8 N1,N2,N3 If BASIS = 0, components of a vector measured in the
coordinate system defined by CID at the location of the grid
defined by GID. If BASIS = 1, the location of the basis grid is in
the CID coordinate system (Real or blank, Default = 0.0).

9 BASIS BASIS/PERTUBATION Switch. BASIS Vector: BASIS =1,
Perturbation vectors: BASIS=0. (0, 1 or blank, Default is DOPT
parameter BASIS).
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For example, to create a perturbation vector for the example shown in the previous
figures, the following data could be used;

1 2 3 4 5 6 7 8 9 10
DOMAIN 1
+ QUAD4 1 3 12 10
+ DGRID 1 2 3 4 5 6 7 8
+ 9 10 11 12
+ DVAR 7
DVGRIDC 7 1 1.0 0.0 0.0 0
DVGRIDC 7 3 1.0 0.0 0.0 0
DVGRIDC 7 12 1.0 0.0 0.0 0
DVGRIDC 7 10 1.0 0.0 0.0 0
DVAR 7 0.0 -4.0 4.0

This data will internally (automatically) create the needed 12 DVGRIDS. Note that the
word DVAR and the DVID 7 could be omitted.

10

SoL ] o
LA

Input Data

10

¢

.,
LS S

_>

Perturbation Automatically Generated
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TYPES of DOMAIN Data and how Perturbations are Generated

There are 6 basic “elastic” domain shapes: linear (BAR), triangular (TRIA3),
quadrilateral (QUADA), tetrahedral (TETRA), pentahedral (PENTA) and hexahedral
(HEXA). Also, there is one “rigid body” DOMAIN: RBE2 and three “axisymmetric”
domain shapes: linear (BARX), triangular (TRIAX3) and quadrilateral (QUADX4).

For the “elastic” and “axisymmetric” domains, the user specifies the basic perturbation
on the corners of the DOMAIN or in a grid of the DOMAIN that is close to the middle
of the corner grids. With that information GENES S calculates the perturbation of the
rest of grids in the DOMAIN using isoparametric interpolation functions. The
interpolation inside a domain are made linear if only corner nodes are perturbed or are
done quadratic in edges that have their middle node perturbed.

For the rigid body domain, the user specifies the perturbation in the corner node of the
RBE2 domain. For convenience, it is allowed to add the perturbation to any node of the
RBE2. If more than one perturbation is applied to the RBE2 domain, GENES Swill use
the average perturbation for all the nodes in the domain and a warning message will be
output.
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The following figures show the basic shapes of the DOMAIN elements.

CG2
G
cG1 CG1
DOMAIN RBE2 DOMAIN BAR
cG3 CG3
CG4
CG2
CG1
CG1
CG2
DOMAIN TRA3 DOMAIN QUAD4
cG3 CG3
CG4
CG3 CG4 CG5 CcG2
T
G
CG4 ce2 CG5 CG6
CG1
CG1
CG2
DOMAIN BARX DOMAIN TRAX3 DOMAIN QUADX4
CG8
CG4
CG4 CG6
CG5
V cG7
CG3
CG3
CG1 CG1
CG2 ccl ces
CG2
CG2
DOMAIN TETRA DOMAIN PENTA DOMAIN HEXA
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Examples:

BAR DOMAIN

a) One corner perturbed

1 2 3 4 5 6 7 8 9 10
DOMAIN 1

+ BAR 1 5

+ DGRID 1 2 3 4 5
DVGRIDC 7 1 0.0 0.0 1.0 0

Z
I PP NS — m\. L X
Gl G2 G3 G4 G5

Gl G2 G3 G4 G5

Input Data Perturbation Automatically Generated

b) Two corners perturbed:

1 2 3 4 5 6 7 8 9 10
DOMAIN 1

+ BAR 1 5

+ DGRID 1 2 3 4
DVGRIDC 7 1 0.0 0.0 0.5 0
DVGRIDC 7 5 0.0 0.0 1.0 0

—

EDUS g x5 S G

Input Data Perturbation Automatically Generated
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c) Middle node perturbed

1 2 3 4 5 6 7 8 9 10
DOMAIN 1

+ BAR 1 5

+ DGRID 1 2 3 4 5
DVGRIDC 7 3 0.0 0.0 1.0 0

1. ./I\.L

Gl G2 G3 G4

Input Data Perturbation Automatically Generated

d) All corners perturbed and middle node perturbed

1 2 3 4 5 6 7 8 9 10
DOMAIN 1
+ BAR 1 5
+ DGRID 1 2 3 4 5
DVGRIDC 7 1 0.0 0.0 1.0 0
DVGRIDC 7 3 0.0 0.0 2.0 0
DVGRIDC 7 5 0.0 0.0 1.0 0

Gl G2 G3 G4 GS

S Gaﬂ/f\eg\at.

Input Data Perturbation Automatically Generated
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QUAD4 DOMAIN

a) One corner perturbed;

1 2 3 4 5 6 7 8 9 10
DOMAIN 1
+ QUAD4 21 25 5 1
+ DGRID 1 2 3 4 5 6 7 8
+ 9 10 11 12 13 14 15 16
+ 17 18 19 20 21 22 23 24
+ 25
DVGRIDC 7 5 1.0 0.0 1.0 0
r———9
1 2 3 4
Qe
6 7 8 9
[ . 4 L —=
11} 12| 13f 14
¢-———
16| 17§ 18}f 19
*——0—
21 22 23 24
Input Data

¢) Midside node perturbed:;

1 2 3 4 5 6 7 8 9 10
DOMAIN 1
+ QUAD4 21 25 5 1
+ DGRID 1 2 3 4 5 6 7 8
+ 9 10 11 12 13 14 15 16
+ 17 18 19 20 21 22 23 24
+ 25
DVGRIDC 7 3 0.0 0.0 1.0 0
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| ammme. aumee. smm 4 . 4

6 7 8 9] 10
[ _ . & . 4 . o . 4

111 12} 13} 14} 15
*-———e—0

16 17 18] 19] 20
*——-=g—= o

21 22 23 24 25

Input Data

Note: Perturbations are not limited to inplane ones.

QUADX4 DOMAIN

a) One corner perturbed;

Shape and Sizing Design Capabilities

) '\ o\o
4o —9¢
¢—1—0——0 ,
— o o o = t»x

Perturbation Automatically Generated

1 2 3 4 5 6 7 8 9 10
DOMAIN 1
+ QUADX4 20 25 45 40 30 20
+ GSET 1
DVGRIDC 7 45 1.0 0.0 1.0 0

40

Input Data

:

A
l

25

Perturbation Automatically Generated
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a) Midside node perturbed;

1 2 3 4 5 6 7 8 9 10
DOMAIN 1
+ QUADX4 20 25 45 40 30 20
+ GSET 1
DVGRIDC 7 35 1.0 0.0 0.0 0

40 45
\_/
35
30 0—0—0@ >
/§
20 25
Input Data Perturbation Automatically Generated
RBE2 DOMAIN
a) Corner perturbed;
1 2 3 4 5 6 7 8 9 10
DOMAIN 1
+ RBE2 1
+ DGRID 1 2 3 4 5
DVGRIDC 7 1 0.0 0.0 1.0 0

Sy N

Gl G2 G3 G4 G5 Gl G2 G3 G4 G5

Input Data Perturbation Automatically Generated
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Use of DOMAIN data:

The DOMAIN data can be used to create perturbation vectors for a part of the structure
or for the whole. One or more domain elements can be used. A domain usually covers
a group of elements, but that is not a requirement. In one extreme one DOMAIN
element can be defined per element or in the other extreme one DOMAIN element can
cover the whole structure. The DOMAIN element can also be “larger” than the
structure. For example, one HEXA domain could be used to cover a complex structure.

A A

==X

One Domain (HEXA)
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A
Domain 2 Domain 4
A Domain 3 A
Domain 1 Domain 5
o) Pl

Multiple Domains

172

Design Manual

May 2018

GENES'S



Shape and Sizing Design Capabilities

Treatment of Perturbation at Middle of the Edge of a DOMAIN

If a DVGRIDC data statement references a grid that is close to the middle of an edge
of a DOMAIN, GENES Swill treat that grid as a grid of the DOMAIN element and use
it as the location for a midside node. That midside node will define internally a
quadratic interpolation function for that edge.

Example

In the following example, a perturbation is applied to grid 13, which belongs to
DOMAIN 1 but not DOMAIN 2. However, because grid 13 is at the midside of an edge
(defined by corner grids 11 and 15) that is shared by both domains, both domains are
affected by the perturbation. GENES Swill make both domain elements have a
quadratic edge, insuring that the grids on the edge are perturbed in a compatible way.

s 10 1 23] 28 5[ 10] 1 23

Ao 1418 22 271 4] 9] 14l 18] 22

3y 8 13F 17| 21| 26 3] 8 13} 17| 21

20 71 12\16/ 20| 25 2 71 12\16/ 20| 251 y

] ]

: A -'-—-—L L X
1 6 11 19 24 1 6 11 19 24

DOMAIN 1 DOMAIN 2

PERTURBATION IS ON MIDESIDE NODE
DOMAINS ARE QUADRATIC

1 2 3 4 5 6 7 8 9 10
DOMAIN 1
+ QUAD4 1 11 15 5
+ DGRID 1 2 3 4 5 6 7 8
+ 9 10 11 12 13 14 15
DOMAIN 2
+ QUAD4 11 24 28 15
+ DGRID 11 16 17 18 15 19 20 21
+ 22 23 24 25 26 27 28
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1 2 3 4 5 6 7 8 9 10

|DVGRIDC| 1 | 13 | | | 0.0 | 10.0 | 0.0 | 0 | |

If instead of a perturbation at grid 13, the perturbation is at grid 15, then the DOMAINS
will be linear as shown in the figure below.

>

R(5 23] 28 5[ 10] 158 23] 2
] 1

12 Y8[ 22[ 271 4 9 14| g 22
1 i

13| 47 21] 2§ 3 g 13| 7| 21
1 1

12\ 1 A620] 25  2[ 7] 12\1 /620 z
1 1

AN N S S b

11 19 24 1 6 11 19
DOMAIN 1 DOMAIN 2

PERTURBATION IS ON CORNER NODE
DOMAINS ARE LINEAR

Note: If the perturbations are applied to a midside that is far from the midpoint of an
edge, then the shape of the DOMAIN could be distorted causing numerical problems.
In this case, GENESI Swill ignore the perturbation and a warning message will be
given. However, sometimes it is necessary to allow for perturbations to be far from the
midpoint of an edge. In this case, the user can change the DVGTOL parameter. The
DVGTOL parameter is defined as the ratio of the distance between the perturbed node
and the midpoint of the edge to the length of the edge. The default DVGTOL is
0.166667.

A/L <DVGTOL
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Using DVAR to Restrict the DOMAIN to a Specified Set of Design
Variables

This allows you to overlap domains or to limit the scope of the design variables
associated with a domain.

Example of Overlapping DOMAINS

9@--=--=-- ® 10 g@------- ® 10
7¢ $s <—¢ DOMAINZ2 ¢=—P
<—+ DOMAIN 1 +—> 5+ """" +6
y 3? ?4 —>? DOMAIN 3 ?4—
10-------9 10-—————- ')

X

Here three domains are used for one part of the structure.
DOMAIN 1 Data

1 2 3 4 5 6 7 8 9 10
DOMAIN 1

+ QUAD4 1 2 10 9

+ DGRID 3 4 5 6 7 8

+ DVAR 10

DVGRIDC| 10 5 -1.0 0.0 0.0 0

DVGRIDC| 10 6 1.0 0.0 0.0 0
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DOMAIN 2 Data

1 2 3 4 5 6 7 8 9 10
DOMAIN 2

+ QUAD4 5 6 10 9

+ DGRID 7 8

+ DVAR 20

DVGRIDC| 20 7 -1.0 0.0 0.0 0

DVGRIDC| 20 8 1.0 0.0 0.0 0

DOMAIN 3 Data

1 2 3 4 5 6 7 8 9 10
DOMAIN| 3

+ |ouaD4| 1 2 6 5

+ |DGRID| 3 4

+ DVAR 20

DVGRIDC 20 3 1.0 0.0 0.0 0

DVGRIDC 20 4 -1.0 0.0 0.0 0

This data creates the following basis vectors.

ge ®10 ge @10
/ \ / \
/ \
I \ \ /
e o= ° °
\ I \ /
*\ ‘ | |
\ / / \
1e °) 1e °2
BASIS 10 BASIS 20

NOTE: If DOMAIN 1 is not restricted to use only DVAR 10, an error message will be
generated because the DVGRIDC corresponding to DVAR 20 will have two
perturbations per edge at the two vertical edges of DOMAIN 1. This is not allowed.

Since the numbers used in DVGRIDC are perturbations, the DOPT parameter BASIS
used in this example should be BASIS = 0.
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A Modeling Trick:

The DOMAIN does not have to match the FEM model. For example, assume we wish
to design the diameter below.

The DOMAIN can be a HEXA

BASIS VECTOR
TOP VIEW

Now assume we wish to design the thickness of a cylinder wall.
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The DOMAIN is the same as before. However, we do not include the grids on the inner
wall of the cylinder. Then only the outer diameter will change.

. PRGN
4 \
d 1

o
3 . !

BASIS VECTOR
TOP VIEW
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Perturbation in Arbitrary Coordinate Systems and Scale Factors

The perturbation defined in DVGRIDC can be input in any coordinate system. Also, the
perturbation can be scaled using a coefficient. This additional data is defined in the
general format:

1 2 3 4 5 6 7 8 9 10

|DVGRIDC| DVIDI GID | cip |COEFF| N1 | N2 | N3 |BASIS| |

Field Information Description

2 DVID DVAR identification number (Integer > 0).

3 GID Grid number (Integer > 0). The grid should belong to a DOMAIN
element. See Remark 1.

4 CID Coordinate system identification number (Integer > 0 or blank.
Default = 0)

5 COEFF Linear coefficients of relation between design variables and

coordinates (Real, Default = 1.0. ignored if BASIS = 0).

6-8 N1,N2,N3 If BASIS = 0, components of a vector measured in the
coordinate system defined by CID at the location of the grid
defined by GID. If BASIS = 1, the location of the basis grid is in
the CID coordinate system (Real or blank, Default = 0.0).

9 BASIS BASIS/PERTUBATION Switch. BASIS Vector: BASIS = 1,
Perturbation vectors: BASIS=0. (0, 1 or blank, Default is DOPT
parameter BASIS).
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Perturbation using two grid locations to define direction

The perturbation defined in DVGRIDC can be input by giving two additional grid ids;
that provides a direction of the perturbation, the magnitude of the perturbation will be
provided by coeff.

1 2 3 4 5 6 7 8 9 10

|DVGRIDC| DVID | GID | blank | COEFF| G1 | G2 | blank| | |

Field Information Description
2 DVID DVAR identification number (Integer > 0).

3 GID Grid number (Integer > 0). The grid should belong to a DOMAIN
element. See Remark 1.

4 CID Coordinate system identification number (Integer > 0 or blank.
Default = 0)

5 COEFF Linear coefficients of relation between design variables and
coordinates (Real, Default = 1.0).

6 Gl Initial grid to define direction of perturbation

7 G2 Final grid to define direction of perturbation

Note: Even if the grids used to define the perturbation change during the optimization
the perturbation will not. The perturbation is calculated only once at the beginning of
the run.

Printing Perturbation Vectors

The Perturbation vectors created using DOMAIN and DVGRIDC data can be output
using the Solution Control parameter DVGRID = PRINT. All Perturbation vectors can
be output to the post-processing files using the Solution Control command
PERTURBATION = POST.
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3.4.6

Geometric Basis Vector (DOMAIN and DVGRIDC Data)

This procedure is used when field 9 is 1 (or field 9 is blank and DOPT parameter BASIS
is 1).

The procedure to automatically create basis vectors is completely analogous to the
process of creating perturbation vectors. However, only one major difference exists;
The DVGRIDC data is used to create basis grid locations instead of perturbations.

The input data of DVGRIDC in this case is:

1 2 3 4 5 6 7 8 9 10

|DVGRIDC| DVIDI GID | cip | blankl N1 | N2 | N3 | 1 | |

Field Information Description

2 DVID DVAR identification number (Integer > 0).

3 GID Grid number (Integer > 0). The grid should belong to a DOMAIN
element. See Remark 1.

4 CID Coordinate system identification number (Integer > 0 or blank.
Default = 0)

6-8 N1,N2,N3 Location of the basis grid is in the CID coordinate system (Real

or blank, Default = 0.0).

GENES Swill subtract from N1, N2 and N3 the coordinates of grid GID to create a
corresponding perturbation. After that, it will use the perturbations to calculate the
perturbation of all grids in the DOMAINS and then add to these perturbations the grid
coordinates to construct DVGRIDs with basis grid locations.

Printing Basis Vectors

The Basis vectors created using DOMAIN and DVGRIDC data can be output using the
Solution Control parameter DVGRID = PRINT. All Basis vectors can be output to the
post-processing files using the Solution Control command BASIS = POST.
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3.4.7 Natural Perturbation Vectors (DVSHAPE Data)

The natural perturbation vector method provides a way to simplify the creation of
perturbation vectors for shape optimization by using displacement fields as
perturbation fields.

The procedure to optimize a structure using natural perturbation vectors is as follows:
1. Create an auxiliary model that contains loads and boundary conditions that produce

displacement patterns to be used as perturbations.

2. Add DVSHAPE entries to the auxiliary model for every desired perturbation
vector.

3. Run GENES Susing the auxiliary model.
4. Add the “*.DVS” file created by GENES Sto the original model.
5. Run the original model.

Note: The DOPT parameter BASIS has to be set to 0 in both the auxiliary file and the
in the original file.
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The Auxiliary Model

The auxiliary model is typically a modified copy of the original model, and its purpose
is to create a set of displacements to be used as perturbation vectors. The auxiliary
model must contain the following:

1. Loads and/or boundary conditions to produce desired displacements. Typically
SPCD are used, though any type of static loads are acceptable. Temperature loads
may be useful.

2. One or more DVSHAPE entries, each of which identifies:
a. A design variable and its bounds.

b. Asetofgrids for which DVGRID data is to be generated. If all grids are desired
then the “ALL” option is allowed.

¢. A maximum perturbation size. If this data is omitted, the perturbations will
equal the translational displacements, otherwise, the displacements will be
scaled accordingly.

3. DOPT parameter BASIS set to 0 or 1. For perturbation, a value
of 0 is needed.
If desired, the auxiliary model can also contain:

4. Boundary conditions to limit the scope of the perturbation.
5. Additional elements to produce desired displacements.

6. Special properties and/or materials to produce special conditions.
For example, low Poisson’s ratio to avoid longitudinal and transverse coupling.

Example:

Consider the following structure:
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Assume it is desired to create a perturbation vector for the plate structure in figure.

There are several ways to do it. One is to enforce displacements that match the desired
perturbations along the boundary.

To do that the following loadcase has to be created:
LOADCASE 10

LOAD = 100
SPC = 200
DVSHAPE = 10,-1.0,2.0,ALL
Where,
LOAD =100 Select SPCD bulk data that produce the desired displacements on the
boundary
SPC =200 Select SPC1 bulk data that produce the desired boundary conditions

DVSHAPE =10,-1.0,2.0,ALL  Creates a design variable (id=10)
with initial value of zero,
lower bound of -1.0, and upper bound
of 2.0. ALL indicates that all grids
with nonzero displacement are selected
for the perturbation vector.

The bulk data has to contain the necessary SPCD and SPC1 data.

Multiple DVSHAPE entries are allowed per loadcase. In that way multiple perturbation
vectors can be created for each loadcase in the auxiliary model.

To obtain the perturbation vectors, simply run GENES S The generated DVGRID
entries, as well as the associated DVAR entries, are stored in a file called
“pname_aux.DVS” where pname_aux is the project name of the auxiliary file.

To print the perturbation vectors in the output file, the solution control
DVGRID=PRINT can be used.
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The Original Model

To use the results on the original model, the file pname_aux.DVS has to be included in
the bulk data of the original model. This is done by adding an INCLUDE entry as
follows:

INCLUDE ~’pname_aux.DVS~

Alternatively, the contents of the “*.DVS” file can be directly copied into the file of the
original model using any text editor.

To print the perturbation vectors to a post processing file the command
PERTURBATION = POST can be used. The name of the post processing file is
pname.DVG, where pname is the project name of the original model.

The original model can also contain DOMAIN, DVGRIDC and DVGRID data. In other
words, natural perturbation vectors can be mixed with geometric and manual
perturbation vectors.

Multiple auxiliary files can be used. In this case, multiple INCLUDE entries would be
used.
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3.4.8 Natural Basis Vectors (DVSHAPE Data)

The procedure to create and use natural basis vectors is the same as the procedure to
create and use natural perturbation vectors. The only difference is that the DOPT
parameter BASIS has to be set to 1 in both the auxiliary file and the original file.
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3.4.9 Grid Basis Vectors (DVBASIS Data)

The grid basis vector method provides a way to create basis vectors using a
preprocessor that can perturb grids. The grids then are transformed into basis vectors.

The procedure to optimize a structure using GRID BASIS vector is described next:

1.

o s~ DD

Create an auxiliary model that has perturbed grids.

Add DVBASIS entries to the auxiliary model for every desired basis vector.
Run GENES Susing the auxiliary model (CHECK maode is sufficient).

Add the “*.DVB?” file created by GENES Sto the original model.

Run the original model.
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The Auxiliary Model

The auxiliary model is typically a modified copy of the original model, and its purpose
is to create sets of grid that are modifications of the original grids. The auxiliary model
must contain the following:
1. Avvalid input data.
2. One or more DVBASIS entries, each of which identifies:

a. A design variable and its bounds.

b. Asetof grids for which DVGRID data is to be generated. If all grids are desired
3 then the “ALL” option is allowed.

Example:

Consider the following structure:

Assume it is desired to create a basis vector for the plate structure in figure.

There are several ways to do it. One is to perturb the grid using a preprocessor that
allows to stretch the model.

After the model is finished, add the following data to the solution control:
DVBASIS =10,-1.0,2.0,ALL
This data will:
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creates a design variable (id=10)

with initial value of zero,

lower bound of -1.0, and upper bound
of 2.0. ALL indicates that all grids
with nonzero displacement are selected
for the perturbation vector.

Multiple DVBASIS entries are allowed per auxiliary file. In that way multiple basis
vectors can be created for each loadcase in the auxiliary model.

To obtain the basis vectors, simply run GENESS. The generated DVGRID entries, as
well as the associated DVAR entries, are stored in a file called “pname_aux.DVB”
where pname_aux is the project name of the auxiliary file.

To print the perturbation vectors in the output file, the solution control
DVGRID=PRINT can be used.
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The Original Model

To use the results on the original model, the file pname_aux.DVB has to be included in
the bulk data of the original model. This is done by adding an INCLUDE entry as
follows:

INCLUDE ~’pname_aux.DVB~

Alternatively, the contents of the “*.DVB” file can be directly copied into the file of the
original model using any text editor.

To print the basis vectors to a post processing file the command BASIS = POST can be
used. The name of the post processing file is pname.DVG, where pname is the project
name of the original model.

The original model can also contain DOMAIN, DVGRIDC and DVGRID data. In other
words, GRID basis vectors can be mixed with geometric and manual basis/perturbation
vectors.

Multiple auxiliary files can be used. In this case, multiple INCLUDE entries would be
used.
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3.5

Reliability Based Optimization

Reliability Analysis

To perform reliability analysis, design variables must be assigned a random
distribution. The assignment of a random distribution creates a "random design
variable" and is done with the VTYPE and VVALUE fields on the DVAR data entry.

Details on this can be found in Random Variables for Reliability Analysis (p.
267).

Reliability Based Optimization

To perform reliability optimization, one or more constraints must be assigned an
allowable probability of failure. Allowable probability of failure is specified by the PFi
fields on the DCONS and/or DCONS2 data entries.

More details on this can be found in Allowable Probability of Failure on
Constraint Entries (p. 329).

Reliability Process

In a typical reliability optimization problem, GENES Swill first perform deterministic
(traditional) optimization and after converging to a deterministic answer, it will
automatically switch to probabilistic optimization. In the deterministic mode, the
allowable probability of failures for constraints are not used. There are alternative
starting points for the reliability process that can be selected by using the DOPT
parameter RBOST.

Reliability Results

The solution control command RELIABILITY controls the amount of reliability results
printed to the output file.

Whenver reliability optimization is performed, reliability results associated to element
results will be printed in a file named pnameRELxx.pch. Where, pnameis the GENESIS
project name and xx corresponds to the corresponding design cycle number. This is a
post-processing file using the PUNCH element strain energy format, where the 3 values
per element are assigned alternative meanings. The first value is the maximum
probability of failure of any retained constraint associated to that element in any
loadcase. The second value is the maximum probability of failure index of any retained
constraint associated to that element in any loadcase. The third value is the loadcase ID
of the loadcase where the maximum probability of failure index of any retained
constraint associated to that element occurs or 0 if none. Note that the probability of
failure index is calculated as the probability of failure divided by the allowable
probability of failure. A value greater than 1.0 for the probability of failure index means
that the element exceeds the allowable.
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3.6 Freeform Optimization

Introduction to Freeform Optimization

Freeform optimization is a special type of shape optimization. In its simplest form splits
a user provided perturbation vector into multiple pertubation vectors. The intention is
to increase the design freedom with little effort from part of the user. Freeform
perturbation vectors can be used with any other shape, topography and/or sizing design
data.

Freeform optimization is controlled with the DSHAPE data entry.
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3.6.1

DSHAPE Data Entry

The DSHAPE entry provides ways to define attributes of a perturbation vector and/or
to define a freeform shape optimization region.

The information specified by a DSHAPE entry is as follows:

1.

Select a perturbation vector (DVGRID or DVGRIDC) by selecting its associated
design variable. The grids associated to the pertubation correspond to the
designable region.

Select if the perturbation vector should be freeform (FREE) or not (LINKED)

Select if only the control perturbations are split (FTYPE=DVGRIDC) or if all input
and generated perturbation are split (FTYPE=DVGRID).

Optionally, define if the perturbation vector is scaled to set a maximum
perturbation.

Optionally, define if the initial value of the design variable should be randomized.

Optionally, defined if the sensitivities associated to the perturbations vectors should
be scaled.

If the perturbation vector is freeform, optionally create manufacturing constraints.
If the perturbation vector is freeform, optionally set a coarse diameter.
If the perturbation vector is freeform, optionally control variablity.
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3.6.2 Changing Attributes of a Perturbation Vector
The DSHAPE data can be used to change certain atributes of a shape perturbation set.
The basic format for DSHAPE for changing atributes is:
1 2 3 4 5 6 7 8 9 10
| DSHAPE | DVARID | LABEL | | |MAXPERT| RINIT | SCALE | | |
In the above format, the DVARID is a unique identification number of the design
variable associated to DVGRID and/or DVGRIDC entries. DVARID must not be left
blank. The LABEL is optional and can be used to identify the perturbation vector.
MAXPERT controls the maximum distance a grid will move when the design variable
is at its lower or upper bound. RINIT sets the range for randomness in the design
variable initial value. SCALE scales the perturbation and the design variable bounds to
increase or decrease the sensitivity of the responses to the shape change.
Example 1:
The following data will ensure that all grids associated to perturbation 10 will not move
more than 5.0 units (due to this perturbation set - other perturbation vectors may also
move these grids). :
1 2 3 4 5 6 7 8 9 10
DSHAPE | DVARID LABEL MAXPERT
DSHAPE 10 Top 5.0
Example 2:
The following data will change the inital value of design variable 10 to be a random
number. :
1 2 3 4 5 6 7 8 9 10
DSHAPE | DVARID LABEL RINIT
DSHAPE 10 Top 1.0
Note: RINIT is not needed for perturbations that cause change of volume. RINIT is
typically needed for designing beads on flat plates.
Example 3:
The following data will multiply the perturbation by SCALE and divide the bounds of
design variable 30 by SCALE:
1 2 3 4 5 6 7 8 9 10
DSHAPE | DVARID LABEL SCALE
DSHAPE 10 Top 2.0
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Note: This effectively scales the sensitivities. This accelerates or slows down the

movement of the design variables in a given design cycle. If SCALE is greater than 1.0
then the process is accelerated. This is used when the optimization seems to be too slow.
A SCALE value lower than 1.0 allows the process to be slowed down to prevent mesh

distortion or premature convergence.
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3.6.3 Freeform with DVGRID data

The DSHAPE data can be used to split DVGRID data. The basic format for DSHAPE
in this case is:

1 2 3 4 5 6 7 8 9 10

|DSHAPE| DVARIDI LABEL | SPLIT | FTYPE | | | | | |

In the above format, the DVARID is a unique identification number of the design
variable. The LABEL is used to help the user identify the perturbation vector. SPLIT is
use to define whether we want to use freeform. A value of FREE means that we want
to freeform. If SPLIT is blank or LINKED then no freeform will be performed with this
DVARID. If SPLIT is FREE and FTYPE is DVGRID or blank, then GENESIS will
split all input and generated perturbations such that they point to new independent
copies of the design variable.

Example 4: Freeform with DVGRID data

The following data will change the inital value of design variable 10 to be a random
number. : .

1 2 3 4 5 6 7 8 9 10

DSHAPE | DVARID LABEL SPLIT FTYPE

DSHAPE 40 Side FREE DVGRID
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The following example shows a structure that is modeled with solid elements.
Originally the structure is flat. In this example, freeform finds the optimal places to add

solid ribs.
l
:
!
Initial Design ]
!
I

Final Freeform Optimized Design

Only One User Supplied Perturbation Vector Required

The values RINIT, MAXPERT and SCALE can also be use with FTYPE=DVGRID.

When FTYPE=DVGRID the program split the perturbation vector. Each of the new
perturbation vectors gets its own new independent copy of the design variable. If
fabrication constraints are present, the perturbation vectors new design variables will
be linked according to the constraints. Using RINIT causes each of the internally
created design variables to get its own distinct random inital value.

If the DVARID references a control perturbation (DVGRIDC) the program will split
perturbations generated by the DOMAIN elements. In other words, the program
processes the DVGRIDC normally to generate DVGRID and then freeform split the
automatically created DVGRID data.
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3.6.4 Freeform with DVGRIDC data

If SPLIT is FREE and FTYPE is DVGRIDC in the basic format described in the
previous section, then GENES Swill split the control perturbations (DVGRIDC) into
multiple control perturbations (DVGRIDC).

Example 5: Freeform with DVGRIDC data

The following data will split all control perturbations associated to design variable 50..:

1 2 3 4 5 6 7 8 9 10

DSHAPE | DVARID | LABEL SPLIT FTYPE

DSHAPE 50 Plate FREE |DVGRIDC 1.0

The following figures illustrate the application of freeform with the DVGRIDC option.
The four DVGRIDC perturbations are split to reference four independent design
variables. The DVGRID data generated by those DVGRIDC and the DOMAINS are not
split further, but referenced by the four generated variables:.

~

Optimal Free-Form Design

User Provided DVGRIDC data
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Four Free-Form Generated DVGRIDC data

The values RINIT, MAXPERT and SCALE can also be use with FTYPE=DVGRIDC.
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3.6.5

Defining Fabrication (Symmetry) Constraints for Freeform

Each freeform region can optionally be designed using different sets of fabrication
constraints. The fabrication constraints are defined using the "SYM" continuation line
of DSHAPE. Fabrication constraints can only be applied to freeform perturbation
(SPLIT=FREE).

The basic format of DSHAPE with fabrication constraints is:

1 2 3 4 5 6 7 8 9 10

DSHAPE | DVARID | LABEL SPLIT FTYPE

+ “SYM” CID TYPE1 TYPE2 TYPE3 n SYMTOL

Symmetry Planes

The fabrication constraints are defined using symmetry planes. The symmetry planes
are defined using existing coordinate systems. In the DSHAPE "SYM"continuation
line, CID corresponds to a coordinate system identification number.

A plane of symmetry is internally built using the axes of the selected coordinate system.
In other words, The XY symmetry plane is the plane containing the X and Y axes of the
coordinate system. The YZ symmetry plane is the plane containing the Y and Z axes of
the coordinate system. Finally, the ZX symmetry plane is the plane containing the Z and
X axes of the coordinate system.

Defining the Symmetry Fabrication Constraints

Up to three fabrication constraints can be defined with the TYPE1, TYPE2 and TYPE3
fields in the DSHAPE entry. Five basic varieties of fabrication constraints are currently
available (mirror, cyclic, axisymmetry, extrusion or uniform) for each of the three
directions to make a total of 16 types of fabrication constraints:

TYPE Description of Fabrication Constraints
MXY Mirror symmetry with respect to the XY plane
MYZ Mirror symmetry with respect to the YZ pane
MzX Mirror symmetry with respect to the ZX plane

CX Cyclic symmetry about the X axis (n>0)
or

Axisymmetry about the X axis (n=0)

CY Cyclic symmetry about the Y axis (n>0)
or

Axisymmetry about the Y axis (n=0)
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cz Cyclic symmetry about the Z axis (n>0)
or
Axisymmetry about the Z axis (n=0)

EX Extrusion along the X axis

EY Extrusion along the Y axis

EZ Extrusion along the Z axis

UXY Uniform with respect to the XY plane
uyz Uniform with respect to the YZ pane
uzx Uniform with respect to the ZX plane
Uxyz Uniform in all directions

When using cyclic symmetries it is necessary to specify the number of cyclic symmetry
repetitions, n. Field 7 is used for that purpose.

