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ea» Energy consumption by Manufacturing sector

o,
Steady Growth in Manufacturing Energy

Manufacturing energy use triples by 2050

Rising Role of Induction Heating

Rising from 2% in 2002, induction heating grows
0.1% vyearly

Energy Efficiency Opportunity

Induction heating to reach 6% of manufacturing
energy by 2050

POWERSYS

Global Energy Consumption for Manufacturing
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ea» Relevance to Profitability & Growth

Higher
Energy Bill

Simulation =
Smart
Saving

Profit
Impact

POWERSYS

Induction heating energy use 1 steadily

Energy cost 1 sharply (green curve)

Early planning = long-term savings =
Smart energy use = more profit margin

Cost USD (Billion

Reduce energy per part
Find best design without test rigs

10% energy savings = millions saved
Better RO|, better margins

Heat Is rising — so are your costs.
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ABOUT US

Revolutionize e-design.

Accelerate electrification
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We’'re on mission to move
design to Zero Prototype
Our solution enables OEM to minimize hardware prototyping,
decrease development time,

increase precision for e-motor design.

In turns it decrease time to market, increase profitability.

Olivier T I SIMBA
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A GLOBAL PRESENCE Since 2002

9 offices, 50 employees 30+ EM engineers
Best in class technology
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Value Proposition

Customized 3
Turn-Key Design
Platform

1

Simulation
Toolchain

An electric design
optimized for
performance and for
manufacturability

Engineering
Expertise

Automotive | Aviation
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Our clients

Volvo Cars
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e&a» Induction Heating

Uses alternating magnetic rields to induce eddy currents in conductive

materials, generating heat through electriccl resistance. Fc:-r ferromagnetic
nateriais, agditional heg steresis |0ss

}))))
Rapid Heating
@ Enhanced Safety
- g Selective Heati
s — elective Heating
) Power Generator Matﬂ“n;
N\ i il @ Energy Efficiency

| B Y

JMAG Users' Conference 2023 '
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Repeatable &
Reliable
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ea» Induction Heating Applications

® 0 0 0 @ (Very High)
Forging / Billet Heating Heating entire billets (e.g., steel rods) to ~1200°C for
forming. High mass + high temp = 10-100+ kWh/part

® 606 Hgh)

Shafts Induction hardening of crankshafts, axle shafts, drive
shafts. Long heating cycles, ~1-5 kWh/part.

® ® ® (Medium-High)
Hardening of Gears Most common application. Moderate energy: 0.15-0.4
k Wh/gear, depending on size and depth.

Heart Treatment of

2 I W

© © (Moderate)

Shrink Fitting Locdlized heating of housings or rotors. ~0.1-0.8 kWh
per operation. Short time, low thermal mass.

-
1

© © (Moderate)

i~

Brazing / Soldering Typically 10-60 seconds. Energy per joint: 0.05-0.2
k Wh. Precision required, small heat zone.
@ (Low)
SSS Surface Annedling Softening thin wires, tubes, or small areas. Fast scan,

very low mass. Often <0.1kWh/part.

POWERSYS
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ea» Why Simulation Matters

Saves
engineering Heat Less.

hours Baditas Achieve More.

Cost & Time Zero Waste. Improves

Efficienc '
Avoids Y Reduces

Energy Use

Lowers
Scrap

physical trial-
and-error

"_ Uniform  °
Consistent : - ~ Enhances
Part : Boosts _ Accuracy

Product "~ Current
Quality _g 5 \< Density

High First-
pass Yield
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a» JMAG Capabilities for Induction Heating

Multi-Physics Coupling

Accurately models electromagnetic, thermal, and transient behaviors in a single simulation workflow.

Allows parametric control of coil position, height, shape, and spacing, essential for refining heating profiles.

Advanced Geometry Control

Massive Design Exploration

Handles high-volume optimization (15K + design cases) using genetic algorithms, evaluating temperature
uniformity and power constraints.

Powerful Optimization Tools

Multi-objective optimization finds coil configurations that balance low energy use with uniform heat
distribution.

Mesh Adaptability & Speed

Efficient meshing for fast iterative solving, even with complex 2D axisymmetric models and time-
dependent heating profiles.

Simulation Precision

Achieve design with <10 °C variation in temperature across the heated zone, ensuring reliable and
repeatable shrink-fit performance.

