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1. EXAMPLE PROBLEMS

The applications of the topology code is demonstrated with the help of a few test examples below.
The examples are supplied together with the software executables (manual_examples.tar).

1.1. Fixed Beam with Central Load

This example demonstrates
1. how to define a problem,
2. how to add a load case,
3. how to define the design part,
4. how to run the problem, and
5. the analysis of the results.
The related files are available in MANUAL/Beam.

1.1.1. Problem Description

This example simulates a beam that is fixed on both ends. A pole with assigned initial velocity of
10m/s hits the beam in the center. The design part is meshed using 5mm? brick elements. The
symmetry of the problem is used to design only half-section of the beam. The geometry and
loading conditions of the beam are shown in Figure 1-1.

L=400mm

H=80mm

Symmetry

W=100mm

Figure 1-1: Geometry and loading condition.

1.1.2. Problem Setup

The project input data is saved to the file beam.Istasc as provided in the examples distribution.
First, the Case icon from the main LS-TaSC GUI has to be selected, Figure 1-2. Specify the name
of the load case, the LS-DYNA input file Beam.dyn and the LS-DYNA executable. The next step
is to define the part to be optimized, Figure 1-3. Select the design part ID 101 and a desired mass
fraction of 0.25. A maximum of 30 iterations are selected to find the optimal topology, Figure 1-4.
Then run the optimization, Figure 1-5.
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Figure 1-2: Definition of load case; specification of load case name, LS-DYNA input file and
execution command.
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Figure 1-3: Definition of design part; specification of design part ID and desired mass
fraction.
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Figure 1-5: Run dialog
1.1.3. Results

The optimization converged after 24 iterations. The results can be visualized using the Topology
history and Model plot options available in the View dialog, Figure 1-6.

The convergence is quantified using the fraction of the elements which is either fully used or
deleted, characterized by the solidification as shown in Figure 1-7.
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Figure 1-7: Topology history solidification and mass redistribution

The final topology is visualized in Figure 1-8. The topologies at different iterations during the
evolution process are shown in Figure 1-9. The final topology evolved in a truss-like structure.
Many holes were carved to satisfy the mass constraint while reducing the non-uniformity in the
distribution of the internal energy density. The final structure was also found to have a reasonably
homogenous distribution of the material as was desired. Topologies at different stages of the
evolution process show that the main features of the structure were evolved by iteration 14. Further
iterations were necessary to bolster the structure by removing the material from relatively non-
contributing zones and redistributing it to the desirable sections such as a 0-1 type topology was

evolved.
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Figure 1-9: Evolution of the geometry shown using density contours.
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1.2. Beam using geometry definitions

This example demonstrates
e how to set up a problem with extrusion definitions, and
e how to set up a problem with casting definitions.

The related files are available in MANUAL/Beam_extr_cast.
1.2.1. Problem Description

The same fixed-beam as described in section 1.1.1 is analyzed with extrusion and casting
definitions. The symmetry face is also defined as the extruded face. In the input deck file, the



elements on the extrusion face were grouped in a solid set (*SET_SOLID). Two different casting
conditions were applied in two separate design runs:

(i) in the first run casting definition was applied in the Z direction, and

(i1) in the second run a two-sided casting definition was applied in the Z direction.
All other parameters were kept the same.

1.2.2. Problem Setup

The project input data is saved to the file Extr_Cast.Istasc and Extr_Cast2.Istasc as provided in
the examples distribution in the directory Beam_extr_cast. Additionally to the setup explained in
section 1.1.2, the extrusion and casting definition has to be specified, Figure 1-10.
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Figure 1-10: Definition of design part with extrusion and casting constraint.
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Figure 1-11: Definition of design part with extrusion and 2-sided casting constraint

1.2.3. Results with extrusion and casting

The optimization converged after 25 iterations. Different phases in the evolution are depicted in
Figure 1-12. One can see that a lot of material was removed early. The final geometry evolved by
considering the geometry definitions was significantly different than the case when no
manufacturing constraints were considered. The C-section evolved makes intuitively sense.
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Figure 1-12: Evolution of the beam using extrusion and single-sided casting constraints
1.2.4. Results with extrusion and two-sided casting
Different phases in the evolution are depicted in Figure 1-13. One can see that a lot of material
was removed early. The final geometry evolved by considering the geometry definitions was

significantly different than the case when no manufacturing constraints were considered. The
I-section evolved makes intuitively sense.
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Figure 1-13: Evolution of the beam using extrusion and two-sided casting constraints.