The SYMTOL field is used to defined the tolerance associated to finding symmetric

grids.
Example: Freeform with mirror symmetry:

1 2 3 4 5 6 7 8 9 10
DSHAPE 70 LABEL FREE

+ SYM 1 MXY

Combining Fabrication Constraints

Sometimes it is necessary to impose multiple fabrication constraints on a given
freeform region simultaneously. Up to three fabrication constraints can be used per
region. However, not all types can be mixed together.

Here is a list of the possible combinations in a single freeform region:

1.
2.

Two or three mirror symmetry constraints

One cyclic or axisymmetry constraint can be mixed with one mirror symmetry as
long as the axis of cyclic symmetry is normal to the plane of mirror symmetry.

One extrusion constraint can be mixed with one or two mirror symmetry
constraints, as long as the extrusion direction is parallel to the plane(s) of mirror
symmetry.

One extrusion constraint can be mixed with one cyclic or axisymmetry fabrication
constraint, as long as the extrusion direction and the cyclic or axisymmetry axis are
the same.

One uniform (planar) constraint can be mixed with one mirror symmetry as long as
the plane of the uniform constraint is parallel to the plane of mirror symmetry.
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More precisely. here are the list of possible combinations:
If i,j,k are cyclic permutations of X,Y and Z
1. Mij and/or Mjk and/or MKi
Ci and/or Mjk
Ei and/or Mij and/or MKi

Ei and/or Ci
Ujk and/or Mjk

a > D

3 Examples: Mixing fabrication constraints

Here are possible combinations:

(MXY, MYZ AND MZX)

(CX AND MYZ) or (CY AND MZX) or (CZ AND MXY)

(EX, MXY AND MZX) or (EY, MYZ AND MXY) or (EZ, MZX AND MYZ)
(EX AND CX) or (EY AND CY) or (EZ AND C2)

(UYZ AND MYZ) or (UZX AND MZX) or (UXY AND MXY)

Example: Freeform with triple mirror symmetry:

1 2 3 4 5 6 7 8 9 10
DSHAPE 80 LABEL FREE
+ SYM 1 MXY MYZ MzZX
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3.6.6 Coarse Freeform

Freeform optimization can also be used as group by group of grid shape optimization
capability. The groups are created by proximity.

Format:

1 2 3 4 5 6 7 8 9 10

DSHAPE | DVARID | LABEL SPLIT FTYPE

+ “COARSE"| CTYPE | DIMEN1

The advantage of using COARSE is to reduce the number of design variables. This
speeds up the sensitivity calculations and the optimization process. Coarse sometimes
reduces variability in the design, however reducing variability can often be achieved
more effectively using the GRIDFR option described in the next section.

Example:

The following example shows two answers to demostrate the use of COARSE. The
figure on the left corresponds to a case where the COARSE option is not used. The
figure on the right correspond to a case where COARSE is used. The number of design
variables used in the first case is 608 while in the second is 109.

Freeform Results without COARSE ' Freeform Results with COARSE
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3.6.7 Variability Control - Using the GRIDFR Option in Freeform

The optional GRIDFR continuation line in DSHAPE controls the fraction of grids in a
freefrom region that are allowed to be moved in the final design. A value of 0.0 would
allow no movement, while a value of 1.0 would allow all grids to move to their upper
or lower bound.

The basic format of DSHAPE with GRIDFR constraints is:

1 2 3 4 5 6 7 8 9 10

DSHAPE | DVARID | LABEL SPLIT FTYPE [MAXPERT| RINIT SCALE

+ “GRIDFR”| FRACT BTYPE | GFRTOL

The GRIDFR label indicates that variability controls are used.

FRACT is a real number between 0.0 and 1.0. A value of 0.5, for example, indicates
that only 50% of the grids can move.

BTYPE can be UPPER, LOWER, BOTH or blank.UPPER is to get an upper bound
bead fraction constraint (i.e., at most that many grids may move). LOWER is to get a
lower bound bead fraction constraint (i.e., at least that many grids must move). BOTH
is to get a lower and an upper bound bead fraction constraint (i.e., exactly that many
grids shall move). Default is UPPER.

GFRTOL is a small number defining a tolerance for accepting the bead fraction
constraint as satisfied. Default 0.005.

Example (Variability control in one freeform regions):

In the following example, three different FRACT values are used 0.25, 0.45 and 0.65
to show the impact of this parameter. BTYPE=UPPER is used in all of them. The

structure is subject to a torsional loads .
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3.6.8 Freeform Design Variables listed in DSELECT and/or
DRESP3 Built- in functions

A user created design variable that is associated to freeform (a design variable that is
listed in DSHAPE and DVGRID or DVGRIDC) can be listed in a DSELECT entry
and/or in a DRESP3 built-in equation. In this case, the program will add to the
DSELECT and/or DRESP3 design variable list all the automatically generated design
variables associated to the corresponding freeform.

In a single DRESP3 or DSELECT it is posible to list multiple design variable
corresponding to multiple freeform regions. As shown in the next example, this
capability can be used to limit how much the design variables from two or more
freeform region move. This in turn limits how much the freeform grids can move.

Example (Variability control on multiple freeform regions):

In the following example, the movement of three user created design variable plus all
the associated design variables that are created by the program for freefrom will be
averaged and constrained to move up to 0.5.

1 2 3 4 5 6 7 8 9 10
DSHAPE 10 facel FREE DVGRID
DSHAPE 20 face2 FREE DVGRID
DSHAPE 30 face3 FREE DVGRID
DSELECT 1100 faces123 0.5 UPPER AVG
+ DVAR 10 20 30

This allows to control global variability. Incontrast, the GRIDFR option in a single
freeform entry allows to control local variability or the variability in the given freeform
region.
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3.7

Topography Optimization

The DTGRID data provides a way to automatically generate perturbation vectors and
design variables.

The information specified by a DTGRID entry is as follows:

1.
2.
3.

Select a designable region
Select if the boundary grids of the designable region are designable or not

Select basic dimension of the desirable "bead" pattern: maximum height, minimum
width and transition distance

Optionally, include fabrication constrains such as mirror, cyclic, axisymmetry
and/or extrusion.

Optionally, modify the default values for the automatically generated design
variable bounds and/or move limits

Optionally, select a perturbation direction and scale factor. By default the
perturbation vectors are created normal to the designable region

Optionally, select certain edge grids to be included in the design or not
Optionally, select certain interior grids to be excluded from the topography region

Optionally, select a fraction of the grids in a topography region that are allowed to
move in

The topography perturbation vectors can be used with any other shape and/or sizing
design data.
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3.7.1 Topography Designable Elements
GENES Scan topographically design all grid referenced by the following elements:

TOPOGRAPHY DESIGNABLE ELEMENTS
Element Property
CTRIA3 PSHELL/PCOMP/PCOMPG/
CQUAD4 PSKIN
CTRIA6
CQUADS8

Notes

Skin elements, such as CQUAD4->PSKIN, are non-structural elements. Skin elements
are typically created to cover the extrernal surface of solid element meshes. Skin
elements can be used with topography data to easily design the solid elements that they
cover.
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3.7.2

Topography Designable Region Selection

To select a designable region the user needs to specify a group of elements. This is done
by selecting a PSHELL, PCOMP, PSKIN, PROPSET or ESET id. All elements
referencing the selected property (or set of properties) or all elements in the selected
element set will become the designable region.

The basic format for DTGRID is:
Format:

1 2 3 4 5 6 7 8 9 10

DTGRID ID PTYPE PID

+ “SHAPE” | STYPE | DIMEN1 | DIMEN2 | DIMEN3

The ID is a unique identification number to identify the DTGRID data. The ID is only
used by the program to report errors in the input data.

PTYPE is a indicator of the region type. IF PTYPE is PSHELL, PCOMP or PSKIN,
then PID is the property identification number. IF PTYPE is PROPSET, then PID
corresponds to a PROPSET identification number. All elements that reference the
property id (or any property id in the set) will be designed. If PTYPE is ESET, then PID
corresponds to a set identification of an element set defined by the SET solution control
command.
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3.7.3 Topography Basic Shape

Ina DTGRID entry, a continuation line with the SHAPE keyword is required. Data on
this continuation line specifies the basic shape pattern that each design variable
controls. Three basic shape patterns are available: CONE, LINE or UNIF. Real
parameters control the dimensions of the basic shapes for each type as follows:

» STYPE=CONE

DIMEN1 = Maximum height. This puts a bound on how much the grids will be
able to move in the direction of the perturbation.

DIMEN2 = Minimum width. This controls a minimum width for the case where
grids reach the maximum height. This parameter is internally used to create the
independant design variables needed to solve the problem. In general, the larger
the width, the smaller the number of generated independent design variables.

DIMENS = Spread. This controls the influence of each design variable on its
neighbors. For the option EDGEM=NOEDGE it also allows a transition zone
between designable grids and the boundary of the designable region. In general,
the larger the spread, the larger the transition zones.

Width

Height

re re

* STYPE=LINE

DIMENL1 = Maximum height. This puts a bound on how much the grids will be
able to move in the direction of the perturbation.

* STYPE=UNIF

DIMENL1 = Maximum height. This puts a bound on how much the grids will be
able to move in the direction of the perturbation. In this case, all designable grids
in the topography region will move the same amount.
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Example 1

Consider the following mesh that contains 30 GRIDS (12 interior grids) and 20
CQUAD4 element. Consider that each element references the same property defined in
PSHELL 100:

If the topography task is to design each of the 12 interior grids, the following data could
be created:

1 2 3 4 5 6 7 8 9 10
DTGRID 1 PSHELL 100 NOEDGE
+ SHAPE CONE 25

In DTGRID 1, the NOEDGE option is used for EDGEM. Therefore GENES Swill not
design the grids on the edges. Since DIMEN1=2.5, GENES Swill optimize the plate
moving the grids normal to the plane, up to 2.5 units in the positive or negative direction
of the perturbation.

If the topography task is to design each of the 30 interior grids, the following data could
be created:

1 2 3 4 5 6 7 8 9 10
DTGRID 2 PSHELL 100 EDGE
+ SHAPE CONE 25

In DTGRID 2 EDGEM=EDGE, therefore GENES Swill include the grids at the edge
in the design. Since DIMEN1=2.5 GENES Swill optimize the structures moving the
grids up to 2.5 units in the positive or negative direction of the perturbation.
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3.7.4 Defining Fabrication (Symmetry) Constraints for
Topography
Each topography region can optionally be designed using different sets of fabrication

constraints. The fabrication constraints are defined using the "SYM" continuation line
in DTGRID.

The basic format of DTGRID with fabrication constraints is:

1 2 3 4 5 6 7 8 9 10
DTGRID ID LABEL PTYPE PID EDGEM | PERTM SOLM

+ “SHAPE” | STYPE | DIMEN1 | DIMEN2 | DIMEN3

+ “SYM” CID TYPE1L TYPE2 TYPE3 n SYMTOL

Symmetry Planes

The fabrication constraints are defined using symmetry planes. The symmetry planes
are defined using existing coordinate systems. In the DTGRID "SYM"continuation
line, CID corresponds to a coordinate system identification number.

A plane of symmetry is internally built using the axes of the selected coordinate system.
In other words, the XY symmetry plane is the plane containing the X and Y axes of the
coordinate system. The YZ symmetry plane is the plane containing the Y and Z axes of
the coordinate system. Finally, the ZX symmetry plane is the plane containing the Z and
X axes of the coordinate system.

Defining the Symmetry Fabrication Constraints

Up to three fabrication constraints can be defined with the TYPE1, TYPE2 and TYPE3
fields in the DTGRID entry. Five basic varieties of fabrication constraints are currently
available (mirror, cyclic, axisymmetry, extrusion and uniform) for each of the three
directions to make a total of 16 types of fabrication constraints:

TYPE Description of Fabrication Constraints
MXY Mirror symmetry with respect to the XY plane
MYZ Mirror symmetry with respect to the YZ pane
MzX Mirror symmetry with respect to the ZX plane

CX Cyclic symmetry about the X axis (n>0)
or
Axisymmetry about the X axis (n=0)
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CY Cyclic symmetry about the Y axis (n>0)
or
Axisymmetry about the Y axis (n=0)

Ccz Cyclic symmetry about the Z axis (n>0)
or
Axisymmetry about the Z axis (n=0)

EX Extrusion along the X axis

EY Extrusion along the Y axis

EZ Extrusion along the Z axis

Uxy Uniform in planes parallel to the XY plane
uyz Uniform in planes parallel to the YZ pane
uzx Uniform in planes parallel to the ZX plane
Uxyz Uniform in all directions

When using cyclic symmetries it is necessary to specify the number of cyclic symmetry
repetitions, n. Field 7 is used for that purpose.

The SYMTOL field is used to defined the tolerance associated to finding symmetric
elements.

Example: Topography with mirror symmetry:

1 2 3 4 5 6 7 8 9 10

DTGRID 100 LABEL PSHELL 100

+ “SHAPE” | CONE 10.0 2.0

+ SYM 1 MXY

Combining Fabrication Constraints

Sometimes it is necessary to impose multiple fabrication constraints on a given
topography region simultaneously. Up to three fabrication constraints can be used per
region. However, not all types can be mixed together.

Here is a list of the possible combinations in a single topography region:

1. Two or three mirror symmetry constraints
2. One cyclic or axisymmetry constraint can be mixed with one mirror symmetry as
long as the axis of cyclic symmetry is normal to the plane of mirror symmetry.

3. One extrusion constraint can be mixed with one or two mirror symmetry
constraints, as long as the extrusion direction is parallel to the plane(s) of mirror
symmetry.
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4. One extrusion constraint can be mixed with one cyclic or axisymmetry fabrication
constraint, as long as the extrusion direction and the cyclic or axisymmetry axis are
the same.

More precisely. here are the list of possible combinations:
If i,j,k are cyclic permutations of X,Y and Z
1. Mij and/or Mjk and/or MKi
Ci and/or Mjk
Ei and/or Mij and/or MKi
Ei and/or Ci
Ujk and/or Mjk

o > DN

Examples: Mixing fabrication constraints
Here are possible combinations:
(MXY, MYZ AND MZX)
(CX AND MYZ) or (CY AND MzX) or (CZ AND MXY)
(EX, MXY AND MzX) or (EY, MYZ AND MXY) or (EZ, MZX AND MYZ)
(EX AND CX) or (EY AND CY) or (EZ AND CZz)
(UYZ AND MYZ) or (UZX AND MZX) or (UXY AND MXY)
Example: topography with triple mirror symmetry:

1 2 3 4 5 6 7 8 9 10

DTGRID 100 LABEL PSHELL 100

+ “SHAPE” | CONE 10.0 2.0

+ “SYM” 1 MXY MYZ MZX
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3.7.5

Topography Design Variable

The program automatically generates design variables for topography. However, the
user can control what is generated. By default the following data is provided:

INIT =0.001 if RINIT is-1.0 or 0.0 if RINIT > 0.0
LB=-1.0

uB=10

DELX =0.001

DXMIN =0.2

The basic format for DTGRID with DVAR data is:

1 2 3 4 5 6 7 8 9 10

DTGRID ID PTYPE PID RINIT

+ “SHAPE” | STYPE | DIMEN1 | DIMEN2 | DIMEN3

+ "DVAR" INIT LB uB DELX DXMIN +

The INIT value controls how the initial value of the generated design variables is set.
A value of 0.0 would be desired to make the initial shape in the first design cycle
identical to the user provide initial shape. However, this would cause the program to
calculate zero gradients for areas where the designable region is flat, and no
optimization progress would be made. When RINIT is -1.0 (the default), each design
variables’ initial value is set to an internal random value that is scaled by INIT. In case
the program can not move the design variables (as evidenced by stopping with soft
convergence in the first design cycle), then the INIT value can be increased to a higher
value than the default value (0.001), for example to 0.01.

If topography is used on a shell skin of a solid element part, then the gradients will be
non-zero even where the designable region is flat and the design variable is zero. In this
case, it may be desirable to start with no randomness. The RINIT value can be used to
control the randomness introduced into the initial value. If RINIT is 0.0, then no initial
randomness is used, and the INIT value is used as the design variable’s initial value. If
RINIT > 0.0, the then it defines the relative range about INIT from which random inital
values are selected.

In the case where it is desired to only allow grids to move to one side of the surface, use
LB=0.0 or UB=0.0 as appropriate.

If the mesh gets distorted, especially in early stages, the parameters, DELX and
DXMIN, can be used to reduce the move limits associated with the internally created
design variables. These parameters alone may only postpone the problem, rather than
cure it. If that is the case, the value DIMEN1 may need to be reduced. The COEF
parameter described with the PERT keyword also helps to reduce distortions in early
design cycles.
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3.7.6 Topography Perturbation Vectors

The program automatically generates perturbation vectors for topography. By default,
all the perturbations are created normal to the designable surface. However, the user can
control the direction of the generated perturbations, if desired. The user can also control
a scale factor that will help speed up or slow down the optimization process.

User defined Perturbations
The basic format for DTGRID with PERT data is:

1 2 3 4 5 6 7 8 9 10
DTGRID ID PTYPE PID

+ “SHAPE” | STYPE | DIMEN1 | DIMEN2 | DIMEN3

+ “PERT” GID CID COEFF PX/G1 PY/G2 PZ/G3

There are four ways to provide a unique perturbation direction:

1. Picking one GRID and let the program use the normal at that GRID as the unique
direction. The selected GRID must belong to the topography region.

In the following example, the normal at GRID 5 will be used as the direction for all
perturbations.

1 2 3 4 5 6 7 8 9 10
DTGRID 1 PSHELL 100 NOEDGE

+ SHAPE CONE 25

+ PERT 5

2. Explicitly give the direction on a given coordinate system

In the following example, the direction is given by (0.0, 0.0, 1.0) in the coordinate
system 100 located at grid GID. (If the coordinate system is rectangular, then GID
maybe left blank. The selected grid GID in this case does not need to belong to the
topography region.)

1 2 3 4 5 6 7 8 9 10
DTGRID 1 PSHELL 100 | NOEDGE
+ SHAPE | CONE 25
+ PERT 6 100 0.0 0.0 1.0
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3. Picking 2 GRIDs and let the program use the direction from the first to the second

In the following example, the direction is calculated by creating a vector that points
from GRID 51 to GRID 53

1 2 3 4 5 6 7 8 9 10
DTGRID 1 PSHELL 100 | NOEDGE

+ SHAPE | CONE 25

+ PERT 51 53

4. Picking 3 non-collinear GRIDs and let the program use the normal to the plane
defined by the three

In the following example, the direction is calculated to be normal to the plane defined
by grids: 1,5,7.

1 2 3 4 5 6 7 8 9 10
DTGRID 1 PSHELL 100 | NOEDGE

+ SHAPE | CONE 25

+ PERT 1 5 7

Scale Factor

The coefficient defined in field 5 is used to scale all perturbation in the topography
region. This scale factor should be used in the cases where optimization moves too fast
or too slow.

In the following example, COEFF has being change to 0.5.

1 2 3 4 5 6 7 8 9 10
DTGRID 100 PSHELL 100 | NOEDGE

+ SHAPE | CONE 25

+ PERT 0.5

This scale factor is also used to divide the bounds on the design variable. So in the
previous examples, all bounds would be scaled by 2.0 (1.0/0.5).
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3.7.7 Adding Boundary Grids to the Topography Designable
Region
When the NOEDGE options is used for EDGEM, by default the program will take out
all the grids on the edges out of the designable region. There are two method available
to add selected edge grids back to the designable region:
1. Adding an explicit list of edge grids (DGRID)
In the following example, GRIDs 100, 101 and 102 that belongs to the edge will be
designed.
1 2 3 4 5 6 7 8 9 10
DTGRID 5 PSHELL 100 NOEDGE
+ SHAPE CONE 25
+ DGRID 100 101 102
2. Adding an existing SET of edge grids (DGSET).
In the following example, all grids belonging to grid set 1000 (defined by the SET
solution control command) will be included to the topography region.
1 2 3 4 5 6 7 8 9 10
DTGRID 6 PSHELL 100 NOEDGE
+ SHAPE CONE 25
+ DGSET 1000
Notes
Grids that are listed using DGRID or DGSET but do not belong to an edge of the
topography region will be ignored.
Both methods can be used simultaneously.
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3.7.8 Excluding Grids of a Topography Designable Region
There are two ways to exclude grids from a designable region:
1. Adding an explicit list of non designable grids (NDGRID).
In the following example, GRIDS 200, 201 and 202 will not be designed.

1 2 3 4 5 6 7 8 9 10
DTGRID 1 PSHELL 100 | NOEDGE

+ SHAPE [ CONE 25

+ NDGRID | 200 201 202

2. Adding an existing SET of non designable grids (NGSET).

In the following example, all grid belonging to grid set 1000 (defined by the SET
solution control command) are excluded from the topography region.

1 2 3 4 5 6 7 8 9 10
DTGRID 1 PSHELL 100 NOEDGE

+ SHAPE CONE 25

+ NDGSET 1000

Notes

GRIDs excluded from one topography region may be designed by a different DTGRID
entry.

Both methods can be used simultaneously.

If a GRID is listed to be designanble and also listed to be non-designable then the
program will not design the GRID location.
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3.7.9 Bead Fraction Control - Using the BEADFR Option in
Topography
The optional BEADFR continuation line in DTGRID controls the fraction of grids ina
topography region that are allowed to be moved in the final design. A value of 0.0

would allow no movement, while a value of 1.0 would allow all grids to move to their
upper or lower bound.

The basic format of DTGRID with BEADFR constraints is:

1 2 3 4 5 6 7 8 9 10
DTGRID ID LABEL PTYPE PID EDGEM | PERTM SOLM

+ “SHAPE” | STYPE | DIMEN1 | DIMEN2 | DIMEN3

+ “BEADFR”| FRACT BTYPE TOL

The BEADFR label indicates that bead fraction controls are used.

FRACT is a real number between 0.0 and 1.0. A value of 0.5, for example, indicates
that only 50% of the grids can move.

BTYPE can be UPPER, LOWER, BOTH or blank.Upper is to get an upper bound bead
fraction constraint (i.e., at most that many grids may move). Lower is to get a lower
bound bead fraction constraint (i.e., at least that many grids must move). Both is to get
a lower and an upper bound bead fraction constraint (i.e., exactly that many grids shall
move). Default is UPPER.

TOL is a small number defining a tolerance for accepting the bead fraction constraint
as satisfied. Default 0.005.
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Example: In the following example, 3 difference FRACT values are used 0.1, 0.3 and 0.5.
BTYPE=UPPER is used in all of them. The structure is subject to a point load in the center.
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3.7.10 Print Equivalent DVAR, DLINK and DVGRID data for
Topograpy Optimization

The solution control command DVGRID=PRINT can be used to print the automatically
generated DVAR, DVGRID and DLINK data.
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3.8 Topometry Optimization

Topometry optimization is an element by element sizing optimization capability. It
allows to find an optimal distribution of any property that can be size optimized. This
capability is unique to GENESS, and was added to increase the designable space
freedom for problems where the user has flexibility for design changes.

Applications for topometry optimization can be numerous. Here are some simple
examples used to illustrate the basic capability of this type of optimization.

1. Topometry optimization can be used to find the thickness distribution of plates. The
following figure shows the initial and optimized design of a simply supported plate
subject to a vertical load in the center

2. Topometry optimization also allows to find the best elements to keep from a
pool of elements. In particular it can be use to find the best spot weld elements
to keep from a list of candidate spot welds as is show in the next figure:.

ﬁ\—'\
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3. Topometry optimization can be used together with any shape, topography or sizing
data. The following figure shows a result of using simultaneously DOMAIN,
DTGRID and DSPLIT entries in one run. In this example, the DOMAIN allows to
design the global curvature of the plate, the DTGRID data allows to design the bead
patterns in the plate, the DSPLIT allows to find thickness distribution. The
thickness distribution is shown with different colors (red for thicker areas, blue for
thinner areas).

The problems shown above are described in the Design example manual. The input data
corresponding to these problems are D058.dat, D059.dat and D060.dat and are provided with the
program distribution CD.

Fabrication Constraints

Topometry optimization data allows to add fabrication constraints. Currently, the
following fabrication constraints are allowed: Mirror symmetry, cyclic symmetry and
extrusion.

Coarse Topometry

Topometry optimization can also be used as group by group sizing optimization
capability. The groups are internally created based on input parameters. The user, for
example, specifies the number of elements in each group as n. The groups are created
so elements on it are close to each other. Coarse topometry is typically used to reduce
the number of design variables to reduce the computational time spent in the sensitivity
calculations and on the optimization module.
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3.8.1 How to Set Up Topometry Optimization
Topometry optimization is controlled by the DSPLIT data entry.
To use the topometry optimization capability it is required first to create the relevant
sizing optimization data. This is done using the design variable entries
(DVAR/DLINK) with the standard GENES Sdesign variable to property relationships
DVPROP1, DVPROP2, DVPROP3 and/or DVPROP4.
For example, basic sizing optimization data for a 5 element shell model is shown next:
CQUAD4
CQUAD4 PSHELL |« PVPROP3|<«[ DVAR
CQUAD4
CQUAD4
CQUAD4
If the user wanted to perform element-by-element optimization, then each CQUAD4
element would need to point to a different PSHELL entry, with corresponding design
data:
CQUAD4 PSHELL | < |[DVPROP3|<+| DVAR
CQUADA4 PSHELL | «— |[DVPROP3|<«| DVAR
CQUAD4 PSHELL | < |[DVPROP3|* | DVAR
CQUAD4 PSHELL | < |[DVPROP3|<| DVAR
CQUAD4 PSHELL | < |[DVPROP3|* | DVAR
The DSPLIT data statements allows to automatically generate the above data using the
following basic sizing data.
__D SPLIT
CQUAD4 /
CQUADA4 PSHELL |<—PVPROP3|<—| DVAR
CQUAD4
CQUAD4
CQUAD4
The above data is not only far easier to create, but also preserves the original property
IDs that are used not only to reference materials in the analysis data but also can be used
by other design data (i.e., DRESP1, DTGRID, etc.).
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Topometry optimization can be used with any sizing optimization data. In other words,
any element that can be size optimized can be topometry optimized. The following
section lists all the topometry designable elements and their associated property data
entries.
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Topometry Designable Elements

GENES Scan topometrically design any element that can be size optimized. Following
is a list of all elements designable with sizing/topometry optimization:

TOPOMETRICALLY DESIGNABLE ELEMENTS
Element Property
CELAS1 PELAS
CVECTOR PVECTOR
CBUSH PBUSH
CMASS1 PMASS
CONM3 PCONMS3
CDAMP PDAMP
CVISC PVISC
CROD PROD
CBAR PBAR
CHBDY PHBDY
CSHEAR PSHEAR
CTRIA3 PSHELL/PCOMP/PCOMPG
CQUAD4 PSHELL/PCOMP/PCOMPG
CTRIAG PSHELL/PCOMP/PCOMPG
CQUADS PSHELL/PCOMP/PCOMPG
CTRIAX6 PAXIS
K2UU1 PK2UU
M2UU1 PM2UU

Ina given input file, all or some of these elements can be simultaneously designed. All
other elements, such as solid elements, can be used in the input data, but they can not
be topometrically designed. Shape and topography data can be used to design these
elements simultaneously. For example, the grid locations and the thickness of a
QUADA4 element can be simultaneously designed.
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3.8.2 Topometry Design Bulk Data
The key data to perform topometry optimization is the DSPLIT data entry. This data
entry is used to:
1. Define design regions where the topometry optimization can be applied.
2. Select which design variables associated to the topometry region will be split. By
default, all design variables associated to a property are split.
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Selecting a Topometry Region

Elements associated to a property that are designed with DVPROP1, DVPROP2,
DVPROP3 and/or DVPROP4 data can be selected to be topometrically designed. The
DSPLIT data entry is used to select the property ID of the elements that are to be
topometrically designed.

The basic format for DSPLIT is:

1 2 3 4 5 6 7 8 9 10

DSPLIT ID LABEL | PTYPE PID

In the above format, the ID is a unique identification number to identify the DSPLIT
data. The ID is used by the program to report errors to the user. The LABEL is used to
help the user identify the topometry region. The PTYPE indicates the property type:
PAXIS, PROD, PBAR, PBUSH, PSHELL, PCOMP, PELAS, PVECTOR, PSHEAR,
PCONM3, PHBDY, PDAMP, PMASS or PVISC, also PROP or blank is allowed. The
PID is the property identification number, the default value for PID is ID.

Using default values a region can also be selected using:

1 2 3 4 5 6 7 8 9 10

DSPLIT| PID

in this case PID and ID will have same value.
Like in any other bulk data, DSPLIT can be placed anywhere in the input data.

Multiple DSPLIT entries are allowed in the input data. But, at most one DSPLIT entry
may reference a given property ID.

Example 1:

Consider the following mesh that contains 20 CQUADA4 element and each has the same
property defined in PSHELL 100:

The following data could be used to size optimize the structure

1 2 3 4 5 6 7 8 9 10
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DVPROP3 10 100 SOLID
+ 10
DVAR 10 THICK 1.0 0.1 3.0

With the above data the program would design all 20 elements with one design variable.
If the design optimization task is to design each of the 20 elements individually, the
following data could be created:

1 2 3 4 5 6 7 8 9 10

DSPLIT 1 Plate [PSHELL| 100

With this data GENES Swill internally create 19 additional design variables. Each of
the design variables will have the same information as the provided design variable.
Internally, GENES Swill also create 19 PSHELL entries and 19 DVPROP3
relationships. The following data would produce same results:

1 2 3 4 5 6 7 8 9 10

DSPLIT| 100

Example

2:

Consider the following mesh that contains 4 CBAR elements and each has the same
property defined in PBAR 107:
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The following data could be used to size optimize the bar

1 2 3 4 5 6 7 8 9 10
DVPROP3 10 107 RECT
+ 1 2
DVAR 1 B 5.0 0.1 10.0
DVAR 2 H 1.0 0.1 3.0
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If the topometry optimization task is to design each of the 4 elements with different
width and heights then the following data could be created:

1 2 3 4 5 6 7 8 9 10

DSPLIT 23 B&H PBAR 107

With this data GENES Swill internally create 6 (3*2) additional design variables, 3
new PBAR entries and 3 new DVPROP?2 relationships.
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3.8.3 Topometry Design Variables
The program automatically generates design variables for each topometry region. By
default, every design variable that designs the property identified on DSPLIT will be
"split". That is, new independent design variables will be created for every element in
the property. However, there may be situations in which the user does not want to split
all design variables designing a property. For example, imagine a part with a two-layer
composite, where it is desired to design the two layer thicknesses such that the layer 1
thickness is uniform across the whole property, while the layer 2 thickness can vary
element-by-element. In this case, it is desired to split the design variable for layer 2,
while having the same single design variable for layer 1 control all of the elements.
To handle this situation the DSPLIT entry allows optional continuation lines to either
explicitly list which design variables should be split or to explicitly list which variables
should not be split.
The format of DSPLIT with topometry variables is:
1 2 3 4 5 6 7 8 9 10
DSPLIT ID LABEL PTYPE PID
+ “DVAR” ID1 ID2 ID3 ID4 ID5 ID6 ID7 ID8
+ ID9 ID10
or alternatively:
1 2 3 4 5 6 7 8 9 10
DSPLIT ID LABEL PTYPE PID
+ “NDVAR” ID1 ID2 ID3 ID4 ID5 ID6 ID7 ID8
+ ID9 ID10
The “DVAR?” label indicates that following is a list of variables that are to be split. Only
design variables in this list will be split by the DSPLIT entry. Any variable that designs
the property that is not listed will not be split.
The “NDVAR?” label indicates that following is a list of variables that are not to be split.
All variables designing the property will be split except those listed in the NDVAR list.
If neither list is given, then the default is to split all variables designing the property.
Assuming that the following sizing design data is given:
1 2 3 4 5 6 7 8 9 10
DVPROP3 10 107 RECT
+ 1 2
DVAR 1 B 5.0 0.1 10.0
DVAR 2 H 1.0 0.1 3.0
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Suppose it is desired that the design variable 2 be split but the design variable 1 not be
split. To indicate this, the following data could be used:

1 2 3 4 5 6 7 8 9 10
DSPLIT 10 ONLY_H PBAR 107
+ DVAR 2

Alternatively, the same effect could have been achieved with the following data:.

1 2 3 4 5 6 7 8 9 10
DSPLIT 12 NO_B PBAR 107
+ NDVAR 1

The previous example shows a case where the bar elements associated to property 107
will be designed so each can have a different height (H=DVAR 2), but all of the
elements will have the same width (B=DVAR 1).

Split Variables
Split variables are all design variables that will be split.

Split variables can be dependent or independent. If a split variable is independent, it can
be continuos or discrete. If a split variable is dependent, then it can only be continuous.

Non-split Variables

Non-split variables are design variables designing a topometry region that are not to be
split (either they are listed in an NDVAR list or omitted from a DVAR list).

Preservation of Design Variable Implicit Links

If a split design variable is used to design multiple properties or dimensions, then the
associated generated variables will preserve that. For example, if a split variable is used
to design simultaneously the width and the height of a generic bar property, each of the
generated variables will design simultaneously the width and the height of the
associated individual elements.

In the following example the design variable 2001 is used to design simultaneously the
width and the height of the bar:

1 2 3 4 5 6 7 8 9 10
DVPROP3 10 107 RECT
+ 2001 2001
DVAR 2001 B&H 5.0 0.1 10.0
DSPLIT 10 TOPBAR | PBAR 107
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Preservation of DLINK Among Design Variables of Same Region

If some split design variables within a topometry region are linked with a DLINK data
statement, then the corresponding generated design variables will be linked using new
relationship that preserve the links.

