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Why Large-Scale FEA Matters for Modern TractionMotors

*Complex Motor Design Demands

Modern EV motors require high torque, efficiency,
low noise, and robust operation under variable
conditions.

*Need for Large-Scale FEA

FEA captures electromagnetic, thermal, and
structural interactions critical for predicting motor
behavior accurately.

*Early Design Validation

High-fidelity FEA enables earlier design validation
and identifying risks sooner.

*Design Exploration at Scale

FEA-driven workflows suppert evaluating thousands
of design variants forsystemioptimization and
robust manufactusfing.
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Motor Design Optimization

Multi-Objective Design Challenges Simulation- Optimization

v' Traction motor design involves balancing igh-fidelity multidisciplinary simulations
torque, efficiency, thermal limits, mechanical antitative trade-off evaluation and
stress, and cost among other factors. ign convergence
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3D Modeling Capabilities

Motor Torque & Flux Modeling




3D Electromagnetic Modeling Capabilities

3D Modeling Capabilities |
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3D Electromagnetic Modeling~> Leakage Effects
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3D Modeling Capabilities - (Current Predictions

st represent GM’s optimization
| operating points
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O With accurate flux-linkage and torque profiles high
torque-to-current predictions are achieved.
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Efficient Processing of Massive Simulations

3D Modeling Capabilities - (Accuracy and Moto

O Accurate predictions allow for a targeted optimization proces
O Great torque match across the entire operation region

O Excellent efficiency profile
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3D Modeling Capabilities

Resolver Modeling




3D Electromagnetic Modeling=> Resolver

3D Modeling Capabilities - (Resolver Modeling)
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https://www.minebeamitsumi.com/english/strengths/column/resolver/

3D Modeling Capabilities - (Resolver Modeling)

« Evaluate impact of resolver axial movement causing misalignment between res r and rotor
* Loss of position tracking diagnostics

Resolver misalignment
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2D FEA JMAG Modeling

v" Manufacturing Parameter Variation Effects
v" Monte Carlo + JMAG 2D FEA
v Sensitivity analysis study

v' Capture high-fidelity details across domains
v’ Fasts solver performance unlocks deeper exploration, incorporating real-worid non-ideal effects into design decisions




2D Electromagnetic Modeling—> Large DOEs

Manufacturing Parameter Variation Effects

sistan ariation

X mQ + max% corrected to T°C. The

« Similar parametric changes evaluations have been performed f

— Theresistance is defined in the drawing as follows: measured phase resist
resistance balance shall be less than diff% difference between phases

— The drawing allows = X mm variation for conductor size
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2D Electromagnetic Modeling—> Large DOEs

Manufacturing Parameter Variation Effects

« Goalis tounderstand the potential variation from manufacturing to
« Considering the 6 most significant tolerances that were identifi om pre s studies
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2D Modeling +Statistical > Large DOEs

Manufacturing Parameter Variation Effects

* Monte Carlo generates many random designs using a certain distri sample each parameter

v" Monte Carlo (MC) analysis pre realistic distribution of parameters

User Selections

T )

Monte-Carlo
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Repeat for
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random value
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2D Modeling +Statistical > Large DOEs

Manufacturing Parameter Variation Effects
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2D Modeling +Statistical > Large DOEs

Manufacturing Parameter Variation Effects on Performance and E y Loss gm

« EV traction motors are highly optimized, but small deviations in geo r materials can degrade
efficiency and torque.

* A sensitivity analysis study that pinpoints which manufacturing v

Ultium traction motor performance and energy loss.
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2D Modeling +Statistical > Large DOEs

Manufacturing Parameter Variation Effects on Performance and En

Analysis of Variance (ANOVA)
* Decomposes total variance in results into contribution from each tol
* Produces percent-contribution charts and main-effects plots
« Identifies the "vital few" tolerances that drive most of the perform

parameter

y Loss

Percent Contribution

Front Motor — Top Tolerances
Drive cycle energy loss:

1. Air gap (dominant)

2. Conductor area

3. Slot width
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Rear Motor — Top Tolerances
Drive cycle energy loss:

1. Air gap (even more dominant)
2. Clearance

3. Magnet Br

(a) Percent contribution from ANOVA result for total
energy loss
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Maximum torque:
1. Slot width (dominant)
2. Air gap

3. Clearance

4. Magnet Br

(a) Percent contribution from ANOVA result for max-
imum torque
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Conclusion -

0 Seamless 2D and 3D modeling allows efficient workflow st 2D analysis with targeted 3D FEA
for critical physics (flux linkage, leakage, sensor beha isalighment)
O Accurate prediction of torque and current maps en ble FEA-in-the-loop optimization to enable

variation and design robustness
O Strong simulation-to-test correlation valid

O Overall, JMAG provides a scalable, ef
simulation-driven electric motor
v' Enabling high-confide

d validated platform that is critical for advancing
nd Optimization
-driven electric drive design
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