POWERSYS
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ea» Induction Heating of Shafts

Work plece (shalt)

« Target: Rapid Surface Hardening of a Shaft - 800 °C
surface in just 4 seconds

2.00CE+10
l 1LROCE+1D

- High-frequency heating: 20 kHz, 5,000 A sinusoidal 7 I ;Egij;‘;
current I 8000E409
o ODOE
- Real-time rotation: 1rev/sec modeled with thermal s
feedback

« Smart meshing: Captures skin effect & eddy currents
H B.000E+D2
DFECESEIV l 7.000E+02
G.00DE+02
- Material accuracy: Temperature-dependent B-H & 5,000E+02
conductivity 1 4 000E+02
7 J.000E+D2
i . . .. a7/ 2,000E+02
+ Outcome: Fast, uniform heating with minimized core & Riae
Stress 0.000E+DD
{Units: deg C)

4 sec
POWERSYS
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ea» Induction Heating of Gears

Coil

Work piece {gear)

Target: Surface hardening of a 48-tooth gear via high-
frequency induction heating

Approach: 2-way coupled multi-physics simulation:
Electromagnetic (EM) — Joule loss from eddy
currents
Thermal transient — Time-based temperature rise
and heat diffusion

\/2 Coil lead

J00E+10

Advanced Technical Features

Full 3D FEM with rotational periodic symmetry (1/96
model)

£.50E+10
2.00E+10
1.50E+10

1.00E+10

Material properties are temperature-dependent

5 00E+08

0.00E+00

Mesh optimized for skin depth resolution (0.32 mm
steel, 0.75 mm copper) (Ui Wi

8O0 -

Joule loss mapped to thermal model for accurate |
source modeling

ol i -
ufm
DR — JozEge :
E
& amn

] /
§ 300 -

Power ful parametric control and automation

Redlistic air cooling via boundary heat transfer

E 200
/

100 f,
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ea» High-Frequency Induction Heating Simulation of a Crankshaft

Goal: Heat crankshaft surface to 600-800 °C in 4 s using high-
frequency induction

Current: 9,000 A sinusoidal, 20 kHz | Motion: 1Trev/sec
Modeling: Coupled magnetic—thermal | Skin effect meshing
Results:

- Surface temp hits 800 °C within target time

. Core remains cooler — preserves mechanical properties
Joule loss & heat contours validate design
JMAG Strengths:
Precision in eddy current & temp simulation

Efficient mesh for rotating geometry

. Accurate transient heating profiles
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e&a» Induction Heating of CV Joint

WKW [ jouter TRCR )

+ Target: Interior surface hardening in complex CV joint
geometry

« High-frequency (150 kHz), high-current (20 kA) induction for
rapid locdlized heating

« Coupled electromagnetic and thermal analysis with
temperature-dependent materials

» Time-based temperature mapping to guide coil design
optimization

0.12 mm 5 000E+11
_’I ' 4 5M0E+11
4.000E+71
J.B00E+T]
A00DE+ 11
A EOOE+1T
2. D00E+11

I 1 BO0E+11

BO0CE+(R
' 7.000E+02
6.000E+02

S.O00E+m2
M 4 OO0E+ 02
| aoooe+n

2.000E+02

| DOGE+02

D ON0E+C0

1000E+11
5.OOOE+10
DUDGIE+DD
[LIail Wi 3

After D5 s After 1.0 5 (Unit; deg C)

After 208
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ea» Optimization for coil design

Eddy

Simulation

Skin Mesh
Function

Coupled
EM-
Thermal

Motion
Simulation

JMAG integrates electromagnetic-thermal modeling
with fast multi-objective optimization to deliver
uniform heating, reduced testing, and fully optimized
coil geometries.

POWERSYS
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e&a» Induction Coil Design

Design Objective I—_ — -
Minimize energy losses and heating time \L
Maximize uniformity of heat distribution Establish Design Constraints
Reduce coil size, cost, and material usage \L

Achieve target temperature at desired depth and zone
Select Design Variables

Key Constraints

Part geometry and heating zone dimensions
Coil-to-part distance and coupling efficiency
Frequency and power supply limitations
Safety regulations and cooling requirements

Benefits of Coil Optimization in JMAG

Higher heating efficiency and shorter cycle times
Better temperature control with fewer hot spots
Enables rapid virtual prototyping and what-if scenarios
Improves first-pass vyield and product quality

POWERSYS




ea» JMAG User Experience - Shrink Fit

JMAG Users Conference 2023

ﬂ ‘

Optimizing Motor Shrink Fitting Process
Conditions Using Induction Heating

Keisuke Ando
CAE DEVELOPMENT,
NIPPON THERMONICS CO.,LTD

[ e

POWERSYS

High-frequency Induction Heating

The number of parts requiring induction hardening is declining, but... Ll

the demand for induction heating is growing as a means to heat metal parts.

Benefits of Induction Heating
(1) Minimal energy loss thanks to direct contactless heating Weaqvore (Nacal m Hain

Lower CO, emissians, energy-savings,
and less time required for heating

(2) r wark environment an
Higher productivity and reproducibility

(3) Direct inlining before and after other processes

Labor savings and quality control via one-piece production

Induction heating aligns with a society that values energy efficiency and sustainability.

