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Our Problem

A Load

A Coil

A Power Supply

A Process

An Environment

All included in a power distribution system.
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Our Problem

Electrical,
Magnetic,
Thermal,
Power Electronics,

Mechanical,
System,
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Modeling Induction Heating

We need:
= Precise Geometry
= Power Supply
= Process Description
= Materials

Material Characteristics
= Electro-Magnetic
= Thermal
= Cooling
= Nonlinear
= Curie Temperature
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Modeling Induction Heating
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Modeling Induction Heating
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Modeling Induction Heating
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Parameters:
e Optimization
* Design

e Characterization
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Material properties
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Magnetic Permeability

MT_L3KHZ M relative permeability
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Material Properties
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Power Supply
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Results: Line Current
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Temperature Variation
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Thermal Effect on EM Properties
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Hardening of Flange (Steel)
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The Domain

2 dimensional
axi-symmetric model.
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FEM Domain: Geometry

FLANGE
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4 kHz: Thermal Image at 9.75 s.

Quantity : Temperstws Deg, Celsins
Tiree (5. :9.75 Phase (Degh: 0
Seale | Color

N
\\ Color Shade Results
|

242665 1 85615
\ 85615 1 140964
\ 146964 | 3312
\ M2312 1 26066
26966 1 331009
3B009 1 392357
92357 1 453706
453706 1 515054
515054 f 576403

576403 f 637751
\ 637751 F 6991
6991 [ 760448
760443 1 321797
821797 1 383145
883145 | 944494
044404 f 1005284

2
(il 7 CEDRAT

21

1

adayled solutions

|
!

1

Computation #2

Power Supply to Inductor:
13 kHz
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13 kHz: Thermal Image at 9.75 s.

Color Shade Results

Quantity : Temperature Deg, Celsius
Time (5.): 9.75 Phase (Deg): 173
Seale / Color

lutions
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211645/ 83.6877
936877 1 166.211
166.211 [ 238734
238734 / 311.257
311.257 / 383781
383781 / 456.304
456304/ 528.827
528827 / 60135

601.35 [ 673.873
673873 1 7146397
746,387 [ 81892
31892 [ 891443
391443 [ 963.966
963,966 / 103649
103645 / 1109.01
110801 / 1181.54

23

1T W7

Why Coupled Problems

Color Shade Results Current densiTy

Quantity : [Current density| A4 square mim)
Titne (5.3 : 0 Phase(Degy: 0
Scale [ Color

map at the
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0/ 331978

231078 7 463056 E‘eglnnlng Of The
46,3956 / 60,5033

60,5033/ 027011 ea-hng pr‘ocess'
027011 7 115959

115989 / 130187

139187 / 162384

162384 / 185582

185582 / 20878

20878 / 231978

231,078 /1 255174

255176 f 2783573

278,373 1 301571

301571 7 324760

324760 7 347.067

347067 7 371164

"y

=

MAGSOFT

CoRFDANTION

7, CEDRAT

24

12



aa=i=1T N §

Why Coupled Problems

Color Shade Results
Quantity : [Current density| A square mm) .
Time (s} 9.75 Phase(Deg) 0 Current densu‘ry
Seale / Color
0 589385 map at the end
589385 / 117877 .
117877/ 17.6815 Of the heCleg
17.6815 1 23.5754
215754 / 104602 process.
204602 / 353631
353631 / 41.2569
412560 7 47.1508
47.1508 7 53.0446
530446 / 589385
580385 / 64.8313
64.8323 / 70.7261
707262 / T6.62
7661 / 825130
325130 / §8.4077
384077 / 04.3016
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Why Coupled Problems

Color Shade Results Relative permeability
andity | Permeabdiy . . .
Time (s} 975 Phase (Teg) 173 Mur distribution at
Seale / Cel X
v.cgsxum“rr 321809 end of the hea‘rmg
321809 J 633636
633636 / ?n:.:qég process.

1125729

344 008
375191
406 374
437557
430557 1 48B3
A6R T3S ¢ 499522
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Computation #3: New Geometry

.

adanted solutions

2
(Al 7, CEDRAT

27

SIT WO

4 kHz: Thermal Image at 10.0 s.
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/ S Color Shade Results

Quantity : Temperature Deg, Celsius
Time (s.): 10 Phase (Deg): 0
Scale f Color

20 f BIS

875 1 155

135 7 22235

2225 1 290

280/ 3375

3575 [ 425

425 1 4925

4525 1 560

560 7 6275

6275 [ €95

695 7 7625

7625 1 830

830 / 8975

8975 [ 965

965 1 10325

10325 / 1100
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13 kHz: Thermal Image at 10.0 s.

