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From Enumeration to Optimization: 

A Data-Driven Workflow for High-

Continuous-Power Density 

Traction Motor Design
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▪ Challenge: Permanent magnets (PMs) are expensive, but alternative 

topologies (e.g., SRM, induction, or ferrite-based machines) suffer from 

lower continuous power density and efficiency.

▪ Approach: Instead of abandoning PM technology, we optimize PM 

motors with cost as the primary objective.

▪ Core Goal: Achieve the lowest possible total cost while satisfying:
– Continuous torque & peak torque

– Continuous power & peak power at 10,000 rpm

– Current density limits for EM, then verify in thermal analysis

▪ Key Insight: High-continuous-power density requires careful thermal-

electromagnetic co-design – but full FEA thermal analysis is slow.

Background & Motivation
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Key Requirements

Performance Metric Target

Peak Torque 310A 450 Nm

Peak Power 200 kW

Continuous Torque 250A 350 Nm

Max Speed 12000 rpm

Continuous Power @ 10krpm 150 kW

Max Voltage 650 V

Max Length 230 mm

Max Diameter 220 mm

Cooling Method Water Jacket

Max Winding/Magnet Temperature 160 C

Coolant Temperature 50CPOWERSYS
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▪ Define design space

– Slot/pole combinations, dimensions, current density and stress limits

▪ ROM-based EM and structural analysis

– 2.x hours per slot- pole combination for ~3600 cases

– Fast screening of electromagnetic performance meeting the stress constraint

▪ Select top 4 slot-pole combinations

– Based on lowest cost + meeting EM requirements

▪ Detailed thermal analysis (for each of the 5 candidates for each slot-pole combination)

▪ Final selection Winner = lowest total cost with thermal feasibility

Overview of Proposed Workflow

6-pole

54-slot

6-pole
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8-pole

48-slot
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▪ 19 Design Variables 

for 4 Slot-Pole 

Combinations

Define Design Space

Combination #1 Combination #2 Combination #3 Combination #4

Number of Poles 8 6 8 6

Number of Slots 48 54 72 72

Stack Length 200~250 200~250 200~250 200~250

Stator Outer Diameter 200~220 200~220 200~220 200~220

Rotor Outer Diameter 145~158 145~158 145~158 145~158

Slot Width 2.5~4.5 2~4.5 2~4.5 2~4.5

Back Iron 10~20 10~20 10~20 10~20

Small Magnet Length 6~18 6~20 6~15 6~20

Small Magnet Width 3~4.5 3~5 3~4.5 3~5

Small Magnet  Position 1 3~18 3~18 3~18 3~18

Small Magnet  Position 2 1~5 1~5 1~5 1~5

Small Magnet  Angle 80~160 100~165 80~130 110~165

Large Magnet Length 18~27 20~35 20~27 20~35

Large Magnet Width 4~6 4~6 4~6 4~6

Large Magnet  Position 1 40~65 40~65 40~65 40~65

Large Magnet  Position 2 1.5~5 1.5~5 1.5~5 1.5~5

Large Magnet  Angle 70~150 100~165 70~110 110~165

Number of turns/Half Slot 3,4,5 3,4,5 3,4,5 3,4,5

Number of parallel branches 2,3,4 2,3,4 2,3,4 2,3,4POWERSYS
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▪ Why ROM (Reduced Order Model) for the EM efficiency map?
– Traditional FEA-based optimization is too slow for large slot/pole search spaces.

– 7 points (no-load, 50% and 100% peak current, [0,45,90] degrees)

▪ Key benefit for this project:
– Only 2~3 hours per (slot, pole) combination → hours instead of weeks

– Allows us to explore a large design space before committing to thermal analysis

▪ Metrics extracted from ROM:
– Torque capability (continuous & peak) at 250Arms and 310Arms

– Power at 10,000 rpm at 250Arms and 310Arms

– Loss components (copper, iron, PM eddy current)

– Estimated active material cost (magnets, copper, and laminations)

ROM-based EM Analysis and Structural Analysis
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▪ 4176 out of 4320 cases have valid geometries. 

▪ 2070 cases meet torque, power, and stress requirements.

8-Pole 72-Slot

$416.2
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8-Pole 72-Slot
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▪ Continuous map
– 250Arms, 650Vdc

– Max temperature for coil and magnets 160C

– Coolant 50C

8-Pole 72-Slot

Continuous Operation Map EM Map 310Arms

JMAG Built-in Drive 

Cycle Points
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▪ 4094 out of 4320 cases have valid geometries. 

