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Equivalent modelling of heating coil and pot

Introduction

z @ Simplified equivalent circuit @ Comparison analysis results
 The principle of the induction heating is based on the Faraday's law of electromagnetic induction. . | 42 L, — "
* The IH technology is used for induction furnace, melting, and heat treatment of metal as industrial , by R X, R jx.
applications while microwave oven, IH rice cooker, IH cooker as kitchen applications. Especially, o ; . T - ™ v, Vs J
IH products for home cookware are highly interested. Among them, IH electric rice cookers are Vessel or Pot v " . ;%ffff,‘.f:?.’f.:?..__....[ﬁﬁig”—*‘*
Fig. 2. Circular loop of wires

being developed mainly in Southeast Asia including Japan, Korea, and China.

* In this paper, modeling an electric circuit of a working coil and an inner pot and modeling
integrated equivalent circuit for electric field analysis. Through the modeling results, heating coil
structure suitable for IH electric rice cooker to optimize heat conversion efficiency was optimized
and designed. As a result of the experiment, it was confirmed that the conversion efficiency of
about 1% was improved.
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Fig. 3. Cut view of induction heating cooker

Analysis results

@ Thermal analysis

& Flow chart of analysis process

Table.2 Analysis results of practical model

@ Choice of available coil positons practicalibaGE Optimized Model
Input data: V, f — —— Practical Model Optimized Model 7, .
& geometries of vesseal Vesse] €= — — — — 20 Ana Iyt|Ca|
Parameters Results FEM Results
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Table 1. Parameter of analysis practical model pavametars taing reinson { 162 ) emperatdre emperattre LT\ TALSFALEFELY l 69.3 A 63.9 A
-l- 5 100

Input Supply VOItage Vin 177 VrmS | |setting Primarz -.;.rinrjlng posiions| | §&  RBpositionhas 19 ums «—ggf | | @ v ppl'“;do’:?:m Temaereur = IS 2103 A 2083 A

R are Input supply frequency f 20 kHz l | P 1300 W 1321 W

RA area Mate r|a| COpper 59|'-‘EE! for circuit paragl"rgters RA position has 17 turns Primary winding RA position has 11 tums  Primary winding I ggggggg o EffICIenCY 66. 1 % 66.3 %

| _ : : sing relation 34 . Fig. 10. Input voltage and current
Diameter Litz 29 mm Fig. 7. FEM models of induction heating cooker o o b st & 2 UL VOTLa8
_ wire of primary winding . .
Primary =P, e 22.5% Of Praea Table3. Analysis results of optimized model
windin Number of 23 Using  © ; _ Heat generation Heat generation
veai—sll |t = 140 g g strands Flux density Current density density density - Analytical
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Secondary Material Aluminum o / -~ \/ \/ \/ \/ I, 2084 A 2067 A

Pot Thickness of Pot | 3.5 mm ‘ == 1 1 P, 1329 W 1341 W

. . . . . . . . . . . Memom. 2 1055F-05 W 3 350505, . . . E fficiency 67.0 % 67.5 %

Fig. 6. Dimension of induction heating coil ( selctthebestone ) Fig. 8. Flux density and flux lines analysis Fig. 9. FEM heating performance Fig. 11. Secondary winding current

Conclusion

The result of experiment

@ Thermal conversion efficiency

@ Heating performance

—— | i \ emperature(€)  oracte —Ootimisaton @ practice m Optimization * Inthis research, based on the design results presented through the IH Jar
100 P Practice coil:  82.0~83.0%, heating coil’s new analysis method and its optimum design, the practical
0% - . 0, . . . o o
o0 / o . Average: 82.4% effectiveness of a heating coil was verified.
80 83.5% - . . . . ..
70 =l L Optimized coil: 82.9~83.8%, * Design through equivalent circuits shows results similar to those of FE
7 . Average: 83.2% analysis, and allows fast analysis. A heating coil test sample was created
60 ) UD ] ° ° ° ° ° ° ° ° °
. e - ] ] | through the heating coil design optimized using equivalent circuits.
: : The average therma : : : . . .
, o , Fo 13, Test envi , ., Thedeating performance is better than e 28 i ion oy 0.8% * This was applied to an induction heating electric rice cooker and tested,
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S J $10% | | | | higher for optimized coil. obtaining a 0.8% efficiency improvement.
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