For example, the split design variables 2001 and 2002 are linked with DLINK data so
that DVAR 2002 = DVAR 2001. The program will split both variables and create

corresponding DLINK data so each element will have their generated variables linked.
In other words, the program does not only replicate DVAR data but also its associated

DLINK data.
1 2 3 4 5 6 7 8 9 10
DVPROP3 10 107 RECT
+ 2001 | 2002
DVAR | 2001 B 5.0 0.1 10.0
DVAR | 2002 H 5.0 0.1 10.0
DLINK | 2002 2001 1.0
DSPLIT 10 TOPBAR PBAR 107

Printing Topometry Design Variable

By default, the topometry design variables that are automatically created by the
program are not printed in the output file. This is because the output could be too large
and the extra design variables are in general not needed. The solution control command
TVAR = ALL allows to print the internally created design variable in the output file, in
this case the internally created design variables are printed together with the user
created design variables. The history, pname.HIS, file contain all design variables.
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Multiple Topometry Regions

Multiple topometry regions can be used in one input file. In fact, there can be as many
DSPLIT data statements as designed properties.

However, a split design variable can only be used in one topometry region. An attempt
to use a split variable in multiple topometry regions will generate a fatal error message.

GENES Swill not allow to link split variables from different topometry regions. An
attempt to do so will generate a fatal error message. One reason for this limitation is that
different topometry regions can have different numbers of elements, therefore the
number of generated variables in one topometry region could be different than the
other. Even if the number were the same, it is not generally clear which generated
variables should be linked with which.

lllegal DLINK data

It is not allowed to link split design variables from two different topometry regions.

Consider the following two topometry regions - 201 and 301.

1 2 3 4 5 6 7 8 9 10
DSPLIT 201 TOPBAR | PBAR 107
DVPROP3| 201 107 RECT
+ 2001 2002
DVAR 2001 B 5.0 0.1 10.0
DVAR 2002 H 5.0 0.1 10.0
DSPLIT 301 TOPBAR | PBAR 108
DVPROP3( 301 108 RECT
+ 3001 3002
DVAR 3001 B 5.0 0.1 10.0
DVAR 3002 H 5.0 0.1 10.0

The following DLINK data would be illegal:

DLINK 3001 2001 1.0
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3.8.4 Coarse Topometry Optimization

Coarse topometry, is a group by group sizing optimization capability. The groups are
automatically created by the program based on a user specified number that indicates
how many elements should be in a group. The groups are formed using a technique that
group elements that touch each other. Coarse topometry, is a compromise between
sizing and standard topometry optimization.

Standard Topometry Coarse Topometry
1 Design Variable per Element 1 Design Variable per 2 Elements

Motivation to use Coarse Topometry

When topometrically designable areas contain a large number of elements, a standard
topometry optimization problem produces a large number of design variables. This
translates to a large number of computations that could make the optimization task run
very slow. To reduce the number of variables GENES Scan lump elements into small
groups and design all element in the group with the same set of design variables. The
groups can be created using a user selected number of elements. For example, each
group can have four elements. With four elements per group, the number of variables
is reduced by a factor of four. The user can select any number of elements per group.
The number of element gives a trade off between detail and time of solving the problem,
the larger the number of elements per group, the less detail obtained by the optimization
result, but GENES Scan perform each design cycle faster. When picking the number
of elements, it is important to keep in mind how big the model is and how much detail
is really needed.
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To specify coarse topometry, the DSPLIT entry has a "COARSE" continuation line:

1 2 3 4 5 6 7 8 9 10
DSPLIT ID LABEL PTYPE PID
+ “COARSE"| CTYPE [CVALUE1|CVALUE2|CVALUE3

In the above entry, COARSE is a label that indicates that the following data
corresponds to coarsening data. CTYPE specifies the coarsening procedure to use. If
CTYPE=MAXELEM, then the coarsening is defined by the maximum number of
elements per group. In this case, CVALUEL1 is the maximum number of elements per
group. The program will try to put CVALUEL contiguous elements into each group,
although some groups may contain fewer elements. Note the maximum element value
does not consider the additional grouping due to fabrication symmetries. If
CTYPE=LENGTH, then the coarsening is defined by finite-sized boxes. The whole
space is divided into a uniform mesh of boxes, each of dimension CVALUEL by
CVALUE2 by CVALUES. Elements whose centroids are within the same box are
grouped together. The boxes are aligned with the axes of the coordinate system
identified by CID on the SYM continuation line (which must be present if
CTYPE=LENGTH).

Coarse Topometry Example -Grouping 2 elements per variable

1 2 3 4 5 6 7 8 9 10

DSPLIT 201 TOPBAR | PBAR 107

+ COARSE| MAXELEM 2

Coarse Topometry Example 2 -Grouping elements into cubic boxes

1 2 3 4 5 6 7 8 9 10

DSPLIT 401 PSHELL 109

+ COARSE| LENGTH 10.0 10.0 10.0

+ SYM 22
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3.8.5 Defining Fabrication (Symmetry) Constraints for
Topometry

With the execption of PK2UU and PM2UU topometry regions, each topometry region
can be designed using different sets of fabrication constraints. The fabrication
constraints can be defined using the "SYM" continuation line in DSPLIT

The format of DSPLIT with fabrication constraints is:

1 2 3 4 5 6 7 8 9 10
DSPLIT ID LABEL PTYPE PID
+ “SYM” CID TYPEL TYPE2 TYPE3 n SYMTOL | SYMMET [ANGTYPE

Same
DVAR

Standard Topometry Symmetric Topometry

1 Design Variable per Element 1 Design Variable per 2 Elements

Symmetry Planes

The fabrication constraints are defined using symmetry planes. The symmetry planes
are defined using existing coordinate systems. In the DSPLIT "SY M"continuation line,
CID corresponds to a coordinate system identification number.

A plane of symmetries is internally built using the axes of the selected coordinate
system. In other words, the XY symmetry plane is the plane containing the X and Y
axes of the coordinate system. The YZ symmetry plane is the plane containing the Y
and Z axes of the coordinate system. Finally, the ZX symmetry plane is the plane
containing the Z and X axes of the coordinate system.
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Defining the Symmetry Fabrication Constraints

Up to three fabrication constraints can be defined with the TYPE1, TYPE2 and TYPE3
fields in the DSPLIT entry. Four basic varieties of fabrication constraints are currently
available (mirror, cyclic, extrusion and plane uniform) for each of the three directions
to make a total of 12 types of fabrication constraints:

TYPE Description of Fabrication Constraints
MXY Mirror symmetry with respect to the XY plane
MYZ Mirror symmetry with respect to the YZ pane
MZX Mirror symmetry with respect to the ZX plane

CX Cyclic symmetry about the X axis

CY Cyclic symmetry about the Y axis

Ccz Cyclic symmetry about the Z axis

EX Extrusion along the X axis

EY Extrusion along the Y axis

EZ Extrusion along the Z axis
UXY Uniform in planes parallel to the XY plane
uyz Uniform in planes parallel to the YZ pane
uzx Uniform in planes parallel to the ZX plane

UXYz Uniform in all directions

When using cyclic symmetries it is necessary to specify the number of cyclic symmetry
repetitions, n. Field 7 is used for that purpose.

The SYMTOL field is used to defined the tolerance associated to finding symmetric
elements. SYMMET is used to select the method for checking symmetries. There are
two optional methods, with SYMMET=1 only the center of the elements are checked.
With SYMMET=2, the default, the coordinates of all grids and the center of each
element are checked.

Example: Topometry with mirror symmetry:

1 2 3 4 5 6 7 8 9 10
DSPLIT 400 PSHELL 2001
+ SYM 1 MXY
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Combining Fabrication Constraints

Sometimes it is necessary to impose multiple fabrication constraints on a given

topometry region simultaneously. Up to three fabrication constraints can be used per

region.

Here is

However, not all types can be mixed together.

a list of the possible combinations in a single topometry region:

1. Two or three mirror symmetry constraints

2. One cyclic constraint can be mixed with one mirror symmetry as long as the axis of
cyclic symmetry is normal to the plane of mirror symmetry.

3. One extrusion constraint can be mixed with one or two mirror symmetry
constraints, as long as the extrusion direction is parallel to the plane(s) of mirror

symmetry.

4. One extrusion constraint can be mixed with one cyclic symmetry constraint, as long

as the extrusion direction and the cyclic axis are the same.

5. One uniform constraint with the mirror constraint about the same plane.

More precisely. here are the list of possible combinations:

If i,j,k are cyclic permutations of X,Y and Z

1.

a > DN

Mij and/or Mjk and/or MKi
Ci and/or Mjk

Ei and/or Mij and/or Mki
Ei and/or Ci

Uij and/or Mij

Examples: Mixing fabrication constraints

Here are possible combinations:

(MXY,

MYZ AND MZX)

(CX AND MYZ) or (CY AND MZX) or (CZ AND MXY)

(EX, MXY AND MZX) or (EY, MYZ AND MXY) or (EZ, MZX AND MYZ)

(EX AND CX) or (EY AND CY) or (EZ AND C2)
(UXY AND MXY) or (UYZ AND MYZ) or (UZX AND MZX)

Example: Topometry with triple mirror symmetry:

1 2 3 4 5 6 7 8 9 10
DSPLIT 300 PSHELL 1001
+ SYM 1 MXY MYz MzZX
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Composite Angle treatment

If ANGTYPE is set to ANGSYM (the default) then the angle associated to symmetric
elements are negative of each other.

Example: Topometry with simple mirror symmetry and with symmetric angles
(ANGSYM,

1 2 3 4 5 6 7 8 9 10
DSPLIT 20 PCOMP 200
+ SYM 1 MXY ANGSYM

If ANGTYPE is ANGREP, then the angle associated to symmetric elements are
repeated.

Example: Topometry with simple mirror symmetry and repeated angles (ANGREP)

1 2 3 4 5 6 7 8 9 10
DSPLIT 10 PCOMP 100
+ SYM 1 MXY ANGREP

The ANGSYM and ANGREP are ignored if the designable elements are not composite.

Important note on composite angle treatment

The angular symmetries are imposed to all elements in the topometry region, regardless
of the angles themself are designed or not.
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3.8.6 CoarseTopometry with Fabrication Constraints

Coarse topometry can be mixed with fabrication constraints.
The format of DSPLIT with fabrication constraints and coarse parameters is:

1 2 3 4 5 6 7 8 9 10

DSPLIT ID LABEL PTYPE PID

+ “COARSE”| CTYPE |CVALUE1l|CVALUE2|CVALUE3

+ “SYM” CID TYPE1 TYPE2 TYPE3 n SYMTOL | SYMMET |ANGTYPE
Example;
1 2 3 4 5 6 7 8 9 10
DSPLIT 500 PSHELL 2002

+ COARSE [MAXELEM 2

+ SYM 4 MXY

- it Same
B A DVAR
Standard Topometry Coarse & Symmetric Topometry
1 Design Variable per Element 1 Design Variable per 2 or 4 Elements
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3.8.7 Coarse Topometry with Fabrication Constraints and
Selective Design Variables

Coarse topometry can be mixed with fabrication constraints and split design variables.

The full format of DSPLIT with selective split variables, coarse parameters and
fabrication constraints is:

1 2 3 4 5 6 7 8 9 10
DSPLIT ID LABEL PTYPE PID

+ “DVAR” ID1 ID2 ID3 1D4 ID5 ID6 ID7 ID8

+ 1D9 ID10

+ “COARSE”"| CTYPE |CVALUE1|CVALUE2|CVALUE3

+ “SYM” CID TYPE1 TYPE2 TYPE3 n SYMTOL | SYMMET |ANGTYPE

alternative ;

1 2 3 4 5 6 7 8 9 10
DSPLIT ID LABEL PTYPE PID

+ “NDVAR” ID1 ID2 ID3 1D4 ID5 ID6 ID7 ID8

+ 1D9 ID10

+ “COARSE"| CTYPE |CVALUE1|CVALUE2|CVALUE3

+ “SYM” CID TYPE1 TYPE2 TYPE3 n SYMTOL | SYMMET |ANGTYPE
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3.8.8 Extended Topometry Regions

Typically a topometry region references one property and when multiple properties are
to be topometrically designed then multiple DSPLIT entries are created. This case

works well for most situations, but occasionally we would like to make one topometry
region reference multiple property IDs so that symmetry condition listed in the DSPLIT

can be enforced across multiple properties.

To handle this situation, the DSPLIT entry allows for optional continuation lines to list
all additional properties

The format of DSPLIT with multiple properties is:

1 2 3 4 5 6 7 8 9 10
DSPLIT ID LABEL PTYPE PID

+ “PLINK” PID1 PID2 PID3 PID4 PID5 PID6 PID7 PID8

+ PID9 PID10

Master Property

The property which is listed in the first line, in the field 5 of the DPSLIT entry is called

master property.

The master property must have sizing data associated to it.

Slave Properties

The properties that are listed in the PLINK list are called slave properties.

Slave properties must not have sizing data. Slave properties can only have one master
property. Slave properties have to be of the same type as the master property (i.e., a
PSHELL master cannot have a PCOMP as a slave property). PCOMP and PCOMPG
are considered to be the same type.

The initial values of the properties of a slave property are ignored by GENES S The
property values are inherited from the master property or from the design data
generated by topometry.

Example :

Consider a mesh that contains 194 CQUAD4 element associated to 6 PSHELLS;

Assume now that you need to create two extended topometry region. The first one will
have properties 2, 3, 4 and 5. The second region will include all the elements associated
to properties 6 and 7.
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1L IDISPTIDES LT

The first extended topometry region is:

1 2 3 4 5 6 7 8 9 10
DSPLIT 2 FourReg | PTYPE 2
+ PLINK 3 4 5

The second extended topometry region is:

1 2 3 4 5 6 7 8 9 10
DSPLIT 5 TwoReg PTYPE 7
+ PLINK 6

The data needed to topometrically design this two regions is

DVPROP3 201 2 SOLID
+ 2001 2002
DVAR 2001 T2 1.0 0.1 2.0
DVPROP3| 301 7 SOLID
+ 3001
DVAR 3001 T7 1.0 0.1 2.0

Note that you should not create design data (DVVPROP3) for properties 3, 4, 5 or 6.
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3.8.9 Extended Topometry Regions with Global Symmetries

When using extended topometry regions (PLINK option in DSPLIT) you can enforce

global symmetries. Global symmetry refers to symmetry that considers elements of
more than one property.

The format of DSPLIT with global Symmetry is

1 2 3 4 5 6 7 8 9 10
DSPLIT ID LABEL PTYPE PID

+ “PLINK” PID1 PID2 PID3 PID4 PID5 PID6 PID7 PID8

+ PID9 PID10

+ “SYM” CID TYPE1L TYPE2 TYPE3 n SYMTOL | SYMMET [ANGTYPE

Example :

Consider a mesh that contains 194 CQUAD4 element associated to 6 PSHELLS;
Assume now that you need to create two extended topometry region. The first one will

have properties 2, 3, 4 and 5. The second region will include all the elements associated
to properties 5 and 6.

The first extended topometry region with symmetry condition is:

1 2 3 4 5 6 7 8 9 10
DSPLIT 1 FourReg | PTYPE 2
+ PLINK 3 4 5
+ SYM 1 MXZ
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The second extended topometry region with symmetry condition is:

1 2 3 4 5 6 7 8 9 10
DSPLIT 2 TwoReg PTYPE 7
+ PLINK 6
+ SYM 1 MXZ
Same DVAR
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3.8.10 Extended Topometry with Coase Parameters, Selective
Design Variables , Fabrication Constraints and Global
Symmetries.

Extended symmetries can be used with coarse parameters, with fabrication constraints,
split design variables and global variables simultaneously.

The full format of DSPLIT is:

1 2 3 4 5 6 7 8 9 10
DSPLIT 1D LABEL PTYPE PID

+ “PLINK” PID1 PID2 PID3 PID4 PID5 PID6 PID7 PID8

+ PID9 PID10

+ “DVAR” ID1 ID2 ID3 D4 ID5 ID6 ID7 ID8

+ 1D9 ID10

+ “COARSE"| CTYPE |CVALUE1l|CVALUE2|CVALUE3

+ “SYM” CID TYPE1 TYPE2 TYPE3 n SYMTOL | SYMMET |ANGTYPE

alternative ;

1 2 3 4 5 6 7 8 9 10
DSPLIT 1D LABEL PTYPE PID

+ “PLINK” PID1 PID2 PID3 PID4 PID5 PID6 PID7 PID8

+ PID9 PID10

+ “NDVAR” ID1 ID2 ID3 D4 ID5 ID6 ID7 ID8

+ 1D9 ID10

+ “COARSE"| CTYPE |CVALUE1l|CVALUE2|CVALUE3

+ “SYM” CID TYPE1 TYPE2 TYPE3 n SYMTOL | SYMMET |ANGTYPE
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Example :

Consider a mesh that contains 194 CQUAD4 element associated to 6 PSHELLS;
Assume now that you need to create two extended topometry region. The first one will
have properties 2, 3, 4 and 5. The second region will include all the elements associated
to properties 6 and 7.

DISPLITIDSS

The first extended topometry region with coarse parameters and symmetry condition is:

1 2 3 4 5 6 7 8 9 10
DSPLIT 1 FourReg | PTYPE 2
+ PLINK 3 4 5

+ COARSE [MAXELEM 9

+ SYM 1 MXZ

The second extended topometry region with coarse parameters and symmetry condition
is:

1 2 3 4 5 6 7 8 9 10
DSPLIT 2 TwoReg PTYPE 7
+ PLINK 6

+ COARSE [MAXELEM 9

+ SYM 1 MXZ

Genesis in this case will use 11 independent design variables. Each design variables
controls up to 2*9 elements (the factor 2 comes from symmetry the 9 comes from
coarse level).
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Same DVAR

GENESS

May 2018

Design Manual

249




Shape and Sizing Design Capabilities

3.8.11 Move Limits in Topometry Optimization

As in regular sizing and shape optimization, GENES Stopometry optimization uses an
approximate problem to solve the optimization problem more efficiently. In general,
the approximations are accurate close to the design variable value at which they were
constructed but as the variables move from there, the accuracy decays. This makes it
necessary to limit the range of design variable values for which the approximations are
used. These limits will be used as temporary bounds in a particular design cycle. At the
end of the optimization the move limits should not have affected the results.

The program scales the default move limits of all split design variables by the DOPT
parameter DXFRAC. In other words,

DXMIN (topometry) = DXFRAC* DXMIN
DELX (topometry) = DXFRAC* DELX
The default for DXFRAC = 1.0.

If DXFRAC is changed to 0.5, for example, and DVAR DXMIN = 0.1 and DELX =0.5
then the program will internally use: DXMIN = 0.5*0.1 = 0.05 and DELX =0.5*0.5 =
0.25.

In topometry optimization GENESS by default, does not use property move limits.
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3.8.12 Split Responses

GENES Scan use any of the allowed responses in shape, sizing and topography
optimization. In other words, DRESP1, DRESP2, DRESP3 and DRESPG.
DRESPU can also be used, however, GENES Sdoes not provide a way for the external
user program to know which generated design variables are designing which elements.
All generated design variables will come after explicitly defined design variables in the
GNUSER dvar _file.

There are some considerations that need to be taken into account when using certain
responses with topometry. The following section discusses what occurs in the code
when split variables and topometrically designed properties are listed on DRESP1,
DRESP2 and DRESP3 data entries.
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3.8.13 Using DRESP1 with Topometry Data

The format for the DRESP1 data is:

1 2 3 4 5 6 7 8 9 10
DRESP1| ID

LABEL | RTYPE | PTYPE ATTA | ATT1 ATT1 etc.

The program allows the reference of topometrically designed properties with DRESP1
data, just as it allows reference of any other ordinary property.

Example: Consider the case where the user creates a DRESP1 data that tags stress of a

PSHELL that has 5 CQUAD4 elements:.

STRESS : <« |CQUADA4

STRESS | + |CQUAD4 & PSHELL |« [DRESP1 |« | DCONS
STRESS : +|CQUAD4 p—

STRESS i «|CQUAD4 /

STRESS : + | CQUAD4

If the PSHELL data is split as a topometry region, then program will internally create

data equivalent to the following:

STRESS i« |CQUAD4 |+ | PSHELL | < | DRESP1 | +-| DCONS
STRESS i« |CQUAD4 | «—— PSHELL | < | DRESP1 |« | DCONS
STRESS i+ |CQUAD4 |«—— | PSHELL | *= | DRESP1 |*~| DCONS
STRESS ¢ |CQUAD4 | «—— PSHELL | < | DRESP1 |+ | DCONS
STRESS #*|CQUAD4|+—— | PSHELL | « | DRESP1 “-| DCONS

The above DRESP1 is termed a “split DRESP1”.

Is important to understand this in order to fully understand what GENESIS does when
a split DRESPL1 is referenced by DRESP2 data. This special case is discussed next.
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3.8.14 Using DRESP2 with Split DRESP1 and/or Split Design
Variables

The format for the DRESP2 data is:

1 2 3 4 5 6 7 8 9 10
DRESP2 ID LABEL EQID REGION

+ “DVAR” NDV1 NDV2 NDV3 NDV4 NDV5 NDV6 NDV7 NDV8

+ NDV9 -etc.-

+ “DTABLE”" NC1 NC2 NC3 NC4 NC5 NC6 NC7 NC8

+ NC9 -etc.-

+ “DGRID” NG1 NGC1 NG2 NGC2 NG3 NGC3 NG4 NGC4

+ NG5 NGC5 -etc.-

+ “DRESP1" NR1 NR2 NR3 NR4 NR5 NR6 NR7 NR8

+ NR9 -etc.-

This format allows to reference any DRESP1 data or any DVAR data. In case the
DRESP1 or the DVAR data referenced are split by DSPLIT, it is important to
understand what the program does.

Example: Consider the case where the user creates a DRESP2 that lists a DRESP1 that
tags stress of a PSHELL that has 5 CQUAD4 elements:..

STRESS |+ | CQUAD4

STRESS ;7| CQUAD4 :k PSHELL |« [ DRESPI

STRESS |+ | CQUAD4 :7‘ ‘ ‘ “ﬂ DRESP2 H DCONS‘
STRESS | « | CQUAD4 /

STRESS || CQUAD4

If the PSHELL data is split by DSPLIT, then program will internally create data
equivalent to the following one:

STRESS «|CQUAD4 |+—— | PSHELL | = | DRESP1 | *=| DRESP2 [« DCONS
STRESS «|CQUAD4 |«—— | PSHELL | <= | DRESP1 | <= | DRESP2 l«| DCONS
STRESS i |CQUAD4 |«—— | PSHELL | += | DRESP1 |+~ | DRESP2 i« DCONS
STRESS * |CQUAD4 |«—— | PSHELL | = | DRESP1 |« | DRESP2 [«4 DCONS
STRESS *|CQUAD4 |«—— | PSHELL | «— | DRESP1 |+ | DRESP2 ¢ DCONS

If the DRESP2 references any split design variables, then the program will also split the
DRESP2 in a similar way as described above. If the DRESP2 references multiple split
design variables and/or multiple split DRESP1s, then all of them have to belong to the
same topometry regions.

The above DRESP?2 is termed a “split DRESP2”.
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3.8.15 Using User-Supplied Subroutines with DRESP3 with Split

DRESP1 and/or Split Design Variables
The format for the DRESP3 with user supplied subroutines is:

1 2 3 4 5 6 7 8 9 10
DRESP3 ID LABEL SUBID REGION

+ “DVAR” NDV1 NDV2 NDV3 NDV4 NDV5 NDV6 NDV7 NDV8

+ NDV9 -etc.-

+ “DTABLE”" NC1 NC2 NC3 NC4 NC5 NC6 NC7 NC8

+ NC9 -etc.-

+ “DGRID” NG1 NGC1 NG2 NGC2 NG3 NGC3 NG4 NGC4

+ NG5 NGC5 -etc.-

+ “DRESP1" NR1 NR2 NR3 NR4 NR5 NR6 NR7 NR8

+ NR9 -etc.-

This format allows to reference any DRESP1 data or any DVAR data. In case the
DRESP1 or the DVAR data referenced are split by DSPLIT, it is important to
understand what the program does.

Example: Consider the case where the user creates a DRESP3 that lists a DRESP1 that
tags stress of a PSHELL that has 5 CQUAD4 elements:

STRESS | < | CQUAD4

STRESS :*~| CQUAD4 & PSHELL |« [ DRESPL

STRESS || CQUAD4 47‘ ‘ ‘ “ﬂ DRESP3 H DCONS‘
STRESS | « | CQUAD4 /

STRESS < | CQUAD4

If the PSHELL data is split by DSPLIT, then program will internally create data
equivalent to the following one:

STRESS «—|CQUAD4 |+—— | PSHELL | < | DRESP1 |*| DRESP3 | DCONS
STRESS i |CQUAD4 |«—— | PSHELL | <= | DRESP1 | < | DRESP3 [¢ DCONS
STRESS i+ |CQUAD4 |«—— | PSHELL | * | DRESP1 | *"| DRESP3 «{ DCONS
STRESS * CQUAD4 |+—— PSHELL | <+ DRESP1 | < | DRESP3 [« DCONS
STRESS *|CQUAD4 |«—— | PSHELL | « | DRESP1 |+ | DRESP3 1«7 DCONS

If the DRESP3 references any split design variables, then the program will also split the
DRESP3 in a similar way as described above. If the DRESP3 references multiple split
design variables and/or multiple split DRESP1s, then all of them have to belong to the
same topometry regions.

The above DRESP3 is termed a “split DRESP3”.
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3.8.16 Using Built-in Equations in DRESP3 with Split DRESP1
and/or Split Design Variables

The format for the DRESP3 with built-in equations is:

1 2 3 4 5 6 7 8 9 10
DRESP3 ID LABEL NAME REGION

+ “DVAR” NDV1 NDV2 NDV3 NDV4 NDV5 NDV6 NDV7 NDV8

+ NDV9 -etc.-

+ “DTABLE”" NC1 NC2 NC3 NC4 NC5 NC6 NC7 NC8

+ NC9 -etc.-

+ “DGRID” NG1 NGC1 NG2 NGC2 NG3 NGC3 NG4 NGC4

+ NG5 NGC5 -etc.-

+ “DRESP1" NR1 NR2 NR3 NR4 NR5 NR6 NR7 NR8

+ NR9 -etc.-

This format allows to reference any DRESP1 data or any DVAR data. In case the
DRESP1 or the DVAR data referenced are split by DSPLIT, it is important to
understand what the program does.

Example: Consider the case where the user creates a DRESP3 that lists a DRESP1 that
tags stress of a PSHELL that has 5 CQUAD4 element..

STRESS || CQUAD4

STRESS | *~| CQUAD4 & PSHELL |« | DRESPL

STRESS | < | CQUAD4 :7‘ ‘ ‘ ‘ DRESP3 |« | DCONS
STRESS | < | CQUAD4 / VG2

STRESS | «| COUADA4

In this case the program will not split the DRESP3 data, but rather will use the built-in
equation with all the referenced responses.|

i STRESS: | QUADA | «— [PSHELL |+ | DRESP1 N

i STRESS: <+ | QUADA | «— | pSHELL | +— | DRESP1

§STRESS§F QUAD4 | «— |pPSHELL | +— | DRESP1 % DRESP3 |+ | DCONS
i STRESS:*"|QUAD4 | «— |pSHELL |+—| DRESP1 /

{STRESS:*"| QUAD4| «— [pSHELL |«—|DRESP1L

In the above equation the result will be as one would expect:
R3 = ((Stress 1)**2 + (Stress 2)**2+ (Stress 3)**2+ (Stress 4)**2+ (Stress 5)**2)/5
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3.8.17 Topometry Objective Function

Just like for any other form of optimization in the program any scalar DRESPx data can
be selected as the objective function. Split DRESPx data can not be selected, as it does
not have a scalar value.

3.8.18 Topometry Constraints
Any DRESPx data can be constrained (using DCONS), including split DRESPx data.

3.8.19 Practical Recommendations

In this section practical recommendations are given for topometry optimization

Do Not Select Element Responses in Large Topometry Problems

The reason is mostly for computational requirements. The program needs to compute
sensitivities for all responses with respect to all design variables. If the problem has
both a large number of design variables and a large number of responses, then the
sensitivity matrix can grow very large.
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3.8.20

Topometry Post Processing Result Files

Updated Input File

GENES Scan optionally print a file that contains all the updated properties as changed
during the optimization process. The printing of this file is controlled with the UPRINT
solution control command.

This file uses GENES Sinput data format so that any preprocessor that can read
GENES Sinput files can be used to read this file. For more detail see Updated Input
File (pnameUPDATEXxx.dat) (p. 831).

Sizing Post-Processing File

To facilitate visualizing topometry optimization, the property field values can be
optionally printed in the post processing file named pnameOPOSTxx.ext, where pname
is set to the base of the input filename, xx is the design cycle number, and ext is set
according to the file format. The file format is set by the POST executive control
command. The extension of the filename is based on the format: op2 for OUTPUT2
format, pch for PUNCH format, unv for IDEAS format, PST for BINARY,
FORMAT, PLOT or PATRAN format.

The Solution Control command, SIZING = POST, is used to generate this output.

The Solution Control command, THICKNESS = POST, is similar to SIZING = POST,
except that it restricts output to just thickness of CQUAD4, CTRIA3 CQUADS,
CTRIAG elements.

The property field values are printed using the element strain energy analysis result
style.

For more detail see Sizing Post-Processing Data (pnameOPOSTxx.ext) (p.
845).

SSOL File

To facilitate visualizing shell sizing optimization results, shell elements can be
converted to solid elements that reveal the thickness using the SSOL solution control
command. The SSOL file is named pnameSSOLxx.dat and contains grid data and solid
element connectivity (CHEXA and CPENTA) that reveal the thicknesses of CQUAD4
and/or CTRIAS3 and/or CQUADS and/or CTRIAG elements of the input data file.

The format of this file is the same as GENES Sinput format. This file can be read
directly by any preprocessor that can read GENES Sinput data.

For more detail see Shell to Solid Results File (pnameSSOLxx.dat) (p. 847)
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3.8.21 Topometry Data Example

Find the stiffest structure possible under one loading using 120 kg of the available
material.

The topometry data for this problem could be:

1 2 3 4 5 6 7 8 9 10
$
$ Topometry designable regions
$
DSPLIT 1 bottom 100
DVPROP3[ 10 100 SOLID
+ 10
DVAR 10 THICK 1.0 0.1 3.0

$ Mass constraints

$
DRESP1| 10 MASS | MASS

DCONS 10 120.0
$

$ Objective function

$

DRESP1| 100 OBJ [SENERGY

DOBJ 100 |ENERG

$

In this example DSPLIT 1 is used to design all elements associated to property 100.
Property 100 is designed used DVPROP3 10 and DVAR 10.

The DRESP1 10 is used to tag the system mass and the DCONS is used to keep the mass
under 120.0kg.

The DRESP1 100 is used to tag the system strain energy and the DOBJ data is used to
select the response 100 as the objective function of the problem.

In other words the problem is:
Minimize  Strain Energy

Subject to;
MASS < 120kg (Eq. 3-65)
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Special Design Features

4.1 Discrete Design Variables
In certain classes of problems some elements cannot be designed using arbitrary
numbers, that is, some design parameters can only take values from some finite set. For
these classes of problems GENESI S provides data sets of discrete values. A set of
discrete values can be input using the DVSET entry or the DVSET1 entry.
The format of DVSET is:
1 2 3 4 5 6 7 8 9 10
DVSET SID VAL1 VAL2 VAL3 VAL4 VALS VALG6 VAL7 VALS8
+ VAL9 VAL10 etc.
The SID is a nonunique set identification number. The VAL.I are the discrete values.
For example:
1 2 3 4 5 6 7 8 9 10
DVSET 3 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0
+ -0.1 -0.2
The previous data will generate the following set:
Set=-0.2,-0.1,0.1,0.2,0.3,0.5,1.0, 2.0, 3.0, 4.0
The DVSET1 data statement provides for a flexible way to automatically generate
discrete values. The format of DVSET1 is:
1 2 3 4 5 6 7 8 9 10
| DVSET1 | sID | VALL | VAL2 | INCRE | NI | | | | |
As in DVSET, SID is a honunique set identification number. VALL1 is the lowest value
in the set, VAL2 is the highest discrete value in the set, INCRE is an increment value
and NI correspond to the number of increments. Exactly two of VAL2, INCRE and NI
must be non blank. The way GENES Sautomatically generates the discrete values
depends on which data are provided.
When VALL, VALZ2 and INCRE are provided, the discrete values defined by this data
entry are given by VALI = VAL1 + (i-1)INCRE, i = 1,2, 3... such that VALi < VAL2.
VAL2 will be included in the set.
Example 1:
1 2 3 4 5 6 7 8 9 10
| DVSET1 | 3 | 1.0 | 10.0 | 1.0 | | | | | |
The previous data will generate the following set:
Set=1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0
When VAL, INCRE and NI are provided, the discrete values defined by this data entry
are given by VALi = VALL1 + (i-1)INCRE  i=1,(NI +1).
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Example 2:
1 2 3 4 5 6 7 8 9 10

|DVSET1| 3 | 1.0 | | 1.0 | 9 | | | |

The previous data will generate the same set as in example 1:
Set=1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0
When VALL, VAL2 and NI are provided, the discrete values defined by this data entry

are given by VALi = VAL + (i-1)(VAL2-VALL)/NI  i=1,(NI +1).
Example 3:
1 2 3 4 5 6 7 8 9 10

|DVSET1| 3 | 1.0 | 10.0 | | 9 | | | |

The previous data will generate the same set as in example 1 and 2:
Set = 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0

Multiple DVSET and DVSET1 entries may use the same set id. In this case, the set will
be formed by the union of all corresponding entries.
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4.1.1 Description of Use
Discrete sets are specified on the second field of the first continuation line on the
DVAR entry. The basic format for the design variable entry that references a discrete
set is:
1 2 3 4 5 6 7 8 9 10
DVAR ID | LABEL| INIT LB UB
+ DVSID
Where DVSID is the set ID of discrete values. I1f the DVSID is INT, then GENES Swill
use a set that contains integer numbers.
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Discrete Optimization Starting Design Cycle and DOPT Parameter DSTART

GENES Shy default will perform first continuous optimization and then, after
convergence, GENES Swill start performing discrete optimization. The user can
change this option using the DOPT parameter DSTART. The options for DSTART are:

DSTART Behavior
-2 GENES Swill ignore all discrete sets and perform only continuous
optimization.
-1 GENES Swill start discrete optimization right after the continuous
optimization process converges. (This is the default.)
0 GENES Swill perform discrete optimization starting with design cycle
0.

