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Objective of the workObjective of the work

• Develop a PMSM drive model that isDevelop a PMSM drive model that is
– compatible with real‐time simulation
can support faulty or non active control modes– can support faulty or non‐active control modes

Open‐Phase
Fault
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End Application

This motor drive is used in:
– Machine tool application
– Injection molding machine
– Semi‐conductor equipmentq p
– Robots
– Press machine

And especially in:
– Air Conditioning

<http://wwwf2.mitsubishielectric.co.jp/melfansweb/english/servo/details/index_e.htm> 3



End Application
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Classic motor drive test bench
• Using real physical prototype
• Requires a 2nd motor drive to produce torque• Requires a 2 d motor drive to produce torque

Motor driveMotor drive
under test

DC motor
(torque production) 5



Virtual motor test bench at MELCO
Simulated in RT: eDRIVEsim Simulator IGBT Inverter

– Diode converter
– IGBT Inverter

PMSM t

LoadPMSM

– PMSM motor
– Mechanical load

Controller

Virtual Test Bench

Controller
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Challenges

• Controller sample time is around 50 µsController sample time is around 50 µs
– We need a motor drive model that run much faster that this. 
10 µs is acceptable and near today’s simulator limits (for CPU 
type FPGA type PMSMmodel can run much faster!)type. FPGA type PMSM model can run much faster!)

• PWM frequency is around 10 kHz
– Interpolation of gate signals inside a ‘direct analyticalInterpolation of gate signals inside a  direct analytical 
approach’ must be used at 10 µs to avoid under‐sampling 
problems.

• Fault modes• Fault modes
– A problem until now because of the switching‐function 
approach (SFA). 

=> A solution is presented here
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Direct Analytical ApproachDirect Analytical Approach
Advantages Disadvantages

• Simple controlled
voltage source

V f h d

• Has limited functionality when used 
in rectification and faulty mode 
because of the high‐impedance• ‐> Very fast method because of the high‐impedance 
mode cannot be modeled by a 
voltage source
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Results (active mode)

 2020  2020

Effect of PWM frequency
HIL simulation    Actual System

Effect of  dead time
HIL simulation      Actual System
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How to implement high impedance 
mode in ‘direct analytical approach’?

• A series switch in SimPowerSystemsA series switch in SimPowerSystems
– Facilitate inclusion of other contingencies like 
breaking resistorsbreaking resistors

SimulinkSimulink V

gup Vout

PMSMSPS
Switch

SimulinkSimulink

gup

glow
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Iout N

S

glow
SimPowerSystems
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Free‐running simulation
• When no IGBT gates

are presentare present
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Open‐phase simulation
• When one motor phase
is openedis opened

Acceleration is different
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Dynamic breaking simulation
• Force the motor to a halt
by dissipating its kineticy p g
energy into resistors

Pulse shutdown Resistors engagedPulse shutdown Resistors engaged
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SummarySummary

• The most common method to simulate a motor drive 
in real‐time is with the use of switching function 
methods. 

However the high impedance case is a problem in this– However, the high impedance case is a problem in this 
method.

• By combining ‘direct analytical approach’ and a global 
solver (SPS here), it’s possible to simulate the high 
impedance effect of the inverter by using a SPS switch 
model in series with a switching function approachmodel in series with a switching function approach

• This enabled MELCO to make several passive control 
and fault mode tests not previously possible in RT.
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Conclusion (2)Conclusion (2)
• Accuracy of the proposed model is good. However:
• Non‐null current during open‐phase test

– a limit exist on the maximum resistance of the high 
impedance resistor because of the delay between SPS andimpedance resistor because of the delay between SPS and 
SFA parts.

– This limit does not diminish the usefulness of the tests that 
can be made with the model.can be made with the model.

• A different acceleration occurred in the open‐phase 
model. 

This may be caused by the motor model itself which is a– This may be caused by the motor model itself which is a 
standard d‐q model with no saturation and sinusoidal 
back‐EMF. 
An FEA model of the PMSM could be better JMAG RT– An FEA‐model of the PMSM could be better. JMAG‐RT 
provides such real‐time models for RT‐LAB.
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h k f i !Thank you for your attention!
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