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Introduction: The Project

• Formula Student:

The Competition challenges teams of university 
students to conceive, design, fabricate, develop 
and compete with small formula style race cars.     
(rules Formula Student)
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Introduction: Topic

Develepmoment of a permanent excited synchronous motor for a 
four wheel drived FSE-vehicle:

• electromagnetic field calculation

• mechanical design

• thermal behaviour

• building and testing
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Motor Concept
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Theory
➢Winding Losses

➢accrue due to the electrical resistance of the windings

➢resistance depends on material property, geometry and 
temperature
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➢Iron Losses

➢ separated in hysteresis and eddy current losses



Winding Losses
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Stator Iron

Isolation

Winding

➢ 3D transient model
➢ Reduced by geometric symmetry 
➢ Nodes:



Winding Losses
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➢ input current 30 A
➢ stationary temperature: 95,41 degC
➢ hottest location at the end windings



Winding Losses
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Iron Losses
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Postprocessing

Hysteresis

Eddy Current:



Iron Losses
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Plot Setting:

Surface 1 Setting

Iso 1 Setting

a) b)a) b)

Magnetic Solution Eddy Current Hysteresis
𝐼 = 50𝐴
𝑓 = 2500 𝐻𝑧 𝑃𝑒𝑑𝑑𝑦 = 0,1 𝑊 𝑃ℎ𝑦𝑠𝑡 = 280 𝑊

𝑓 = 5000 𝐻𝑧 𝑃𝑒𝑑𝑑𝑦 = 0,43 𝑊 𝑃ℎ𝑦𝑠𝑡 = 550𝑊
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Eddy Current Hysteresis



Summary

➢modelling process defined
➢models meets the qualitative expectations

➢accuracy has to be validated by physical test

➢physical tests are necessary
➢fit model parameter 

➢prove and increase the accuracy 
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