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OUTLINE

2

Design of experiments (DOE) 
analysis

Fit function computation

Optimization process

Optimization verification

Stochastic study and reliability 
test

Direct optimization

• Two optimization workflow are available in HyperStudy

o Optimization based on fit functions

o Direct optimization method
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OPTIMIZATION BASED ON 
FIT FUNCTIONS



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

DESIGN OF EXPERIMENTS
(DOE) ANALYSIS
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• DOE analysis initialization

• Add a new DOE analysis

DESIGN OF EXPERIMENTS (DOE) ANALYSIS

5

Step Action

1

Right click on the project

“MDO_MOTOR_STUDY”, 

click on [Add]

2
Select the type as “DOE”, 

click on [OK]

1

2
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• DOE analysis initialization

• Verify model definitions

DESIGN OF EXPERIMENTS (DOE) ANALYSIS

6

Step Action

1
Click on [DOE 1] – [Definition] 

– [Test Models]

2

Click on [Run Definition] to 

verify the models before the 

DOE analysis

1

2

DOE analysis Fit function 
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• DOE analysis initialization

• Verify output responses

DESIGN OF EXPERIMENTS (DOE) ANALYSIS

7

Step Action

1
Click on [DOE 1] – [Definition] 

– [Define Output Responses]

2 Verify all the output values

2

1
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• DOE analysis evaluation

• Specify the DOE analysis

DESIGN OF EXPERIMENTS (DOE) ANALYSIS

8

Step Action

1
Click on [DOE 1] –

[Specification]

2
Define the “Number of Runs” 

for the DOE analysis

3 Click on [Apply]
1

2

Attention:

Please define a number of run greater

than or equal to this recommended value.

1

3
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• DOE analysis evaluation

• Evaluate DOE tasks

DESIGN OF EXPERIMENTS (DOE) ANALYSIS

9

Step Action

1 Click on [DOE 1] – [Evaluate]

2

Click on [Multi-Execution] to 

increase the number of 

parallel computation

3 Click on [Evaluate Tasks]

3

2

1
Note:

The project is solved in a computation server.

RAM of the server is 192 Gb.

With the following information:

Number of Runs: 400

Number of multi-excution: 10

Computation time is 21 hours
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• Evaluate tasks in DOE analysis 

DESIGN OF EXPERIMENTS (DOE) ANALYSIS

10

Estimated computation time
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Optimization 
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• DOE analysis evaluation

• View DOE analysis results

DESIGN OF EXPERIMENTS (DOE) ANALYSIS

11

Click on [Evaluation Data] to see all the evaluated  combinations of input values and the results
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• DOE analysis evaluation

• View DOE analysis results

DESIGN OF EXPERIMENTS (DOE) ANALYSIS

12

Click on [Evaluation Plot] to plot the curves of parameters during the evaluation task

DOE analysis Fit function 
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Optimization 
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analysis
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• DOE analysis evaluation

• View DOE analysis results

DESIGN OF EXPERIMENTS (DOE) ANALYSIS

13

Click on [Evaluation Scatter] to plot the related curve between two evaluated parameters

DOE analysis Fit function 
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• DOE analysis post-processing

DESIGN OF EXPERIMENTS (DOE) ANALYSIS

14

Step Action

1
Click on [Post-Processing] in 

the [DOE 1] model

2
Use the HyperStudy function 

to analyze the DOE results

1

2
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FIT FUNCTION COMPUTATION
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• Initialization for fit function computation

• Add a new fit function analysis

FIT FUNCTION COMPUTATION

16

Step Action

1

Right click on the project

“MDO_MOTOR_STUDY”, 

click on [Add]

2
Select the type as “Fit”, 

click on [OK]

1

2
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• Initialization for fit function computation

• Define input matrix

FIT FUNCTION COMPUTATION

17

Step Action

1
Click on [Fit 1] –

[Select Matrices]

2 Click on [Add Matrix]

3
Select “DOE 1” as the 

Matrix Source

4 Click on [Import Matrix]

2

1
3

4
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• Initialization for fit function computation

• Verify model definitions

FIT FUNCTION COMPUTATION

18

Step Action

1
Click on [Fit 1] – [Definition] –

[Test Models]

2

Click on [Run Definition] to 

verify the models before 

computing fit functions 

1

2
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• Initialization for fit function computation

• Define fit function setting

FIT FUNCTION COMPUTATION

19

Step Action

1
Click on [Fit 1] -

[Specifications]

2
Click on [Apply] to confirm the 

fit function setting

2

1
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• Fit function computation process

• Evaluate tasks

FIT FUNCTION COMPUTATION

20

Step Action

1 Click on [Evaluate]

2
Click on [Evaluate Tasks] to 

compute fit functions

2

1
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• Fit function computation process

• Post-processing

FIT FUNCTION COMPUTATION

21

Step Action

1
Click on [Fit 1] – [Post-

Processing]

2

Use the HyperStudy function 

to analyze the fit function 

computation results

1

2
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• Fit function computation process

• Post-processing

FIT FUNCTION COMPUTATION

22

Step Action

1

Use the [Diagnostic] function 

to analyze the fit function 

computation quality
1

Note: if the value is closer to 1, the more accurate is the Fit function obtained.

