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PMSM Calibration

roductive

utomated

calable

&

23

)
Y9

=

dXWeera S T

Opmazation

8 TPA_ Oppzzion 2015

1P

DL LA T

x| Mamze

Creating paralel tasks.

Sstimzation Port Set

Appicatcn Pomt Set Status

Applcation Pont Set States

e Vaniables

Common Tasks
# Add Constraint
E setup

¥4|Run

&\ MathWorks'



4\ MathWorks



4\ MathWorks

Effect of Inverter Bus Voltage Drop on Torque Control
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Flux-Based Calibration Tables
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Simulink Implementation of Flux-Based Calibration Tables
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Flux-Based Calibration Tables — Simulation Results
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Flux-Based Calibration Tables
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Different Ways to Calibrate Flux-Based Tables

Manual & Rule-Based Calibration

Model-Based Calibration
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Model-Based Calibration

What is Model-Based Calibration (MBC)?

= Workflow for calibrating parameters for plant models and control systems

* Includes steps for

- Design of Experiments (DoE)
- Model fitting and optimization
- Design parameter tradeoff studies

- Calibration generation for lookup tables

11



Model-Based Calibration Workflow = MBC Toolbox

Data Collectiqr Data Modeling Calibration

Implementation
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Data Collection (PMSM Characterization)
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Reference: D. Hu, “Designing a Torque Controller for a PMSM through Simulation on a Virtual Dynamometer”, MathWorks technical article.
https://www.mathworks.com/company/newsletters/articles/designing-a-torque-controller-for-a-pmsm-through-simulation-on-a-virtual-dynamometer.html 13
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Data Collection (PMSM Characterization)

Sweeping Points

4 Data Editor - Point-by-Point : NewTestMBCData [Read Only]
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Model-Based Calibration Workflow
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Why Data Modeling?

Statistical models that map input variables to output responses
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- Radial Basis Functions D

- Gaussian Process Models =L EIUeL il
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Data Modeling
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Model-Based Calibration Workflow
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Calibration

Given the fitted model, where is the best (id, iq) operating points that can achieve pre-
set optimization objective while satisfying certain physical constraints.
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Model-Based Calibration Workflow
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Calibration Results — Fill Calibration Tables
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Takeaways

Model-based calibration workflow
« PMSM control calibration = optimization problem
« Automated calibration process
* Robust to different PMSM designs

Rule-based searching method - Optimization +
Requires lots of scripting - Automated o

Error prone - Robust +
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PMSM Calibration Consulting Service

= Service components

— Hands on calibration support
= Workflow discussion
= Coaching of MBC calibration method

— Calibration workflow tool
= GUI that implements the entire

MBC workflow
— Ry
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