Color Shade Results
Quantity : Temperature Deg, Celsius
Time (s} : 10 Phase (Deg): 0

Seale / Color

208965 § 111.669
111669 § 202442
202442 § 293215
283215 ¥ 383987
383037 ¥ 47476
41476 [ 363333
365533 § 636305
636305 § 747078
147078 § 837851
BITE51 § 0URA24
018 F24 ¥ 10194
10194 7 11017
111017 § 120094
120094 § 129171
129171 ¥ 138249
138249 ¥ 147326

13 kHz
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Current Density vs. Time
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Color Shade Results
Quantity : |Current density| AXsquare mm)
Time (s.): 0.1 Phase(Deg): 0
Scale/ Color
0 s/ 208513
208513 / 41.7026
417026 / 62,5530
625530 / 834052
834052 / 104257
104.257 7 125108
125108 1 145959
145959 / 16681
166.81 / 187.662
187.662 / 208513
208513 / 220364
220364 / 250.216
250216 / 271.067
271.067 ¢ 291918
291918 1 31277
31277 / 333621
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Hardness Profile

adanted solutions

2
([:I] 7 CEDRAT

Induction Heating Technology and Applications ‘2006 31

Scanning- Translating Motion
Coupled Magneto-thermal

Power supply
Motion: inductor scans the component.

adapted solitions
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Continuous Heating of Tubes
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Power Density Distribution
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Temperature Profile

T ﬁ__i—h“‘\

Color Shade Resulis
Guantity : Temperatuze Deg, Celsius
Time (5) 2975 Pos (um) 991666 Phase (Deg): 30

o

""" Seale f Color
657863 1 13184
13184 § 197.8%4
197894 1 263548
263948 /1 330002
330002 fF 396055
396055 1 462109
O 452109 1 528163
528163 § 594217
o 594217 1 660371
0 660271 /1 726324
= 726324 1 792378
[ 792378 1 858432
0 858432 1 924456
' 924485 1 99054

3054 f 1056 59
1056.59 f 112265
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Modified Inductor - Grouping
e Color Shade Results Tu rl n S

Quartity : Temperabare Deg., Celeas
Time s.]: 205 Pos jum); 949504 Fluse (Degh 82
Seale / Color
19647 7 104137
184137 / 249527
249627 J 315117
315117 / 380607
380607 [ 446007
446097 [/ 511587
511587 [ 577077
STROFT 642567
642567 [ T0B0ST
F08057 [ 773547
FTIS4T 7 BIO0ET
BIONET [/ 004527
904527 / FHONIT
970017 / 103551
103551 ¢ 1101
1101 / 116649
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Complex Process - Heat, Hold

=
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Heat — Frequency #1

¥

Hold

Heat — Frequency #2....n

Hold
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Complex Process - Heat, Hold
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Cylinder
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3D Thermo-electromagnetics
Application to heat treatments

Crankshaft

2
M 7 CEDRAT

39

Validation of 3D Applications
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3D Heat Treatment of Cylinder
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2D/3D Domains

2D Geometry 3D Geometry
Symmetry
axis !
1
!
ol
(copper)
Cylinder
(steel)

Support
+—T3tainless) ="

(steel)

=F Temperature

= I distribution 200
g (heating 2 s)

S6eometry
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Model - Temperature Map

=

3D Geometry

< 1/8th of the

Heating time : 2 s

1000

Cooling by shower
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Results - Comparisons

Comparison Flux3D / Flux2D (2D axi.) / measurements

Flux 3D: 1200 -
Nodes: 6000 © Mesures
Elements: 32000 1000 1 1 mm depth O Mesures
= Simu. Flux3D MT
(T4+H8) | — Simu. FluxaD MT
. . 9 —Simu. Flux2D MT
CPU time: 9 h < Smmdepth oo
£ 60
Flux 2D: £
+ 400+
Nodes: 2000
- Elements: 900 (Q8) 0l
@
=4 CPU time: 5 min 3
=N 0¥ | | | . + f /
E\ 0 1 2 3 4 5 6 7
g Temperature vs. Time at 2 selected Temes (<)
[}

points during heating and cooling phases
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Heat Treatment of a Gear
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Heating time : 9's
Cooling by shower

Support
(stainless)
\

Gear
(steel)
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Model - Domain

Coil
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Temperature o
distribution
(heating 9 s)

400
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Results at the end of the heating...

600 —

Temperature - Permeability

ur (=9 s)

T
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Comparison
Flux3D /

Nodes : 8500

(T4+H8)
CPU time : 16 h
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Temperature vs. Time
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Heat treatment of a crankshaft
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Modelisation of the rotation of the crankshaft

Crankshaft

Coil

t=05s
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Geometry

Nodes : 15000

Elements : 80000
(T4)

CPU time : ~ 50 h
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Thermal and metallurgical (Flux - Metal7) results

Temperature distribution at
the end of the heating end of the heat treatment
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Hardenesses distribution at the
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Results

T80

e

500

400

”~
Eﬁ@r 7, CEDRAT

50

25



adanted solutions

Thank you for your interest in

our modelling solutions

www.magsoft-flux.com

Philippe.Wendling@magsoft-flux.com
Tan.Pham@magsoft-flux.com
Heide.Lewis@magsoft-flux.com
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