1.3.  Shell Example

This example demonstrates
e the optimization of a shell structure.
The related files are available in MANUAL/Shell.

1.3.1. Problem Description

The geometry and loading conditions for the example are shown in Figure 1-14.
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Figure 1-14: The geometry and loading conditions of the shell example. The left side is built-
in, while a downward load is applied to the right, back corner.

1.3.2. Prob

lem Setup

The project input data is saved to the file Shell.Istasc as provided in the examples distribution. The
definition of the load case is displayed in Figure 1-14. The input file name and the LS-DYNA
execution command has to be specified. Figure 1-16 shows the definition of the design part. The
design part ID is 1 with a desired mass fraction of 0.3. The design algorithm Optimality criteria
was used, since shell elements are optimized. The variable fraction for deleting elements was

increased to 0.0

5. The convergence tolerance was set to 0.01, Figure 1-17.
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Figure 1-15: Definition of load case
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Figure 1-17: Method dialog; the Design Algorithm was set to Optimality criteria and the
convergence tolerance was increased to 0.01



1.3.3. Results

The simulation converged after 14 iterations. The convergence history for the shell example is
shown in Figure 1-18. There was largely monotonic reduction in the mass redistribution.
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Figure 1-18: Mass Redistribution - Convergence history for the shell example.

The final design is shown in Figure 1-19. The final structure had many cutouts and resembled an
optimized truss-like structure.
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Figure 1-19: Shell thickness fringed on final geometry for the shell problem.

1.4. Simplified Side Impact

This example demonstrates
¢ the use of the multipoint scheme to solve constrained problems, and

e solving for multiple constraints by subdividing parts to create a stiffness gradient.
The related files are available in MANUAL/Sidelmpact.
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1.4.1. Problem Description

The design problem here is that the intrusion constraints require that the B-pillar have a stiffness
gradient. The geometry and loading conditions for the example are shown in Figure 1-20. One
loadcases with two displacement constraints is considered. The part was subdivided into four parts
thereby allowing us to specify a stiffness gradient from the top to the bottom using the four part
mass fractions. The model has 60 000 elements.

-

upper
Load

T N \\\ lower

Figure 1-20: The geometry of the simplified side impact example showing all four design parts

The displacements are monitored at an upper and lower location. Two constraints are defined:
=10 Uppper <1
2uupper/ulower <1
Because of element deletion, some intermediate responses are defined to ensure that a node with
the desired displacement is found.

1.4.2. Problem Setup
The project input data is saved to the file 4mf.Istasc as provided in the examples distribution. The

definition of the design parts with mass fraction 0.3 is displayed in Figure 1-21. The definition of
the constraints and the selection of the multipoint method is displayed in Figure 1-22.
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4 (b pillar top) - mass fraction 0.3
2 (Top) - mass fraction 0.3

3 (bottorn) -
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Figure 1-21: Definition of the four design parts
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1.4.3. Results

Figure 1-22: Definiton of multipoint method and constraints.

The iso-surface with iso-level 0.5 of the final design is shown in Figure 1-25.
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The optimization converges after 22 iterations. The histories for the mass fractions are shown in
Figure 1-23, while Figure 1-24 shows the convergence of the constraint values.
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1.5.

Figure 1-25:

Final design for the simplified side impact problem

Optimization of Multiple Load Cases

This example demonstrates

optimization of multiple load cases,

a symmetry geometry definition,

constraints,

dynamic weighting of load cases,

constrained optimization using multi-point method and
the projected subgradient algorithm.

The related files are available in MANUAL/MLC.

1.5.1. Problem Description

The geometry and loading conditions for the example are shown in Figure 1-26. This is a fixed-
fixed beam with three loads. The three load cases were identified according to the location of the
pole hitting the beam. The design part was meshed with (10mm)?® elements.

20
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Figure 1-26: The geometry and loading conditions of the multiple load case example.

1.5.2. Problem Setup

Figure 1-26 displays the design part definition. The problem is symmetric, so only two load cases
are therefore used and symmetry is defined, (Figure 1-27). The desired mass fraction for this
example is 0.3. The maximal displacements at the centers of impact for both load cases are
constrained to be less than 110, see Figure 1-28. A maximum of 50 iterations are allowed. All
simulations of both load cases of an iteration are run simultaneously.