▪ 2246 cases meet torque, power, and stress requirements.

8-Pole 48-Slot

$440.36
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8-Pole 48-Slot
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▪ Continuous map
– 250Arms, 650Vdc

– Max temperature for coil and magnets 160C

– Coolant 50C

8-Pole 48-Slot

Continuous Operation Map EM Map 310Arms

JMAG Built-in Drive 

Cycle Points
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6-Pole 54-Slot

$428.68

▪ 4227 out of 4320 cases have valid geometries. 

▪ 805 cases meet torque, power, and stress requirements.
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6-Pole 54-Slot
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▪ Continuous map
– 250Arms, 650Vdc

– Max temperature for coil and magnets 160C

– Coolant 50C

6-Pole 54-Slot 

Continuous Operation Map EM Map 310Arms

JMAG Built-in Drive 

Cycle Points
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▪ 4097 out of 4320 cases have valid geometries. 

▪ 1377 cases meet torque, power, and stress requirements.

6-Pole 72-Slot

$432.72
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6-Pole 72-Slot
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▪ Continuous map
– 250Arms, 650Vdc

– Max temperature for coil and magnets 160C

– Coolant 50C

6-Pole 72-Slot

Continuous Operation Map EM Map 310Arms

JMAG Built-in Drive 

Cycle Points
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▪ Choose 4 best designs per slot-pole combinations with the lowest cost that 

meet the requirements of torque, power, and maximum stress.

Selection of Top 4 Slot-Pole Designs
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20 Best Designs
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▪ The Worldwide Harmonized Light vehicles Test Procedure (WLTP) is a global driving 

cycle standard for determining the levels of pollutants, CO2 emission standards, and fuel 

consumption of conventional internal combustion engine (ICE) and hybrid automobiles, 

as well as the all-electric range of plug-in electric vehicles. 

▪ The built-in drive cycle WLTC Class3b in JMAG is used for the total energy calculation.

▪ 8-pole 48-slot design has the lowest energy consumption, but the cost is the highest.

Best design for each Slot-Pole Combination

Case Pole Slot BOM Cost
Total Energy 

Consumption 
[MJ]

4148 8-Pole 72 Slot $416.20 15.41486
4248 6-Pole 54 Slot $428.68 14.74378
4218 6-Pole 72 Slot $432.72 14.60329
4146 8-Pole 48 Slot $440.36 15.38888POWERSYS
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▪ Why thermal matters:
– ROM EM assumes ideal cooling. Real continuous power is limited by temperature rise.

– High power density → high losses in a small volume → thermal failure if not validated.

▪ Thermal analysis on each of the 4 candidates:
– Steady-state temperature maps (windings, magnets, stator core)

– Check if continuous torque/power limits are thermally achievable

– Derate if necessary → recalculate effective cost per usable power

▪ Final selection criteria:
– Lowest total system cost (material + cooling complexity) that meets all continuous/peak 

requirements thermally

▪ Winner: The slot-pole combination with the lowest cost AFTER thermal 

validation.

Thermal Analysis & Final Selection
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▪ Hardware: AMD CPU 4.8GHz

▪ JMAG 25.0.01zzp

▪ 30 cases run in parallel

▪ ~ 1 hour/1200 cases (EM ROM efficiency map + structural analysis)

▪ ~ 15 min /case (EM + 2 thermal efficiency map analysis)

Simulation Time
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▪ During the design exploration phase, JMAG-Express is used due to its fast 
computation speed and 10× higher license availability, enabling efficient parallel 

design studies.

▪ This study shows that comparative evaluation of four slot–pole combinations is 
feasible on a standard workstation, with overnight simulations and a rapid screening 

workflow that integrates electromagnetic, structural, and thermal analyses within half 
a day.

▪ For confidentiality reasons, detailed rotor geometry is not included but can be added 

in future work.

▪ The workflow can be further accelerated by using surrogate models, AI-based 

methods, or database-driven optimization. However, due to time constraints, these 
approaches have not yet been implemented.

▪ The optimal design depends on the design requirements. Adding new requirements, 

such as NVH considerations or harmonic reduction targets, may change the 
preferred design, while the evaluation methodology remains valid.

Conclusion
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Workflow

8-Pole 72-Slot 8-Pole 48-Slot 6-Pole 54-Slot 6-Pole 72-Slot

20 Designs with the Lowest Cost

Continuous and Peak Operation Thermal Analysis
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