
Exercise 1b: Topology Optimization of a Hook with 
Stress Constraints 
 In this exercise, a topology optimization is performed on a bracket-hook modeled with 
shell elements.  The structural model with loads and constraints applied is shown in the figure 
below.  The objective is to minimize the mass of the material used in the model subject to 
certain stress constraints.  Topology optimization is performed to find the optimal material 
placement and reduce the mass.  This optimization normalizes each element according to its 
density and lets you remove elements that have low density. 

 
FEA model 

 The structural model is loaded into HyperMesh Desktop.  The constraints, loads, 
subcases and material properties are already defined in the model.  The topology design 
variables and the optimization problem set up will be defined using HyperMesh and OptiStruct 
will be used to determine the optimal material layout.  The results will then be reviewed in 
HyperView.   

Objective function: Minimize mass. 

Constraints: Von Mises stress < 120. 

Design Variables: The density of each element in the design space. 

Problem setup 
You should copy the file: hook.fem 



Step	1:	Import	the	finite	element	deck	hook.fem	
Step	2:	Set	the	view	to	turn	off	the	load	collectors	and	resize	the	model	

1. In the Model Browser, right-click on the Components tree section. 

2. Click on isolate only. 

3. Click on the YZ plane view  to orient and fit the model to 
the screen. 

Step	3:	Create	the	Design	Variable	for	Topology	Optimization	

1. In the topology panel, enter the name shells, set the type to PSHELL, and set the 
props to the Design and Base properties. 

2. Click create to create the new design variable 

3. Select the parameters subpanel.   

4. Toggle minmemb off to mindim=. 

5. For mindim=, enter 6. 

6. Toggle maxmemb off to maxdim=. 

7. For maxdim=, enter 21. 

8. Under stress constraint:, toggle from none to stress= .  

9. For stress=, enter 120.  

10. Click update. 

11. Return to the optimization page. 

 
This sets the design variable to optimize the shell elements in the Design and Base 
components, to create structural members between 6 and 21 units in width, with thicknesses 
that vary between zero and the thickness of the shell.  The optimization will use 120 as the 
maximum stress for any element within the design region when validating the design. 
Step	4:	Create	a	total	mass	response	named	mass	

A detailed description of responses and response parameters is available in the OptiStruct 
User's Guide, under Responses.  
  



Step	5:	Define	the	constraints	

In this example, there are no need for additional constraints since setting a stress target in the 
design variable serves as a constraint that will limit the amount of material used in the result. 
Step	6:	Define	the	objective	to	minimize	(min)	the	mass	response	
Step	7:	Save	the	model	as	hook.hm	

1. Click the Save .hm file button .  

A Save file... browser window pops up.  

2. Select the directory where you would like to save the database and enter the name for the 
database, hook.hm in the File name: field.   

3. Click save. 
Step	8:	Submit	the	job	to	OptiStruct		

New results files can be seen in the directory where the OptiStruct model file was written.  
The hook.out file is a good place to look for error messages that will help to debug the 
input deck if any errors are present. 

Step	9:	View	an	Isosurface	Plot	of	the	Density	Results	

Use HyperView to set up an isosurface plot of the final iteration with the values shown 
above 0.165.  Use the following steps to add a contour plot on top of the isosurface result. 

1. Click the Contour toolbar button   

2. Select the Result type: Element densities (s).  

3. Click Apply to enable the contour results overlay onto the isosurface plot. 

 



The isosurface post-processing feature (shown for this model at 0.165) is an excellent tool to use for 
viewing the density results from OptiStruct and can be overlaid with other results, such as contour 
and vector plots. 

Step	10:	View	the	Element	Stress	Results	

1. Click the Next Page toolbar button  to move to the third page.  
Using the drop-down selector, select the final iteration for this optimization. 

  
2. Use the Contour panel to apply the result type Element stresses (2D & 3D) (t). 

3. Set the subtype to vonMises. 

 

Note: Notice that there are some local regions where the stresses are still higher 
than the target; this is because topology stress constraints should be 
interpreted as global stress control.  

The functionality has some ways to filter out the artificial or local stresses 
caused by point loading or boundary conditions, but those artificial stresses 
will not be completely removed unless the geometry is changed by shape 
optimization. 

 
  



 


