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Gauge Optimization

In this tutorial, we will be performing a Gauge Optimization on the baseline structure. 

Gauge optimization is used to optimize the thickness of a design space.

A. Points to Consider 

• Make sure each tube type is in a separate collector and is assigned a separate

property

• Thickness Range for all tubes is 0 mm (we use 0.001) to 6.35 mm

• The base plates and the welds are not part of the optimization

• Optimization Problem set up

i. Minimize Mass

ii. Displacement Constraints

➢ 5 mm for Load Case 1 (2g Downwards)

➢ 7 mm for Load Cases 2 and 3 (1g Downwards and 0.5g Lateral)

• Symmetry is obtained by placing symmetric components in the same Component

Collector

B. Set Up

1. Open the tube-structure_baseline.hm file. Make sure the OptiStruct profile is

loaded.
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2. Now we will create a deck for Gauge Optimization

Go to Analysis>>Optimization>>gauge

3. Create a Design Variable for every property excluding the base plates and welds

property as we are not including them in the Optimization process. This means a

total of 13 Design Variables must be created.

4. To do this select the property collector, keep the rest as shown in the image and

click on create

You will see Design Variable and Design Variable Property Relation now coming in 

Model Browser 

As stated above we will keep a lower bound of 0.001 mm and upper bound of 6.35 

mm 
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5. Repeat Step 4 for all the properties (excluding base plates and welds property)

You can also select all properties at one time and create the Design Variables

This will create 13 Design Variable and Property Relationships in the Model Browser 
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6. Now we will create Optimization Responses. Go to

Analysis>>optimization>>responses

a. Mass Response

Select all 13 properties from the property selector 

Then click on Create 

b. Displacement Response

Select the node on which the lump mass is attached.

7. Now we will create Optimization Constraints for displacement for the three Load

Steps. Go to Analysis>>optimization>>dconstraints

a. For the 2g-Z load step

Make sure to select the Load Step
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b. For the 0.5gX-1gZ Load Step

c. For the 0.5gY-1gZ Load Step

8. Now we will create the Objective which is to minimize the mass

Go to Analysis>>optimization>>objective

Select the mass response and click on Create 

C. Analysis

Finally, for the Optimization go to Analysis>>OptiStruct

Save the file first and then click on OptiStruct 
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D. Post-Processing

1. In HyperMesh, check the mass of the initial structure excluding the base plates,

welds, rigids-bolt and the mass component. Go to Tool>>mass calc

Click on elements>>displayed and click on calculate. 

The mass is  

Now, check the mass of the optimised structure. Go to Import>>Solver Deck. Select 

the .prop file generated after optimization. Also check the FE Overwrite check box 
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Now calculate the mass of this structure using the same process as before. The mass 

is: 

As we can see the total mass reduced from around 59.6 Kgs to 14.65 Kgs. Keep in 

mind that base-plates, welds, rigids-bolt and lump mass are not part of optimization. 

2. Go to HyperView to view the element thicknesses. Open the des.h3d file. Hide the

base-plates, mass, rigids-bolt and the welds component. Select the last iteration

Open the contour panel and view the thicknesses of the displayed components.

You can use the Measure panel to view the specific thickness of the elements. 
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Note: Before getting the element contour turn off view of the components which 

are not part of optimization (base-plates, mass, rigids-bolts, welds) from Model 

Browser 
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3. You can also use the .out file to view the mass of the final iteration.

The final mass comes out to be 14.65 kg as compared to 59.6 kg from baseline 
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E. Points from Optimization

• The results below show that a few members were reduced to a low thickness

(shown in grey), which can be interpreted as showing those tubes are not needed.

• All displacements constraints are met and the mass is 14.65 kg (compared to 59.6 kg

for the baseline).

• However, the thicknesses obtained for the tubes are not standard, so this result is

not realistic.
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Gauge Optimization with Discrete Variables

From a manufacturing point of view, we perform a gauge optimization with discrete 

variables to get standard tube thickness values of the tubes.

A. Points to Consider

We will now modify the previous result to include standard thickness values for the 

tube. For this we will define a discrete design variable and update all the design 

variables. The discrete design variable will have the following standard structure 

values: 0.001, 1.65, 2.1, 3.175, 4.77, 6.35 (‘0’ is not an option for OptiStruct)

B. Set Up

1. Starting from the previous model (before importing the .prop file) go to 

Analysis>>optimization>>discrete dvs 

Enter the values separated by a comma and click on create. 

2. Now go to Analysis>>optimization>>gauge and update all the design variables.

Select the newly created discrete design variable under ddval id and click on

update.

3. Create a DDVOPT = 2 control to force a 2-phase approach.

Go to Analysis>>optimization>>opti control
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C. Analysis 

Finally, for the Optimization go to Analysis>>OptiStruct 

 

Save the file first and then click on OptiStruct 

 

D. Post-Processing 

1. Compare the mass of the initial structure and that of the optimized structure in 

HyperMesh. For the optimized mass import the .prop file. 

Initial Mass = 59.6Kg 

Optimized Mass = 21.8 Kg 

 

 

2. Now view the element thickness in HyperView, selecting the last iteration. 
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3. You can also check the mass in the .out file in the last iteration. 

 

The final mass comes out to be 21.8 kg as compared to 59.6 kg from baseline. 

 

E. Points from Optimization 

• The results below show that a few members were reduced to the minimum 

thickness allowed (shown in grey), which can be interpreted as showing those tubes 

are not needed. 

• All displacements constraints are met and the mass is 21.80 kg (compared to 59.6 kg 

for the baseline). 

• This design is realistic since the tubes have a standard thickness. 

• The mass increases compared to the previous study as optimization constraints 

were introduced. 

 

    


