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SIMULATION-DRIVEN DEVELOPMENT FOR E-MOBILITY
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GENERIC MULTI-PHYSICS E-MOTOR DESIGN ENVIRONMENT
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PORSCHE – E-MOTER DESIGN PILOT STUDY - PHASES

more realistic

Torques and Efficiencies

Altair Activate
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PORSCHE DEVELOPMENT REQUIREMENTS
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Porsche Design Challenge
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Current den 

(A/mm2)
31,1 31,1 31,1 31,1

Torque (Nm) 181 164 165 162

Power  (kW) 195 186 185 180

Base speed (rpm) 10.290 10.830 10.670 10.610

Efficiency (%) 96,0 95,9 95,9 95,7

Magnet weight (Kg) 2,54 2,48 2,48 2,53
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Rotor Selection

Current den 

(A/mm2)
31,1 31,1 31,1 31,1

Torque (Nm) 181 164 165 162

Power  (kW) 195 186 185 180

Base speed (rpm) 10.290 10.830 10.670 10.610

Efficiency (%) 96,0 95,9 95,9 95,7

Magnet weight (Kg) 2,54 2,48 2,48 2,53

Final Baseline 

Concept
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MULTI-DISCIPLINARY/PHYSICS OPTIMIZATION – GENERIC 
OVERVIEW

Optimization Process Execution Time Line

Objective: 

Maximize Torque

Constraints:

Efficiency, Stress, 

Temperature, etc.

• Better Objective Results
-

• Improved Design Balance


Validation

Study Result:
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Structural

Analysis

SIMULATIONS TO EXTRACT RESPONSES FOR ONE SINGLE DESIGN

Losses
(advanced Methods)

Linked Design Variables

.
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OPTIMIZATION OUTLINE

Solving time

2,5 minutes

4 minutes

4 minutes

6 minutes

4 minutes

6 minutes

10 seconds

2 minutes

29 minutes

TM1 3 4,25 5

WM1 29 31 31,2

H1 3 3,5 4

W1 0,2 0,2 0,6

V1 15 20 25

TM2 3,5 4,75 4,75

WM2 16 23 23

H2 20 20 20

W2 0,5 0,6 0,7

T2 1,1 1,5 1,6

V2 106,7 107 107,1
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DESIGN EXPLORATION ON DOE RESULTS
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GLOBAL OPTIMIZATION
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Base torque [Nm] 155

Base torque Ripple [Nm] 8,5

Stress [Mpa] 2.316

Winding Temp. [°C] 171

Demagnetization Factor 6,6

E-MOTOR OPTIMIZATION PROBLEM – FINAL RESULTS
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PROCESS:  ACTIVATE INVERTER INPUTS TO FLUX

*Image Source: https://cdn.intechopen.com/pdfs-wm/39370.pdf

See notes, next slide for details

https://cdn.intechopen.com/pdfs-wm/39370.pdf
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FIELD ORIENTED CONTROL STEPS: OVERVIEW
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Base torque [Nm] 155 150 151

Base torque Ripple [Nm] 8,5 5,4 18 - 27

Stress [Mpa] 2.316 500 500

Winding Temp. [°C] 171 139 139 (*)

Demagnetization Factor 6,6 5,2 5,2

E-MOTOR OPTIMIZATION PROBLEM – FINAL RESULTS WITH PWM
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Joule losses (W) 4.220 2.266 2.272 – 2.278

Magnet losses (W) 143,6 58 141 - 164

Iron losses stator (W) 1.157 1.096 1.173 – 1.206

Iron losses rotor (W) 230 159 196 - 208

Temp. Rotor [°C] Tmax 118 Tmax 87 Tmax 103 - 108

(*) TEMPERATURES USING PWM CURRENT

High

Low
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