Higher Deman n n Heating in EV Manuf ri r
« Shrink fitting of housing and stators - Drying processes - Brazing
- Shirink fitting of rotor and shaft - Thermal hardening of resin adhesives

= o N
PERT-E "0 kasn L2




ea» Optimizing Motor Shrink Fitting Process Conditions — 1 of 2

HIFm

Stator

ObjBCtiVB
Achieve uniform heating of aluminum housings for motor
shrink fit using induction heating
Determine optimal coil geometry and power source
specs
Reduce dependency on manual coil tuning and physical
prototyping

Axi-symmetric 2D model with magnetic—thermal coupling

Design Variables:
Current amplitude: Varied across a readlistic operating range
. Freqgquency: Tuned to optimize skin depth and heating rate

. Coil geometry parameters:
Coil height
Gap between turns (D1-D11)
Axial coil position

Housing

JMAG Users’ Conference 2023 '
I'IE!IPI?EEIH
POWERSYS
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ea» Optimizing Motor Shrink Fitting Process Conditions - 2 of 2

POWERSYS

Optimization of Coil Geometry 2
THERMONICS
' Case13724(gen114) areon
Current: 1876A
Frequency: 12.1kHz
Losses: 357 7k) Caszel3724 Temperature
> = 180
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Coil Geometry Temperature Distribution
After 50 Seconds
Optimization obtained the coil geometry and processmg conditions JMAG Users’ Confleranca 2023
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ea» Multi-Objective Optimization of Induction Coil Design - 1 of 2

Workplece (gear)

O

Analysis Target Model Design Variables (Coil Dimensions) Temperature Evaluation Locations

Objective Functions — Minimize:
1. Input Current Amplitude
2. Standard deviation of temperatures at 4 locations (Tdev)

8. Average Temperature difference from Target Temperature 850 deg C (Tbias)

JAC 233: https://www.mag-international.com/catalog/232 ith optimization/

POWERSYS
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IMAG-Designar (xb4) (24.0.071zh) - High-Frequency Induction Heating Analysis of a Gear[JAC233IH-CailOptimization-045XLLjproj] - [Window - JAC233IH-..
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ea» Multi-Objective Optimization of Induction Coil Design - 2 of 2

Initial coil geometry Optimized coil geometry for two currents

l 1000

200

1700
1275
BS0 I BOO
425
0] . 100
(Unit: deg C)
Input current: 4.7 A Input current: 4.2 A 800
(Unit: deg C)

« Optimized case: low power + tight temp control
» Achieved <10 °C AT across evaluation points

« Reduced iterations, no trial-and-error prototyping needed
- Coil position (CPosition) is most sensitive parameter

POWERSYS
25
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E IMAG-Designer (xB4) (24.0.01zh) - High-Freguency Induction Heating Analysis of a Gear[JAC233IH-CoilOptimization-045XUjproj] - (Window - JAC233IH-.. —
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ea» Large-Scale Heating Simulation — Fast & Verified

December 811, 2020

IMAG Users Conferer

Koyo

Decamrder 10, 2020
JMAG Users Conference 2020

iy

5.2 Model 2 Comparison with Measured Results

& Actual measurement conditions = Frequency - 30 kHz
| Current

4060 A

m Rotation spesd
B Initiad temperature | 13C

- 10 mpm

The Need for Large-Scale Calculations in 1500 SN
Induction Heating o
~ 1000 g
g
KO¥O0 THERMOD SYSTEMS CO., LTD. T Arahyda: 11137 Analyus: 118070 Ansiyai 10440
Ayaka MNakata g_ 500 RCEUAE M e o 11 P
BT e L E Differenca; 2.0% [uMerence: & #a Difforence; 7.6%
4.? Mudal 2 calculatiﬂn Tlma Pawvaded By ins JEOL Comrsraiion
] Temperaturs

432 P Amﬂ@ 0 5 10 15 200 S 10 15 200 5 10 15 20 uuatonpoints
ige | 15.3 days Caicufation steps 1,260 | Time, t/ min Time, t/ min Time, t I min

= KOYO THERMO SYBTEME CO,, LTD, 3
x I
= JMAG delivers accurate large-scale induction heating
E‘m simulations vdlidated against physical measurements — with
1% scalable pardallel computing to cut runtime from over 15 days
2% I to under 7.

L]

*a !

|

PO
Number of MPP parallols
F | FEATHEART KOYO THERMO S5YSTEMS CO., LTD. Z8



e=» Highly Parallel Solver for Large Models

. Induction heating of a camshaft with no

symmetry - requires full 3D simulation to capture
eddy current effects.