Edit Part

Neighbor radius ] Geometry Definition =

Default o
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-Geometry definitions

| Name Definition l ]

Coordinate system Symmetry plane

L el zx |
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i——\ ~
Appld oL S
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Figure 1-27: Definition of design part with symmetry condition and mass fraction 0.3.
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Figure 1-28: Definition of constraints — displacement of centers of impact < 110.

Two approaches to solve this optimization problem are executed. The problem is analyzed using
dynamic weighting (mlc_dynweight.Istasc) of the load cases as well as the multi-point method
(mlc_multipoint.Istasc).

Dynamic weighting can be activated in the Weight dialog accessible from the Cases dialog
Dynamic Weights button, Figure 1-29. The multi-point method can be switched on in the
Constraints dialog or Method dialog Multipoint tab, Figure 1-30. Forward differences are used to
optimize the global variables, the mass fraction and the load case weights.

|Ar:ti\.rate dynamic weight5:|

[g ]+[1 ]*|NODOUT_M 2| = (Case MID)

=['3 ]+[1 ]*NODOUT_L (Case LEET)

(concel | [ ox |

Figure 1-29: Definition of dynamic weights
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Figure 1-30: Settings for multipoint method

1.5.3. Results with dynamic weighing

The optimization converged after 47 iterations. The convergence history for the multiple-load
example solved with dynamic weights is shown in Figure 1-31. Results are much improved by the
dynamic weighting. The constraints are reasonably close to the bound as shown in Figure 1-31 due
to the load case weighting computed also shown.
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Figure 1-31: Constraint convergence history for multiple-load case example using dynamic
weighting is shown on the left. Note the improvement with respect to not using dynamic
weighting. The corresponding weight factors are shown on the right.
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Figure 1-32: Various histories of the load case weight for multiple-load case example using
dynamic weighting: mass redistribution, the fraction of elements kept, and the mass fraction.

The evolution of the topology under multiple loading conditions is shown in Figure 1-33. The final
structure evolved in a tabular structure with the two cross-members as legs. The structure had more
material in the center section due to the high importance assigned to the center weight. There were
many cavities in the structure such that the final structure could be considered equivalent to a truss-
like structure as one would expect.

LS-DYNA USER INPUT ) _ - -
Time home/kgtharina.witowski/LSTaSC/MANUAL/V4.1/new_examples/MANUAL/MLC/mIc_dynweight/MID/0.1/Ist_VariableFraction.k

Contours of Expression 1.000e+00
min=0.375, at elem# 1034396
a »max=0.375, at elem# 1034396 9.000e-01
[/] LS _TasC BiE 8.000e-01 |
EW‘“’ 7.000e-01 _
me 6.000e-01
[7]LS_TasC -
101 5.000e-01 |
lterationd {teration16 4.000e-01 _
3.000e-01 _
2.000e-01
1.000e-01 l
0.000e+00

Iteration31 Iterationd?

Figure 1-33: Evolution of the geometry for multiple-load case structure using dynamic scaling
of the weights. The design is improved with respect to not using dynamic weighting by
strengthening the portion of the structure carrying the center load.

1.5.4. Results using multi-point optimization

The optimization converged after 26 iterations, 3 simulations were performed per load case every
other iteration. The results are as shown in Figure 1-34 to Figure 1-36.
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Figure 1-34: Constraint convergence history (left) and global variables (right) for constrained
optimization with multiple load cases.
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Figure 1-35: Solidification.

LS-DYNA USER INPUT A o i i
Time thome/kgtharina.witowski/L5TaSC/MANUAL/V4.1/new_examples/MANUAL/MLC/mic_multipoint/MID/0.1/Ist_VariableFraction.k

Contours of Expression 1.000e+00
min=0.3, at elem# 1034396
- »max=0.3, at elem# 1034396 9.000e-01
7] 1S_TaSC_ T 8.000e-01 _|
Emmm 7.000e-01 _
et 6.000e-01 _

/] LS_TaSC_|
101

' & 5.000e-01
4.000e-01 :l

Iterationd Iterationg
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2.000e-01
1.000e-01]
0.000e+00 |
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Figure 1-36: Evolution of the geometry for multiple-load case structure using multi-point
method
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1.6. Surface Design of a Beam

This example demonstrates:
e Free surface design for solids
e Extrusion and symmetry constraints for free surface design
e Smooth transition for free surface design

The related files are available in MANUAL/SURFACE/BEAM.

