& Induction heating modelling with QuickField

B s

DC Condur“’ n

AC Conc. = \

Static =

Transiey =

L &Y Vladimir Podnos
Stress ‘ R " .

Director of Marketing and Support
Tera Analysis Ltd.

AN

Alexander Lyubimtsev

Support Engineer
Tera Analysis Ltd.

https://quickfield.com/seminar/seminar induction heating.htm



https://quickfield.com/seminar/seminar_induction_heating.htm

@\ Induction heating modelling with QuickField

/ \ Steel tube mdum@
@ |
JO




(ﬁ\ Induction heating modelling with QuickField

'\‘ e N W . e | »” [ Poe iy -y ) =
. . J

IHMNDUCTIONM HEATING BYBTEMS

https://www.selit-induction.com/




(ﬂ\ Induction heating simulation schema

Real Induction heating system

Electromagnetic media
properties

T\

Simplified geometry model

Thermal media properties and
cooling conditions

Electromagnetic analysis

Joule Heat

Thermal analysis




& QuickField Analysis Options

Magnetostatics

Magnetic
analysis suite

AC Magnetics

Transient Magnetic

Electrostatics (2D,3D) and DC Conduction (2D,3D)

AC Conduction

Transient Electric field

Steady-State Heat transfer (2D,3D)

Transient Heat transfer

Stress analysis
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& MultiPhysics (2D)

Electromagnetic Temperature field
fields

Temperature
field import

Magnetic state
Import

Stresses & Deformations
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MultiPhysics (2D)

Destination problem

Source . . Transient Static heat Transient Stress
DC magnetics | AC magnetics . .
problem magnetics transfer heat transfer Analysis
DC magnetics Magnet.p Magnet_u_: Initial magnetlc Force
N permeability | permeability field
AC magnetics Joule heat Joule heat Force
M Inital magnetlc Joule heat Joule heat Force
magnetics field
Electrostatics Force
DC conduction Joule heat Joule heat
AC conduction Joule heat Joule heat Force
Static heat Initial
Temperatures Temperatures
transfer temperatures
Transient heat Initial
Temperatures Temperatures
transfer temperatures
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QuickField Workflow
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& QuickField model class

e
Y :
1z 3D import
ﬁ ; , from CAD
X
== extrusion Plane-parallel
2D models

r Axisymmetric

https://quickfield.com/prep.htm




QuickField API
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Induction heating modelling with QuickField

) JEAN
du £ Fire resistant materiar 7\
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@\ Copper inductor with a steel tube

Ind uct@

®5Pmm

Problem specification:

Steel tube /

Inductor current | = 500 A (r.m.s), frequency f = 22 kHz.
Relative permeability of steel p = 400;

Electric conductivity of steel 0 = 5 MS/m;

Thermal conductivity of steel A = 20 W/K*m,

density p = 7800 kg/m?, specific heat C = 420 J/K*Kkg.

Task:

100 mm

Calculate the
temperature

distribution in
the steel part
after 10 s. of
heating.

https://quickfield.com/advanced/copper inductor steel tube.htm
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Copper inductor with a steel tube
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Slab induction heating power

/\

du =
@@@@@@b@@@g
Insulation =
600 mm
g
Steel slab c
£
+900 °C S
AP «
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Task:

Calculate the Joule heating power distribution in the steel slab.

https://quickfield.com/advanced/slab induction heating.htm

Problem specification:

Coil current 12.5 KA (r.m.s),
frequency 150 Hz,
Relative permeability of steel

u = 1 at the temperature above
760°C.

Electrical resistivity value
depends on the temperature.
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Slab induction heating power

b
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@\ Moving slab heating in the inductor

/
/
/
/
/6 m/min
S
L) 04 o’; E
Stealambferosssection e TS
AN 7 g
1200 mm
Problem specification: ) @Wm
Power density in the slab layers Q is
calculated in the related AC magnetic example. ts
Slab initial temperature is +900°C. 0 6 ]
Slab surface emissivity coefficient € = 0.8,
ambient temperature is +20°C. Task:
Density of steel p = 7880 kg/m?. Calculate the
Thermal conductivity and heat capacity = temperature distribution
depends on the temperature. In the steel slab.

https://quickfield.com/advanced/slab heating.htm
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Moving slab heating in the inductor

Transient Heat Transfer

Plane-parallel

Time: 5 Problem Type
, Model Class
L — 7 Length (L), mm

T(=C)

320
k6
A
a0s
304
300

896
532 4
559

a64
280 5

https://quickfield.com/advanced/slab heating.htm

925

920

915

910

905

900

Temperature vs. time in the layers of the slab
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(ﬁ\ Induction heating of the material with
temperature dependent properties

4
) , ICOI| Problem specification:
. , 2\ .

Fire resistant material_1_. 7\ The initial temperature is 25°C.
T AN Coil linear current density is 700 A (r.m.s)
=T S L rg oy B per 1 cm of the coll length.

Bilet o, | SR IS gl \ = Frequency is 8 kHz.

— - —— | — 7 = = Billet density 7860 kg/m3.
I LO
| T S

|. | \ : 1 : || L \ L TaSk:

[ ] 1 ) 1 1

L Y Ly \ Calculate the temperature

1 ) I I R ] . - a n - - -

— N MSTAtTEtETE— dlstnbutlon In the l_alllet during
Do the induction heating process.
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(ﬁ\ Induction heating of the material with
temperature dependent properties

Electrical conductivity of billet Specific heat of billet

——Electrical conductivity, MS/m —— Specific heat, W/(m*K)
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(ﬁ\ Induction heating of the material with

temperature dependent properties

#
Initial Time

T=+425°C

\ Pass so far calculated temperature distribution as

+ an initial state to the next thermal problem.
[AC magn]—>[Trans thermal] /

Loss power 1s.

[AC magn #1 ]—>[Trans thermal #1]\

Loss power

/[A()m—agn #2 J—> [Trans thermal #2]

Attenuate material properties

Loss power
to the new temperature distribution
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Induction heating of the material with
temperature dependent properties

Start/Continue | Reset |

Stage number:

Control points temperature vs. time

Stage beginning time: 500
- . ~—8— Control point #1 temperature, °C

Stage ending time: 800
—— Control point #2 temperature, °C

Work folder: 200

—&8— Control point #3 temperature, °C

Status messages: Stopped. Control point 1 temperature exceeds the defined limit.
L 600
Stage number Time, s Control point #1 | Control point #2| Control point #3 | Click on the problem name to see a § 500
2
temperature, °C | temperature, "C| temperature, "C field view i
400
Magnetic Transient Heat E
problem Transfer problem " 300
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Induction heating of the material with

temperature dependent properties
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This recording is over

More recordings and simulation
examples at
www.gquickfield.com

Your feedback is welcome: support@quickfield.com
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