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Three Levels of PMSM Model Fidelity

Lumped Parameter Saturation Saturation +

Spatial Harmonics
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Current

Torque

Lumped-Parameter Model

Electrical Model

𝑣𝑑 = 𝑅𝑖𝑑 −  𝐿𝑞𝑝𝜔𝑟 𝑖𝑞 +  𝐿𝑑

𝑑

𝑑𝑡
𝑖𝑑  

𝑣𝑞 = 𝑅𝑖𝑞 + 𝑝𝜔𝑟 𝐿𝑑 𝑖𝑑 +  𝜆 + 𝐿𝑞

𝑑

𝑑𝑡
𝑖𝑞   

𝜔𝑒 =  𝑝𝜔𝑟  

𝑇𝑒 = 1.5𝑝 𝜆𝑖𝑞 +   𝐿𝑑 −  𝐿𝑞 𝑖𝑑 𝑖𝑞  

𝑇𝑒 =  𝐾𝑡𝑖𝑞    𝑎𝑠𝑠𝑢𝑚𝑒𝑠 𝑟𝑜𝑢𝑛𝑑 𝑟𝑜𝑡𝑜𝑟, 𝐿𝑑 =  𝐿𝑞  

 

 

𝑑

𝑑𝑡
𝜔𝑟 =  

1

𝐻
 𝑇𝑒 − 𝑠𝑔𝑛 𝜔𝑟 𝐽0 − 𝑏𝜔𝑟 −  𝑇𝑙𝑜𝑎𝑑   

Mechanical Model
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Motor Tests Parameters Identified Identification method

Back EMF Test Number of Pole Pairs (p)

Flux Linkage Constant (λ)

Torque Constant (Kt)

Calculation

Friction Test Viscous Damping Coefficient (b)

Coulomb Friction (J0)

Curve fitting

Coast Down Test Rotor Inertia (J) Curve fitting

DC Voltage Step Test Resistance (R)

Inductance (L)

Parameter estimation

How to Get Those Parameters ?

https://www.mathworks.com/company/newsletters/articles/creating-a-high-fidelity-model-of-an-electric-

motor-for-control-system-design-and-verification.html
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Current

Torque

Saturation Model
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➢ The optimal FW operation area is the enclosed area defined by the MTPA and MTPV 

line 

Saturation ModelLinear Model

MTPA

MTPVMTPV

MTPA

Impact of Saturation on Flux-Weakening Operation
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Bonus: Generating optimal torque control and flux-weakening 

calibration using Model-Based Calibration Toolbox (MBC)

Data Modeling Calibration

Implementation

DoE
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LPF

IPM Dyno

Current Sensor

Torque Sensor

Dyno testing FEA

Two Ways to Obtain Saturation Data
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Nonlinear Flux and Current Tables
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id

Mechanical Eqn.
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Saturation PMSM Model in Powertrain Blockset



12

Current

Torque

Saturation + Spatial Harmonics Model
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Reference: https://chargedevs.com/features/minimization-of-torque-ripple-is-important-for-motors-in-many-applications-because-it-is-one-of-the-main-causes-of-

vibration/
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Animation:  flux variation at different rotor position

Rotor Position Dependency
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Sweep in FEA Tool

Current

Rotor Position

Flux Linkage

Torque

How to Obtain Saturation + Spatial Harmonics Data ?
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λq

λd

λd

λq

θ

θ
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iq
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Saturation + Spatial Harmonics Model Core Structure in Simulink
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Saturation + Spatial Harmonics Model Validation 

Using ANSYS Maxwell FEA Data
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Voltage input with mechanical 

dynamic Mechanical & Electrical 

Transient

Simulink Result Maxwell Result

• Simulink result is compared with 

Maxwell result. The results are very 

close. 

• Mechanical dynamic is considered.
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Example: Importing PMSM data from ANSYS Maxwell (since R2018a)
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Example: Importing PMSM data from ANSYS Maxwell (R2018a)

1. Swap 

comment 

character *->%

2. Define # pole 

pairs

3. Fix syntax 

defining 

independent 

vectors

4. Put data into 

MATLAB array

5. Reshape 

into MATLAB 

3D arrays and 

re-order 

independent 

variables
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Takeaways

▪ Whether you have dyno testing data or FEA data, Simulink and Simscape 

can be the platform for high fidelity motor modeling. 

▪ High fidelity motor model facilitates the development of motor control 

algorithms.

▪ It is up to motor control engineers to choose the proper level of model 

fidelity for different applications.