1.6.1. Problem Description

The geometry and loading conditions for the example are shown in Figure 1-37. The objective is
to reduce stress concentrations using free surface design.

Figure 1-37: Beam model for free surface design

1.6.2. Problem Setup

To show various features of free surface design, four surfaces of the beam are optimized in the
first example, in the second example, an extrusion and a symmetry constraint are defined, and in
the third example, a smooth transition constraint is used.

The surface definition is displayed in Figure 1-38, Figure 1-39, and Figure 1-40, respectively. For
the first two examples, the objective is to match the average stress, which is the default. The smooth
transition example uses the minimize volume objective, which matches the maximal stress. Note
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that for the example with symmetry and extrusion constraints, the neighbor radius was increased
to 0.5 to avoid a sharp structure.
The convergence tolerance for this example is a 50% smoothing of the stress, Figure 1-41.

Surfaces &)
1 - Match Average Surface 3
2 - Match Average
3 - Match Average
4 - Match Average
———
yall N\ et surface - @

Segment Set ID

(

~
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Target Field

[ ]

Surface definitions

Name

Definition

Al )

Mowe Limit

Default

Neighbor Radius

Default

Remesh Depth

4 (default)

i

|Cance|| | QK |

Figure 1-38: Definition of Surfaces; the objective is to match the average stress.
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Figure 1-39: Definition of Surfaces with extrusion and symmetry constraint. To avoid a sharp

geometry, the neighbor radius was increased to 0.5.
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Figure 1-41: Termination criteria; the convergence tolerance is a 50% smoothing of the stress
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1.6.3. Results with four surfaces

The project input data is saved to the file all.Istasc as provided in the examples distribution. All
four sides of the beam were selected for shape design. The problem converged in 8 iterations. The
initial and final design is displayed in Figure 1-42. Figure 1-43 shows the improvement of the
stress smoothing.

LS-DYNA keyword deck by LS-PrePost

Time = L Fringe Levels
Contours of Effective Stress (v-m) 1.000e+02
min=1.89477, at elem# 1927

max=100.035, at elem# 1252 9.022e+01

8.041e+01
7.059e+01 _
6.078e+0L _
5.096e+01 _
4.115e+01 _|
3.134e+01 _
2.152e+01

1.171e+01

1.895e+00 |

LS-DYNA keyword deck by LS-PrePost

Time = 1 Fringe Levels
Contours of Effective Stress (v-m)
min=3.06253, at elem# 1593
max=54.5524, at elem# 1252 9.031e+01

1.000e+02

8.061le+01
7.092e+01 _
6.123e+01 _
5.153e+01 _
4.184e+01 _|
3.214e401 _
2.245e+01
1.276e+01 l
3.063e400

Figure 1-42: Initial and final design for four surfaces, Von Mises Stress fringed on the model
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Figure 1-43: Convergence history; smoothing improvement of back/front and top/bottom
1.6.4. Results with extrusion and symmetry geometry definitions

The project input data is saved to the file extr_symm.lstasc as provided in the examples
distribution. The front and back side of the beam were selected for shape design. The problem
converged in 27 iterations. The initial and final design is shown in Figure 1-44. Note that for an
extrusion such as this a complete smoothing of the stress is not possible, because the loading varies
along the extrusion direction while the geometry does not. Figure 1-45 shows the improvement of
the stress smoothing.
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LS-DYNA keyword deck by L5-PrePost

Time = 1 Fringe Levels
Contours of Effective Stress (v-m) 1.000e+02
min=1.89477, at elem# 1927

max=100.035, at elem# 1252 9.022e+01

8.041e+01
7.059e+01L _
6.078e+01 _
5.096e+01 _
4.115e+01 _|
3.134e+01 _
2.152e+01