. Accurate simulation needs fine layered mesh
inside and outside the workpiece due to
temperature-dependent skin depth.

8.24 millon mesh
elements -- 81

. Solver achieved 14x speedup using 256 cores vs layered mesh with

0.1mm size
8-core baseline (even with partial non-parallel -
processes). s 5
4. 0408 g
3.GEHDE @ 12
y &
<E 30E+08 5 10
< 2.5E+08 B
F3 \ 5 B
£ 2.08+08 A
£ ' g 6
g R S Speedup of 14
Y 1oEt08 E 4 from 8 cores to 256 cores
5 OEL07 % 29 hours execution time
2
0.0E+00 A
Q.0 1.0 2.0 3.4 4.0 5.0 0
e o 50 100 150 200 250 300
POWERSYS [W-SE-1451 Highly Paralle!l Solver Performance Evaluation (Induction Heating)

o Degree of parallels



ea» Benefits of Simulation - Powertrain example
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i Data-Driven Estimate: Based on part-level energy use across 24
powertrain components
Energy Savings: Simulation reduces ~36 kWh per vehicle
& Cost Impact: Over $30 million/year in direct energy savings
i Manufacturing Efficiency: Fewer trial-and-error builds — reduced tooling,
setup, and rework costs
- Sustainability Boost: Cuts carbon footprint by tens of thousands of

metric tons of CO, annually

33



a» JMAG sets the standard

¢+ Fast Multi-Objective Optimization
Run thousands of design cases using built-in genetic algorithms and parametric
sweeps.

¢ Data-Driven Pareto Analysis
Explore trade-offs like power vs. uniformity using Pareto fronts to guide decision-
making.

¢+ Design Sensitivity Insights

Identify which coil parameters most impact performance for optimization.

¢+ High-Speed Solvers

Execute 15K+ simulations in under 2 days using high-performance computing.

L ]

Multi-Physics-Based Accuracy

Models include temperature-dependent electromagnetic and thermal properties.

* Workflow Automation
Automates geometry creation, meshing, solving, and post-processing.

+ Industry Validation

Trusted by OEMSs to replace trial-and-error with reliable digital design work flows

POWERSYS

= .



a» Takeaway

POWERSYS
i

# Induction
heating is rapidly
growing in cost
and scope

® Replace
guesswork with
simulation

2 Every kWh
saved today
adds up

B Cut cost,

reduce scrap,
improve quality

# Simulation ROI
is real

® UJMAG delivers

fast, accurats,
and validated
results

T Used by

leading OEMs and
Tier-1s

POWERSYS



START DATE
2025/06/M1 200 om

MEET US IN PERSON

END DATE LOCATION
2025/06/12 5:00 pm Nowi, Michigan (US)

VENUE

Suburban Collection Showplace
46100 Grand River Ave.

Movi, Ml 4B374

USA

Powersys will exhibit at Coiltech Novi 2025!

Meet us on Coiltech
The Powersys team will be present ot Coiltech in Novi, from June 11 to 12. Cur team will be ovoiloble ot Booth
#A34 to answer any guastions following the presentations and the tutorial

36
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ea» Topology Optimization of Induction Heating Coil -1 of 2

Objective:
- + Design coil shape to:
i » Maximize power factor
* Minimize apparent power
» Minimize temperature deviation & bias
« Avoid dependence on initial geometry — explore design
freedom
« Simulation Setup:
+ 3D model, 1/360 symmetry, FEM-based with full
thermal-magnetic coupling
+ Drive Conditions:
e b « 18kHz, 18k A peak current, 7 sec heating time
° i . OptlmIZGtIDn Method:
.. i | Topology optimization using NGnet (geometry-based
. o design variables)
. « Multi-objective GA (500 generations, 350 population,
. 150 children)
. » Evaluation over 49 surface temperature probes
Entarged diagram H' 3
B divisions
POWERSYS 6 divis s

p & 3 JAC280: https://www jmag-international.com/catalog/280_ih-topologyoptngnet/
39
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POWERSYS

Results:

« High-power efficiency achieved without sacrificing
thermal uniformity

- Topology optimization revealed non-intuitive coil
shapes that outperform traditional designs

» Coil designs with wave-like shape near workpiece
vield most uniform heating

+ Simulation captured shifting loss zones near Curie
point, ensuring accurate thermal prediction

*» Pareto analysis shows trade-off between efficiency
vs uniformity

«  Simulation time: ~113 hrs on 150 cores

+ Final design met dll constraints with reduced design
iterations and zero physical prototyping

yw jmag-international.com/catalog/280_Ih-tc