N>0 GENES Swill perform discrete optimization after N continuous

optimization design cycles. If GENES S converges at the Mt design
cycle, where M < N, then GENES Swill start the discrete optimization
process in the M+1 design cycle.

Initial Design Variable Values and DOPT Parameter DVINIT2

If the initial value (INIT) given on the DVAR entry is not in the associated discrete set,
then the behavior is determined by the DOPT parameter DVINIT2 as follows:

DVINIT2 Behavior

0 GENES Swill stop with fatal error. (This is the default.)

1 GENES Swill use the given initial value for the first analysis, and
after that GENES Swill optimize using only the values in the discrete
set.

2 GENES Swill replace the given initial value with the closest value in
the set.

3 GENES Swill replace the given initial value with the closest value in
the set. All discrete design variables will be held as constants during
the optimization. This option allows restarts of a problem that has both
discrete and continuous variables to keep trying to improve the design
using only the continuous variables.
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Bounds
The values in a discrete set that are outside the design variable bounds are not used. If
there are no values in the discrete set within the bounds, then GENES Swill stop with
a fatal error.
DLINK
Design variables that are selected as dependent design variables with the DLINK entry
cannot reference discrete sets.
Example 1
User discrete set 12 = 0.1, 0.3, 0.5, 0.7
1 2 3 4 5 6 7 8 9 10
| DVSET | 12 | 0.1 | 0.3 | 05 | 0.7 | | | | |
Design variable 100; INIT = 0.49, LB= 0.3, UB = 0.55,
DVAR | 100 | THICK| 0.49 0.3 0.55
+ 12
Design variable 200; INIT = 0.49, LB=0.24, UB =0.75
DVAR [ 200 | THICK| 0.69 | 0.24 0.75
+ 12
For design variable 100 GENES Swill search for the optimal value of the design
variable in the following feasible set:
FEASIBLE DISCRETE SET =0.3, 0.5
The discrete values 0.1 and 0.7 will not used for design variable 100 because they are
outside the bounds of this variable. GENESI Swill use 0.3 as lower bound and 0.5 as
upper bound for this design variable.
For design variable 200 GENES Swill search for the optimal value of the design
variable in the following feasible set:
FEASIBLE DISCRETE SET =0.3, 0.5, 0.7
The discrete value 0.1 will not used for design variable 200 because it is outside the
bounds of this variable. GENES Swill use 0.3 as lower bound and 0.7 as upper bound
for this design variable.
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If the DVINIT2 parameter is not changed, GENES Swill stop with an error message
because the initial design variables value 0.49 and 0.69 are not in their discrete sets. If
the DOPT parameter DVINITZ is changed to 1, then GENES Swill use the value 0.49
and 0.69 for the first analysis, but after that GENES Swill use values only in the
corresponding feasible discrete sets. If DVINIT2 is set to 2, then GENES Swill use 0.5
as the initial value of design variable 100 and 0.7 as the initial value of design variable
200.

Example 2
User discrete set = 0.1, 0.3, 0.5, 0.7

1 2 3 4 5 6 7 8 9 10

|DVSET| 12 | 0.1 | 03 | 05 | 07 | | | | |

Design variable 300; INIT = 0.49, LB=0.35, UB = 0.495

DVAR 300 | THICK| 0.49 0.35 0.495

+ 12

In this case, for design variable 300 there is not a feasible set of discrete values.
GENES Swill stop giving an error message. To fix this data, the user would need to
either to add some values into to the DVSET (e.g. 0.35 or 0.49 or 0.495) or to relax the
bounds of the design variable (e.g. change LB to 0.3 or UB to 0.5).
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4.2 Random Variables for Reliability Analysis
Reliability analysis is performed when one or more design variable are assigned a
random distribution. A design variable is assigned a random distribution by providing
a variability type and a variability value. These two inputs are specified in the DVAR
data entry.
The format of the DVAR data entry with random inputs is shown next:
1 2 3 4 5 6 7 8 9 10
DVAR ID LABEL INIT LB UB DELX DXMIN
+ DVSID VTYPE | VVALUE
The variablilty type, VTYPE, and the variability value, VVALUE, are defined as
follows:
3 VTYPE Variability type for random variable. One of “VAR®, “STDDEV” or
“COV” or blank. Default is STDDEV when VVALUE is non blank.
4 VVALUE Variability value for random variable (Real > 0 or blank).
If VTYPE=VAR then value is variance.
If VTYPE=STDDEYV or blank then value is standard deviation.
If VTYPE=COQV then value is coefficient of variation
The variability types for randon variables are defined as follows:
STDDEV = Standard Deviation = oy (X) = JVar(X)
.. _ oy (X
COV = Coefficient of Variation = COV(X) = L)
Mx
n 2
VAR = Variance = Var(X) = =——
(n-1)
Example:
1 2 3 4 5 6 7 8 9 10
DVAR 100 Side 1.2 0.2 2.4
+ STDDEV 0.1
The previous data entry will create a random design variable that has a standard
deviation of 0.1
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Reliability analysis, when performed, will be calculated for all retained constraints. The
key values calculated are the reliability index and the probability of failure. Output for
a stress constraint result is printed as follows:.

ELEMENT STRESS LOAD= 1 ELEMENT= 1 ITEM= 2 VALUE= 1.28536E+04
MEAN VALUE = 1.28536E+04
BOUND = 2.00000E+04
STANDARD DEVIATION = 1.74924E+03
BETA = 4.08543E+00
RELIABILITY = 9.99980E-01
PROBABILITY OF FAILURE = 2.00000E-05

Variables that are not assigned a random distribution, will be considered deterministic
and will have a variance of 0.0. If no random variable exists, then traditional
deterministic variables will be used

Example 2: Random variable with standard deviation of = 0.02

1 2 3 4 5 6 7 8 9 10
DVAR 20 AREA 2.0 1.0 5.0 0.5 0.05
+ STDDEV 0.02

The complete information that can be listed on a DVAR data entry with random inputs is shown
next: :

Field Information Description

2 ID Unique design variable identification number (Integer > 0).
3 LABEL User supplied name for printing purposes (or blank).

4 INIT Initial value. (Real). See remarks 5 and 6.

5 LB Lower bound. (Real. LB < INIT).

6 uB Upper bound. (Real. UB > INIT).

7 DELX Design variable fractional move limit (Real > 0 or blank).

See remark 1.

8 DXMIN Design variable minimum move limit factor (Real > 0 or blank).
See remark 1.

2 DVSID Discrete design variable set identification number.(Integer > 0 or
“INT” or blank). See remarks 2 and 3.

3 VTYPE Variability type for random variable. One of “VAR®, “STDDEV” or
“COV” or blank. Default is STDDEV when VVALUE is non blank.
See Remarks 7 and 8.

4 VVALUE Variability value for random variable (Real > 0 or blank).
If VTYPE=VAR then value is variance.
If VTYPE=STDDEYV or blank then value is standard deviation.
If VTYPE=COV then value is coefficient of variation

268 Design Manual May 2018 GENES'S



Special Design Features

4.3

Design Variable Selection

In certain classes of problems it is desirable to have a fraction of the number of design
variable move to their upper bound while the rest to move to their lower bound. The
DSELECT entry allows easy formulation of this type of “design variable selection”
problem. The DSELECT entry lists the pool of design variables from which the subset
to move to the upper bound is to be selected. The optimization process itself will find
the optimal variables to move to their upper bound and the optimal variables to move
to their lower bound. The optimization will be based on a user-given fraction along with
an objective and, optionally, constraints. The objective and constraints could be from
any GENES Sresponses.

An example of the use of DSELECT is to find the optimal location of welds, where each
weld is represented by CBUSH element designed by a design variable. In this case the
objective could be to maximize the stiffness as measured by a torsion frequency. The
constraints could be static displacements at selected grids. The fraction could be 0.2 to
pick the best 20% of the candidate welds.

Another example would be the selection of one out of two candidate components. Each
of the components could be represented by a superelement. Each superelement could
be designed with a unique design variables that scale the stiffness of the superelement
and take a values of 0 or 1. The fraction in this case would be 0.5. At the end of the
optimization one design variable will have the value of 1.0 and the other 0.0. The
superelement with a value of 1.0 will be the best of the two to keep.
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4.3.1 Description of Use
Format
The format of DSELECT is
Format:
1 2 3 4 5 6 7 8 9 10
DSELECT ID LABEL FRACT BTYPE GTYPE TOL
+ “DVAR” NDV1 NDV2 NDV3 NDV4 NDV5 NDV6 NDV7 NDV8
+ NDV9 -etc.-
The ID specifies a unique DSELECT identification number. The LABEL field is to
provide a brief description or name. The field for FRACT is to specify the desired
fraction. FRACT has to be between 0.0 and 1.0. BTYPE must be either UPPER or
EXACT or blank (Default is EXACT). GTYPE is to specify the type of constraint
GENES Swill generate to enforce the fraction. GTYPE could be AVG or ABS. TOL is
a small number that represents a tolerance used by the optimizer.
Example 1: Create constraints so that 50% of the listed design variable move to their
upper bound and 50% move to the lower bound.:
1 2 3 4 5 6 7 8 9 10
DSELECT 1 WeldFrac 0.5 EXACT AVG
+ DVAR 87 25 3 8
Example 2: Create constraints so that the average sum of all listed normalized design
variables do not exceed 50% of their upper bounds
1 2 3 4 5 6 7 8 9 10
DSELECT 1 WeldFrac 0.5 UPPER AVG
+ DVAR 87 25 3 8
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4.4

Equation Utility

The equation utility is one of the powerful features of GENES S It allows the designer
the flexibility to create his/her own nonlinear relationships between design variables
and properties of structural elements (i.e., area, thickness, bending stiffness,
nonstructural mass, etc.) through the use of DVPROP2 data. The equation utility also
gives the designer the power to create his own responses which are nonlinear functions
of structural responses (e.g., forces, stresses, displacements, frequencies, etc.), design
variables, and grid locations through the use of DRESP2 and TRESP2 data.

This utility is easy to use, as the equation is specified in the input data in the standard
Fortran format. A description of the use of the equation format and some specific
examples which follow.
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4.4.1

Description of Use

Format

The equation is specified on the DEQATN input data. The equation can actually be the
result of a sequence of equations. Note that, as in Fortran, blanks are ignored. Each
equation has a name that can be up to 31 alphanumeric characters. The names do not
have to be distinct and are only for the user’s reference. For the example below, an
equation with an identification number of 20 has the name F1. Following the name are
a list of arguments that are used in the equations. These arguments are enclosed in
parentheses and must be from 1 to 31 alphanumeric characters beginning with a letter.
The equation utility is case insensitive. This means that no distinction is made between
upper and lower case letters. In fact the entire equation is transformed to upper case
letters as it is read in.

1 2 3 4 5 6 7 8 9 10

DEQATN| 20 F1(X1,X2)= X1 + X2

Real constants can be placed in the equation using the exponential format (scientific
notation). For example 140000., 140000, 140000.0, 1.4E+5, 14e4, 1.4E5.0, 1.4€5.,
1400000E-1, 0.014e7, and.014E+7 are all evaluated as 140000.0.
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Argument List

The argument list consists of design variables, structural responses, and nodal
locations. Constants from the DTABLE input data may be used directly in equations,
as long as the names are distinct from the function name and argument names. The
constants are used to shorten the length of the equations and to reduce the amount of
input data by defining a constant in one place that may be used in many equations. For
example, if the constant Pl is defined as 3.14159 on the DTABLE data, the equation

1 2 3 4 5 6 7 8 9 10

DEQATN 30 AREA(R)=3.14159*R**2

could be replaced by.

1 2 3 4 5 6 7 8 9 10

DEQATN 30 AREA(R)=PI*R**2

Note that the order that the arguments in the argument list does not have to coincide
with the order that they appear in the equation. Also note that an argument can appear
more than once in an equation. All the arguments in the argument list must appear at
least once in the equation.

Layered Equations

The equation can actually be a sequence of equations separated by semi-colons (;). The
arguments for all the equations are specified between parenthesis on the left-hand-side
of the first equation. Arguments are not specified for the subsequent equations. The
equations are evaluated in the order that they appear. The result of any preceding
equation is used in a subsequent equation by specifying the preceding equation name
as an argument. The value of the DEQATN is the value of the last equation. For
example;

1 2 3 4 5 6 7 8 9 10

DEQATN 10 F1(A,B,C,D) = A+B; F2 = A+D ; F3 = F1*F2*C

In this example, F3 is calculated using the results of F1 and F2.
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Order of Evaluation

The equations are evaluated from left to right in the following order:

Operations that are enclosed within parentheses.
Exponentiation.

Multiplication and division.

Addition and subtraction.

o > DN e

Relational tests greater than, greater or equal, less than, and less or equal
6. Relational tests equal and not equal

For example if X1=3 and X2=6 then

1 2 3 4 5 6 7 8 9 10

DEQATN 20 F(X1,X2)=X2*X1/2 + X2/X1*2

gives a result of 9+4=13.

Relational Operators

The relational operators are: ==, /=, <, <=, >, >=, These operators resultin a
value of 1.0 if the relation they are testing is true, or a value of 0.0 if the relation is false.
These can be used to create piecewise functions with different formulas for different
segments of the domain. For example:

1 2 3 4 5 6 7 8 9 10

DEQATN| 20 I(A) = (A<44)*(4.6248*A*A) + (A>=44)*(256.0*A-2300.0)

The relational operators should be used with caution. These operators can create
nonsmooth and discontinuous functions that have discontinuous derivatives. The use of
functions with discontinuous derivatives may slow the convergence of the optimization
process.

Intrinsic Functions

The following intrinsic functions are supported by the equation utility: ABS, ACOS,
ACOSH, ASIN, ASINH, ATAN, ATAN2, ATANH, ATANH2, AVG, COS, COSH,
COTAN, DIM, EXP, INT, LOG, LOG10, LOGX, MAX, MIN, MOD, PI, RSS, SIGN,
SIN, SINH, SQRT, SSQ, SUM, TAN, and TANH. Note that the input angle for the
trigonometric functions is in radians and not degrees. The functions ABS, DIM, INT,
MAX, MIN, MOD, and SIGN should be used with caution. These functions can create
nonsmooth and discontinuous functions that have discontinuous derivatives. The use of
functions with discontinuous derivatives may slow the convergence of the optimization
process.
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Integer Arithmetic

All numbers in the equation are treated as real numbers unless explicitly converted to
integers using the INT intrinsic function. For example 14 is the same as 14.0. If X1=1
then the following function

1 2 3 4 5 6 7 8 9 10

DEQATN| 25 F(X1)=INT(X1 + 5/2 + .6)

is equal to INT(1.0 + 2.5 + 0.6) or INT(4.1) which equals 4.

Note that the INT function ignores the digits after the decimal point and does not round
up. For example INT(5.7) is equal to 5. All exponentials and powers are treated as real
numbers so that expressions like X2**4.5 and 1.3E2.6 are allowed. The only exception
to this rule is when negative numbers are raised to a power. The expression -3**2 or -
3**2.0 is treated as -3**INT(2). Note that the expression -3**2.5 will result in an error.
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442 Usewith DVPROP2 data

The DVPROP?2 data allows the designer to define element properties as nonlinear
functions of the design variables. This is very important in the design of structures made
up of BAR elements as the section properties are usually nonlinear functions of the
cross sectional dimensions (design variables). For example take the design of a frame
structure composed of constant thickness thin walled C-section BAR elements (see the
figure below). Warping will be neglected. Suppose the thickness is 0.1 and the base (B)
and height (H) are the design variables. The initial value for B will be 2 and for H will
be 3. The design variables are allowed to be between 1.0 and 5.0.

T

l
L

|

Figure 4-1C Section
The section properties in terms of the design variables are:

A=2*B*T + H*T
IZ=T*H*3/12 + 24(B*T*3/12 + B*T*(H/2)**2)

IY=2%(T*B**3/12 + B*T*((H*T*B/2)/(2*B*T + H*T))*2)+H*T**3+
H*T*(B/2-(H*T*B/2))/(2*B*T + H*T)**2

J=(2*B+H)T**3/3.0
ASY=H*T/1.2
ASZ=2*B*T/1.2
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The input data for this problem would be:

1 2 3 4 5 6 7 8 9 10
DVAR 10 B 2.0 1.0 5.0
DVAR 20 H 3.0 1.0 5.0
$
DTABLE T 0.1
$

DEQATN 100 A(B,H)=2*B*T + H*T

DEQATN| 200 IZ(B,H)=T*H**3/12 + 2*(B*T**3/12 + B*T*(H/2)**2)

DEQATN| 300 | IY(BH)=25(T*B**3/12 + B*T*((H*T*B/2)/(2*B*T + H*T))**2)

+ +HETH3+ HAT*(B/2-(H*T*B/2))/(2*B*T + H*T)*2

DEQATN| 400 | J(B,H)=(2*B+H)*T**3/3.0

DEQATN| 500 ASY(H)=H*T/1.2

DEQATN| 600 ASZ(B)=2*B*T/1.2

$

DVPROP2 1 22 2 100
+ DVAR 10 20

DVPROP2 2 22 4 200
+ DVAR 10 20

DVPROP2 3 22 5 300
+ DVAR 10 20

DVPROP2 4 22 3 400
+ DVAR 10 20

DVPROP2[ 5 22 7 500
+ DVAR 20

DVPROP2 6 22 8 600
+ DVAR 10

Note that:

1. The arguments are in the same order in the DVPROP2 data and the equation.

2. The specific section property is designated by the FID, which is the 4th value
on the DVPROP?2 data.
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4.4.3

Use with DRESP2 and TRESP2 Data

The equation utility is used with the DRESP2 and TRESP2 capability to create
nonlinear responses that are functions of design variable values, tabled constants, grid
locations, and structural responses. Two example applications of the DRESP2
capability are the generation of “pass through” constraints in shape optimization and
local column buckling constraints.

Pass Through Constraints

In the shape design of continuum structures, portions of the structure may pass through
each other if they are not constrained from doing so (see Figure 4-2). In order to
maintain a realistic design grid 91 must not pass through the flat surface defined by
grids 40, 50, and 60. This is done by defining the surface and then constraining grid 91
to be above this surface. A surface is defined by three points using the equation:

X*(Y1*(Z2-Z3)-Z1*(Y2-Y3)+(Y2*Z3-Z2*Y3)) - Y*(X1*(Z2Z3)
- Z1*(X2-X3)+(X2*Z3-Z2*X3)) + Z*(X1*(Y2-Y3)-Y 1*(X2-X3)
+ (X2*Y3-Y2*X3)) - X1*(Y2*Z3-Z2*Y3)+Y1%(X2*Z3-Z2*X3)
- Z1*(X2*Y3-Y2*X3) = 0

Figure 4-2Intersecting Parts

If the point (X,Y,Z) does not satisfy this equation then it is not on the plane. If the point
(X,Y,Z) makes the right hand side of the equation greater than zero, then it is above the
plane. Therefore, to keep point 91 from passing though the plane the value the right
hand side of the equation must be greater than zero.
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The constraint is then formulated as:

1 2 3 4 5 6 7 8 9 10
$

DCONS | 10 0.0 | 1.0E30
$

DRESP2| 10 PASS 100
+ DGRID | 40 1 40 2 40 3 50 1
+ 50 2 50 3 60 1 60 2
+ 60 3 91 1 91 2 91 3
$

DEQATN| 100 | F(X1,Y1,21,X2,Y2,22,X3,Y3,Z3,X.Y,Z)=
+ XH(Y1*(Z2-23)-Z1%(Y2-Y3)+(Y2*Z3-22*Y3)) -
+ Y*(X1*(Z2-Z3)-Z1*(X2-X3)+(X2*Z3-Z2*X3)) +
+ Z¥(X1*(Y2-Y3)-Y 1*(X2-X3)+(X2*Y3-Y 2*X3)) -
+ X1+(Y2¥Z3-Z2*Y3)+Y 1¥(X2*Z3-Z2*X3)-Z1*(X2*Y3-Y 2*X3)

Note: Pass through constraints can be easily generated using DRESPG data.

Local Column Buckling Constraints

Consider a single round rod member in a 2D truss structure laying in the X-Z plane. The
structure is being optimized using both sizing and shape design variables. Design
variable 1 is the area of the truss member and design variables 31 and 32 control the X
and Z location of grid 2. A DRESP2 response is constructed to prevent the rod member
from buckling. Assume that a pin jointed rod made of a material with Young’s Modulus
of 1.0E7 will buckle if FA*L**2/A**2 is less than -0.7854E7 where FA is the axial
force in the rod, L is its length, and A is its area. The length of the rod is equal to
SQRT((X1-X2)**2+(Z1-Z2)**2) so the constraint equation is:

FA*((X1-X2)**2+(Z1-22)**2)/A**2 > -0.7854E7 (Eq. 4-1)
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The important portion of the input data for this problem is shown below. Note that:

1. The DRESP2 is a nonlinear function of the shape (grid locations), sizing design
variables (rod area), and structural response (force in the rod).

2. The order of the DVAR, DGRID, and DRESP1 on the DRESP2 data is fixed.

1 2 3 4 5 6 7 8 9 10
$
GRID 1 12500 [ 0.0 250.0 2456
GRID 2 1000.0 | 0.0 250.0 2456
CROD 1 1 1 2
MAT1 1 1.0E7 0.1
$
DVPROP| 1 1 1
1
+ 1 1.0
$
DVAR 1 Al 10.0 5.0 20.0
DVAR 31 X3 0.0 -20.0 | 200.0 2.0
DVAR 32 Z3 0.0 | -200.0 | 200.0 2.0
$
DVGRID| 31 2 50.0 1.0
DVGRID| 32 2 50.0 1.0
$
DRESP1| 2001 | 2001 [FORCE| ELEM 1 1
$
DRESP2| 201 BO1 20
+ DVAR 1
+ DGRID 1 1 1 3 2 1 2 3
+ |DRESP1| 2001
$
DCONS | 201 ALL - 1.0E30
0.7854E7
$
DEQATN| 20 F1(A,X1,21,X2,22,FA)=FA*((X1-X2)**2+(Z1-Z2)**2) ; F = F1/A*2
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4.4.4

Error Messages

There are three types of error messages generated by the equation utility. The first type
are format errors in the equation. These are quite straightforward and easy to correct.
The second type is caused by having DVPROP2, DRESP2 or TRESP2 data that have a
different number of arguments than the equations they reference. These first two types
of errors are caught in the preprocessing stage of GENES Sand will cause the program
to terminate with a fatal error.

The third type of error message is caused by overflows or invalid operations, such as
ASIN(50.0), during the evaluation of the equations. These will cause the GENES Sto
terminate. This may happen a far into the design process, so the user is cautioned to set
up equations that are well conditioned. It is recommended to run small test problems
before running large problems that contain suspect equations. In general, errors will
occur if the equation causes the

1. Generation of numbers greater than 1.0E36 through multiplication or division,

2. EXP of a number larger than 83,

3. SIN, COS, or TAN of a number larger that 10.0E10, or

4. SINH or COSH of a number of magnitude greater than 83.
Some errors will not be caught by GENES S for example the addition of two large
numbers causing overflow, and will lead to Fortran and system errors. Again, this will
cause the program to terminate and valuable information may be lost. Below is a listing

of the error messages generated by the equation utility. Please read them before using
this powerful feature.

Error Messages Generated During the Preprocessing of the Equations

SOME FUNCTION NAME(S) CAN NOT BE FOUND IN THE
SET OF “EQUATION” INTRINSIC FUNCTIONS

THE NUMBER OF THE LEFT PARENTHESES DOES NOT EQUAL THE NUMBER OF THE RIGHT
PARENTHESES

ARGUMENT 12 1S NOT USED.
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IXr*1*1*1*1 ERROR IN EQUATION 20 I*I*I*I*1*]
INCORRECT FORMAT OF INPUT FOR THE EQUATION. INVALID CHARACTER: *12X.
ARGUMENTS MUST BEGIN WITH A LETTER.

PFr*1*1*1*1 ERROR IN EQUATION 22 I*I*I*I*1*]
INCORRECT FORMAT OF INPUT FOR THE EQUATION. TOO MANY DECIMAL POINTS IN A
FIELD. FIELD: 1.4E4.1.

IXrx1*1*1*1 ERROR IN EQUATION 22 I*I*I*I*1*]
DOUBLE EXPONENT. FIELD: 1.4E4E3

IXr*1*1*1*1 ERROR IN EQUATION 22 I*I*1*I*1*]
SUB-LEVEL EQUATION 2 1S NOT USED

PXr*1*1*1*1 ERROR IN EQUATION 22 I*I*I*I*1*]
ARGUMENT IN SUB-LEVEL EQUATION OCCURS BEFORE IT 1S DEFINED

PXrxp*1*1*1 ERROR IN EQUATION 22 I*I*1*I*1*]
FIRST LEVEL EQUATION IS NOT USED
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Error Messages Generated During the Preprocessing of the Design Input Data

ERROR ON DVPROP2 DATA ENTRY NUMBER 12. THE EQUATION ON THIS ENTRY REQUIRES 3
ARGUMENTS, BUT THIS DVPROP2 ENTRY HAS 4 ARGUMENTS.

ERROR ON DRESP2 DATA ENTRY NUMBER 3000. EQUATION NUMBER 102 REQUIRES 3
ARGUMENTS, BUT THIS DRESP2 ENTRY GENERATES 4 ARGUMENTS.

Error Messages

EQUATION

EQUATION

EQUATION

EQUATION

EQUATION

EQUATION

EQUATION

EQUATION

EQUATION

EQUATION
EQUATION

EQUATION

EQUATION

EQUATION

EQUATION

EQUATION

Generated During the Evaluation of the Equations

ERROR:

ERROR:

ERROR:

ERROR:

ERROR:

ERROR:

ERROR:

ERROR:

ERROR:

ERROR:
ERROR:

ERROR:

ERROR:

ERROR:

ERROR:

ERROR:

OVERFLOW DURING MULTIPLICATION 111

OVERFLOW DURING DIVISION @11

DIVIDE BY ZERO !1!11

RAISING NUMBER TO A POWER CAUSES OVERFLOW 111

NEGATIVE NUMBER RAISED TO A REAL POWER 111!

SQUARE ROOT OF A NEGATIVE NUMBER I11

OVERFLOW DURING EXPONENTIAL OPERATION 111

LOG OF A NUMBER < ZERO !1!1

LOG10 OF A NUMBER < ZERO !11

SINE OF A LARGE NUMBER 1!!
COSINE OF A LARGE NUMBER I11

TAN OF A LARGE NUMBER I!1!

COTAN OPERATION OVERFLOW @11

COTAN OF A LARGE NUMBER 111!

ASIN OF A NUMBER > 1.0 OR < -1.0 111

ACOS OF A NUMBER > 1.0 OR < -1.0 111
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111 EQUATION ERROR: OVERFLOW DURING SINH OPERATION !11

111 EQUATION ERROR: OVERFLOW DURING COSH OPERATION !11
The previous errors cause the following message to appear:

THE PREVIOUS ERROR OCCURRED DURING THE EVALUATION OF
EQUATION NUMBER 102. THE EQUATION ARGUMENTS ARE:
ARGUMENT # 1 = 30.00000

ARGUMENT # 2 = -6.230000
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4.5 Adding to the Design Element Library

The GENES Sprogram has a design element library consisting of commonly used
beam and plate element cross sections. These are used with the DVPROP3 data to
formulate the relationship between the cross sectional dimensions and analysis model
properties. The user may add up to 11 more cross sections to this library if the desired
shapes are not present. This is accomplished by creating a shared object file (DLL) that
has functions to calculate section properties from design variables and stress responses
from design variables and forces. The DLIB executive control statement points to the
shared object, and the DLIB bulk data statement makes the user-defined section
available for DVPROP3.
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4.5.1 Input Data for User Defined Design Elements (DLIB)

The DLIB bulk data entry is used to tell GENES Sthe characteristics of the user’s
design element. The format of the DLIB data is:

1 2 3 4 5 6 7 8 9 10

DLIB LIBID TYPE NCSD NSP NSPS NSTR

+ SP1 SP2 SP3 SP4 SP5 SP6

The LIBID specifies the design element library number, and must be between 15 and
25. The design element TYPE must be either PBAR or PSHELL. The number of cross
sectional dimensions used to define the cross section is NCSD. The number of section
properties that will be calculated by the DLIBPROP interface function is NSP when
shear deformation is excluded and by NSPS when shear deformation is included. The
number of stresses calculated by the DLIBSTRESS interface function is NSTR. NSTR
must be an even number (2 times the number of stress recovery points at each end) and
be < 16. NSTR should be equal to zero if no stress recovery is needed. The SPi are the
section property codes for the section properties calculated by the first user supplied
subroutine. Note that there is a maximum of six possible section properties.

The section property codes are:

CODE |PROPERTY
1 Area
2 12 (lyy)
3 11 (1,,)
4 | - use if both 11 and 12 are the same
5 112
6 J
7 Shear area AS; - Plane 1 (ASy)
8 Shear area AS, - Plane 2 (AS,)
9 Shear area - use if the same in both Planes 1 and 2
100 PSHELL plate thickness (T)
101 Plate bending stiffness (D)
102 Plate shear thickness (TS)
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The section property codes must be listed in increasing numerical order. The shear
deformation section properties, if they exist, should be listed last. If no shear
deformation is to be included then NSP and NSPS should be the same. If there are less
than six section properties then the last SPi should be left blank. Finally, note that, for
BAR elements, if the 112 section property is calculated, then shear deformation must be
excluded.

For example consider the constant thickness hat section in the figure below

1

|
|

|<— W—> <—B—>|<— W—> T
T

Figure 4-3Hat Section

The section properties that will be calculated for this section are area, 11, 12, and the two
shear areas. Four axial stresses will be calculated at each end at the points shown, for a
total of eight stresses. This will be design element number 20. The input data for this
element would be:

1 2 3 4 5 6 7 8 9 10
DLIB 20 PBAR 4 3 5 8
+ 1 2 3 7 8

If shear deformation is not available the data would be:

1 2 3 4 5 6 7 8 9 10
DLIB 20 PBAR 4 3 3 8
+ 1 2 3
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4.5.2

User-Supplied Section Property Calculation Interface
Function (DLIBPROP)

The user must write a subroutine that, given the element cross sectional dimensions,
calculates the section properties. This function must be included in a shared object
(DLL) that is specified by the DLIB executive control command. The Fortran name of
the subroutine is DLIBPROP, and is declared as follows:

SUBROUTINE DLIBPROP(IWHICH, CSD, V, SP, IERR)
INTEGER 1WHICH

DOUBLE PRECISION CSD(*)

DOUBLE PRECISION V

DOUBLE PRECISION SP(*)

INTEGER 1ERR

IWHICH is input and is the library element number specified on the DLIB input data
(15-25). This can be used to make a single shared object able to calculate multiple
different user cross-sections. CSD is input and contains the design variable values
identified by the DVPROP3. V is input and contains Poisson’s ratio. SP is output and
should contain the element properties identified by the DLIB bulk data. IERR is output
and should contain 0 if no errors were detected. If an error is encountered in this routine
the error switch IERR should be set to 1, causing the program to terminate. Possible
errors include calculation of negative areas or principle bending moments of inertia.
The DLIBPROP routine should set IERR = 2 if IWHICH corresponds to any value for
which no user sections have been defined.