1.171e+01

1.895e+00 |
LS-DYNA keyword deck by LS-PrePost

Time = 1 Fringe Levels
Contours of Effective Stress (v-m)
min=0.78762, at elem# 1373

max=50.0703, at elem# 1772 9.008e+01

8.016e+01 _|
7.024e+01 _

1.000e+02

6.032e+01 _
5.039e+01 _
4.047e+01 _|
3.055e+01 _
2.063e+01

1.071e+01

7.876e-01 |

Figure 1-44: Initial and final design of beam with extrusion and symmetry geometry
definitions with Von Mises stress fringed on model
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Figure 1-45: Convergence history of beam with extrusion and symmetry geometry definitions
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1.6.5. Results with smooth transition geometry definition

The project input data is saved to the file smooth_trans.Istasc as provided in the examples
distribution. The front half of the beam was selected for shape design. A node set was defined on
the center edge and used to define the smooth transition, Figure 1-40. The objective was the
minimum volume of the part. The initial and final design is as shown in Figure 1-46. The design

without the smooth transition definition is shown in Figure 1-47 — the resulting poor mesh quality
can be seen.

LS-DYNA keyword deck by LS-PrePost
Time = 1

Contours of Effective Stress (v-m) 1.000e+02
min=1.89477, at elem# 1927

max=100.035, at elem# 1252 9.022e+01 l

8.041le+01

Fringe Levels

7.059e+01 _
6.078e+0L _
5.096e+01 _
4.115e+01 _|
3.134e+01 _
2.152e+01
1.171e+01 l
1.895e+00

LS-DYNA keyword deck by LS-PrePost
Time = 1

Contours of Effective Stress (v-m) 1.002e+02
min=3.85283, at elem# 1727

max=100.167, at elem# 1291 9.054e+01 l

8.090e+01

Fringe Levels

7.127e401 _
6.164e+01 _
5.20le+01 _
4.238e+01 _|
3.275e+01 _
2.312e+01
1.348e+01 l
3.853e+00

Figure 1-46: Initial and final design of beam with smooth transition geometry definition
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Figure 1-47: Design of beam without smooth transition geometry definition

1.7.  Fundamental frequency and multidisciplinary problems
This example demonstrates

e topology optimization of fundamental frequency and multi-disciplinary optimization
(MDO) problems using the Projected Subgradient Decent method,

e topology optimization for a single loading case of the NVH design, and
e topology optimization for multiple loading cases of combined statics and NVH design, and

e topology optimization for NVH design with a frequency constraint.
The related files are available in MANUAL/EIGEN_MDO.

1.7.1. Problem Description

The geometry is a beam with dimensions of 8 mm X 1 mm X 0.5 mm, as shown in Figure 1-48.
A load of 10 units is applied at the center of the beam. The meshed geometry and boundary

condition in x-y plane are shown in Figure 1-49. The design part was meshed with (0.03125 mm)?
x 0.5 mm elements.

34



1 mm

H=0.5mm

Figure 1-48: The geometry and boundary condition of the MDO example.

Figure 1-49: Geometry and boundary condition of the MDO example.

1.7.2. Problem Setup

As provided in the examples distribution directory MDO, the definition of meshing the geometry
is saved to the file mesh.k, and it is read by the statics and NVH load cases. The linear statics load
case is defined in the file load.k, and the NVH load case is defined in the file freq_bc1.k.

NVH design: The input data for topology optimization of the beam structure under a single
loading case of the NVH design is saved to the file freg.Istasc as provided in the examples
distribution. The project is to seek for the best design of the beam structure with the maximum
first eigenfrequency. The definition of Case “Frequency ” is displayed in Figure 1-50. Selection of
different boundary conditions can be done by browsing the “Input file name” and choosing the
keyword file of the boundary condition of interest. The definition of the design part is displayed
in Figure 1-51. The desired mass fraction for this example was 0.5. In the Method dialog
Computation tab, a maximum of 100 iterations or a Solidification value of 0.9 were allowed, as
shown in Figure 1-52. In Various tab, four schemes can be used to deal with the Unconnected
regions, including “Ignore”, “Warn”, “Delete”, and “Delete small”. In this example, the scheme
of “Delete small” is selected. In the tag of Solid/Void strategy that includes “True mechanics”,
“SIMP”, and “Gradual SIMP”, “SIMP” approach is selected for the MDO design. Parameter for
“SecondFreqGap” is set as “-0.15”, meaning that a constraint of 15% distance is applied on the
gap between the first and second frequencies.
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Name ¥  Size Modified

Cases X
Name Input file  Weight Queuer B freg_bclk LATLE Rtk
FREQUE.. freq_bclk 1 (none) |] freq_bc2.k 175.4KkB Friday
[] freq_bc3.k 175.9kB Friday
Edit Case x [] load.k 174.9kB Friday
[) mesh.k 19MB Friday
General | Scheduling
Name Weight
FREQUENCY 1
Input file name LS-DYNA Keyword files (*.k;*.dyn;*.key) ~
freq-bclk |l Browse
= Execution command (without i= parameter) Cancel Open
ew
15971 _double Edit
Cancel OK

Figure 1-50: Definite of NVH design with boundary condition of interest.

