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• founded in 1982, based in Munich
• 35+ employees, mainly engineers and technicians
• specialised in high-end motion control solutions

- development and manufacture of synchronous-
(BLDC ,SR etc.) and asynchronous motors (AC)!

- sales of electric motors, controls and drive accessories
- in power range 100W up to >250kW!

• active in Germany, EU and Asia

MACCON: The company
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MACCON: Markets

AERONAUTICSINDUSTRY AUTOMOTIVE

SCIENCE & SPACE ENERGY DEFENSE

INFOTAINMENT       MEDICAL       OPTICS       SEMICONDUCTOR       WHITE GOODS       ETC.   

CAE- SOFTWARE- SALE and ENGINEERING  
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Motors for electric vehicles

Automotive
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FSM- Traction motor

Single wheel- axle- drive- unit
- Includes two mechanically independent 

permanent magnet synchronous motors 
- peak power of more than 80 kW for 

each motor Motors
- two mechanically independent spur 

gears with a fixed reduction of 7:1
adapt the torque and speed level of the 
electric machines to the wheel-requirement
peak torque of 2.000 Nm per wheel

MACCON
• Motor design 
• Complete motor manufacturing

Automotive
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Coorparation project
FraunhoferIISB / MACCON
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Development of a street legal 
electric vehicle (eArtega) fully 
equipped with Fraunhofer IISB
components for traction-power, 
electric, thermal energy 
management and charging 
furthermore  two highly optimized     
e- traction motors (designed by 
MACCON)

Coorparation project
FraunhoferIISB / MACCON
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Coorparation project
FraunhoferIISB / MACCON 

Section view of the highly integrated 
2x80 kW drive-unit

230 
mm

120 
mm

Pictures from the motor manufacturing
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Optimization goals considering a special  
Torque- Speed characteristic of IPM- motors

T_mag=m*p*(Ψd*Iq- Ψq*Id)
= m*p*[Ψ1Md*Iq+Id*Iq*(Ld-Lq)]
àinductances itself are 
depending on the respective 
current : Ld,Lq = f(Id,Iq, Ψ1Md) 

Ld < Lq
Main goal: maximization of the ratio for the rated to the maximum operating  speed 
and therefore achieving a certain level of power density and efficiency 
à A certain operating voltage of the battery and a certain controller current limit is 
specified which have not to be exceeded
Two different approaches will be compared
- Option 1) FluxMotor and HyperStudy
- Option 2) Flux and HyperStudy
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Input data for the geometry and further magnetic data 
needed for the FluxMotor design data table 
(Option 1)
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Input variable data for setup 
the HyperStudy- coupling file:
Geometry data of the rotor and 
magnet configuration

The input data for the 
stator  geometry are 
already fixed by the 
load requirements

Input data for the geometry and further magnetic data 
needed for the FluxMotor design data table 
(Option 1)
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Output response data:
Operating data for the rated 
and maximum operating 
speed for setup the 
HyperStudy- coupling file

Input data / output coupling 
data for setup the optimization 
process

Remark according the 
computation of the maximum 
rms- line-line- voltage:
As can be seen in the 
literature (e.g., DESIGN of 
BRUSHLESS PERMANENT 
MAGNET MACHINES):
a factor for the degree of 
modulation of 0.7 for the line-
line-rms- voltage should be 
assumed                     (sine-
triangle modulation with 3rd 
harmonic)

à 400VDC

Input data for the geometry and further magnetic data 
needed for the FluxMotor design data table 
(Option 1)
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Input variable data for the 
HyperStudy optimization 
process

Output response variable data 
for the HyperStudy
optimization process

Input data for the geometry and further magnetic data 
needed for the FluxMotor design data table 
(Option 1)
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Dedicated Catalogue – stores 
all HyperStudy runs

Finally optimized EffMap- data 

Input data for the geometry and further magnetic data 
needed for the FluxMotor design data table 
(Option 1)
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Computation of the Efficiency- Map data by using
a more general approach
à HyperStudy- Workflow / (Option 2)
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Computation of the Efficiency- Map data by using
a more general approach 
à FLUX- coupling for DOE / (Option 2)

Workflow to get the coupling with 
HyperStudy and FLUX for the 
DOE

à Approach by using FLUX and HyperStudy

Flux- modelà
using 3 magnetic flux 
sensors  

By using the Park-transformation 
the magnetic flux in d- and q- axis 
can be deduced

Coupling Flux- model 
with HyperStudy for 
the DOE

Input- variable data

Output variable data



Parameter studies for the optimization of e-mobility traction motors, Altair 2. EM User Days 2019                                                                MACCON GmbH       17

HyperStudy- Workflowà DoE
(Option 2)

Input and output signal for the DoE-
evaluation 

Equations for describing the motor behavior 
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HyperStudy- Workflowà Fit
(Option 2)

Input matrix for the FiT- evaluation 

Output evaluation plots of the Fitting functions approximations interpolation 
as simulations responses

Deduced / compact regression term e.g. seventh polynomial order describing the motor behavior 
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HyperStudy- Workflowà Optimization
(Option 2)
The inner optimization loop has to be embedded in the 
outer loop  
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HyperStudy- Workflowà Optimization
(Option 2)

The inner optimization loop has to be embedded in the 
outer loop  

By the outer loop can be varied values of the inner loop:
The target torque values of the torque- speed characteristic   à
maximum torque and partial torque values / maximum speed and 
partial speed values: in order to compute intermediate values too 
for the interpolation algorithm
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HyperStudy- Workflowà Optimization
(Option 2)

Results of the maximum torque range computation  

Resulting interpolated efficiency map                 
(therefore partial data values were computed in 
addition)
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Comparison of both approaches
(option 1 versus option 2 ) 

The black marked points were computed by the method of using FLUX and HyperStudy furthermore these points 
were verified by measurements on a test bench / the main plot were generated by FluxMotor

Both approaches are having 
very similar results. Furthermore 
the consistency of the results are 
confirmed by measurements. 
Consequently, both solutions 
can be used, with each 
approach having its strengths.
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Comparison of both approaches
(option 1 versus option 2 ) 

Summary:

The approach by using FluxMotor and HyperStudy works very fast and 
can easily be setup. The solution by using FLUX and HyperStudy results 
in the highest degree of flexibility and gives furthermore a basis for a 
motor model setup by using the replacement function. By the help of this 
model the complex behaviour of the motor can be embedded in system 
simulation models.   

à FluxMotor is very well suited for a first parameter study. Further design 
considerations should be done with the help of FLUX, HyperStudy and 
further Altair software- tools.
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Thank you for attention.

We look forward to working with you!