For the hat section the user-supplied subroutines might appear as:

SUBROUTINE DLIBPROP(IWHICH,CSD,V,SP, 1ERR)
IMPLICIT NONE

INTEGER IWHICH, IERR

DOUBLE PRECISION CSD(*), V
DOUBLE PRECISION SP(*)

CALL MYPROP20(CSD, V, SP, IERR)

RETURN
END
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- USER WRITTEN ROUTINES FOR SPECIAL BAR CROSS SECTION
. HAT SHAPED SECTION
4

N
|
|
|

----- HAHHHHH HHHHHHH
| | | |

- MYPROP20 --- COMPUTES SECTION PROPERTIES
. MYSTRESS20 --- COMPUTES STRESS RESPONSES

OO0 000000000000000000O0000O0
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#*
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|
|
|
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1
|
1
|
1
Vv
_<

. USE OF THESE ROUTINES REQUIRES THE FOLLOWING BULK DATA ENTRY:

- USER ROUTINE TO CALCULATE BAR SECTION PROPERTIES

. FOR A HAT SHAPED CROSS SECTION

- NOTE: THE NAME OF THIS ROUTINE INDICATES THAT IT IS FOR
- USER CROSS SECTION (LIBID) = 20

- ARGUMENTS

. CSD(*), DOUBLE PRECISION, IN, CROSS SECTIONAL DIMENSIONS
-V, DOUBLE PRECISION, IN, POISSON’s ratio

. SP(*), DOUBLE PRECISION, OUT, SECTION PROPERTIES

. IERR, INTEGER, OUT, ERROR CODE

eNeoNoNo NN NN NN NONONONe]

SUBROUTINE MYPROP20(CSD, V, SP, IERR)

C IMPLICIT NONE
DOUBLE PRECISION CSD(*)
DOUBLE PRECISION V
DOUBLE PRECISION SP(*)
INTEGER 1ERR

C

C . HAT SECTION DIMENSIONS
DOUBLE PRECISION T,H,W,B

C
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¢ . SECTION PROPERTIES
DOUBLE PRECISION ZBAR, AREA, 1YY, 1ZZ, ASl, AS2
c
c . INITIALIZE ERROR CODE
IERR = 0
c
c . GET CROSS SECTION DIMENSION PASSED FROM CALLER
c . NOTE: THE ORDER OF THE SECTION DIMENSIONS IS SPECIFIED ON THE
c ; DVPROP3 BULK DATA ENTRY FOR THIS USER CROSS SECTION
c ) (ELTYPE = 20)
T = CSD(1)
H = CSD(2)
W = CSD(3)
B = CSD(4)
c
c . COMPUTE SECTION PROPERTIES
AREA = T*(B+2.0D0*(W+H))
c
ZBAR = (2.0D0 * H*T*(0.5D0*H) + B*T*H)/AREA
¢
1YY = B*T*T*T/12.0D0 + B*T * (H-ZBAR)**2 +
$ 2.0D0 * (T*H*H*H/12.0D0 + T*H * (0.5DO*H-ZBAR)**2 ) +
$ 2.0D0 * (W*T*T*T/12.0D0 + T*W * ZBAR**2 )
Cc
1ZZ = T*B*B*B/12.0D0 +
$ 2.0D0 * ( H*T*T*T/12.0D0 + T*H * (0.5D0*B)**2 ) +
$ 2.0D0 * ( T*W*W*W/12.0D0 + T*W * (0.5DO*(B+W))**2 )
Cc
AS1 = T*B + 2.0D0 * T*W
c
AS2 = 2.0D0 * T*H
Cc
c . CHECK FOR PHYSICALLY UNREALIZABLE PROPERTIES
IF(AREA_LE.0.0ODO .OR. IYY.LE.0.0DO _OR. 1ZZ.LE.0.0DO .OR.
$ AS1.LE.0.0DO .OR. AS2.LE.0.0DO) IERR = 1
Cc
¢ . PASS SECTION PROPERTIES BACK TO CALLER
c . NOTE: THE ORDER OF SECTION PROPERTIES IS SPECIFIED ON THE
c DLIB BULK DATA ENTRY FOR THIS USER CROSS SECTION (LIBID = 20)
SP(1) = AREA
SP(2) = 1YY
SP3) = 12z
SP(4) = AS1
SP(5) = AS2
¢
RETURN
END

Note that the section properties must be in the same order as specified on the DLIB data.
The order of the cross sectional dimensions in CSD is determined by the order that they
are listed in the DVPROP3 input data.
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If a language other than Fortran is used to create the shared object, care must be taken
to ensure that the interface function has the correct name and arguments. The actual
required function names are system dependent. For example, using the C language, the
DLIBPROP interface function should have the following prototype:

Microsoft Windows | __ declspec( dllexport ) void DLIBPROP(int
*iwhich, double csd[],
double *v, double sp[], int *ierr);

Solaris,Linux,HP-UX | void dlibprop_(int *iwhich, double csd[],
double *v, double sp[], int *ierr);

AIX void dlibprop(int *iwhich, double csd[],
double *v, double sp[], int *ierr);
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4.5.3 User-Supplied Stress Recovery Calculation Interface

Function (DLIB STRESS)
If the user wishes to calculate stresses in the user defined design element, then a second
user written interface must be exported by the shared object. The Fortran name of the
subroutine is DLIBSTRESS, and is declared as follows:

SUBROUTINE DLIBSTRESS(IWHICH, CSD, FORCE, STRESS, IERR)

INTEGER IWHICH

DOUBLE PRECISION CSD(*)

DOUBLE PRECISION FORCE(*)

DOUBLE PRECISION STRESS(*)

INTEGER 1ERR
IWHICH is input and is the library element number specified on the DLIB input data
(15-25). This can be used to make a single shared object able to calculate multiple
different user cross-sections. CSD is input and contains the design variable values
identified by the DVPROP3. FORCE is input and contains the element forces. STRESS
is output and should contain the element stresses desired. IERR is output and should
contain O if no errors were detected. If an error is encountered in this routine the error
switch IERR should be set to 1, causing the program to terminate. The DLIBSTRESS
routine should set IERR = 2 if IWHICH corresponds to any value for which no user
sections have been defined.
For the hat section the user-supplied subroutines might appear as:

SUBROUTINE DLIBSTRESS(IWHICH,CSD,FORCE,STRESS, IERR)

IMPLICIT NONE
c

INTEGER IWHICH, IERR
c

DOUBLE PRECISION CSD(*), FORCE(*)
c

DOUBLE PRECISION STRESS(*)
c

CALL MYSTRESS20(CSD, FORCE, STRESS, IERR)

RETURN

END
c
c USER ROUTINE TO RECOVER STRESS FOR POINTS ON A HAT SHAPED
c BAR SECTION
c NOTE: THE NAME OF THIS ROUTINE INDICATES THAT IT IS FOR
c USER CROSS SECTION (LIBID) = 20
c
c ARGUMENTS
c CSD(), DOUBLE PRECISION, IN, CROSS SECTIONAL DIMENSIONS
C FORCE(*), DOUBLE PRECISION, IN, BEAM FORCES
c STRESS(*), DOUBLE PRECISION, OUT, STRESS RESPONSES
c IERR, INTEGER, OUT, ERROR CODE
c
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SUBROUTINE MYSTRESS20(CSD,FORCE,STRESS, IERR)
C IMPLICIT NONE

DOUBLE PRECISION CSD(*)

DOUBLE PRECISION FORCE(*)

DOUBLE PRECISION STRESS(*)

INTEGER 1ERR

C . HAT SECTION DIMENSIONS
DOUBLE PRECISION T,H,W,B

C . DUMMY VARIABLE REQUIRED FOR CALL TO GNLB20
DOUBLE PRECISION V

C . BEAM SECTION PROPERTIES
DOUBLE PRECISION SP(5), AREA, 1YY, 1ZZ, ZBAR

C . BEAM ELEMENT FORCES
DOUBLE PRECISION FA, FAl1, FA2, TA, MAl1, MA2,
$ FB, FB1, FB2, TB, MB1, MB2

C . INTERMEDIATE VARIABLES FOR STRESS CALCULATIONS
DOUBLE PRECISION SA11,SA10,SA2T,SA2B,SA3,
$ SB11,SB10,SB2T,SB2B, SB3

[eNe@]

- INITIALIZE ERROR CODE
IERR = 0

. GET BEAM FORCES FROM CALLER
NOTE: THE MEANING OF THE FORCES IN THE FORCE ARRAY IS THE SAME
AS 1S SPECIFIED BY THE DRESP1 FORCE ITEM CODE FOR A BAR
FA = FORCE(1)
FA1 = FORCE(2)
FA2 = FORCE(3)
TA = FORCE(4)
MA2 = FORCE(5)
MAL1 = FORCE(6)
FB = FORCE(7)
FB1 = FORCE(8)
FB2 = FORCE(9)
TB = FORCE(10)
MB2 = FORCE(11)
MB1 = FORCE(12)

OO0
1

. GET CROSS SECTION DIMENSION PASSED FROM CALLER

NOTE: THE ORDER OF THE SECTION DIMENSIONS IS SPECIFIED ON THE

] DVPROP3 BULK DATA ENTRY FOR THIS USER CROSS SECTION
(ELTYPE = 20)

CSD(1)

CSD(2)

CSD(3)

CSD(4)

OO0 0OO0
1

W= "
1
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c
Cc . GET SECTION PROPERTIES
V = 0.3D0
CALL MYPROP20(CSD,V,SP, IERR)
IF(IERR_NE.0) RETURN
c
AREA = SP(1)
1YY = SP(2)
1ZZ = SP(3)
c
ZBAR = (2.0D0 * H*T*(0.5D0*H) + B*T*H)/AREA
c
c . STRESSES DUE TO AXIAL FORCE
SA3 = FA/AREA
SB3 = FB/AREA
c
c . STRESSES DUE TO BENDING
SA1l = 0.5D0*B * MA1/1ZZ
SB11 = 0.5D0*B * MB1/1ZZ
SA10 = (0.5D0*B+W) * MA1/1ZZ
SB10 = (0.5DO*B+W) * MB1/1ZZ
SA2T = (H-ZBAR) * MA2/1YY
SB2T = (H-ZBAR) * MB2/1YY
SA2B = ZBAR * MA2/1YY
SB2B = ZBAR * MB2/1YY
Cc
c . PASS STRESSES BACK TO CALLER
c . NOTE: THE NUMBER OF STRESS RESPONSES MUST EQUAL WHAT WAS
c } SPECIFIED ON THE DLIB CARD FOR THIS USER CROSS SECTION
c ; (LIBID = 20). THE ORDER OF THESE STRESS RESPONSES AT
c ; THE DISCRETION OF THE USER. THE STRESS ITEM CODE OF A
c ] DRESP1 ENTRY FOR THIS BEAM ELEMENT WILL SELECT THE
c ; CORRESPONDING ENTRY OF THIS STRESS ARRAY.
STRESS(1) = SA10 + SA2B + SA3
STRESS(2) = SA1l - SA2T + SA3
STRESS(3) = - SALl - SA2T + SA3
STRESS(4) = - SA10 + SA2B + SA3
STRESS(5) = SB10 + SB2B + SB3
STRESS(6) = SB1l - SB2T + SB3
STRESS(7) = - SB1l - SB2T + SB3
STRESS(8) = - SB10 + SB2B + SB3
c
RETURN
END

Note that the section properties are calculated by calling MYPROP20. Because of this
the vector SP(5) must be defined. The forces are defined in the order shown.
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If a language other than Fortran is used to create the shared object, care must be taken
to ensure that the interface function has the correct name and arguments. The actual
required function names are system dependent. For example, using the C language, the
DLIBSTRESS interface function should have the following prototype:

Microsoft Windows | __ declspec( dllexport ) void DLIBSTRESS(int
*iwhich, double csd[],

double force[], double stress[]1,

int *ierr);

Solaris,Linux,HP-UX | void dlibstress_(int *iwhich, double csd[],
double force[], double stress[],
int *ierr);

AIX void dlibstress(int *iwhich, double csd[],
double force[], double stress[]1,
int *ierr);
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4.6

Using External Analysis Programs

In this section, the coupling of an external program with GENES Sis described. This
feature is useful to include information in the design process which is not otherwise
defined by GENESIS

The GENES Sprogram contains interfaces that allow the user to link their own analysis
programs to it. Although GENESISis written in Fortran, the user’s programs can be
written in any language. The output response values from the users program can be
constrained or used as the objective function in the optimization portion of GENESS.
This capability allows the user to use special or proprietary analysis programs in
conjunction with the standard structural analysis capability present in GENESS For
example, this feature can be useful for the generation of an objective function that
accounts for the cost of a structure.
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4.6.1 Capabilities

There are two different methods available to interface a user’s analysis program to
GENES S The first uses the DRESPU bulk data and the GNUSER external program.
The second uses the DRESP3 or TREPS3 bulk data and the DRESP3 interface function.

DRESPU

The DRESPU method works well when a large external analysis capability must be
used with GENESI S Since the user program is called only once per design cycle, or one
plus the number of design variables per design cycle for finite difference gradients, the
user program can be quite CPU time intensive. The disadvantage of this method is that
only the design variable values can be used as input data. No GENES S calculated
responses or finite element mesh data can be sent to the user program

GENES Sis set up to call an external program to evaluate the user responses. When
using this option, user-written code does not need to be linked directly with GENES S
and therefore, the user can use any programming language to write the GNUSER
program.

When GENES Sneeds to evaluate the user responses, it will call the executable
program specified by the GNUSER executive control command. Three arguments will
be sent as command-line options to the user program. The first argument is the name of
a file, written by GENES S that contains the design variable values, one value per line
(sorted in ascending order of design variable ID). The second argument is the name of
a file that should be created by the user program and should contain as many response
values, one per line, as there are DRESPU data statements in the input data file. The
data should be sorted in ascending DRESPU ID order. The third argument will a
integer. “0” indicates that responses should be calculated.

The user program only needs to evaluate responses, not senstivities, as GENES Scan
use finite difference to calculate any gradients that it needs. If desired, the user program
can also calculate gradients. In this case, set the DOPT parameter IUGRAD to 1. When
GENES Sruns the user program for gradients, the third command line argument will be
an integer > 0. This value is the number of responses for which the gradient should be
calculated. Additionally, there will be a fourth command line argument. The fourth
argument is the name of a file, written by GENES S that contains the response indices,
one number per line. These indices identify the responses for which the gradient should
be calculated. Note that these are response indices, and not DRESPU ID values. When
gradients are requested by GENES S, the second command line argument is the name
of a file that should be created by the user program to communicate the gradient values
back to GENESS In this case, response values are not needed, and only gradients
should be written to the file, one number per line. The first NDVAR lines should
contain the gradient of the first response index with respect to each of the design
variables, where NDVAR is the number of design variables. The next NDVAR lines
correspond to the second response index, and so on.
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DRESP3/TRESP3

Subroutines are available for user responses. The input data from GENES Sto the
DRESP3 interface function is defined in the same manner as the DRESP2 or TRESP2
data. Design variable values, table constants, grid point locations, and
DRESP1/DRESPG responses calculated by GENES S can be used as input data to
DRESP3. Extra variable values, table constants and TRESP1 responses calculated by
GENES Scan be used as input data to TRESP3. The output from these subroutines are
used as constraints and/or the objective function response. The sensitivities of the
DRESP3/TRESP3 responses are calculated automatically by GENES Susing the finite
difference method. The DRESP3 interface function is called many times per design
cycle. For this reason, these subroutines should not be CPU intensive.

Which method to use?

For user programs that are very CPU intensive, the DRESPU capability must be used.
The disadvantage of the DRESPU capability is that only the design variable values can
be used as input data to the user program. For user responses that require structural
responses calculated by GENES Sor grid point locations, the DRESP3 capability must
be used. The disadvantage of the DRESP3 capability is that the user program is called
many times during the optimization process. For this reason the user program cannot be
CPU intensive.

For topology optimization problems, there is no choice but to use the TRESP3
capability. The user program is called many times during the optimization process. For
this reason the user program cannot be CPU intensive.

Use of the DRESPU capability is explained in Sections 4.6.2 through 4.6.3.
Use of the DRESP3/ TRESP3 capability is explained in Sections 4.6.4 through 4.6.7.
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4.6.2 Use of the DRESPU Capability

In this section, the coupling of an external program with GENES Sis described. This
feature is useful to include information in the design process which is not otherwise
defined by GENES S

The DRESPU input data

The use of the user analysis program responses in the formulation of the optimization
problem is controlled by the DRESPU input data. The format of this data is:

1

2

3

4

5 6 7 8 9 10

DRESPU

ID

LABEL

LB

UB

The ID corresponds to the response ID and must be unique with respect to other

DRESPU, DRESP1, DRESP2, DRESP3and DRESPG ID’s. The LABEL is used to
identify the response in printed output and is optional. LB and UB are the lower and
upper bounds on the response and are required, even for the objective function
response. The lower and upper bounds generate two constraints per response. These

constraints are screened by only retaining those whose values are larger than the
constraint truncation threshold for the DRESP2 (equation) responses during each
design cycle. If this response is the objective function, set LB = -1.0e+30 and UB =

1.0e+30.

User program response as the objective function

If a DRESPU response corresponds to the objective function then it must be referenced
by the DOBJ input data. Note that the LID data on the DOBJ data is ignored in this case.
The LB and UB data on the DRESPU data entry are still required and still generate
constraints so use large values for these data.

Gradient calculations

The procedure for obtaining the DRESPU response gradients is controlled by the
IUGRAD value on the DOPT input data. If IUGRAD=0, the default, GENES Swill
automatically calculate the gradients by finite difference, making repeated calls to the
users analysis program. If IUGRAD=1, then the user’s analysis program must supply
the gradients.
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4.6.3 GNUSER: The GENESIS External User Program

Call Interface

GENES Swill run the external program as if the program were started from a command
line with three or four command line arguments:.
user_program dvar_file return_file O

or
user_program dvar_file return_file nsens sens_index_file

The three argument version will be used whenever GENES Swants the responses
calculated. If the input data specifies that the user program will calculate gradients, then
when GENES Swants the senstivities calculated, the four argument version will be
used. In this case, the third argument, nsens, will be an integer > 0.

user_programis the name of the external user executable as specified on the GNUSER
executive control command.

dvar_fileis the name of a file created by GENES S This file will contain the design
variable values, one number per line (sorted in ascending order of design variable ID).
There will be NDVAR values in this file, where NDVAR is the number of design
variables defined by the input data. Note that this can be greater than the number of
DVAR entries if DSPLIT or DTGRID are used.

return_file is the name of a file that should be created by the user program containing
either response values or gradient values. If responses are to be calculated, then they
should be written to this file, one number per line (sorted in ascending order of
DRESPU ID). If gradients are to be calculated, then they should be written to this file,
one number per line. The first NDVAR values should be the gradient of the first
response index with respect to each of the design variables. The next NDVAR values
should be the gradient of the second response index, and so on. There should be a total
of NDVAR*nsens gradient values.

nsens is the number of retained responses (i.e., the number of responses that need
gradients calculated). This can also be used as a switch to determine what the user
program should do. If the third argument is 0, then the program should calculate
responses. If the third argument is > 0, then the program should calculate gradients. If
the DOPT parameter IUGRAD is set to 0 (the default), then the third argument will
always be 0, and the user program will only need to calculate responses.

sens _index_fileis the name of a file created by GENES S This file will contain the
response indices, one number per line. Each response index identifies a response for
which the gradient is desired. Note that these are not DRESPU ID values, but rather
indices to the position of the response as returned in the return file.
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Gradient Calculations

If the user’s program is able to calculate the gradients of the responses with respect to
the design variables, then IUGRAD should be set equal to 1 on the DOPT input data.
GENES Swill first call GNUSER with nsens=0 to get the response values. After the
constraints on these responses have been evaluated and screened, GENES Swill call
GNUSER again to get the gradients of the retained responses. In this case nsenswill be
the number of responses for which the gradient is needed. The sens_index_filecontains
a list of the retained responses. For example if there are five user responses and numbers
1, 4, and 5 are retained, sens_index_file will contain {1,4,5}. For this example, the
gradient of response 1 would be written first to the return_file, the gradient of response
4 would be written second, and finally, the gradient of response 5 written third. Note
that the the response index corresponds to the position of the response in the response
vector and not the DRESPU ID. For example if the DRESPU ID’s are 5, 10, 2, 7, and
100 then the second response corresponds to the DRESPU data with ID=5 (because the

responses will be sorted by increasing DRESPU ID). Also note that each gradient is in
the order of increasing design variable ID. It is recommended, although not required, to
number both the design variables and DRESPU data in order starting with 1 and not
skipping any numbers. This may lead to fewer errors.

To calculate the gradients using finite difference (IUGRAD = 0), GENES Suses two
DOPT parameters; FDCHU and FDCHMU.

GNUSER Example

The following example user program is setup to calculate both responses and gradients.

PROGRAM GNUSER
IMPLICIT NONE

oNoNoNoNoNo N NN NN

THIS PROGRAM SHOULD KNOW HOW MANY DESIGN VARIABLES
THERE ARE. HOWEVER, SOME RESPONSES ARE FLEXIBLE ENOUGH
TO NOT DEPEND ON THE NUMBER (E.G., SUM ALL THE DVARS)

MAXDV 1S THEREFORE EITHER THE EXACT NUMBER OF DVARS
OR AN UPPER BOUND ON THE NUMBER

WARNING -- IF THERE ARE MORE THAN MAXDV VALUES IN THE FILE
THIS PROGRAM WILL SILENTLY IGNORE THE EXTRA ONES

INTEGER MAXDV
PARAMETER (MAXDV = 5000)
DOUBLE PRECISION DVARS(MAXDV)

OO0O0O0O0O0O0OO0

THIS PROGRAM MUST KNOW HOW MANY RESPONSES IT CALCULATES

SET NRESPU TO THE NUMBER OF RESPONSES

WARNING -- 1F IT CALCULATES MORE THAN GENESIS EXPECTS,
THEN GENESIS WILL SILENTLY IGNORE THE EXTRA RESPONSES
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C I (GENESIS EXPECTS ONE RESPONSE PER DRESPU ENTRY IN THE
C I INPUT FILE)
C

INTEGER NRESPU

PARAMETER (NRESPU = 2)

DOUBLE PRECISION RESPU(NRESPU)
INTEGER 1CUSER(NRESPU)

DOUBLE PRECISION DAVE(MAXDV)
DOUBLE PRECISION DSDEV(MAXDV)

C
C 1T LOCAL VARIABLE DECLARATIONS
C
INTEGER NARG
CHARACTER*80 DVFILE, RSFILE
CHARACTER*8 CICODE
CHARACTER*80 ICFILE
DOUBLE PRECISION VAL
C
INTEGER NTM, NDV, I, J, IR, ICODE, IERR
LOGICAL LEX
C
INTEGER 1ARGC
EXTERNAL I1ARGC
C
C I SET UNIT NUMBERS FOR ERROR MESSAGES
C
NTM = 0O
C
C I GET THE DESIGN VARIABLE AND RESPONSE FILE NAMES
C

NARG = IARGCQ)
IF (NARG.LT.2) THEN
WRITE (NTM,1998)
1998  FORMAT (
$5X, "AN ERROR OCCURRED IN THE USER-RESPONSE PROGRAM: "/
$5X, "TWO COMMAND LINE ARGUMENTS EXPECTED®/)
GO TO 9999
ENDIF
CALL GETARG(1,DVFILE)
CALL GETARG(2,RSFILE)
IF (NARG.GE.4) THEN
CALL GETARG(3,CICODE)
READ (CICODE, "(18)") ICODE
IF (ICODE .GT. 0) THEN
CALL GETARG(4, ICFILE)
INQUIRE (FILE=ICFILE, EXIST=LEX, IOSTAT=IERR, ERR=999)
IF (.NOT.LEX) THEN
WRITE (NTM,2997)

2997 FORMAT (
$ 5X, "AN ERROR OCCURRED IN THE USER-RESPONSE PROGRAM:*/
$ 5X, "ICUSER FILE NOT FOUND*®/)
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GO TO 9999
ENDIF
c
OPEN (12, FILE=ICFILE, STATUS="OLD", FORM="FORMATTED",
* I0STAT=1ERR, ERR=999)
DO 1=1, ICODE
READ(12, " (18) ", 10STAT=I1ERR,ERR=999) ICUSER(I)
END DO
CLOSE(12)
ENDIF
ELSE
ICODE = 0
ENDIF
c
c ! READ THE DESIGN VARIABLE VALUES FROM THE DV FILE
c

INQUIRE (FILE=DVFILE, EXIST=LEX, IOSTAT=IERR, ERR=999)
IF (.NOT.LEX) THEN
WRITE (NTM,2998)
2998  FORMAT (
$5X, "AN ERROR OCCURRED IN THE USER-RESPONSE PROGRAM: "/
$5X, "DESIGN VARIABLE FILE NOT FOUND"/)

GO TO 9999
ENDIF
¢
OPEN (12, FILE=DVFILE, STATUS="OLD", FORM="FORMATTED",
* I0STAT=1ERR, ERR=999)
Cc
NDV = 0
DO 1=1,MAXDV
READ(12, " (F20.0)", I0STAT=IERR, ERR=999 , END=3000) VAL
NDV = NDV + 1
DVARS(NDV) = VAL
END DO
3000 CONTINUE
Cc
CLOSE(12)
c
OPEN (12, FILE=RSFILE, STATUS="UNKNOWN®, FORM="FORMATTED",
$ I0STAT=1ERR, ERR=999)
¢
IF (ICODE .EQ. 0) THEN
c I CALCULATE RESPONSES HERE
Cc
c I COMPUTE AVERAGE AND STANDARD DEVIATION
c
CALL AVESTA(DVARS,NDV,RESPU(1),RESPU(2))
Cc
c I WRITE THE RESPONSE VALUES IN THE RESPONSE FILE
c

DO 1=1,NRESPU
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WRITE(12, " (1P,E20.13)") RESPU(I)
END DO
ELSE
c I CALCULATE SENSITIVIES HERE
CALL DAVESTA(DVARS,NDV,DAVE, DSDEV)
DO I=1, ICODE
IR = ICUSER(I)
IF (IR .EQ. 1) THEN

DO J=1,NDV
WRITE(12, " (1P,E20.13)") DAVE(J)
END DO
ELSE IF (IR .EQ. 2) THEN
DO J=1,NDV
WRITE(12, " (1P,E20.13)") DSDEV(J)
END DO
ELSE
DO J=1,NDV
WRITE(12, " (1P,E20.13)") 0.0DO
END DO
ENDIF
END DO
ENDIF
¢
CLOSE (12)
c
c I FINISHED
Cc
GO TO 9999
c

999 CONTINUE
WRITE (NTM,9998) IERR

9998 FORMAT (
$5X, "AN 1/0 ERROR OCCURRED IN THE USER-RESPONSE PROGRAM: "/
$5X, "10STAT = *,18/)

C
9999 CONTINUE
END
C
Ca *
*kx*k
C
C PROGRAM NAME: AVESTA
C
C DVAR(NDVAR) : DESIGN VARIABLE VALUES
C
C NDVAR : NUMBER OF DESIGN VARIABLE
C NRESP : NUMBER OF RESPONSE
C
C xxxxxxxxxxxxxxxxxxxxxx

E
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¢
SUBROUTINE AVESTA(DVAR,NDVAR,AVE, SDEV)
IMPLICIT DOUBLE PRECISION (A-H,0-2)
DOUBLE PRECISION DVAR(NDVAR)
¢
c I COMPUTE AVERAGE
c
AVE = 0.0DO
¢
DO I = 1, NDVAR
AVE = AVE + DVAR(I)
END DO
¢
AVE = AVE/REAL(NDVAR)
c
c 1 COMPUTE VARIATION
¢
VAR = 0.0DO
c
DO I = 1, NDVAR
VAR = VAR + (AVE - DVAR(1))**2/REAL(NDVAR)
END DO
c
Cc ! COMPUTE STANDARD DEVIATION
¢
SDEV = DSQRT(VAR)
c
RETURN
END

C***********************************************'k*'k***'k***'k*'k********
*x*k

C
C PROGRAM NAME: DAVESTA
C
C PURPOSE: COMPUTE DERIVATIVES OF AVERAGE AND STANDARD DEVIATION.
C
C NDVAR : NUMBER OF DESIGN VARIABLE
C NRESP : NUMBER OF RESPONSE
C
C *hhxx
*x*k
C
SUBROUTINE DAVESTA(DVARS,NDV,DAVE,DSDEV)
IMPLICIT DOUBLE PRECISION (A-H,0-Z)
DOUBLE PRECISION DVARS(NDV)
DOUBLE PRECISION DAVE(NDV)
DOUBLE PRECISION DSDEV(NDV)
C
C 1 COMPUTE AVERAGE
C

AVE = 0.0DO
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¢
DO I = 1, NDV
AVE = AVE + DVARS(I)
END DO
¢
AVE = AVE/REAL(NDV)
DAVG = 1.0DO/REAL(NDV)
c
DO K=1,NDV
DO J=1,NDV
DAVE(J) = 0.0D0
END DO
DAVE(K) = 1.0DO
c
c 1 COMPUTE VARIATION
c
VAR = 0.0DO
DVAR = 0.0DO
c
DO I = 1, NDV
VAR = VAR + (AVE - DVARS(1))**2/REAL(NDV)
DVAR = DVAR +
& 2.0DO*(AVE - DVARS(1))*(DAVG - DAVE(1))/REAL(NDV)
END DO
¢
c I COMPUTE STANDARD DEVIATION
c
SDEV = DSQRT(VAR)
IF (SDEV.NE.0.0DO) THEN
DSDEV(K) = 0.5D0/SDEV*DVAR
ELSE
DSDEV(K) = 0.0DO
ENDIF
c
END DO
Cc
DO K=1,NDV
DAVE(K) = DAVG
END DO
RETURN
END
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4.6.4 Use of the DRESP3/ TRESP3 capability

The DRESP3 (TRESP3) input data has the same form as the DRESP2 (TRESP2)
input data except that the equation ID (EQID) is replaced with the interface library ID
or a built-in equation NAME. There are interface subroutines available or 26 built-in
equations are available: AVG1, AVG2, AVG3, AVG4, MULT1, MULT2, MULTS,
MULT4, NORM1, NORM2, NORM3, NORM4, SUM1, SUM2, SUM3, SUM4,
SAVGL], SAVG2, SAVG3, SAVG4, ASAVGL, ASAVG2, ASAVG3 ASAVG4,
PNORM2 and SDEV.

The format of the DRESP3 data is:

1 2 3 4 5 6 7 8 9 10

DRESP3 ID LABEL LIBID or
NAME

+ “DVAR” NDV1 NDV2 NDV3 NDV4 NDV5 NDV6 NDV7 NDV8

+ NDV9 NDV10

+ DTABLE" NC1 NC2

+ “DGRID” NG1 NGC1 NG2 NGC2

+ “DRESP1” NR1 NR2

The alternate formats are

1 2 3 4 5 6 7 8 9 10
DRESP3 ID LABEL LIBID or
NAME
+ “DVAR” NDV1 NDV2 NDV3 NDV4 NDV5 NDV6 NDV7 NDV8
+ NDV9 NDV10
+ DTABLE” NC1 NC2
+ “DGRID” NG1 NGC1 NG2 NGC2
+ “DRESP1L" NR1 LIDR1 NR2 LIDR2
or:
1 2 3 4 5 6 7 8 9 10
DRESP3 ID LABEL LIBID or
NAME
+ “DVAR” NDV1 NDV2 NDV3 NDV4 NDV5 NDV6 NDV7 NDV8
+ NDV9 NDV10
+ DTABLE" NC1 NC2
+ “DGRID” NG1 NGC1 NG2 NGC2
+ “DRESP2” NS1 NS2

The DRESP3 ID must be unique with respect to other DRESP3, DRESP1, DRESP2 and
DRESPU ID’s. Note that DRESP1L data can be used in the DRESP3 data.
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The DRESP3 responses are constrained with the DCONS data in the same manner as
the DRESP2 responses. A DRESP3 response is specified as the objective function with
the DOBJ/ DMATCH / DINDEX data in the same manner as a DRESP2 response.
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The format of the TRESP3 data is:

1 2 3 4 5 6 7 8 9 10
TRESP3 ID LABEL LIBID or
NAME
+ “TVAR” NDV1 NDV2 NDV3 NDV4 NDV5 NDV6 NDV7 NDV8
+ NDV9 NDV10
+ DTABLE” NC1 NC2
+ “TRESP1” NR1 NR2

The alternate formats are

1 2 3 4 5 6 7 8 9 10
TRESP3 ID LABEL LIBID or
NAME
+ “TVAR” NDV1 NDV2 NDV3 NDV4 NDV5 NDV6 NDV7 NDV8
+ NDV9 NDV10
+ DTABLE” NC1 NC2
+ “TRESP1L" NR1 LIDR1 NR2 LIDR2
or:
1 2 3 4 5 6 7 8 9 10
TRESP3 ID LABEL LIBID or
NAME
+ “TVAR” NDV1 NDV2 NDV3 NDV4 NDV5 NDV6 NDV7 NDV8
+ NDV9 NDV10
+ DTABLE” NC1 NC2
+ “TRESP2” NS1 NS2

The TRESP3 ID must be unique with respect to other TRESP3, TRESP1 and TRESP2
ID’s. Note that TRESP1L data can be used in the TRESP3 data.

The TRESP3 responses are constrained with the TCONS data in the same manner as
the TRESP2 responses. A TRESP3 response is specified as the objective function with
the TOBJ/ TINIDEX data in the same manner as a TRESP2 response.
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4.6.5

DRESP3 Interface Routine for DRESP3 / TRESP3 entries

The user must write a subroutine that, given the arguments, calculates the response
value. This function must be included in a shared object (DLL) that is specified by the
DRESP3 executive control command. The Fortran name of the subroutine is DRESP3,
and is declared as follows:

SUBROUTINE DRESP3(IWHICH, VAR, N, VAL, IERR)
INTEGER IWHICH, N, I1ERR

DOUBLE PRECISION VAR(N)

DOUBLE PRECISION VAL

IWHICH is input and is the library 1D specified on the DRESP3 or TRESPS3 input
data. This can be used to make a single shared object able to calculate multiple different
user responses. VAR is input and contains the design variable values, table constants,
grid point locations, and structural responses in the same order that they are specified
in the DRESP3 or TREPS3 bulk data entry. N is input and contains the number of
arguments in VAR. VAL is output and should contain the response value. IERR is
output and should contain O if no errors were detected. If an error is encountered in this
routine the error switch IERR should be set to 1, causing the program to terminate. The
DRESP3 routine should set IERR = 2 if IWHICH corresponds to any value for which
no user response has been defined.