Parts

4 (Base structure) - mass fraction 0.5

Edit Part X

Design part ID
I 4 vl
Mass fraction (between 0.0 and 1.0)

Minimum variable fraction for deleting element

I Default

Neighbor radius (controls minimum feature size and checkerboarding)
-2
Geometry definitions
Name | Definition |

' bl A -
(ew] | edr | Detete | A|@|&,|C){‘J‘g‘ ﬁ

Cancel | 0K |

Figure 1-51: Design part definition of NVH design with desired mass fraction 0.5.
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Method X Method X

Computation | Mu|t|pgint| Varigusl Computation | Multipoint Various |
Design Algnﬂth"l|ijected subgradient ;I' Design Part Solid/Void strateg
Projected subgradient options Delete Element SIMP =
Desired mass flow [no =l Invert Solid/Void use
2.0*Default ¥ Delete unreferenced nodes
Descent acceleration factor Unconnected regions
Defautt [Delete small ~|
Memory use and Disk space NVH
v Store filters in memory
I Use d3part database 0.15
LS-DYNA model Casting

¥ Check *DATABASE requests Face direction tolerance

I™ Dump LS-DYNA input as read 0.258

[~ Dump casting faces

Number Of Design Iterations Solidification

Cancel | OK | Cancel | 0K |

Figure 1-52: Setting of termination criteria and solid/void strategy for NVH design

MDO with combined statics and NVH load cases: The input data for topology optimizatio
n of the beam structure under multiple loading cases of combined statics and NVH design is save
d to the file mdo.lIstasc. The project is to seek for the best design of the beam structure, which has
the maximum first eigenfrequency in the NVH design and is the stiffest structure in a statics load
. The definition of multiple load cases, Case “FREQUENCY” and Case “LOAD?”, is displayed in
Figure 1-53. Constant weights for each load case are defined in the Cases definition as well. Sim
ilar to the single load case of NVH design, different boundary conditions can be selected for the d
esign. The definition of the design part and setting for Method dialog are similar to the settings in
the previous problem.

Cases > Name v | Size Modified
Mame I Input file [ Weight I Queuer I B freq_bclk 174.7 kB Friday
FREQUENCY freq_bcl.k | 2 (none) | | freq_bc2.k 175.4kB Friday
LOAD load.k 1 (none) [] freq_bc3k 175.9KkB Friday
| load.k 1749 kB Friday
Edit Case x
|| mesh.k 1.9MB Friday
General | Scheduling
MName
FREQUENCY

i T 2 GErwe LS-DYNA Keyword files (*.k;*.dyn;*.key) +
freq_bcl_kl |I Browse
Execution command (without i= parameter) Cancel Open
1s971_double Edit
New
Cancel OK

Figure 1-53: Definition of multiple load cases with constant weights and boundary condition.
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NVH design with a frequency constraint: The input data for topology optimization of t
he beam structure for fundamental eigenfrequency maximization with a frequency constraint is sa
ved to the file freq_con.Istasc. The constraint is applied on the frequency of the 2nd eigenmode o
f the baseline design. The definition of objective and constraint is set up as shown in Figure 1-54.

Since the 2nd eigenmode is the mode of interest in the design, the “Mode Tracking” is set as “O
n” to track the target mode and actually the constraint is applied on the frequency with a mode sh
ape closest to the target mode. The definition of the design part and setting for Method dialog are

similar to the settings in the previous problem.

