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Thermal Design is Crucial
• high power density (>30kW/kg)
• high overload capability
• high efficiency
• predictable lifespan

59kW/kg

Source: YASA smashes own unofficial power density world record pushing state-of-the-art electric motor 
to staggering new 59kW/kg benchmark

Highest Optimization Potential: Coil Unit
• conductor topology (wire, bar / rod, hollow, stranded)
• cooling concept
• core material
• winding material

https://yasa.com/news/yasa-smashes-own-unofficial-power-density-world-record-pushing-state-of-the-art-electric-motor-to-staggering-new-59kw-kg-benchmark/
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Flux distribution in an axial-flux permanent magnet machine with stray flux

Manufacturing leaves a mark!
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Test Bench for Axial-Flux Coil Units

Coil Unit Test Bench with all subassemblies
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Assembly Overview

Magnetic characterization from electrical measurements

3D flux mapping

6-DoF coil unit pose manipulation and force sensing
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Active Field Emulation and Digital Twin

Special separated top pole shoe for Active Field Emulation

Active Field Emulation in the air gap with three magnetic paths and coils
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Air Gap and Stray Flux 3-DoF Hall sensor
(SENIS SENM3Dx)

roll / pitch stage

X / Y gantry
+ rotary table

3D flux mapping unit: rotary table, X/Y gantry, roll / pitch stage and 3-DoF 
Hall sensor integrated into thin PCB
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B-H curve reconstruction from voltage and current measurement data
(simulation study with realistically simulated measurement data)
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Parameter Identification of Cooling Concepts

Model Refinement
Parameter identification and 
training using empirical data:
• LPTN
• Thermal Neural Networks

→ Validation of models ←

Metrology
Measurement of:
• temperatures
• fluid flow
• pressure (difference)
• voltage, current

→ power, impedance

In-Situ Sensing
Different types of temperature
sensing:
• surface and coolant stream
• thermocouple and RTD
• calculation of temperature

from impedance
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– Preliminary Results of an Experimental Hollow Conductor –
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Litz Wire Hollow Conductors

Prototype of a litz wire hollow conductor with a thermoset matrix for pressure testing
(result: pressure tight up to the maximum tested pressure of 4.8 bar)

Prototype for thermal testing

Outside surface and cross-section of hollow conductor
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Litz Wire Hollow Conductors
•

•

Nr. success? current density
[Arms/mm2]

power
[W]

flow rate 
[L/min]

∆𝑇𝑚𝑎𝑥
[°C]

1 yes 32 52 0.254 2.6

5 yes 32.5 55 0.105 6.2

8 no 57.0 181 0.097 41.5

10 yes 100.0 567 0.257 32.4

11 no 112.3 746 0.257 49.2

Excerpt from conducted measurements with litz wire hollow conductor prototype

Measurement setup for thermal investigation of litz wire hollow conductors
(current sensors are hidden)

pressure sensors,
temperature sensors

(coolant flow)

flow rate sensor

voltage terminals

prototype under test
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Litz Wire Hollow Conductors

                           

        

  

  

  

  

  

  

  

  

 
 
 
 
 
  

  
  

  
  

 

        

        

              

               

       

           

       

          

Pt100 in coolant flow

Type K thermocouple on surface

calculated from impedance

J = 32 A/mm2:
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Litz Wire Hollow Conductors

        

  

  

  

  

  

  

 
 
 
 
 
  

  
  

  
  

 

              

               

       

           

       

          

        

  

  

  

  

  

  

  

  

 
 
 
 
 
  

  
  

  
  

 

              

               

       

           

       

          

J = 100 A/mm2: J = 112 A/mm2:
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COIL UNIT 
VALIDATION METAMODELINGSIMULATION OPTIMIZATION

PROTOTYPE
VALIDATION
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laminated steel:
FeSi, FeCo, amorphous, etc.

Soft Magnetic Composite

your innovative
technology or
axial-flux machine?

hollow conductors

litz wire hollow conductors

regular wire (Cu / Al)

entire stator or machine
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How would you use the Open Validation Platform?
Do you miss a feature?
Which material would you like to have tested?

Folke Schwinning, M.Sc.

Mail:
Website:

Address:

folke.schwinning@tuhh.de
mechatronics.hamburg

Eissendorfer Str. 38
21073 Hamburg
Germany

Link to website

mailto:folke.schwinning@tuhh.de
http://mechatronics.hamburg/