Note that the subroutine must always be named DRESP3, even if it is referenced by
TRESP3 bulk data entries.

If a language other than Fortran is used to create the shared object, care must be taken
to ensure that the interface function has the correct name and arguments. The actual
required function names are system dependent. For example, using the C language, the
DRESP3 interface function should have the following prototype:

Microsoft Windows | __ declspec( dllexport ) void DRESP3(int *iwhich,
double var[], int *n, double *val, int
*ierr);

Solaris,Linux,HP-UX | void dresp3_(int *iwhich, double var[],
int *n, double *val, int *ierr);

AIX void dresp3(int *iwhich, double var[],

int *n, double *val, int *ierr);
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4.6.6 Example with DRESP3 User Program
Consider the shape and sizing optimization of the simply supported beam shown below.
The design variables control beam cross sectional dimensions an grid point locations.
The objective function to be minimized is the mass of the beam. The constraint on the
design is that the deformed shape of the beam be within 5% of a least squares fit of the
first term of a Sine series.
R S S :
I — —
L5
A portion of the input data is shown below. The DRESP3 data consists of the X and Y
locations and the U and V displacements of the six grid points. A total of 24 values are
sent to the user program. The fourth field of the DRESP3 data specifies that the
interface subroutine ID 1 is requested. The DCONS data specifies that the calculated
value will be within 5% of the least squares fit.
1 2 3 4 5 6 7 8 9 10
$ DISPLACEMENT RESPONSES
DRESP1 1 Ul DISP 1 1
DRESP1 2 V1 DISP 2 1
DRESP1 3 U2 DISP 1 2
DRESP1 4 V2 DISP 2 2
DRESP1 5 U3 DISP 1 3
DRESP1 6 V3 DISP 2 3
DRESP1 7 U4 DISP 1 4
DRESP1 8 V4 DISP 2 4
DRESP1 9 [8]3) DISP 1 5
DRESP1 10 V5 DISP 2 5
DRESP1 11 [8]9] DISP 1 6
DRESP1 12 V6 DISP 2 6
$
DRESP3 100 TERM1 1
+ DGRID 1 1 1 2 2 1 2 2
+ 3 1 3 2 4 1 4 2
+ 5 1 5 2 6 1 6 2
+ DRESP1 1 2 3 4 5 6 7 8
+ 9 10 11 12
DCONS 100 1.05 0.95
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The interface subroutines are show below. First the deformed shape of the beam is
determined by adding the coordinates of the grid points to their displacements. Then a
least squares fit on a 1 term Sine series is performed. Finally the least squares term is
stored in the variable VAL and returned.

SUBROUTINE DRESP3(IWHICH,VAR,N,VAL, IERR)
IMPLICIT NONE

c
INTEGER IWHICH, N, IERR
c
DOUBLE PRECISION VAR(N)
Cc
DOUBLE PRECISION VAL
c
CALL MYSUB1(VAR,N,VAL, IERR)
RETURN
END
SUBROUTINE MYSUBL(VAR,N,VAL, IERR)
c
IMPLICIT DOUBLE PRECISION (A-H,0-7)
c
DOUBLE PRECISION VAR(N)
c
DOUBLE PRECISION X(6), Y(6)
c
DATA X/0.0D0,0.0D0,0.0D0,0.0D0,0.0D0,0.0D0/
DATA Y/0.0D0,0.0D0,0.0D0,0.0D0,0.0D0,0.0D0/
DATA P1/3.141590D0/
DATA RL/100.0D0/
Cc
IERR = O
c
J=0
K = 12
c
c 1. CALCULATE DEFORMED SHAPE = COORDINATES + DISPLACEMENTS
c
DO 10 I = 1,6
J=J+1
K=K+ 1
X(1) = VAR@J) + VAR(K)
J=J+1
K=K+ 1

Y(1) = VAR@J) + VAR(K)
10  CONTINUE

2. LEAST SQUARES FIT OF 1 TERM SINE SERIES

OO0

T1 = 0.0DO
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T2 = 0.0D0
T3 = 0.0D0
T4 = 0.0DO
T5 = 0.0D0
T6 = 0.0DO
DO 20 I = 1,6
Tl = T1 + Y(1)**2
T2 = T2 + SIN(PI*X(1)/RL)**2
T3 = T3 + SIN(2.0DO*PI*X(1)/RL)**2
T4 = T4 + 2.0DO*Y(1)*SIN(PI*X(1)/RL)
T5 = T5 + 2.0DO*Y(1)*SIN(2.0D0*P1*X(1)/RL)
T6 = T6 + 2.0DO*SIN(PI*X(1)/RL)*SIN(2.0D0*PI1*X(1)/RL)
20  CONTINUE
c
Bl = T5 - (2.0D0*T4*T3)/T6
B2 = T6 - (4.0D0*T2*T3)/T6
Al = B1/B2
c
c 3. STORE IN VAL
¢
VAL = Al
c
RETURN
END
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46.7 DRESP3/TRESP3 Built-in Functions

There are 26 built-in functions available. They are:

AVG1, AVG2, AVG3, AVG4, MULT1, MULT2, MULT3, MULT4, NORM1,
NORM2, NORM3, NORM4, SUM1, SUM2, SUM3, SUM4, SAVG1, SAVG2,
SAVG3, SAVG4, ASAVGL, ASAVG2, ASAVG3, ASAVG4, PNORM2 and SDEV.

These are defined as follows:

AVG1l = (X1+ X2 +..+XN)/N
AVG2 = (X1**2 + X2**2 + ... + XN**2)/N
AVG3 = (X1**3 + X2**3 + ... + XN**3)/N
AVGA = (X1**4 + X2*%*4 + .., + XN**4)/N

MULT1 =X1*X2 *..*XN
MULT2 = MULT1**2
MULT3 = MULT1**3
MULT4 = MULT1**4

NORML = (ABS(X1) + ABS(X2) +...+ABS(XN))

NORM2 = (ABS(X1)**2 + ABS(X2)**2 + ... + ABS(XN)**2)**(1/2)
NORMS3 = (ABS(X1)**3 + ABS(X2)**3 + ... + ABS(XN)**3)**(1/3)
NORM4 = (ABS(X1)**4 + ABS(X2)**4 + ... + ABS(XN)**4)**(1/4)

SUM1 =X1+ X2 +..+XN

SUM2 = X1**2 + X2**2 + ... + XN**2
SUM3 = X1**3 + X2**3 + ... + XN**3
SUM4 = X1**4 + X2**4 + ... + XN**4

SAVG1 = ((X1-LB1)/(UB1-LB1) + (X2-LB2)/(UB2-LB2) + .. + (XN-LBN)/(UBN-LBN))/N
SAVG2 = (((X1-LB1)/(UB1-LBL))**2 + ((X2-LB2)/(UB2-LB2))**2 + ... + (XN-LBN)/(UBN-
LBN))**2)/N

SAVG3 = (((X1-LB1)/(UB1-LBL))**3+ ((X2-LB2)/(UB2-LB2))**3+ ... + (XN-LBN)/(UBN-
LBN))**3)/N

SAVG4 = (((X1-LB1)/(UB1-LBL))**4+ ((X2-LB2)/(UB2-LB2))**4+ ... + (XN-LBN)/(UBN-
LBN))**4)/N

ASAVG1 = (ABS(X1)/MAX(ABS(UB1),ABS(LB1)) + ABS(X2)/MAX(ABS(UB2),ABS(LB2)) + ... +
ABS(XN)/MAX(ABS(UBN),ABS(LBN)))/N

ASAVG2 = ((ABS(X1)/MAX(ABS(UB1),ABS(LB1)))**2 +
(ABS(X2)/MAX(ABS(UB2),ABS(LB2)))**2 + ... +
(ABS(XN)/MAX(ABS(UBN),ABS(LBN)))**2)/N
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ASAVG3 = ((ABS(X1)/MAX(ABS(UB1),ABS(LB1)))**3 +
(ABS(X2)/MAX(ABS(UB2),ABS(LB2)))**3 + ... +
(ABS(XN)/MAX(ABS(UBN),ABS(LBN)))**3)/N

ASAVG4 = ((ABS(X1)/MAX(ABS(UB1),ABS(LB1)))**4 +
(ABS(X2)/MAX(ABS(UB2),ABS(LB2)))**4 + ... +
(ABS(XN)/MAX(ABS(UBN),ABS(LBN)))**4)/N

PNORM2 =SQRT (MAX(X1,0.0)**2 + MAX(X2,0.0)**2 + ... + MAX(XN,0.0)**2)

SDEV =SQRT ( ((X1-AVG1)**2 + (X2-AVG1)**2 + ... + (XN-AVG1)**2)/N )

Where, Xi corresponds to the listed values in the DVAR, DTABLE, DGRID and
DRESP1 / DRESP?2 lists in the DRESP3 entry or the TVAR, DTABLE and TRESP1/
TRESP2 lists in the TRESP3 entry, and N is the total number of listed arguments. LBi
and UBi are the corresponding lower bound and upper bound from the DVAR entry for
DVAR arguments, the corresponding lower bound and upper bound from the TVAR
entry for TVAR arguments or LBi = 0.0 and UBi = 1.0 for all other arguments types.
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4.7 Shifted Responses

Shifted responses are customized responses that combine values calculated from
frequency response loadcases with user functions of the loading frequency. Shifted
responses are used to easily create constraints on frequency response results where the
constraint bound is a function of the loading frequency. Shifted responses requires
using DSHIFT, DRESP1 and TABLEDX entries. Shifted responses can include the
user loading frequency function by either subtracting or normalizing the standard
response. Shifted responses can also be use to change scales such as decibels.

Currently, GENES Ssupports15 shifted responses, whic are listed in the following
table.

Shifted Responses types

Shifted Response Name Shifted Response
RTYPE
Shifted displacement from direct DDISPS
loadcases
Shifted velocity from direct loadcases DVELOS
Shifted acceleration from direct DACCES
loadcases
Shifted displacement from modal MDISPS
loadcases
Shifted velocity from modal loadcases MVELOS
Shifted acceleration from modal MACCES
loadcases
Shifted Random PSD displacement PSDDS
Shifted Random PSD velocity PSDVS
Shifted Random PSD acceleration PSDAS
Shifted user function of displacement UFDISPS
Shifted user function of velocity UFVELOS
Shifted user function of acceleration UFACCES
Shifted equivalenet radiated power ERPS
Shifted dynamic element stress DSTRS
Shifted dynamic element strain DSTNS
Shifted dynamic element force DFORCES
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For example:
ACCES(f) = 20Ioglo(A%%§ f) _T(h

In the example above, the acceleration is transformed to a decibel scale and shifted by
T(f).
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471 Overview

The DSHIFT entry provides ways to define attributes to a standard frequency response
listed in DRESP1.

The information on an entry:

1. Provides an ID so that one or more DRESP1 entries can reference it.

2. Defines a scalar factor to scale the response (COEFF)

3. Defines a function (IDENT, LOG10 or LOG) to transform the response before
applying the shift.

4. Defines a real number to normalize the response (REFVAL)

5. References a Table ID (TID) corresponding to a TABLED1, TABLED?2,
TABLED3 or TABLED4 entry that defines the function of the loading frequency.

6. Defines the shift type (ETYPE) of subtraction or normalization.
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4.7.2 Data Entry
The format of the DSHIFT entry is presented next.

Format:
1 2 3 4 5 6 7 8 9 10

| DSHIFT| D | COEFF | FTYPE |REFVAL| TID | ETYPE | | | |

Example 1: Create a shifted response, where tabled values are used to shift the response.

ACCES(f) = 20l0g,o( AS2EM) ()

0.02
1 2 3 4 5 6 7 8 9 10

|DSHIFT| 2222 | 20.0 ||_oc510| 0.02 | 20001 | 1 | | | |

In this case a DRESP1 such the following should exist:

1 2 3 4 5 6 7 8 9 10

|DRESP1| 702 |Z_DISP|MACCES| | | 3 | 2222 | 55 | |
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4.7.3 Loading Frequency Dependent Constraint Bounds
The DSHIFT entry provides ways to define a constraint bound that is a function of the
the loading frequency.
Suppose that you have to impose the following constraint:
20Ioglo(ACCE f ) <T(f)
0.02
Because DCONS/DCONS2 only allow constant bounds, the above equation can not be
used directly. However, we can write an equivalent equation as follows:
20Ioglo(ACCE f ) -T(f)<0.0
0.02
In this case the bound is 0.0 which is constant and a constraint using and associated
entries can be used:
1 2 3 4 5 6 7 8 9 10
DSHIFT 2220 20.0 LOG10 0.02 3000 1
DRESP1 700 Z_DISP DISP 3 2220 55
DCONS 700 0.0
Alternatively, the equation can be rewritten as follows:
ACCE(f )
20l0g,o( 4555
0108100 =5 02
<
T(f)
In this case the bound is 1.0 which is also a constant and a constraint using and
associated entries can be used:
1 2 3 4 5 6 7 8 9 10
DSHIFT | 2221 20.0 LOG10 0.02 3000 2
DRESP1 701 Z_DISP DISP 3 2221 55
DCONS 701 1.0
In the two alternative cases above, the desired constraint bounds T(f) are assumed to be
listed ina TABLEDL entry with 1D 3000. The TABLED1entry could be:
1 2 3 4 5 6 7 8 9 10
TABLED1 3000
+ 0.0 10.0 100.0 20.0 300.0 10.0 ENDT
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4.8

Restart Capability

The restart capability allows the user to restart from any previous design cycle. The last
analysis is repeated, but the user can change the input data. The only restriction on the
input data for the restart is that the number and order of the design variables remains
constant. The restart uses the pname.HIS file that is created after every run.
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4.8.1

Restart from any Previous Design Cycle

The user may want to restart from a previous design cycle. One reason could be that it
is noticed after a particular design cycle that a design constraint or load case is missing.
The user may also want to restart from the last design cycle.

To restart from any previous design the command RESTART=n,m needs to be used.
This causes the design process to restart at design cycle “n”. The value of “m” is the
new maximum number of design cycles. Note that this is not the additional number of
design cycles. If “m” is not present then the value of DESMAX on the DOPT data (or
the default value) is used. If “m” is present it must be greater than the original maximum
number of design cycles. To restart from the last design cycle, the RESTART=LAST k
format of the command can be used. In this case, “k” is the maximum number of
additional design cycles allowed.

The restart gets the design variable values from the pname.HIS file. The HIS command
can be used to copy a history file from another run to pname.HIS at the start of the run.
Certain input data (DCONS2, DINDEX, TCONS2, TINDEX) requires auxilliary
restart information to be read from the pname.RST file. The RST command can be used
to copy an RST file fron another run to pname.RST at the start of the run.

All of the input data can be changed but the number and order of the design variables
must remain constant. For example, to restart from the fifth design cycle the executive
section of the input data would be:

ID CRANK
RESTART=5
CEND
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4.9 Mode Tracking

Natural Frequency Loadcases

As the design changes throughout the design process, the order of the mode shapes can
change. For example, initially the first bending mode of a structure could be at 7 Hz and
the first torsional mode could be at 10 Hz. After the design is modified the first bending
mode could be 11 Hz and the first torsional mode could be at 9 Hz. If a constraint was
originally placed on the first bending mode, it would now be on the first torsional mode.
Using mode tracking GENES Scan reorder the modes so that the constraint will remain
on the first bending mode.

Mode tracking is enabled using the solution control command MODTRK. MODTRK
can have the values of NO, YES, and ALL. NO is the default and does not enable mode
tracking. YES will cause the frequencies or modes that are constrained to be tracked.
ALL will cause all frequencies to be tracked. Another option to enable mode tracking
is to use the parameter MODTRK. This parameter serves as a default for all eigenvalue
loadcases that do not use the solution control command MODTRK.

If a constrained mode that is being tracked is not found during a design cycle analysis,
then a fatal error will be issued and GENES Swill stop.

If a constrained mode that is being tracked may have switched with another mode, then
a warning message will be issued after design convergence. In this case the user should
check the results of the last analysis to make sure that the correct mode shape was
constrained.

If modes switch position during the design process the frequencies and mode shapes in
the output and postprocessing files will not be in order of increasing frequency.

Mode tracking information will be printed in the analysis results section of the output
file. It is important to examine this data if restarts from the “.HIS” file are going to be
used. This is because the mode numbers in the DRESP1 data will have to be changed
if the mode switched order. The mode number in the design cycle to be restarted from
will be the position of the mode when all of the modes are ordered from lowest to
highest frequency.

It is typically needed to use mode tracking, whenever frequencies or eigenvector
components are referenced by DRESPL.

Buckling Loadcases

Mode tracking can also be used to track modes associated to buckling analysis. The use
of mode tracking in this case is very similar that with a natural frequency analysis and
do not need further explanation as the same solution control commands: MODTRK and
the same parameter, MODTRK, can be used.
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In buckling optimization, however, it is not typically needed to use mode tracking as in
most cases the key is to either raise the lowest buckling load factor or constraint it, and
individual modes are not as important.
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4.10

Matching Measured Data

Sometimes, it is desirable to “tune” the analysis model so the results agree with those
measured in an experiment or operating structure. For example, you may wish to match
the calculated eigenvalues, some displacements and perhaps some stresses with those
measured in an experiment. Sometimes, this is done by using a least squares fit to the
responses in terms of member section properties. However, this can lead to unrealistic
results, such as negative properties.

With GENESI S you can still match calculated responses with desired or measured
responses in a least squares sense. You can change any dimension, property or shape
which is normally available in GENES Sfor design optimization. Also, you can provide
bounds on the parameters you wish to change and can even impose constraints on any
responses, just as if you were designing the structure.

Analysis matching is performed by using the DMATCH data statement to define the
design objective, and providing the data which you wish to have GENES S match.

There are two methods available for analysis matching. The first is the Least Squares
method (DOPT parameter IMATCH = 0, which is the default) and the second is the
Beta method (DOPT parameter IMATCH = 1).

In the least squares method, the objective function is the sum of the squared,
normalized, differences between the actual responses and those calculated by the finite
element analysis. This can be stated as;

NR
2
F= > [M(R-T)] (Eq. 4-2)
i=1
where Tj is the target value of the response, R; is the calculated value, NR is the number

of responses to be matched and M; is a multiplier calculated using the following
expression:

W, _
if(W,>0.0)
,RMATCH)

wj if(W; <0.0) (Eq. 4-3)

1.0
,RMATCH)

M. =
' Max(|T;

Max(|T;

in the above expressions, Wi is a weighting factor specified in DMATCH2 (DMATCH
sets all W; to 1.0) and the DOPT parameter RMATCH is 0.01 by default.

Constraints on the other responses can also be included in the optimization problem
formulation
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In the Beta method, the objective function is the internal variable called BETA. An
internal set of constraints is added to the original constraints to force the matching. The
internal problem is;

Minimize B (Eq. 4-4)
STB<M(R;-T)<Bi=1NR (Eq. 4-5)

In addition, all of the originally defined constraints are included, though they are not
listed here.
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411

Matching Eigenvector Components

To match eigenvector components, it is recommended to avoid the MAX norm (in the
EIGR statement). The reason for this is that this norm is, in general, not continuous due
to changes of the location of the maximum component of the eigenvector. Instead it is
recommended to use any other norm (MAXO0, MASS or POINT) because these are
continuous norms.

It is strongly recommended to use mode tracking when trying to match eigenvector
components. In other words use: MODTRK=YES or MODTRK=ALL in the natural

frequency loadcase.

The method used to match eigenvector components uses the sensitivities (derivatives)
of the eigenvectors. In GENESS Nelson’s method is used to calculate eigenvector
sensitivities. This method is only valid for non-repeated eigenvalues. If the problem
does have repeated eigenvalues, then GENESI Swill give a warning message, but will
not terminate. If a repetition occurs only in a few design cycles, and not in the last one,
the solution will probably be acceptable, but the user is warned to check the results with
special care.
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4.12

Relative Constraint Bounds

The DCONS2 / TCONS?2 entries allow definition of constraints with bounds that are
defined relative to the reponse’s initial value. For constraints defined for all loadcases
(LID1 = “ALL"), different bound values are calculated for each loadcase. For
multivalued responses (e.g., stress for every element in a property), a single upper
bound (per loadcase) is calculated based on the maximum (closest to +0) response
value and a single lower bound (per loadcase) is calculated based on the minimum
(closest to -o0) response value.

The use of relative constraint bounds with responses that may have negative initial
values (e.g., displacement components) can lead to non-intuitive infeasible constraints.
For example, using LBF = 0.8 and UBF = 1.2 with a response that has an initial value
of -1.0 will lead to a lower bound that is greater than the upper bound. For this reason,
care must be used when choosing scale factors for such resonses. To set relative
constraint bounds on the magnitude of an indefinite response (i.e., regardless of
whether it is positive or negative), it is recommended to pass the response into a
DRESP3 / TRESP3 with the NORML1 function to calculate the absolute value.
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4.13

Allowable Probability of Failure on Constraint Entries

The DCONS / DCONS?2 entries allow the specification of allowable probability of
failure (PFi) values.

In a typical reliability optimization problem, the program will first perform
deterministic optimization and after converging to a deterministic answer, it will
automatically switch to probabilistic optimization. In the deterministic mode, the
probability of failure in the constraint bounds are not used. The DOPT parameter
RBOST can be used to set a limit on the number of deterministic design cycles
performed before switching to probabilistic optimization.
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4.14  Mesh Smoothing

Automatic mesh smoothing can be performed on models of 2D elements (QUADA4,
TRIA3, QUADS and TRIA®G) that are approximately planar and on models of solid
elements (HEXA, PENTA, TETRA, PYRA and HEX20). This feature is useful when
there are shape design variables as the mesh may become distorted. Automatic mesh
smoothing is controlled by the analysis PARAMeter MSMOOTH which can have the
values of ON, OFF (the default).

The mesh is smoothed at the end of each design cycle if mesh smoothing is turned on .
The elements are smoothed property by property. The location of the grid points at the
edges and boundary of the structure are not affected. The locations of the internal grid
points are adjusted so as to minimize the element distortion of all the elements.

The element connectivity for 2D planar models should be consistent, i.e. clockwise or
counter clockwise throughout the model. This will be automatically checked and
corrected if necessary.

Statistics about the element distortion levels during the smoothing process can be
obtained using DIAGnostics 961.

To output the changes due to mesh smoothing, use the Solution Control Command
SHAPE = POST and the analysis PARAMeter PSMOOTH = ON.
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4.15

Stress Ratio

The stress ratio method is an optimization method applicable to a special subset of
structural optimization problems. It is used to resize members of a structure such that
certain static stress constraints are exactly satisfied. In GENESS, this method is
typically used in conjunction with the standard method. When selected, the stress ratio
method is used for the first ISRMAX design cycles and after that GENES Swill use the
standard approximation method. ISRMAX is a DOPT parameter with a default value
of 3. With the stress ratio method, GENES Scan be used to design areas of rods and/or
thicknesses of shells or composites subject to stress and/or failure index constraints. In
problems that contain other constraints, GENES Swill temporarily ignore them while
using the stress ratio method. They will be considered when the approximation method
gets activated.

Due to its limited scope, this method is not recommended for most problems. This
method should only be used on the rare occasion when the standard method has
problems resizing elements.

The advantage of the stress ratio method over the standard method is that it does not
require the calculation of sensitivities or the solution of the approximate problem. This
means that each design cycle can be faster.

It is interesting to note that the stress ratio method, when used to optimize a statically
determinate structure that only has stress constraints, can converge in one design cycle.
In non-statically determinate structures this is usually not true.

If this method is used alone, it may not converge to an optimal solution. The reason for
this is that an optimal solution usually does not require that all members be fully
stressed in at least one load case.

To update areas of rods, the stress ratio method uses the following equation:
Area new = MAX(Area old*Stress/Stress limit,PMIN)
To update thickness of plates the stress ratio method uses the
following equation:
thickness new = MAX(thickness old*Stress/Stress limit,PMIN)
Where,
PMIN is the minimum property value as defined in DVPROP1.

The DOPT parameter, ISRMET, is used to control the stress ratio resizing method. If
ISRMET=0, GENES Swill not use stress ratio (this is the default). If ISRMET =1 or
3, GENES Swill not change the design variables that reference elements that do not
have stress ratio constraints. The difference between 1 and 3 is that the later case will
not stop due to hard convergence until at least one cycle using the standard
approximation method has been completed. Between 1 and 3, 3 is recommended for
most cases. Option 1 should be picked over 3 only when analysis is very time
consuming. If ISRMET=2 or 4, GENES Swill attempt change the design variables
associated to all stress ratio designable elements (e.g., shell elements without stress
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constraints will go to their minimum gage). The difference between 2 and 4 is that the
later case will not stop due to hard convergence until at least one cycle using the
standard approximation method has been completed. Between 2 and 4, 4 is

recommended for most cases. Option 2 should be pick over 4 only when analysis is very
time consuming.
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4.16

Customization Through Scripts

GENES Shas the ability to load and run custom program instructions called scripts.
GENES Scontains a built-in Lua scripting engine to interpret and execute the script
lines. Scripts are loaded using the SCRIPT executive control command.

The format of the SCRIPT entry is as follows:
SCRIPT = engine, timeout

ENDSCRIPT
engine - The scripting engine. Currently, only the ‘LUA’ engine is available.

timeout - The script timeout (in secs). To prevent a script from falling into an infinite
loop, all script function executions are timed. If any script function takes longer than
timeout, the script engine will abort and no further script functions will run. (Integer >
0. Default = 900)

All lines between SCRIPT and ENDSCRIPT are interpreted by the scripting engine. If
SCRIPT occurs inside an included file, and the end of that file is reached while reading
script lines, an implicit ENDSCRIPT will be automatically inserted before continuing
to read lines from the main file. Note that unlike normal input data, the scripting engine
will interpret lines in a case-sensitive manner.

4.16.1

Lua scripting engine

GENES Sincludes a Lua 5.3 interpreter. See http://www.lua.org/ for documentation of lua
syntax. Most of the standard lua libraries are pre-loaded. These include: base, io,
math, os, string and table. Note: package is not available, and native code libraries
cannot be loaded into GENES Shy a script.

print() and io.write() will print to the GENES Soutput file.
os.exit() will raise a lua error, which will abort the GENES Srun.

os.execute() can be used to run external programs, and those programs will not be
limited by timeout. Script processing will wait for the external program to finish, and
may wait longer than timeout.
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genesis table

GENES Sprovides a genesis table in the global environment. This table has the
following fields:

genesis.common
genesis.db
genesis.dcons
genesis.diag
genesis.dopt
genesis.dresp
genesis.dselect
genesis.dtable
genesis.hconv
genesis._hook
genesis.pname
genesis.rcons
genesis.sconv
genesis.tselect
genesis.version

Each of these is described in detail below:

genesis.common

Function taking one string argument. The string is the name of a GENES Scommon
block array. The function will return an object that can take an integer index to get/set
the corresponding values in the GENES Sarray.

The GENES Scommon block arrays are:

"NC11A™

"NC12A™ '"NC12D™ "NC12T" "RNC12R"

"NC14A™ "NC14B'™ ''NC17A™ "NC17B"

"NC16D™ "I1TC16T"

""NC30A™ '*NC30B'"™ "RNC30R"™ "NC37A"™ ''NC37B" "RNC37R"
""NC41S™

Changing values in common block arrays will very likely cause unexpected results, and
may even cause GENES Sto crash. Only alter common block arrays as advised by
GENES Ssupport.

Example:

ncl2a = genesis.common("'NC12A™)
print('ngrid = "._ncl2a[2])
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genesis.db

Function taking one string argument. The string is the name of a GENES S database
table. The function will return an object that can take an integer index to get/set the
corresponding values in the GENES Stable. The object can also be indexed to call the
following functions:

db.print([nrow])
db_insert(size)
db.delete()

y db.Fill(val [, n [, iy [, incyl1D
y = val

y do.fill(x_db [, n [, iy [, ix [, incy[, incx]111D)
y=X

y_db.scale(val [, n [, iy [, incy]llD)
y=valy

y_db.axpy(a, x_db [, n [, iy [, ix [, incy[, incx]111D
y=ax+y

y_db.dotprod(x_db [, n [, iy [, ix [, incy[, incx]111D
returns <x,y>

y_db.rand([n [, iy [, incyllD)
y = (each component randomly scaled)

insert() and delete() can only be applied to tables reserved for lua scripts. These
tables are named #LUAi' i=0...9

The lua length operator (#) can be applied to db objects.

Note: There are potentially thousands of tables in the GENES Sdatabase. Changing
values in arbitrary tables will very likely cause unexpected results, and may even cause
GENES Sto crash. Only manipulate tables as advised by GENES S support.

Example:
genesis.db("IDGRID™) .print(2)

GENES'S May 2018 Design Manual 335



Special Design Features

genesis.dcons

Function taking one or two integer arguments. The first is the ID of a DRESP1,
DRESP2, DRESP3 or DRESPG entry. The second is an optional loadcase ID. If the
loadcase ID is omitted or 0, then all applicable loadcases are affected. The function will
return an object that can take a string index of “Ib” or “ub” to get/set the lower or upper
bound, respectively, of the DCONS/DCONS2 constraints. Note that this can only
reset constraint bounds, and cannot create previously non-existing constraints. If the
input data does not constrain the response for the given loadcase(s), attempts to reset
the bounds will be ignored. Note that constraint bounds should not be changed between
the DRESP hook and the SCONVG hook. In particular, constraint bounds should not
be changed in SCREEN, PRINTD, PRE_HCONVG, HCONVG, SENSH, SENSIT,
SENPRT or APPROX.

See genesis.hook.

Example:

dcl101 = genesis.dcons(101,1)
print(*'DCONS 101 lower bound = ",dcl01.1b)

genesis.diag

Obiject that can be indexed with an integer (1-99) to get/set diagnostic switches. Note
that in GENES Sinput data DIAG, the most significant two digits sets the switch index,
and the rest of the digits set the value: E.g., DIAG=324 is equivalent to genesis.diag[32]
= 4. If the DIAG is only two digits, then the most significant digit sets the index and
the other digit sets the value.

Example:
genesis.diag[1l] = 2 -- same as DIAG=12

genesis.dopt

Object that can be indexed with a string to get/set DOPT parameters. The name
DESMAX can be used to get/set the maximum allowable design cycles.

Example:
print(*'desmax = ",genesis.dopt.DESMAX)

336

Design Manual May 2018 GENES'S



Special Design Features

genesis.dresp

Function that can be used to query DRESP1/2 values (only in the DRESP1 or DRESP
hook functions. See genesis.hook).

This function can be called in one of four different styles:
genesis.dresp( resp [, Ic] )
returns two values, the maximum and minimum responses

genesis.dresp( resp, lc, "average', [amode [, anum]] )
returns the average response value

genesis.dresp( resp, lc, "count", cside, ccut )
returns the number of responses passing the cutoff
genesis.dresp( resp, lc, "fill", db, [fmode [, fnum]] )
copies response values into db
Parameters:

resp - user DRESPI ID (integer)
Ic - user loadcase ID (integer, default = 0 meaning all)

amode - one of "all", "top", "bottom" (string, default = "all")

anum - for amode="top" or "bottom", count of responses to include in
calculation (integer <= 100)

cside - one of "<", ">" (string)
ccut - cutoff value (number)

db - A database table returned by genesis.db(). This table must be one
reserved for lua scripts (i.e., named #LUAI" i=0...9).

fmode - one of "top" or "bottom" (string, default = "top")

fnum - for fmode="top" or "bottom", count of responses to include (integer <=
100)

Examples:

rmax,rmin = genesis.dresp(1001)
nvio = genesis.dresp(2001,10,"count™,">",100.0)
rval genesis.dresp(2040,21, " average™, "top',10)

GENES'S May 2018 Design Manual 337



Special Design Features

genesis.dselect

Function taking one integer argument, which is the ID of a DSELECT entry. The
function will return an object that can take a string index of “Ib” or “ub” to get/set the
lower or upper bound, respectively, of the constraints internally created by the
corresponding DSELECT. Note that if the DSELECT entry specifies a BTYPE of
“UPPER?”, then the lower bound does not exist and attempts to set it will be ignored.

Example:

ds101 = genesis.dselect(101)
print(""'DSELECT 101 lower bound = " ,ds101.1b)

genesis.dtable

Object that can be indexed with a string to get/set DTABLE constant values. Note that
DTABLE values should not be changed between the DRESP1 hook and the SCONVG
hook. In particular, DTABLE values should not be changed in DRESP, SCREEN,
PRINTD, PRE_HCONVG, HCONVG, SENSH, SENSIT, SENPRT or APPROX.

See genesis.hook.

genesis.hconv

Integer flag that can be used to get/set hard convergence (only in the HCONVG hook
function. See genesis.hook).

0 = not converged
1 = hard convergence
2 = max design cycles reached
Note that genesis.hconv == 2 is a notification only. This value cannot be reset to

avoid stopping GENESS Change genesis.dopt.DESMAX in the PRE_ HCONVG
hook to avoid stopping for max cycles.

genesis.hook

Table of hook functions. The script, as input, is run early on, before the bulk data is
even read in. Therefore, anything "interesting" the script is going to do must be done
via hook functions (callbacks). The script sets hook functions by assigning function
values to the genesis.hook table. As GENES Sruns, at defined moments throughout
each design cycle it will check the hook table for specific hook names. If a hook
function exists, it will call that function, passing it three arguments: the current design
cycle number, the current objective function value and the current maximum constraint
violation. Note that the cycle number changes in the UPDATE module, while the
objective and constraint violation values change in the SCREEN module.