[~ Use multipoint method for constrained optimization

Objective

| Maximize fundamental frequency

Frequent

NODOUT Frequency id

Constraints RCFORC B

EXPRESSION 2

D3EIGV2 > 80 GLOBAL Mode Tracking
@ On

D3EIGV: Frequency 2 2
Off

Advanced

ABSTAT A
BNDOUT

D3PLOT

DEFORC

ELOUT

GCEQUT

GLSTAT

JNTFORC

MATSUM v < >

Case Name for constraint & Increaset

New | Edit | Copy | Delete| |FREQUENC‘(j ‘BD < [DariGv2 < [+inf ((;blrlcreaster
OVE NO

Done
method or

Cancel | oK |

Figure 1-54: Optimization problem definition for NVH design with a frequency constraint.

1.7.3. Results with a single load case of NVH design

The optimization converged after 70 iterations. The convergence history for the example with a
single NVH design is shown in Figure 1-55. The base and second eigenfrequencies of the final
optimized structure are, respectively, 26.24 Hz and 36.96 Hz. The evolution of the topology of the
beam for a single NVH design is shown in Figure 1-56. The final structure had many cavities in
Figure 1-57.
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Figure 1-55: Convergence history for the example with NVH design, the first two
eigenfrequencies (upper) and Solidification (bottom).
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Figure 1-56: Evolution of the geometry for NVH design.

Figure 1-57: Final geometry for NVH design.
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1.7.4. Results of MDO with combined statics and NVH load cases

The optimization converges after 51 iterations. The results of the beam with combined statics and
NVH load cases are as shown in Figure 1-58 to Figure 1-59. The base and second eigenfrequencies
of the final optimized structure are, respectively, 25.85 Hz and 39.01 Hz. The displacement at the
loading point on the optimized structure is approximately 0.00969 m. History of design
contributions history of two load cases and Solidification are shown in Figure 1-60. The evolution
of the topology of the beam with combined statics and NVH load cases is shown in Figure 1-61.
The final structure in Figure 1-62 had many cavities.

The contributing case of two load cases on the beam structure is plotted in Figure 1-63. Note
that the material contributing to different load cases is shown with binary numbers in the color bar.
For example, a value of 1 (0001 in binary) means that material is used by load case 1, and a value
of 2 (0010 in binary) means that material is used by load case 2, and a value of 3 (0011 in binary)
means that it is used by both load cases. Specifically, in this example, the parts in green color
indicate active parts in the first load case “FREQUENCY™, the NVH load case. The parts in yellow
color indicate active parts in the second load case “LOAD?”, the linear statics load case. The parts
in red color indicate active parts in both load cases.

/ \ —FREQUENCY/eig_freq_2nd
45 / —FREQUENCY/eig_freq_base

4 \ —
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Figure 1-58: First two eigenfrequencies convergence history for MDO.
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Figure 1-59: displacement at the loading point for MDO.
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Figure 1-60: History of design contributions history of two load cases (upper) and
Solidification (bottom) for MDO.
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Figure 1-61: Evolution of the geometry for MDO.
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Figure 1-62: Final beam structure for MDO.

=417 FREQUENCY
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Figure 1-63: Contributing case for MDO.

1.7.5. Results of NVH design with a frequency constraint

The optimization converges at the maximum number of iterations. The results of optimization
histories of fundamental eigenfrequency and constrained frequency, as well as the change of mode
number of target eigenmode, are as shown in Figure 1-64. The base and second eigenfrequencies
of the final optimized structure are, respectively, 23.66 Hz and 80.66 Hz. The frequency constraint
is satisfied very well in the whole optimization process. The target mode shape by the baseline
design and the mode shape of constrained frequency are shown in Figure 1-65. The target
eigenmode shifted from the 2" mode to the 4" mode, and a few iterations later, it shifted back to
the 2" mode for a much stable design.

History of Solidification is shown in Figure 1-66. The evolution of the topology of the beam
with a frequency constraint on a target eigenmode is shown in Figure 1-67. The final structure is
shown in Figure 1-68.
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Figure 1-64: First two eigenfrequencis convergence history (upper), frequency constraint

(middle), and mode number of target eigenmode (bottom).
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Figure 1-65: Mode shapes of the 2nd eigenfrequency (upper) and the final constrained
frequency (bottom).

e U

05
/~
0 /

£
074 /

0 25 0 5 10(
[teration

Solidification (All Parts)

Figure 1-66: History of Solidification for NVH with a frequency constraint.
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Figure 1-67: Evolution of the geometry for NVH with a frequency constraint.

Figure 1-68: Final beam structure for NVH with a frequency constraint.
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