
                                                                            

Topography Optimization 

By Prakash Pagadala 

 

What is Topography optimization? 

 

Topography optimization is a special class of shape optimization, which can be used to 

change shapes of shell structures by introducing stamped beads for a better structural 

performance. 

 

Topology and topography adapts a similar concept, except the variables re given by the 

set of the elements offsets from the component mid-plane (shape variables) where as in 

topology optimizations the element density can vary between 0(no material) and 

1(presence of material). 

 

In the below example, let us consider a sheet metal plate connected to a concentrated 

mass of 10Kgs. The objective is to maximize the frequency of the first mode of the plate. 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                            

 

 

 

 

• Import model 

Open HyperMesh and change the user profile to Optistruct. 

 

Using Import option, import the file topography.fem in HyperMesh and study the model. 

Material, properties are already assigned to the model. Observe that there are four 

components. Two are rigids and one is Design space and the other is non-design space. 

Design space is the allowable volume within which the optimization parameters are 

defined for. 

• Design Variables for topography optimization 

For topography optimization, a design space and a bead definition need to be defined. 

 The following section outlines how this is done. 

In this tutorial, the values of a bead width of 15mm, a bead height of 5mm, and draw 

angle of 85 degrees will be used.  Symmetry of the bead pattern should be forced along 

the symmetry line of the design space.  

1. From the Analysis page, click on the optimization panel.

2. Click on the topography panel. 

3. Select the create subpanel using the radio buttons on the left-hand side of the panel.

4. Click desvar= and type topography. 

5. Click props. 

6. Check the box next to Design Space and click select.

7. Click create to create the shape design variables for the selected component.

A topography design space definition, topography, has been created.  All elements 

organized into the design space component collector are now including in the design 

space. 

8. Select the bead params subpanel using the radio buttons on the left side of the panel. 

9. By default, the field next to desvar = should contain the name of the newly created 



                                                                            

design space; if not, click on desvar = and select topography from the list of 

topographical design spaces. 

10.Click minimum width= and enter 5.

This parameter controls the width of the beads in the model.  Recommended value is 

between 1.5 and 2.5 times the average element width. 

11.Click draw angle= and enter 60. 

This parameter controls the angle of the sides of the beads.  The recommended value is 

between 60 and 75 degrees.  

12.Click draw height= and enter 3.

This parameter sets the maximum height of the beads to be drawn. 

13.Check the box next to buffer zone.

This parameter establishes a buffer zone between elements in the design domain and 

elements outside the design domain. 

14.Set boundary skip: to load & spc.

This tells OptiStruct to leave nodes at which loads or constraints are applied out of the 

design space. Anyways, we are not including the SPC nodes in design space. 

15.Set the draw direction: toggle to normal to elements.

This parameter defines the direction in which the shape variables are created.  

16.Click update. 

A bead definition has been created for the design space topo.  Based on this information, 

OptiStruct will automatically generate circular bead variable definitions throughout the 

design variable domain as shown on the DTPG page of the reference guide. 

17.

Select the pattern grouping subpanel using the radio buttons on the left-hand side of 

the panel.  

18.

By default, the field next to desvar = should contain the name of the newly created 

design space; if not, click on desvar = and select topography from the list of 

topographical design spaces. 

19.Click the pattern type: switch and select circular from the pop-up menu.

20.Click anchor node and enter 2814. 

21.Click first node and enter 1493. 

22.Click update. 



                                                                            

23.Select the bounds subpanel using the radio buttons on the left side of the panel. 

24.

By default the field next to desvar = should contain the name of the newly created 

design space; if not, click on desvar = and select topography from the list of 

topographical design spaces. 

25.Click upper bound and enter 1.0 (default).

26.Click lower bound and enter 0.0 (default). 

27.Click update. 

The upper bound sets the upper bound on grid movement equal to UB*HGT and the 

lower bound sets the lower bound on grid movement equal to LB*HGT. 

28.Click return to go to the optimization panel.

• Create optimization responses 

• A detailed description on Responses can be found in the online OptiStruct manual 
under Responses. 

1. Select the responses panel. 
2. Click response = and enter FREQ.
3. Select the switch below response type and select frequency from the pop-up menu.
4. Click Mode Number: and enter 1. 
5. Click create.

A response, FREQ, is defined for the frequency of the 1st mode. 

6. Click return to go to the optimization panel. 
 

• Create optimization objective 

For this project, the objective is to maximize the frequency of the first mode of the model 

within the design space.  

1. Select the objective panel from the optimization panel. 

2. Click the switch in the upper left corner of the panel, and select max from the pop-up 

menu. 

3. Click response = and select FREQ from the response list. 

 

A loadstep button should appear in the panel. 

4. Click loadstep and select topo from the subcase (loadstep) list. 

5. Click create. 



                                                                            

The objective function is now defined. 

6. Click return twice to go to the main menu. 

 

Click OptiStruct in Analysis page to perform the optimization run. Make sure you save 

the file to a known location. 

This launches the OptiStruct job.  If the job was successful, new results files can be seen 

in the directory where the OptiStruct model file was written. 

• Post processing in HyperView 

Open the results in HyperView for post processing.  

In the result browser toggle the iteration to the last iteration. 

 

 

 

  

 

 

 

 

 

 

 

 

Observe the change in the shape of the model. You can see bead formation in the new 

optimized model  



                                                                            

 

 

 

 

 

 

 

 

 

 

 

Cli

ck 

the next page arrow to view the change in the frequency for the first mode. Toggle the 

iteration to the last iteration in the result browser to see the change in the frequency for 

the first mode. 

 

 

 

Go to the results file location and open the topography.out in text pad or any text editor. 

Observe that there is no change in the mass throughout the optimization process but there 

is a change in the volume. 

 



                                                                            

From the equation of natural frequency, the frequency is inversely proportional to mass 

and directly proportional to the volume. So, as volume increases, the frequency increases. 

The same happened in this, the volume changed but the mass remained constant 

throughout the optimization run. 

 

 

Play around with different pattern grouping settings and observe the change in the bead 

formations and frequencies. 

 

In next tutorial we will learn about how to make automation of bead interpretation so that 

a prototype-like design could be created automatically. 

 

 