GENES Swill call a hook at the end of each main module (with the module names as
reported by the TIMES command). Additional hook moments are also defined.
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List of hooks called once during data preprocessing:

"READ* "PREPRO" "HEATPR® "AUTOGN®" "TOPRE1" "TOPRE2" "TOPRE3"
"DESIGN" "SMOOTH®" "CHECK®" “PRINTI® "PRINTU®" “ESL*"

List of hooks called every design cycle:

"FEH" "SOLV_H" "FE- "URMASS™ "SOLVER®" "STRESS®" "CSTRES®
"RANDOM®™ “PRINTA®" "DRESP1" "DRESP®" "SCREEN" "PRINTD" "PRE_HCONVG"
"HCONVG*®™ "SENSH®" "SENSIT®" "SENPRT" "APPROX™ "SCONVG®" "UPDATE"
"SMOOTH® *"OPT" "CHECK® "PRINTU"

List of hooks called once during program finalization:
"TSURF" *SSOL*" “AUTORIB® "FINISH"

Note that some hooks may be skipped depending on input data. For example, the
SENPRT hook is only called if the SENSITIVITY solution control command is used to
request sensitivity printing.

Certain hooks are provided special abilities to access and/or change certain GENES S
data. These include:

genesis.hook.DRESP1
This hook can use the genesis.dresp function to query DRESP1 values and
can use the genesis.dtable object to change DTABLE values before
DRESP2 responses are evaluated. Note: querying DRESP2 responses from this
hook will return garbage.

genesis.hook.DRESP
This hook can use the genesis.dresp function to query DRESP1/DRESP2
values. This could be used to create custom response histories, for example in a
spreadsheet file.

genesis.hook.PRE_HCONVG
This hook provides an opportunity for the script to change
genesis.dopt.DESMAX before testing for a max cycle stop. Note: the external
GENES Scontrol program may change DESMAX after this hook runs to force
a max cycle stop anyway.

genesis.hook.HCONVG
This hook can query the genesis.hconv field to determine whether GENES' S
has met the hard convergence criteria and/or reset genesis.hconv to to instruct
GENES Sto stop or not stop. Note: max cycle stop cannot be overridden by this
hook.

genesis.hook.SCONVG
This hook can query the genesis.sconv field to determine whether GENES' S
has met the soft convergence criteria and/or reset genesis.sconv to to instruct
GENES Sto stop or not stop.

Example:

genesis.hook.SOLVER = function(cycle)
print("*In lua solver hook.')
print('Solver finished for cycle ", cycle)
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end

genesis.pname

String containing project name. This is normally the input filename (minus any
extension).

genesis.rcons

Function that can be used to get information about retained constraints. Takes one
integer parameter, which is the index of the retained constraint to be inquired.
genesis.common("'NC41S™) [1] gives the number of retained constraints.

The function returns 10 values:

g (number) -- the normalized constraint value
r (number) -- the actual respone value
b (number) -- the bound value
bt (int) -- the bound type (1 = upper bound, -1 = lower bound )
rt (string) -- the response type
Ic (int) -- loadcase id or O if N/A
fq (int) -- loading frequency number or mode number or 0 if N/A
id (int) -- grid/elem/prop/mat/dresp id
ic (int) -- item code
j (int) -- column number in GRAD table
Example:

genesis_hook.SCREEN = function(cycle, obj, viomax)
print("'Retained contstraints for cycle ", cycle)
local nconr = genesis.common "NC41S" [1]
for i=1,nconr do
local g,r,b,bt,rt,lc,fqg,id,ic,j = genesis.rcons(i)
print(i,rt,lc,id,ic,r,b)
end
end

genesis.sconv

Integer flag that can be used to get/set soft convergence (only in the SCONVG hook
function. See genesis.hook).

0 = not converged
1 = soft convergence
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genesis.solc

Obiject that can be indexed with a string to get/set solution control switches. The
following names can be used:

APRINT, DPRINT, UPRINT, OPRINT, MPRINT, MASS, VOLUME, SUMMARY,
DRESP2, DESIGN, GRAPH, SENSITIVITY, SHAPE, SIZING, DENSITY, TVAR.

Example:

print(aprint = ",genesis.solc.APRINT)

genesis.tselect

Function taking one integer argument, which is the ID of a TSELECT entry. The
function will return an object that can take a string index of “Ib” or “ub” to get/set the
lower or upper bound, respectively, of the constraints internally created by the
corresponding TSELECT. Note that if the TSELECT entry specifies a BTYPE of
“UPPER?”, then the lower bound does not exist and attempts to set it will be ignored.

Example:

ts101 = genesis.tselect(101)
print("TSELECT 101 upper bound = " ,tsl101.ub)

genesis.version

String containing GENES Sversion as "major.minor". Scripting features may change
in future GENES Sversions. This can be used by a script to make sure that it is being
run in a compatible GENES Sversion.
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xIsxwriter table

GENES Smay provide a xIsxwriter table in the global environment. This table
provides access to methods that can write xIsx-formatted spreadsheet files.

xlsxwriter.open(filename)

Function taking one string argument. The string is the name of a spreadsheet file to
create. The usual spreadsheet file extension is ".xIsx". The function will return a
workbook object.

workbook:add_worksheet(name)

Function taking one string argument. The string is the unique name of a worksheet
within the workbook. The function will return a workshest object.

Set data within the worksheet with the following methods:

worksheet:write_number(row, col, number[, format])
worksheet:write_string(row, col, string[, format])
worksheet:write_formula(row, col, formula[, format])

worksheet:write_array_ formula(rowl, coll, row2, col2, formula[,
format])

worksheet:write_datetime(row, col, table[, format])
worksheet:write_url(row, col, url[, format])
worksheet:write_blank(row, col[, format])
worksheet:set_row(row[, height][, format])
worksheet:set_columns(coll, col2[, width][, format])
worksheet:merge_range(rowl, coll, row2, col2, string[, format])
worksheet: insert_chart(chart, row, col)

worksheet: insert_image(filename, row, col)

workbook:add_chart(type)

Function taking one integer argument. The integer is the type of the chart. Constants
below are built into the workbook object for the available types. The function will return
a chart object that can be inserted into a worksheet.

The type argument should be one of the following:

workbook.CHART_ AREA

workbook .CHART_AREA_STACKED
workbook .CHART_AREA_STACKED_PERCENT
workbook.CHART_BAR

workbook .CHART_BAR_STACKED
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workbook .CHART_BAR_STACKED_PERCENT
workbook .CHART_COLUMN

workbook .CHART_COLUMN_STACKED

workbook . CHART_COLUMN_STACKED_PERCENT
workbook .CHART_DOUGHNUT

workbook .CHART_LINE

workbook .CHART_PIE

workbook .CHART_SCATTER

workbook .CHART_SCATTER_STRAIGHT

workbook .CHART_SCATTER_STRAIGHT_WITH_MARKERS
workbook .CHART_SCATTER_SMOOTH

workbook .CHART_SCATTER_SMOOTH_WITH_MARKERS
workbook .CHART_RADAR

workbook .CHART_RADAR_WITH_MARKERS

workbook .CHART_RADAR_FILLED

The chart object has the following methods:

chart:add_series(worksheet, rowl, coll, row2, col2)

Returns a seriesobject. The range [row1:row2,coll:col2] on worksheet sets the
values for the series.

chart:set_title(string [,row ,col])

If row, col are given, then string must be the name of a worksheet. Otherwise
string is the literal title.

chart:set_xaxis_label(string [,row ,col])
chart:set_yaxis_label(string [,row ,col])
chart:set_style(int)
chart:set_rotation(degrees)
chart:set_hole_size(int)

The series object has the following methods:

series:set_categories(worksheet, rowl, coll, row2, col2)

series:set_name(string [,row ,col])

workbook:add_format()

Function taking no argument. The function will return a format object that can be
passed into worksheet methods to set the cell format.

Set the format characteristics by assigning one or more property keys on the format
object.

Format object available property keys:

format.font = font_name -- string
format.size = size -- integer
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format.color = format.COLOR_*
format.bold = true

format.italic = true

format.underline = format.UNDERLINE_*
format.strikeout

true

format.superscript = true

format.subscript = true

format.number_format = number_format -- string
format.number_format_index = index -- integer
format.align = format.ALIGN_*

format.wrap = true

format.rotation = angle -- integer [-90,90] or 270
format.indent = level -- integer

format.shrink = true

format.pattern = format.PATTERN_*
format.pattern_bg_color = format.COLOR_*
format.pattern_fg_color = format.COLOR_*
format.border = format.BORDER_*
format.border_bottom = format.BORDER_*
format.border_top = format.BORDER_*
format.border_left = format.BORDER_*
format.border_right = format.BORDER_*
format.border_color = format.COLOR_*
format.border_bottom_color = format.COLOR_*
format.border_top_color = format.COLOR_*
format.border_left_color = format.COLOR_*
format.border_right_color = format.COLOR_*

Format object available constants:

format.UNDERLINE_SINGLE
format.UNDERLINE_DOUBLE
format.UNDERLINE_SINGLE_ACCOUNTING
format.UNDERLINE_DOUBLE_ACCOUNTING
format.ALIGN_NONE
format.ALIGN_LEFT
format.ALIGN_CENTER
format.ALIGN_RIGHT
format.ALIGN_FILL
format.ALIGN_JUSTIFY
format.ALIGN_CENTER_ACROSS
format_.ALIGN_DISTRIBUTED
format.ALIGN_VERTICAL_TOP
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format_.ALIGN_VERTICAL_BOTTOM
format_ALIGN_VERTICAL_CENTER
format_ALIGN_VERTICAL_JUSTIFY
format.ALIGN_VERTICAL_DISTRIBUTED
format.COLOR_BLACK
format.COLOR_BLUE
format.COLOR_BROWN
format.COLOR_CYAN
format.COLOR_GRAY
format.COLOR_GREEN
format.COLOR_LIME
format.COLOR_MAGENTA
format.COLOR_NAVY
format.COLOR_ORANGE
format.COLOR_PINK
format.COLOR_PURPLE
format.COLOR_RED
format.COLOR_SILVER
format.COLOR_WHITE
format.COLOR_YELLOW
format.PATTERN_NONE
format.PATTERN_SOLID
format.PATTERN_MEDIUM_GRAY
format.PATTERN_DARK_GRAY
format.PATTERN_LIGHT_GRAY
format.PATTERN_DARK_HORIZONTAL
format.PATTERN_DARK_VERTICAL
format.PATTERN_DARK_DOWN
format.PATTERN_DARK_UP
format.PATTERN_DARK_GRID
format.PATTERN_DARK_TRELLIS
format.PATTERN_LIGHT_HORIZONTAL
format.PATTERN_LIGHT_VERTICAL
format.PATTERN_LIGHT_DOWN
format.PATTERN_LIGHT_UP
format.PATTERN_LIGHT_GRID
format.PATTERN_LIGHT_TRELLIS
format.PATTERN_GRAY_125
format.PATTERN_GRAY_0625
format.BORDER_NONE
format.BORDER_THIN
format.BORDER_MEDIUM
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format.BORDER_DASHED
format.BORDER_DOTTED
format.BORDER_THICK
format.BORDER_DOUBLE
format.BORDER_HAIR
format.BORDER_MEDIUM_DASHED
format.BORDER_DASH_DOT
format.BORDER_MEDIUM_DASH_DOT
format.BORDER_DASH_DOT_DOT
format.BORDER_MEDIUM_DASH_DOT_DOT
format.BORDER_SLANT_DASH_DOT

workbook:define_name(name, formula)

Function taking two string arguments. The first string is the name to define. The second
string is the formula to assign to the name.

workbook:set_properties(props)

Function taking one table argument. The table defines the properties to set. This table

can have keys with the following strings: "title", "subject”, "author", "manager",

"company", "category”, "keywords", "comments™ and/or "status". String values for
these keys will be assigned to the corresponding property in the xlsx file.

workbook:close()

Function taking no argument. Will close spreadsheet file, writing out all data. Note that
no data is written to the file until the workbook is closed. The workbook will not close
automatically when GENES Sexits, so failing to explicitly close the workbook will
result in no xIsx file being created.
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Topology Optimization

5.1

Introduction

Topology optimization is used to find the optimal distribution of material in a given
package space. Unlike shape and sizing optimization, topology optimization does not
require an initial design. Typically, the design starts with a block of material formed by
a large number of finite elements and the topology optimization will “take out” from
the block the unnecessary elements [9].

Topology optimization has a limited number of responses associated with it. These
responses are primarily used to create a stiff and light structure.

Topology optimization can be performed simultaneously with shape/sizing
optimization. By default, all topology and shape/sizing data in an input file will be used.
If a problem has both a topology objective and a shape/sizing objective, they will be
combined into an index objective function with equal weight factors. If a data file has
both types of data the executive control command TOPOLOGY may be used to limit
the optimization to using only the topology data or only the shape/sizing data.

Topology optimization is normally used by design engineers to perform conceptual
designs. After the topology optimization is finished, shape and/or sizing optimization
can be performed to refine the solution. To do the shape/sizing optimization the user
has to re-build the analysis model by taking out the elements that topology has indicated
to be unnecessary.

Topology optimization can also be performed simultaneously with shape, sizing and
the other types of optimization. In this case, the data entries for all types of optimization
can be used simultaneously.

In GENES S topology optimization works by creating design variables associated with
the Young’s modulus and density of each element in the package space. The value of
the design variable ranges between 0.0 and 1.0, where 1.0 indicates that the element has
its normal stiffness and mass, and 0.0 indicates that the element has no stiffness or mass.
Several different relationships between the stiffness and density of an element are
available.

Topology optimization can be used with static, non-linear contact, eigenvalue,
buckling, dynamic, random and heat transfer load cases. The most relevant results are
the displacements, strain energy, grid contact clearance, contact pressure, natural
frequency, buckling load factors, modal/direct/random displacement velocities,
acceleration, temperature and heat transfer compliances (HTC) responses. The
remaining analysis results (e.g., STRESS, STRAIN and FORCES) should only be used
as reference solutions because they are theoretically valid only in the limits of the
design variables (0.0 or 1.0). The reason for this is obvious: material properties are not
really variable. This is just a method to identify which material to keep (design variable
close to 1.0) and which material to discard (design variable close to 0.0).

Geometric responses such as moment of inertia, center of gravity and mass fraction can
also be used in topology optimization.

Fabrication requirements such as minimum member size, maximum member size,
castability, extrusion, stamping and symmetries can be imposed if desired.
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5.2 Topology Design Bulk Data

The topology optimization data is used to:

1. Define design regions where the topology optimization can be applied to take out
or keep material (TPROP).

2. Select the relevant responses (TRESP1, TRESP2, TRESP3, ) to be used as
constraints (TCONS, TCONS?2) or the objective function (TOBJ, TINDEX).

3. Select optional symmetry planes and/or fabrication constraints(TSYM1, TSYM2 or
TSYM3).

4. Select optional design regions that will be cloned from original design regions.
(TPROPC).

5. Optionally define extra variables, constant values and equations to be used for
synthetic responses (TVAR, DTABLE, DEQATN, TSELECT).

6. Optionally define a special shedule for the power rule method (TCYCLE).
The collection of the designable regions, planes of symmetry, constraints and objective

function define the topology model. The topology design data is used to relate the
analysis model with the topology design model.

Sizing, shape and other optimization types can be used simultaneously with topology
optimization.
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5.2.1 Topology Designable Elements

GENES Scan topologically design almost any element with property data that
references an isotropic material (i.e., a MAT1 data statement). GENES Scan also
topologically design solid elements that reference orthotropic or anistropic material
(MAT11 or MAT9), as well as elements that reference PCOMP/PCOMPG property
data which can reference MAT2 and/or MATS. In addition, heat transfer elements
referencing MAT4 and MATS5 can also be designed. Following is a list of all elements
designable with topology optimization:

TOPOLOGICALLY DESIGNABLE ELEMENTS

Element Property Material

CROD PROD MAT1/ MAT4

CBAR PBAR MAT1/ MAT4

CBEAM PBEAM MAT1/ MAT4

CWELD PWELD MAT1

CTRIA3 PSHELL MAT1/ MAT4/ MAT5
CQUAD4 PSHELL MAT1/ MAT4/ MAT5
CTRIA6 PSHELL MAT1/ MAT4/ MAT5
CQUADS8 PSHELL MAT1/ MAT4/ MAT5
CTRIA3 PCOMP MAT1 / MAT2/ MAT8 | MAT4/ MAT5
CQUAD4 PCOMP MAT1 / MAT2/ MAT8 / MAT4/ MAT5
CTRIA6 PCOMP MAT1 / MAT2/ MAT8 /| MAT4/ MAT5S
CQUADS8 PCOMP MAT1 / MAT2/ MAT8 /| MAT4/ MAT5
CSHEAR PSHEAR MAT1/ MAT4
CTRIAX6 PAXIS MAT1/ MAT4/ MAT5
CTETRA PSOLID MAT1 / MAT9/ MAT11 / MAT4/MAT5
CPYRA PSOLID MAT1 / MAT9/ MAT11 / MAT4/MAT5
CPENTA PSOLID MAT1 / MAT9/ MAT11 / MAT4/MAT5
CHEXA PSOLID MAT1 / MAT9/ MAT11 / MAT4/MAT5
CHEX20 PSOLID MAT1 / MAT9/ MAT11 / MAT4/MAT5

These element can be simultaneously designed. All other elements can be used in the
model, but cannot be designed.
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5.2.2 Topologically Designable Region Selection
To select a designable region the user needs to specify a group of elements. All
elements referencing a given property 1D are made designable with the TPROP data
statement.
The basic format for TPROP is:
1 2 3 4 5 6 7 8 9 10
TPROP| ID [PTYPE| PID INIT
The ID is a unique identification number to identify the TPROP data. The ID is used by
the program to report errors to the user. PTYPE is the property type. PID is the property
identification number. All elements that reference PID will be designed. INIT is the
initial value of the topology design variables.
Typically, INIT is defined to match the mass fraction constraint, so the initial design
does not have violated constraints. For example, if the mass fraction is constrained to
40%, then it is suggested that INIT = 0.4
The topology design variables are created automatically by the program. Usually, there
is one design variable per element. When symmetry planes are used normally there will
be one design variable per pair of symmetric elements.
Example:
Consider the following mesh that contains 20 CQUADA4 element and each has the same
property defined in PSHELL 100:
If the topology optimization task is to design each of the 20 elements, the following data
could be created:
1 2 3 4 5 6 7 8 9 10
TPROP| 1 [PSHELL| 100 0.4
With this data GENES Swill internally create 20 design variables. Each of the design
variables will have an initial value of 0.4.
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Multiple TPROP entries are allowed in the input data. At most one TPROP entry may
reference a given property ID.
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5.2.3 Relationships Between Design Variables and Material
Properties
GENES Suses the density based method to solve the topology optimization problem.
This method requires the creation of relationships between the design variables and the
materials.
The typical relationship (POWER rule, which is the GENES S default) is:
RV1
E(X) = EjRV2 + Ej(1-RV2)X (Eq. 5-1)
pP(X) = poX (Eq. 5-2)
TMIN<X<1.0 (Eq. 5-3)
where
E(X) - Young’s modulus
Eo - Initial Young’s modulus (this is the value in MAT1)
p(X) - Density
Po - Initial density (this is the value in MAT1)
X - Topology design variables which represents the volume fraction
(fraction of solid material)
TMIN - Minimum value of the topology design variable.
RV1 - Real value supplied by user (Typically: 2.0 < RV1<3.0)
E
RV2 - Real parameter representing ———EWN , Where Eyyn 1S the minimum value
0
Young’s modulus is allowed to take. (0.0 < RV2 < 1.0, Typically
RV2=10" which is the Default)
These equations create a heuristic relationship between the Young’s modulus and the
density. In theory the relationships are true only if the design variables are 0.0 or 1.0. If
a design variables is 1.0 then what this means is that its corresponding element is
needed. If the design variable is 0.0 then its corresponding element is not needed and
therefore it can be taken out of the model. For numerical computation purposes, either
TMIN or RV2 must be provided (should be nonzero) to avoid singularity of the stiffness
matrix.
The relationships above are not the only possible ones. The following relationships are
also available in GENESI S
1-RV1)RV?2
E(X) = Eg RVI[X + RV2(1 - X)] + L=RVIIRV2 Eq. 5-4
(X) o{ [ (1-X)] (sz_l)x+1} (Eq. 5-4)
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RV1

RV2
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p(X) = po[X+RV3(1-X)] (Eq. 5-5)

TMIN<X<1.0 (Eg. 5-6)

Young’s modulus

Initial Young’s modulus (this is the value in MAT1)

Density

Initial density (this is the value in MAT1)

Topology design variable which represents the volume fraction.
Minimum value of the topology design variable.

Hybridization parameter between Voigt (RV1=1.0) and Reuss
(RV1=0.0) mixing. (0.0 < RV1 < 1.0) Default = 0.

. E : -
Real parameter representing —I’\Eﬂm , Where Eyyn 1S the minimum value

0
Young’s modulus is allowed to take. (0.0 < RV2 < 1.0, Typically

RV2=10"® which is the Default)

Real parameter representing % , PmiN IS the minimum value that the
0

density is allowed to take. (0.0 < RV3 < 1.0, Typically Rv3=10" which
is the Default)

These relationships are the “MIX” rule.
1. IfRV1=0.0 (The Default for “Mix™).

RV2
ECO = Bomvz_Dx+1 (Ea.5-7)
P(X) = po[X+RV3(1-X)] (Eq. 5-8)
This case corresponds to the Reuss mixing rule (isostress).
2. IfRV1=10
E(X) = Eg[X+RV2(1-X)] (Eqg. 5-9)
P(X) = po[X +RV3(1-X)] (Eq. 5-10)

This case corresponds to the Voigt mixing rule (isostrain).
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The input data to specify these relationships is:

1 2 3 4 5 6 7 8 9 10

TPROP ID PTYPE| PID INIT

+ “‘RULE” | RTYPE| RV1 RV2 RV3

The RTYPE keyword could be POWER or MIX. POWER is used to create the power
relationship and MIX is used to create the mix relationship. The default rule type is
POWER. The POWER rule uses RV1 and RV2 and ignores RV3.

Progressive Rule

The value of RV1 is normally constant, however the use of a varying RV1 can be turned
on with the DOPT parameter TCYCLEM. The TCYCLE entry defines a schedule of
RV 1 changes as the design cycles progress, allowing for the use of a progressive power
rule.
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5.2.4 Move Limits in Topology Optimization

As in size and shape optimization, GENES Stopology optimization uses an
approximate problem to solve the optimization problem more efficiently. In general,
the approximations are accurate close to the design variable value at which they were
constructed. This makes it necessary to limit the range of design variable values for
which the approximations are used. These limits will be used as temporary bounds in a
particular design cycle. At the end of the optimization the move limits should not have
affected the results.

The data to specify these move limits are; DELT and DTMIN. DELT is the fractional
move limit. DTMIN is the minimum move limit. Their defaults are 1.0E-6 and 0.2
respectively. These defaults can be changed using the DOPT bulk data entry. Also,
these values can be changed for an individual topology region using TPROP.

The input data to specify move limits is:

1 2 3 4 5 6 7 8 9 10

TPROP ID PTYPE| PID INIT TMIN | DELT | DTMIN

The temporary bounds created using move limits at design cycle i for design variable
X are:

LB, = MAX[TMIN, X; - MAX(DELT*X;, DTMIN)] (Eq. 5-11)

UB, = MIN[1.0, X; + MAX(DELT*X,, DTMIN)] (Eq. 5-12)
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5.2.5 Fabrication Constraints
Fabrication constraints are used to enforce manufacturing requirements such as
symmetry, extrusion and draw direction.
The data to specify these fabrication constraints are especified on TSYM1, TSYM2 or
TSYM3 data entries. TSY Mi entries are referenced on field 9 by referencing the TSYM
identification number TSYMID:
1 2 3 4 5 6 7 8 9 10
TPROP| ID |PTYPE| PID INIT [ TMIN | DELT | DTMIN |[TSYMID
For more detatil on defining symmetry planes see Defining the Symmetry Planes
for Fabrication Constraints (p. 378).
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5.2.6 Extended Topology Regions

Typically a topology region references one property and when multiple properties are
to be topologically designed then multiple TPROP entries are created. This case works
well for most situations, but occasionally we would like to make one topology region
reference multiple property 1Ds so that fabrication constraints can be enforced across
multiple properties.

To handle this situation, the TPROP entry allows for optional continuation lines to list
all additional properties

The format of TPROP with multiple properties is:

1 2 3 4 5 6 7 8 9 10
TPROP ID PTYPE PID INIT TMIN DELT DTMIN | TSYMID

+ “PLINK” PID1 PID2 PID3 PID4 PID5 PID6 PID7 PID8

+ PID9 PID10 -etc.-

Master Property

The property which is listed in the first line, in the field 4 of the TPROP entry is called
master property.

Slave Properties
The properties that are listed in the PLINK list are called slave properties.

Slave properties can only have one master property. Slave properties have to be of the
same type as the master property (e.g., a PBAR master can not have a PBEAM as a
slave property).
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5.2.7 Cloned Topology Regions

The previous section (Extended Topology Regions (p. 359)) described the process of
combining multiple property IDs in a single topology region for the purpose of
enforcing fabrication constraints across the whole collection of properties. There is
another way to extend a topology region across multiple property IDs, such that the
same final topology result is copied onto each property. This process is called cloning,
and is specified using the TPROPC input data.
TPROPC data can be used to:
1. Define one or more regions as clones of an original design region
2. Define clones of parts that are symmetric by themselves
3. Define clones of parts that have fabrication constraints
4. Define clones that are translated and/or rotated copies of an original
5. Defined clones that are scaled versions of an original
The basic format for TPROPC is:

1 2 3 4 5 6 7 8 9 10
| TPROPC | ID | PTYPEC | PIDC | cinc | PTYPEP | PIDP | ciop | | |
Example:

1 2 3 4 5 6 7 8 9 10
| TPROPC | 12 | PSHELL | 101 | 2 | PSHELL | 100 | 1 | | |
The parent property 1D (PIDP) must be designed using TPROP.
Cloning works as follows: Imagine translating and rotating the parent property and its
coordinate system such that the parent coordinate system (CIDP) is aligned with the
clone coordinate system (CIDC). Any place in the clone that overlaps this shifted parent
phantom is forced to have the same topology value as the corresponding place in the
parent. Parts of the clone property that do not overlap are designed independently,
although they do inherit any fabrication constraints applied to the parent (shifted to the
parent phantom).
The full format for TPROPC is:

1 2 3 4 5 6 7 8 9 10
TPROPC ID PTYPEC PIDC CIDC PTYPEP PIDP CIDP

+ SCALEX | SCALEY | SCALEZ
If any scale factors are different from 1.0 (the default), then after the parent phantom is
shifted, it is scaled along each axis by the corresponding scale factor. Then the clone
property is checked for overlapping regions. A negative scale factor along any axis will
cause the parent phantom to “mirror flip” along that axis. This could be used to force
mirror symmetry between a parent and a clone.
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Example 1: Simple cloning: Extended region has 1 Master and 5 Slaves. The master is
PSOLID 29. The slaves are PSOLID 110, 56, 137, 83 and 164.

Master Slave Slave Slawe Slave Slave
PID=23% FID=56 FID=83 PID=110 PID=137 PID=164

e e I - S OD-107  ©D=140  CD=144
1 2 3 4 5 6 7 8 9 10
TPROP 1 PSOLID 29 0.3 1
TSYM3 1 44
+
+ 1.25 0.625
TPROPC 2 PSOLID 110 107 PSOLID 29 44
TPROPC 3 PSOLID 56 138 PSOLID 29 44
TPROPC 4 PSOLID 137 140 PSOLID 29 44
TPROPC 5 PSOLID 83 142 PSOLID 29 44
TPROPC 6 PSOLID 164 144 PSOLID 29 44

The following figure shows the results using cloning with no scaling.

Master Slave Slave
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Example 2: Cloning and Scaling. The extended region has 1 Master and 5 Slaves. The
master is PSOLID 29. Slaves are PSOLID 110, 56, 137, 83 and 164. PSOLID 110 is
not scaled. PSSOLD 56 and 137 are sclaed so that their height is 75% of the height of
their master (SCALEY=0.75). PSOLID 83 and 164 ares scaled so that their height is
50% of their master (SCALEY=0.5).

1 2 3 4 5 6 7 8 9 10
TPROP 1 PSOLID 29 0.3 1
TSYM3 1 44

+

+ 1.25 0.625

TPROPC 2 PSOLID 110 107 PSOLID 29 44

TPROPC 2 PSOLID 110 107 PSOLID 29 44

TPROPC 3 PSOLID 56 138 PSOLID 29 44
+ 1.0 0.75 1.0

TPROPC 4 PSOLID 137 140 PSOLID 29 44
+ 1.0 0.75 1.0

TPROPC 5 PSOLID 83 142 PSOLID 29 44
+ 1.0 0.5 1.0

TPROPC 6 PSOLID 164 144 PSOLID 29 44
+ 1.0 0.5 1.0

The following figure shows the results using cloning and scaling.

Master Slave Slave
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The following figure shows results comparing three cases. The first case in the first
column shows topology optimization results without using cloning. The second case in
the second column shows results when clones are used without scaling. The third case
in the third column shows results using cloning and scaling.

‘Igll LR

Master Slave Slave IMaster Slave Slave

S

Master  Slave Slave Master Slave Slave

Notes:

The size of the master or slave parts does not matter. The slaves can be either smaller,
or similar or larger than the masters.

The relative location of the coordinate systems of the master and the slaves defines the
relative location of the cloned areas.

If a slave is hypothetically moved by the relative location and it does not coincide with
the master, then no element in the slave region will be cloned.

Elements associated to the slave properties that do not have corresponding element in
the master are still designed. These elements are designed using the same fabrication
constraints as the parent.

The minimum and maximum member size of the slaves are scaled according the the
scale factors specified by the user.
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When minimum member size is used (defined in TSYM1, or TSYM2 or TSYMS3 that
is reference in the TPROP associated to the master), the meshes of the slaves (clones)
do not need to have identical (in size and/or in shape) elements that match its master.
In fact, a mesh assembled with triangular elements could be cloned to a mesh assambled
with quadrilateral elements. On the other hand, if minimum member size is not used
the slave(cloned) mesh needs to have elements that match its master. In this case, if not
element in the slave mesh matches the element of its parent then no cloning occurs and
the elements are designed independently.

When scaling is used and non member size is used, the mesh of the slaves have to be
scaled version of the master mesh. To avoid this limitation, when using scalings on
cloning, minimun member sized should be used.

Symmetric cloning:

To get clones that are symmetric copies of its parent, negative scales factors are
typically need. In other words, SCALEX or SCALEY or SCALEZ typically needs to
be -1.0 for symmetric cloning.
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5.2.8 Selecting Responses
GENES Scan select any of the following structural analysis responses to be used in
topology optimization:
Response Type Description
(RTYPE)
MASSFR Fractional mass associated with the referenced property or total fractional
mass
DISP Displacement
SPCF Reaction force
FREQ Frequency
SENERGY ([ Strain energy associated with the sum of the strain energies referenced
properties or the total strain energy
VMINDEX | Global von Mises stress index
TEMP Temperature
HTC Heat transfer compliance.
RELDISP Relative displacement
CDISP Grid contact clearance
CPRESS Grid contact pressure or Grid glue connection pressure
INERTIA System inertia
LAMA Buckling eigenvalue
DDISP, Dynamic displacement calculated by direct frequency response
DDISPS, Shifted dynamic displacement calculated by direct frequency response
DVELO Dynamic velocity calculated by direct frequency response
DVELOS Shifted dynamic velocity calculated by direct frequency response
DACCE Dynamic acceleration calculated by direct frequency response
DACCES Shifted dynamic acceleration calculated by direct frequency response
MDISP Dynamic displacement calculated by modal frequency response
MDISPS Shifted dynamic displacement calculated by modal frequency response
MVELO Dynamic velocity calculated by modal frequency response
MVELOS Shifted dynamic velocity calculated by modal frequency response
MACCE Dynamic acceleration calculated by modal frequency response
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MACCES Shifted dynamic acceleration calculated by modal frequency response
RMSDISP | Random root mean square dynamic displacement calculated by modal or
direct frequency response
RMSVELO | Random root mean square dynamic velocity calculated by modal or direct
frequency response
RMSACCE | Random root mean square dynamic acceleration calculated by modal or
direct frequency response
RMSSTR Random root mean square dynamic stress calculated by modal or direct
frequency response
PSDDISP Random power spectral density dynamic displacement calculated by modal
or direct frequency response
PSDVELO | Random power spectral density dynamic velocity calculated by modal or
direct frequency response
PSDACCE |Random power spectral density dynamic acceleration calculated by modal or
direct frequency response
PSDDS Shifted random power spectral density dynamic displacement calculated by
modal or direct frequency response
PSDVS Shifted random power spectral density dynamic velocity calculated by modal
or direct frequency response
PSDAS Shifted random power spectral density dynamic acceleration calculated by
modal or direct frequency response
PSDSTR Random power spectral density dynamic stress calculated by modal or direct
frequency response
UFDISP User function of dynamic displacement calculated by modal or direct
frequency response
UFVELO User function of dynamic displacement calculated by modal or direct
frequency response
UFACCE User function of dynamic acceleration calculated by modal or direct
frequency response
UFDISPS | Shifted user function of dynamic displacement calculated by modal or direct
frequency response
UFVELOS | Shifted user function of dynamic displacement calculated by modal or direct
frequency response
UFACCES | Shifted user function of dynamic acceleration calculated by modal or direct
frequency response
ERP Equivalent radiated power
ERPS Shifted equivalent radiated power
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The TRESP1 data is used to tag the desired responses from analysis for the topology
design model.