DOE analysis Fit function 
Optimization 

process
Optimization 
verification

Reliability 
analysis



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

OPTIMIZATION PROCESS
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• Optimization initialization

• Add a new optimization application

OPTIMIZATION PROCESS

24

Step Action

1

Right click on the project

“MDO_MOTOR_STUDY”, 

click on [Add]

2
Select the type as 

“Optimization”, click on [OK]

1

2
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• Optimization initialization

• Link to fit function results

OPTIMIZATION PROCESS

25

Step Action

1
Click on [Optimization 1] –

[Definition] – [Define output 

Responses]

2
Click on [Evaluate From] to 

select all the output responses

3

Click on [Evaluate from Fit 

Model] – [Fit 1] to link the

optimization with the fit 

functions

2

3

1
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• Optimization initialization

• Define optimization goals and constraints

OPTIMIZATION PROCESS

26

Step Action

1
Click on

[Objectives/Constraints - goals]

2

Click on the icon      1

to add

- 3 Goals

- 6 constraints 1
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• Optimization initialization

• Define optimization goals and constraints

OPTIMIZATION PROCESS

27

Step Action

1

Modify the goals and 

constraints as shown in the 

following table

Label Varname Apply on Type 1 2

MaxPowerBaseSpeed goal_1 Base speed::Mechanical power (W) ( r_6 ) Maximize

MinRotorMass goal_2 Masses::Rotor (kg) ( r_1 ) Minimize

MinMagnetMass goal_3 Masses::Rotor::Magnets (kg) ( r_2 ) Minimize

TorqueBassSpeed constraint_3 Base speed::Mechanical torque (N.m) ( r_4 ) Constraint >= 180

PowerBassSpeed constraint_4 Base speed::Mechanical power (W) ( r_6 ) Constraint >= 140000

TemperatureWinding constraint_5 T_COIL ( r_38 ) Constraint <= 180

TorqueBassSpeedRipple constraint_6 TORQUE_BASE_SPEED_RIPPLE ( r_53 ) Constraint <= 29

TempMagnetMax constraint_7 MAX_MAGNET_TEMPERATURE ( r_54 ) Constraint <= 100

MechanicalStress constraint_8 MECHANICAL_STRESS_MAX ( r_56 ) Constraint <= 380
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• Optimization initialization

• Verify model definition

OPTIMIZATION PROCESS

28

Step Action

1
Click on [Optimization 1] –

[Definition] – [Test Models]

2

Click on [Run Definition] to 

verify the models before 

running optimization process

3 Click on [OK]

2
3

1
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• Optimization initialization

• Define optimization setting

OPTIMIZATION PROCESS

29

Step Action

1 Click on [Specifications]

2 Select “MOGA” algorithm

3
Define the “Maximum 

Iteration” number 100

4 Click on [Apply]

1 4

2

3

Note: The Multi Objective Generic Algorithm is a suitable method

for the optimization problem based on fit functions.
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• Optimization evaluation

• Evaluate tasks for the optimization problem

OPTIMIZATION PROCESS

30

Step Action

1 Click on [Evaluate]

2 Click on [Evaluate Tasks]

1 2
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• Optimization evaluation

• Verify iteration convergence during the optimization process

OPTIMIZATION PROCESS

31

Step Action

1 Click on [Iteration Plot]

1
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• Optimization post-processing

• Plot optimal curvev

OPTIMIZATION PROCESS

32

Step Action

1 Click on [Post-Processing]

2

Click on [Optimal] to see all 

the optimization results for the 

electric motor

3
Select the Goal 

“MinRotorMass”

4
Select the Goal 

“MaxPowerBaseSpeed”

1

2

3

4
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OPTIMIZATION VERIFICATION
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• Verification initialization

• Add a new verification

OPTIMIZATION VERIFICATION

34

Step Action

1

Right click on the project

“MDO_MOTOR_STUDY”, 

click on [Add]

2
Select the type as 

“Verification”, click on [OK]

2

Note: The results of optimization problem based on fit functions will need to be

check with real model.
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• Verification specification

• Define verification mode and original value

OPTIMIZATION VERIFICATION

35

Step Action

1
Click on [Verification 1] –

[Specification]

2
Select the verification mode 

as “Verify Optimal”

3
Verify if the value is from the 

“Optimization 1”

4 Click on [Apply]

1

2 3

4
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• Verification evaluation

• Evaluate the verification tasks

OPTIMIZATION VERIFICATION

36

Step Action

1
Click on [Verification 1] –

[Evaluate]

2
Click on [Multi-Execution] to define 

the multi-execution number

3 Click on [Evaluate Tasks]

1
3

2
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CONCLUSION
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CONCLUSION

38

Both direction optimization method and fit function 
based optimization have been used and tested in 
the MDO platform

Both the optimum found by the two method  
fulfilling all criteria

The fit function based optimization can save 
more time in the optimization part
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