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Abstract

In this study, we proposed a high frequency induction hardening analysis method based on
electromagnetic-thermal co-simulation. In the high frequency induction heating analysis, the results of the
finite element analysis (FEA) (considering the change of the material property and the cooling factor
according to the temperature) and those of the high frequency induction hardening experiment (using the
S45C specimen) were compared. The hardness of the S45C specimens was measured using the micro Vickers
hardness test to determine the depth of hardening. The measurement results were then compared with the
results of FEA. The result of high frequency induction heating analysis showed that the temperature was
more than 750 C, which is the A2 transformation point of S45C, while the temperature during quenching
was below 200 ‘C. The results showed that the difference of the depth of hardening between the FEA and
the experiment is 0.2mm.
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Fig. 1 Configuration of induction heating device
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- Qutput voltage : AC25.4V &« @
Heating time : 2 sec

- Output ampere : AC 236.2 A
- Frequency:243.3kHz & @

- Input voltage : DC 265 V

Fig. 2 Working conditions of induction hardening
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Fig. 3 Induction hardening process
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Fig. 5 3D modeling of S45C specimen
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Table 1 Material properties

- Meshing in FEA

<Electromagnetic Analysis>

* Type of Element : EMC3D8
* Number of Elements : 62,684 25 - y -Fe
<Transient Thermal Analysis>
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[kg/m®] conductivity [/kgK] conductivity permeability
[W/m'K] [S/m] [H/m]
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Air - - - s 1.26X%10
(3%107%°)
1000 -
Copper - - - ; 1.26x10
(5.96x<10")
Dependent Dependent Dependent Dependent
S545C 7850
of temperature | of temperature | of temperature | of temperature
~inputvahies %0 —aA— Thermal Conductivity 800
Input value
o —=— Specific Heat
Current Density [A/m?] 5.57 x 107 Moo o
Frequency [kHz] 243.3 § 17,
40 - M
Heating 2 = =
Time [sec] - = s
Cooling 3 ERET e 1 600 T
2
=

20 I ! I ! ! ! 1 I ! 1 400
* Type of Element : DC3D8 0 100 200 300 400 500 600 700 800 900 1000

¢ Number of Elements : 4,850 Temperature(C)

Fig. 8 Thermal conductivity and specific heat of

Fig. 6 Input values and Meshing in FEA S45C according to temperature
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200 .
-5 Conditions of heat transfer Wim'K)
~—~ 180 g S
= ) . @ Gases in free convection 537
= 160 Relative permeability, f | Water in free convection 100-1200 |
< 140 - 714 g Oil under free convection 50-350
% % Gas flow in tubes and between tubes 10-350
o 120 - E Water flowing in tubes: 500-1200
i~ " ” 43 g 0il flowing in tubes 300-1700
.g 100 |- Blectrical conductivity E Molten metals flowing in tubes 2000-45000
E 8 Water nucleate boiling 2000-45000
& 80 P Water film boiling 100-300
E Film-type condensatior of water vapor 4000-17000
60 - 31 Dropsize condensation of water vapor 30000-140000
'%‘0 Condensation of organc liquids 500-2300
40 |- A
Te=746C
20 W
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S G0 200 300 4d0 300 60 o0 o0 oor 1oy Fig. 9 Film coefficient of thermal transfer for cooling
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Fig. 7 Electrical conductivity and relative 3. S5IeAsIA Ao}
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< Section A-A >

Fig. 10 Distribution of Magnetic flux density
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Fig. 11 Distribution of Joule heat
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Fig. 12 Distribution of heating temperature
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Fig. 15 Vickers hardness measurement equipment
and S45C specimen
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Table 2 Experimental hardness data

Vickers Rockwell
Depth
hardness hardness
[mm]
[Hv] [HrC]
Surface
section
Near
, 0.90 431 43.8
surtace 1.00 409 418
section 1.10 363 37
1.20 367 37.5
1.30 316 31.8
1.40 334 33.8
1.50 328 33.2
1.60 269 25.7
4.2 H#sl Zo| A3
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