The format for the TRESP1 data is:

1 2 3 4 5 6 7 8 9 10

TRESP1| ID LABEL | RTYPE | PTYPE ATTA | ATT1

Each TRESP1 has a required unique ID and an optional LABEL that can be used to
identify it in the program output. The response type (RTYPE) must be MASSFR, DISP,
SENERGY, FREQ, etc.

If the response is MASSFR and the PTYPE is a property type or PROP then the ATT1
is a property id. If the PTYPE is blank then the rest of the fields are not used. The mass
fraction is the mass divided by the mass calculated if all design variables are 1.0.

If the response is SENERGY then the ATTi fields are optionanally used. When one or
more property IDs are listed this response is calculated by adding the strain energy of
each element associated to all the listed properties. ATTA is not used for SENERGY.

If the response is DISP or RELDISP or SPCF or CDISP or CPRESS then PTYPE field
is not used, the ATTA corresponds to component number and the ATT1 corresponds to
agrid ID.

In addition, responses selected by DRESP1 may also be influenced by the topology
regions, and therefore any responses selectable on DRESP1 can effectively also be used
in topology optimization. Care should be taken with DRESP1 stress responses on
topology designed regions, as the stresses calculated with an intermediate Young’s
modulus may not be realistic.
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The RTYPE, PTYPE, ATTA and ATT1 data are summarized in the table below

RESPONSE RTYPE PTYPE ATTA ATTi
Static DISP Blank Displacement | Grid or Spoint
Displacement component ID, “THRU” or
code (1-7). “ALL"
Static Relative RELDISP Blank Displacement | Grid or Spoint
Displacement component ID
code (1-7).
Reaction Force SPCF Blank Reaction Force| Grid or Spoint
component ID
code (1-7).
Grid Contact CPRESS Blank Cpress Grid ID,
Pressure component “THRU” or
code (1). “ALL"
Natural FREQ Mode number Blank Blank
Frequency
Mass Fraction MASSFR Blank or PROP Blank Blank or
Property ID
Static Strain SENERGY | Blank or PROP or Blank Blank or
Energy PAXIS or PBAR or PBARL Property ID
or PBEAM or PBEAML or
PBUSH or PROD or
PSHELL or PSHEAR or
PCOMP or PCOMPG or
PSOLID or PELAS or
PVECTOR or PBUSH or
PBUSHT or PGARP or
PWELD or PK2UU
Von mises VMINDEX | Blank Blank Blank
index stress
Temperature TEMP Blank Blank Grid 1D,
“THRU"” or
SALL”
Heat Transfer HTC Blank Blank Blank
Compliance
System Inertia INERTIA Blank Inertia item Blank
Matrix code (1-22)
Component
Buckling Load LAMA Mode number Blank Blank
Factor
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Dynamic
Displacement,
Velocity,
Acceleration
(From Direct
Loadcases)

DDISP,
DVELO,
DACCE

Blank

Component
code (1-24)

Grid or Spoint
ID

Shifted
Dynamic
Displacement,
Velocity,
Acceleration
(From Direct
Loadcases)

DDISPS,
DVELOS,
DACCES

Blank

Component
code;(1-6)

ATTL: ID.

ATTi (i>1):
Grid or Spoint
ID

Dynamic
Displacement,
Velocity,
Acceleration
(From Modal
Loadcases)

MDISP,
MVELO,
MACCE

Blank

Component
code (1-24)

Grid or Spoint
ID

Shifted
Dynamic
Displacement,
Velocity,
Acceleration
(From Modal
Loadcases)

MDISPS,
MVELOS,
MACCES

Blank

Component
code: (1-6)

ATTL: ID.

ATTi (i>1):
Grid or Spoint
ID

Random
Dynamic
Displacement,
Velocity,
Acceleration
(From Direct or
Modal
Loadcases)

RMSDISP,
RMSVELO,
RMSACCE

Blank

Component
code (1-6)

Grid or Spoint
ID

Random

Power Spectral
Density
Dynamic
Displacement,
Velocity,
Acceleration
(From Direct or
Modal
Loadcases)

PSDDISP,
PSDVELO,
PSDACCE

Blank

Component
code (1-6).

Grid or Spoint
ID
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Shifted Random PSDDS, Blank Component ATT1: ID.
PSDVS code (1-6).
Power Spectral '
Denspity PSDAS ATTI (i>1):
Dynamic IGDrld or Spoint
Displacement,
Velocity,
Acceleration
(From Direct or
Modal
Loadcases)
User Function UFDISP, Blank Field Pointitem| Field Point ID
of Dynamic UFVELO, code (Defined in
Displacement, UFACCE 1: Magnitude | UFDATA file)
Velocity, 2: Phase
Acceleration 3: Real
4: Imaginary
Shifted UFDISPS, |[Blank Component ATTL: ID.
. UFVELOS code
User Function ' . - .
of Dynamic UFACCES 1: Magnitude | ATTi (i>1):Field
Displacement, Po!nt ID. Fleld
Velocity, Pomt Deflnepl
Acceleration in UFDATA file.
(From Direct or
Modal
Loadcases)
Equivalent ERP Blank Item code Element set ID
Radiated Power 1: Standard (Specified in
scale ERPPNL entry)
2: Decibel
Scale
Shifted ERPS Blank Component ATT1: DSHIFT
. de ID.
Equivalent C?
Radiated Power 1: Standard
scale Element set ID
2: Decibel (Specified in
Scale ERPPNL entry)

response types:

The following examples show the preparation of TRESP1 input data for different

To tag the system mass fraction (mass fraction of all designed elements) the input data

IS:
1 2 3 8 9 10
TRESP1| 21 MASSF
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Note that the TRESP1 ID is 21, the optional label is not used, and that the PTYPE,
ATTA and ATT1 are blank. To tag the mass associated with property number 45, the
data entry is:

1 2 3 4 5 6 7 8 9 10
TRESP1| 22 MASSF | PROP 45
R

To tag the u displacement of grid 78 the data entry is:

1 2 3 4 5 6 7 8 9 10

TRESP1| 23 u_78 DISP 1 78

Note that the PTYPE is left blank.
To tag the third system frequency the data entry is:

1 2 3 4 5 6 7 8 9 10

TRESP1| 24 MODE3| FREQ 3

Note that the LABEL is MODE3 and that the ATTA and ATT1 data are left blank.

To tag the system strain energy the data entry is:

1 2 3 4 5 6 7 8 9 10

TRESP1| 25 ENERG |SENERGY
Y

Note that the LABEL is SENERGY and that the ATTA data is left blank.
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5.2.9 Topology Design Objective Function
There are two types of data, TOBJ and TINDEX, to select the objective function. TOBJ
is to select a single response and TINDEX is to construct an objective function that is
a linear combination of responses or their reciprocals. Only one of TOBJ or TINDEX
may appear in the input data.
The TOBJ data is used to flag one of the TRESP1 responses as the topology design
objective function. The format of the TOBJ input data is:
1 2 3 4 5 6 7 8 9 10
TOBJ | RID |[LABEL| LID |MIN/MA
X
The RID corresponds to the TRESP1 ID that is to become the objective function
response. The optional LABEL is used to help to identify the objective function in the
program output. The LID corresponds to the LOADCASE number from which the
response will be calculated (default is the first LOADCASE). The load case specified
by LID must be a static or eigenvalue load case. Finally, the last data specifies whether
the objective function is to be minimized or maximized (default is minimized). If the
RID corresponds to MASSFR then the LID is ignored.
For example, the TOBJ data for strain energy minimization could be:
1 2 3 4 5 6 7 8 9 10
TOBJ 10 |MIN_SE| 100
TRESP1| 10 |ENERG [SENERGY
Y
Here 10 is the TRESP1 ID that tags the system strain energy. The 100 indicates that the
strain energy calculated in load case 100 is to be used.
The objective function to maximize the first natural frequency could be:
1 2 3 4 5 6 7 8 9 10
TOBJ 20 |MAX_FRQ| 200 MAX
TRESP1| 20 |[MODE1| FREQ 1
Here 20 is the TRESP1 ID that tags the frequency. The 200 indicates that the frequency
calculated in load case 200 is to be used.
The TINDEX data is used to specify the responses the user want to be included in a
compliance index objective function. This is done by specifying TRESP IDs, weighting
factors and LOADCASE numbers in the format:
1 2 3 4 5 6 7 8 9 10
TINDEX RID1 LID1 w1 RID2 LID2 W2
+ RID3 LID3 w3 -etc.-
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RIDi is the response number, LIDi is the load case number and Wi is the weighting
factor.

TINDEX is an alternative way to select a topology objective function. The compliance
index function is a weighted sum of of response terms. How each term enters into the
index function depends of the DOPT parameter, TINDEXM.

If TINDEXM, is 0 or 1, then responses are normalized by their values in the first design
cycle. If TINDEXM is 2 or 3, then responses are not normalized.

* TINDEXM =0o0r1

o Response; (Eq. 5-13)
' |Responsey| '

* TINDEXM =2o0r3
R; = Response; (Eq. 5-14)

The compliance index objective function is calculated using the following equation:

T=Y1 (Eq. 5-15)
i=1

If the DOPT parameter TINDEXM is 0 or 2, then the compliance index objective
function terms are calculated using reciprocals for negative weighting factors. If
TINDEXM is 1 or 3, then the compliance index objective function is a straight
summation.

* TINDEXM =0or 2
f.=49 -W, Eg. 5-16
! = if W;<0 (Fq. 5-16)

« TINDEXM =1 or 3
(Eq. 5-17)
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If the weighting factor, W;, is the word MULT or DIV, then the corresponding
response, R;, does not make a new term f; in the compliance index function. Instead, R;
multiplies or divides the immediately previous term f; (j < i) in the compliance index
function for which a real weighting factor was given. For example:

1 2 3 4 5 6 7 8 9 10
TINDEX 1 101 1.0

+ 2 102 MULT

+ 3 103 2.0

+ 4 104 DIV

R
For the above entry, the objective functionis T = R;R, + 2.0R—3
4

Typically, the compliance index relationship is used for combining strain energies
and/or frequency responses. In this case typically the weighting factor used are positive
for the strain energy responses and negative for frequency responses.

The reason for this is that GENES Swill minimize the compliance index function. The
choice of a positive weighting factor for strain energy and negative for frequency will
make the structure stiffer.

The TINDEX function also accepts the use of MASSFR or DISP responses.

In any case, it is up to the user to decide the sign of the weighting factors.
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Examples:
Minimize
Tl = 1.0 x (SEnergy) (load case 10) + 100 x Freq (mode 1, load case 20 initial)

SEnergy (load case 10 initial) Freq (mode 1, load case 20)
The data for this problem could be:

1 2 3 4 5 6 7 8 9 10
TRESP1 1 ENERGY [SENERGY

TRESP1 2 MODE1| FREQ 1

$
TINDEX 1 10 1.0
+ 2 20 -100.0
DOPT

+ TINDEX 0
M

Since the default value of the TINDEXM parameter is 0, the DOPT data statement is
not required.

Instead of using the reciprocal of the frequencies in the compliance index function the
user could use the negative components as it is shown in the next problem:

Tl = 1.0 x (SEnergy) (load case 10) 100 x Freq (mode 1, load case 20 )
SEnergy (load case 10 initial) Freq (mode 1, load case 20 initial)

The data for this problem could be:

1 2 3 4 5 6 7 8 9 10

TRESP1 1 ENERG |SENERGY
Y

TRESP1 2 MODE1| FREQ 1

$
TINDEX 1 10 1.0

+ 2 20 -100.0
DOPT

+ TINDEXM 1

In this case the DOPT parameter TINDEXM is required to override the default value of
0.
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100.0
Freq (mode 1, load case 20)

Minimize Tl = 1.0*Strain Energy (load case 10) +

The data for this problem could be:

1 2 3 4 5 6 7 8 9 10

TRESP1 1 ENERGY [SENERGY

TRESP1 2 MODE1| FREQ 1

$
TINDEX 1 10 1.0
+ 2 20 -100.0
DOPT
+ TINDEX 2

M

Instead of using the reciprocal of the frequencies in the compliance index function the
user could use the negative components as it is shown in the next problem:

Tl = 1.0*Strain Energy (load case 10) — 100*Freq (mode 1, load case 20)
The data for this problem could be:

1 2 3 4 5 6 7 8 9 10

TRESP1 1 ENERG |SENERGY

TRESP1| 2 |MODE1| FREQ 1

$
TINDEX 1 10 1.0
+ 2 20 -100.0
DOPT

+ TINDEXM 3

In this case the DOPT parameter TINDEXM is required to override the default value of
0.
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5.2.10 Topology Constraints

The TCONS data is used to place lower and upper bound constraints on the TRESP1,
TRESP2 or TRESP3 responses. This is done by specifying the TRESPx ID,
LOADCASE number, and lower and upper bound values in the format:

1 2 3 4 5 6 7 8 9 10

TCONS| RID LID1 LB1 UB1 LID2 LB2 uB2

+ LID3 LB3 UB3

Here LIDi is the load case number, LBi and UBi are respectively the lower and upper
bounds for load case i.

Note that different bounds can be used in different load cases and that the responses do
not have to be constrained in all load cases. If the response has the same bound in all
the load cases then the following alternate format of TCONS can be used:

1 2 3 4 5 6 7 8 9 10

TCONS| RID “ALL” LB1 UB1

If this format is used in input data that contains static and frequency load cases,
GENES Swill only constrain the responses in the appropriate load cases (static
responses in static load cases, frequency responses in frequency calculation load cases).

If the RID corresponds to MASSFR then the LID is ignored.

For FREQ responses only one bound is allowed per TCONS data. If the two bounds are
needed simply use two TRESP1-TCONS sets.

Constraints can also be defined using the TCONS2 entry. The purpose of TCONS?2 is
to use constraint bounds relative to a response’s initial value. The format of TCONS2
is similar to TCONS:

1 2 3 4 5 6 7 8 9 10

[TCONS2| RID LID1 LBF1 | UBF1 LID2 LBF2 | UBF2

+ LID3 LBF3 | UBF3

where, LBFi is a factor that scales the intial value of the response to calculate the actual
lower bound and UBFi is a factor that scales the intial value of the response to calculate
the actual upper bound.
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5.2.11 Defining the Symmetry Planes for Fabrication Constraints

Each topology region can be designed using a different set of symmetry planes and
fabrication constraints. Symmetry planes and the fabrication constraints can be defined
using TSYML1, TSYM2 or TSYM3 entries. These entries must to be referenced by
TPROP entries to be used.

Defining the Symmetry Planes

The TSYML1 entry is used to create a fabrication system using 3 grids. The basic format
used in TSYML1 is:

1 2 3 4 5 6 7 8 9 10

TSYM1 ID Gl G2 G3

The ID is the TSYM identification number. G1, G2 and G3 are the grid identification
numbers of three non-colinear grids. The XZ plane is the plane containing G1,G2,G3
(asinthe XZ plane of a CORD1R coordinate system created with G1, G2, G3). The XY
plane is the plane that contains G1 and is normal to the line defined by G1 and G2. The
YZ plane is the plane that is perpendicular to the ZX and XY planes and contains the
grid G1.

Plane ZX

Plane YZ

Figure 5-1

The TSYM2 entry is used to create a fabrication system using 3 points. The basic
format used in TSYM2 is:

1 2 3 4 5 6 7 8 9 10
TSYM2 ID CID Al A2 A3 Bl B2 B3
+ C1 C2 C3
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The ID is the TSYM identification number. (A1,A2,A3), (B1,B2,B3) and (C1,C2,C3)
are the coordinates of the 3 points written in the CID coordinate system. The three point
must not be colinear.

The XZ plane is the plane containing (A1,A2,A3), (B1,B2,B3) and (C1,C2,C3) points
(as in the XZ plane of a CORD2R coordinate system created with (A1,A2,A3),

(B1,B2,B3), (C1,C2,C3). The XY plane is the plane that contains the point (A1,A2,A3)
and is normal to the line defined by (A1,A2,A3) and (B1,B2,B3). The YZ plane is the
plane that is perpendicular to the ZX and XY planes and contains the point (A1,A2,A3).

Plane YZ

Figure 5-2

The TSYM3 data is used to set coordinate system as a fabrication system.The basic
format used in TSYM3 is:

1 2 3 4 5 6 7 8 9 10

TSYM3 ID CID

The ID is the TSYM identification number. The CID number corresponds to a
coordinate system identification number.

The planes of symmetries are built using the axis of the selected coordinate system. In
other words, The XY symmetry plane is the plane containing the X and Y axis of the
coordinate system. The YZ symmetry plane is the plane containing the Y and Z axis of
the coordinate system. Finally, the ZX symmetry plane is the plane containing the Z and
X axis of the coordinate system.
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5.2.12 Defining the Fabrication Constraints

The fabrication constraints are defined in TSYM1, TSYM2 or TSYM3 data. Sixteen
varieties of fabrication constraints are currently available for each the three directions
plus uniform XYZ make a total of 55 types of fabrication constraints:

TYPE Description of Fabrication Constraints
MXY Mirror symmetry with respect to the XY plane
MYZ Mirror symmetry with respect to the YZ pane
MzX Mirror symmetry with respect to the ZX plane

CX Cyclic symmetry about the X axis

CY Cyclic symmetry about the Y axis

Ccz Cyclic symmetry about the Z axis

EX Extrusion along the X axis

EY Extrusion along the Y axis

EZ Extrusion along the Z axis

PX Periodic pattern repetition in the X direction

(with user specified pitch pattern distance DISTX)

PY Periodic pattern repetition in the Ydirection

(with user specified pitch pattern distance DISTY)

Pz Periodic pattern repetition in the Z direction

(with user specified pitch pattern distance DISTZ)

POX Symmetric Periodic pattern repetition in the X and -X
directions

(with user specified pitch pattern distance DISTX)

POY Symmetric Periodic pattern repetition in the Y and -Y
directions

(with user specified pitch pattern distance DISTY)

POz Symmetric Periodic pattern repetition in the Z and -Z
directions

(with user specified pitch pattern distance DISTZ)

FBX Filling in the +X direction
FBY Filling in the +Y direction
FBZ Filling in the +Z direction
FTX Filling in the -X direction
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FTY Filling in the -Y direction
FTZ Filling in the -Z direction
FSX Filling simulatneously from +X and -X directions

(fill from the outside in)

FSY Filling simulatneously from +Y and -Y directions
(fill from the outside in)

FSz Filling simulatneously from +Z and -Z directions
(fill from the outside in)

FGX Filling in +X and -X directions from general surface
(fill from the inside out)

FGY Filling in +Y and -Y directions from general surface
(fill from the inside out)

FGZ Filling in +Z and -Z directions from general surface
(fill from the inside out)

FOX Filling symmetrically from X=0.0 toward the top and
bottom
(filling from the inside out)

FOY Filling symmetrically from Y=0.0 toward the top and
bottom
(filling from the inside out)

FOz Filling symmetrically from Z=0.0 toward the top and
bottom
(filling from the inside out)

RBX Radial Filling From the Inner Surface about the X axis
RBY Radial Filling From the Inner Surface about the Y axis
RBZ Radial Filling From the Inner Surface about the Z axis
RTX Radial Filling From the Outer Surface about the X axis
RTY Radial Filling From the Outer Surface about the Y axis
RTZ Radial Filling From the Outer Surface about the Z axis

RGX Radial Filling From the General Surface about the X axis

(from the interior to the inner and outer surfaces)

RGY Radial Filling From the General Surface about the Y axis
(from the interior to the inner and outer surfaces)

RGz Radial Filling From the General Surface about the Z axis
(from the interior to the inner and outer surfaces)

KX Radial Spokes about the X axis
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KY Radial Spokes about the Y axis
KZ Radial Spokes about the Z axis
SBX Sheet forming normal to +X (1 Layer)
(initial configuration starts at the bottom)
SBY Sheet forming normal to +Y (1 Layer)
(initial configuration starts at the bottom)
SBZ Sheet forming normal to +Z (1 Layer)
(initial configuration starts at the bottom)
STX Sheet forming normal to +X (1 Layer)
(initial configuration starts at the top)
STY Sheet forming normal to +Y (1 Layer)
(initial configuration starts at the top)
STz Sheet forming normal to +Z (1 Layer)
(initial configuration starts at the top)
S2X Sheet forming normal to +X (2 Layer)
(initial configuration of first layer starts at the top;
initial configuration of second layer starts at the bottom)
S2Y Sheet forming normal to +Y (2 Layer)
(initial configuration of first layer starts at the top;
initial configuration of second layer starts at the bottom)
S27 Sheet forming normal to +Z (2 Layer)
(initial configuration of first layer starts at the top;
initial configuration of second layer starts at the bottom)
UXY Uniform in planes parallel to the XY plane
uyz Uniform in planes parallel to the YZ pane
uzx Uniform in planes parallel to the ZX plane
Uxyz Uniform value for all elements

The format of TSYM1 with fabrication constraints is:

1 2 3 4 5 6 7 8 9 10
TSYM1 ID Gl G2 G3 n NSECT | DISTX | DISTY | DISTZ
+ TYPEL | TYPE2 | TYPE3
+ SYMVL [ symv2
+ STHICK | PUNCH [VOIDDNS| OFFSET
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2 3 4 5 6 7 8 9 10

TSYM2 ID RID Al A2 A3 Bl B2 B3

+ C1 C2 C3 n NSECT DISTX DISTY DISTZ

+ TYPE1 TYPE2 TYPE3

+ SYMV1 SYMV2 SYMV3 SYMV4

+ STHICK PUNCH |VOIDDNS| OFFSET

The format of TSYMS3 with fabrication constraints is:

1 2 3 4 5 6 7 8 9 10
TSYM3 ID CID n NSECT DISTX DISTY DISTZ

+ TYPE1 TYPE2 TYPE3

+ SYMV1 SYMV2

+ STHICK PUNCH |VOIDDNS| OFFSET

Minimum Member Size

On TSYML1, TSYM2 and TSYMS3, the SYMV1 and SYMV?2 fields are used to
specified the spacing and the spread of the design variables. Together, these control
the minimum member size. The first quantity is used to obtain more buildable
solutions while the second helps to smooth the topology results. SYMV1 is currently

required for all filling and stamping constraints and is optional for extrusion constraints.
Using a larger value for SYMV1 results in fewer design variables.

Maximum Member Size

The SYMV3 and SYMV4 fields are used to specified the maximum member size and
the minimum gap of parts created by topology. SYMV3 and SYMV4 are used to

reduce local mass concentration. SYMV4 requires the use of SYMV3. While SYMV3
requires the use of SYMV 1. The default value of SYMV4 when SYMV3 is present is

SYMV3. If SYMV3 is not used then maximum member size control is not used.

There are no requirements on the value of SYMV3, however if used, it should be larger
than SYMV1+2*SYMV2 to avoid grey answers. Typically, SYMV3 should be 3 times
the size of the actual minimum member size (SYMV1+2*SYMV2).
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Stamping Constraints

STHICK, PUNCH, VOIDDNS and OFFSET are parameters to control the stamping
constraints. STHICK is used to define the thickness of the sheets, PUNCH is to select
between allowing through holes punched in the sheet (YES value) or not (NO value).
VOIDDNS is the density of the voids (a small value such 0.001 is recommended instead
of 0.0 to avoid singularities). OFFSET is a parameter to offset the initial location of the
sheets.

No-Hole option on Casting Constraints

STHICK, PUNCH are parameters to control whether a cast design is allowed to have
through-holes. PUNCH is to select between allowing through-holes (YES value) or not
(NO value). If PUNCH is NO, STHICK is used to define the minimum thickness in the
casting. These parameters can be used to create watertight designs. The default for
PUNCH is YES.
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Use of Mirror Symmetries

Up to three mirror symmetries are allowed per TSYMi data. The finite element mesh
must have the mirror symmetry properties in order for the TSYMi mirror symmetries
to be enforced. The following examples illustrate the use of 3 mirror symmetries.

Example: Triple symmetry conditions:
Impose triple symmetry on all elements referencing PID=101, 102, 103 and 104.
The topology data for this problem could be:

1 2 3 4 5 6 7 8 9 10

$ Topology designable regions

TPROP 1 101 |POWER| 0.3 201
TPROP 2 102 |POWER| 0.3 201
TPROP 3 103 |POWER| 0.3 201
TPROP 4 104 |POWER| 0.3 201

$ Symmetry Plane and Fabrication constraints

TSYM1 201 17 18 19

+ MYZ MzX MXY

Mirror symmetries can also be combined with other fabrication constraints.
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Use of Cyclic Symmetry

The TSYM1, TSYM2 or TSYM3 data entries may be used to enforce cyclic symmetry
in the topology model. The finite element mesh must have the cyclic symmetry property
in order for the TSYMi cyclic symmetry to be enforced. The formats in this case require
using the field that specifies the number of cyclic symmetries n:

1 2 3 4 5 6 7 8 9 10
TSYM1| ID G1 G2 G3 n

1 2 3 4 5 6 7 8 9 10
TSYM2| ID RID Al A2 A3 B1 B2 B3

+ C1 C2 C3 n

1 2 3 4 5 6 7 8 9 10
TSYM3| ID CID n

5 Example: Cyclic Symmetry about the z axis

Impose cyclic symmetry about the z direction on all elements referencing PID=71
forcing that the topology patterns are repeated every 60 degrees.

The topology data for this problem could be:

1 2 3 4 5 6 7 8 9 10

$ Topology designable regions

TPROP 1 71 |POWER| 0.3 255

$ Symmetry Plane, Fabrication constraint and Minimum Size

TSYM1 255 7 18 15 6

+ Ccz
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The TSYM1 255 entry is used in this case defines the x,y,z directions and selects the
cyclic symmetry constraint about the z axis (C2).

The number n=6 (360/60) specifies the number of cyclically symmetric sections about
the z-axis (G;-G,) that should be used. The corresponding elements in each section of

the following figure would be linked.

y
A

- X

n==6
Figure 5-3
Note that the first symmetry section starts at the x-axis in the above figure.
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Use of Extrusion Constraint

Extrusion constraints are used to impose extrusion requirements on a given topology
region. To use this type of fabrication constraint, it is necesary to define a coordinate
system and select the direction of extrusion.

Example:

Extrusion along the z direction

Impose extrusion constraints on the z direction on all elements referencing PID=61, 62,
63, 64 and 65.

The topology data for this problem could be:

1 2 3 4 5 6 7 8 9 10

$ Topology designable regions

TPROP 1 61 [POWER| 0.3 233
TPROP 1 62 [POWER| 0.3 233
TPROP 1 63 [POWER]| 0.3 233
TPROP 1 64 [POWER]| 0.3 233
TPROP 1 65 |[POWER]| 0.3 233

$ Symmetry Plane, Fabrication constraint and Minum Size

TSYM1 233 7 18 15
+ EZ
+ 5.0

The TSYM1 233 entry used in this case defines the x,y,z directions and selects the
extrusion fabrication constraint and its direction (EZ).

Extrusion constraints can be imposed by using one of two different methods. The first
method requires a minimum member size to be specified. The second method requires
that the finite element mesh contain similar elements along the extrusion direction (i.e.,
solid elements created by extruding a 2-D mesh). The first method is necesary for
structures where the mesh is not extruded or when the minimum size is required. If the
SYMV1 field on the TSYMi entry is not blank, then the first method is used, otherwise
the second method is used.
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Use of Filling Constraint

Filling constraints are used to impose fabrication requirements, such as castability,
where it is important that a part does not “lock the mold”. This constraint is imposed by
requiring that material can only be added into the region by “filling up” in a given
direction. To use this type of fabrication constraints it is necesary to define a coordinate
system and select the filling direction (mold pull-off direction).

If the design needs to be watertight, then field PUNCH should be set to NO and
STHICK should be set to the mininum allowable thickness.

Example:

Filling in the +x direction

Impose filling constraints on the +x direction on all elements referencing PID=51, 52
and 53.

The topology data for this problem could be:

1 2 3 4 5 6 7 8 9 10

$ Topology designable regions

TPROP 1 51 [POWER]| 0.3 107
TPROP 1 52 [POWER]| 0.3 107
TPROP 1 53 [POWER]| 0.3 107

$ Symmetry Plane, Fabrication constraint and Minimum Size

TSYM1 107 7 18 15
+ FBX
+ 5.0

The TSYM1 107 entry used in this case is to define the X,y,z directions, and to select
the fabrication constraint (FBX).

To use filling constraints, the SYMV1 field on the TSYMi entry must be given. In this
case a minimum size of 5.0 is used.
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Val —

Filling Types

FTZ
FSZ
J A
“ ex FGY FGZ
Figure 5-4

In red (dark) is the material to keep, in grey (light) are the voids.
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Use of Sheet Forming Constraint

Sheet forming constraints are used to impose fabrication requirements, so that the final
structure can be built using one or two stamped sheets. To use this type of fabrication
constraints it is necesary to define a coordinate system and select the stamping
direction. Holes punched through the sheets can be allowed or disallowed.

Stamping Types

- - =

< S27 SBZ ' STz

In red (dark) is the material to keep, in blue are the voids.

Example: Two Sheets Stamped in the z-direction
The topology data for this problem could be:
1 2 3 4 5 6 7 8 9 10

$ Topology designable regions
TPROP 1 51 POWER]| 0.3 101

$ Symmetry Plane, Fabrication constraint, Minimum Size and Sheet requirements

TSYM1 109 7 18 15
+ S2z
+ 5.0
+ 2.0 NO

The TSYML1 109 entry used is in this case is to define the x,y,z directions, and to select
the fabrication constraint (S22).

The refinement size is 5.0. In other words, the change of curvature in the sheet could be
noticed on ranges of 5.0 units or more.

The desired thickness is 2.0. No punch holes are desired in the sheets.
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Example: One Sheet Stamped in the z-direction
The topology data for this problem could be:

1 2 3 4 5 6 7 8 9 10

$ Topology designable regions

TPROP 1 51 |POWER| 0.3 101

$ Symmetry Plane, Fabrication constraint, Minimum Size and Sheet requirements

TSYM1 120 7 18 15
+ SBZ
+ 5.0
+ 2.0 NO

The TSYM1 120 entry used is in this case is to define the x,y,z directions, and to select
the fabrication constraint (SBZ).

The refinement size is 5.0. In other words, the change of curvature in the sheet could be
noticed on ranges of 5.0 units or more.

The desired thicknes is 2.0. No punch holes are desired in the sheets.
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5.2.13 Combining Fabrication Constraints

Sometimes it is necesary to impose multiple fabrication constraints on a given topology
region simultaneously. Up to three fabrication constraints can be used per region.
However, not all can be mixed together.

Here is a list of the possible combinations in a single topology region:

1.
2.

Two or three mirror symmetry constraints

One cyclic constraint can be mixed with one mirror symmetry as long as the axis of
cyclic symmetry is normal to the plane of mirror symmetry.

One extrusion constraint can be mixed with one or two mirror symmetry
constraints, as long as the extrusion direction is parallel to the plane(s) of mirror
symmetry.

One extrusion constraint can be mixed with one cyclic symmetry constraint, as long
as the extrusion direction and the cyclic axis are the same.

One filling or sheet forming constraint can be mixed with one or two mirror
symmetry constraints, as long as the filling or stamping direction is parallel to the
plane(s) of mirror symmetry.

One filling or sheet forming constraint can be mixed with one cyclic symmetry
constraint, as long as the filling or stamping direction and the cyclic axis are the
same.

One uniform constraint can be mixed with the mirror constraint of the same plane.

More prescisly, here is the list of possible combinations (not including periodic):

MXY+MYZ, MXY+MZX, MYZ+MZX, MXY+MYZ+MZX
CX+MYZ, CY+MZX, CZ+MXY

EX+MXY, EX+MZX, EX+MXY+MZX
EY+MYZ, EY+MXY, EY+MYZ+MXY
EZ+MZX, EZ+MYZ, EZ+MZX+MYZ

EX+CX, EY+CY, EZ+CZ
UYZ+MYZ, UZX+MZX, UXY+MXY

FiX+MXY, FiX+MZX, FiX+MXY+MZX
FiY+MYZ, FiY+MXY, FiY+MYZ+MXY
FiZ+MZX, FiZ+MYZ, FiZ+MZX+MYZ

FiX+CX, FiY+CY, FiZz+CZ
RiX+MXY, RiIX+MYZ, RiX+ MZX,

RiIX+MXY+MYZ,RiX+MXY+MZX,RiX+MYZ+MZX
RiY+MXY, RiY+MYZ, RiY+ MZX,

RiY+MXY+MYZ,RiY+MXY+MZX,RiY+MYZ+MZX
RiZ+MXY, RiZ+MYZ, RiZ+ MZX,
RIZ+MXY+MYZ,RiZ+MXY+MZX,RiZ+MYZ+MZX
RiX+CX, RiY+CY, RiZ+CZ
RiX+EX, RiY+EY, RiZ+EZ
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RiX+CX+EX, RiY+CY+EY, RiZ+CZ+EZ
RiIX+CX+MYZ, RiY+CY+MZX, Ri