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Abstract—This report proposes an estimation method for the
heating efficiency of an induction heating cookerln the cooker,
two processes transfer energy from the coil to thevater in the
pan. In the first process, magnetic energy is trarfisrred from the
coil to the pan. In the second process, heat energgy transferred
from the pan to the water. Copper loss occurs in # first process,
and heat loss to the air and other materials occurg the second
process. We estimated the heat value in the pan aride losses in
the coil and the aluminum ring by using the 3D finie element
method for eddy current problems. Next, we estimatd the heat
energy transferred to the water and the heating eftiency by
using the 3D finite element method for heat transfeproblems.
The estimation results for the heat value of the pa the losses and
the heating efficiency were validated by the expeamental results.

Index Terms—Induction heating cooker, heating efficiency,
copper loss, 3D finite element analysis.

I. INTRODUCTION

Induction heating cookers have been used for a tiong.
Although they can operate at high heating efficyefid, this is
not always the case. The efficiency depends ositteeand the
shape of the pan, and the current frequency ofalid2]. It is
desirable to predict the heating efficiency for ledequency
and pan size.

Thus, we propose an estimation method for the hgati
efficiency of induction heating cookers that is dd®n finite
element analysis. The two processes that transfngg from
the coil to the water were simulated. The firstqess, which
transfers magnetic energy from the coil to the pamas
simulated by a 3D finite element analysis for edxuyrent
problems, and the heat value in the pan tedlosses in the
coil and the aluminum ring were estimated. The sdco
process, which transfers heat energy from the painet water,
was simulated by a 3D finite element analysis featttransfer
problems, and the heat energy transferred intonditer was
estimated.

Il.  CALCULATION METHOD FOR HEATING EFFICIENCY

A. Analytical model for induction heating cooker

Fig. 1 shows the analytical model for the inductimating
cooker. The dimensions and arrangements of theriaate
were set to those of the experimental system. Xperemental
system has rotational symmetries through 22.5 dsgre
Therefore, the analytical model was set as a 1/déetrand all
boundaries were set as a fixed boundary [3]. The was
made of SUS430. The thickness of the pan was sebahm
or 3.0 mm, ana,, was set so that the volume of the water was
1 liter. In the case that the thickness was 1.5 rynz,, andz,
were set at 98.5 mm, 135.5 mm, and 168.3 mm, résphc
In the case that the thickness was 3.0 mynz,, andz, were
set at 97.0 mm, 137.0 mm, and 170.8 mm, respegtietoil
whose diameter and turns were 2.0 mm and 20, régplgc
was arranged in the coil area. The relative peritigabf the
ferrite core and the pan was set at 1800 and 2&tectively,
that of all other materials was set at 1.0. Tabkhdws the
material properties, including electric conductiyitheat
conductivity, specific heat, and density.
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Fig. 1. Analytical model

In this report, the estimation results for the healtie of

the pan, the losses and the heating efficiencyalidated by
the experimental results. In the first experimeve, examined
whether the estimated sum of the heat value ipémeandhe

losses in the coil and the aluminum rim@s equal to the
measured supplied power to the coil. Next, we eranhi
whether the heat energy transferred to the watedeti by the

integral power consumption (the product of the a&bo

estimated summation and the heating time) was egutie
measured heating efficiency.

TABLE |
MATERIAL PROPERTIES
Pan Water Thermal Alumlnum
glass ring
Electric
conductivity | 1.67x 10° 0.00 0.00 3.69x 10
o(S/m
Heat
conductivity | 2.56X 10 7.00<10% | 9.40x10% 2.05x 107
A (W/m - K)
Specific heat
V', kg~ K) 460<10° | 4.20x10° | 6.76X1C? 9.00x 107
Densr'g 7.75%10° | 1.00x10° | 2.30x10° | 2.70x10°
p (kg/nr)




induction heating cooker are shown in Table Il. Tdwl
current and the frequency employed in the finitemeint
analysis were little changed for either pan thideneThe
average power supplied to the coil was calculatedthe
integral power consumption divided by the heatinget

The estimated values obtained by using the proposed
method are shown in Table Ill. For either pan thess, the
1) summation of the heat value in the 3, the losses in the

coil Peoi and the aluminum ring, was in agreement with the

Here, gy is the conductivity of the pamy,, is the number of measured average power supplied to the coil. Fros the

pan elements/ is the volume of elemert andJ is the eddy estimated heat value in the pdine losses in the coil and the
current density in elemere. The heat value (loss) in the aluminum ring were deemed reasonable. The loss mtthe

aluminum ringPx was calculated in like fashion. first process to transfer magnetic energy fromdbi to the

Next, the analysis with setting the conductivitytbé coil Pan were less than 3.6% for either pan thickness.
was performed and the coil resistanigg was calculated as

B. Calculation method for heat value and losses

The 3D finite element analysis for eddy currentiyems
was performed to calculate the heat value in the ggad the
losses in the coil and the aluminum ring. Afterfpeming the
analysis without setting the conductivity of thelcthe heat
value in the paiPy,, was calculated as follows [4]:
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fllows (5 MEASURED VALUES
N 4 N
oy = 8 Sa+ mnzdswzacgn Z[aj<Bfms>‘ /I Jz} @) Thickness of pan (mr 1.5 3.C
Mo ds 7= 32 =1 ! Coil current (A) 24.0 235
. . Frequency (kHz) 23.4 23.5
Here, m is the number. of strands er turn (.:503@” is the Initial temperature'C) 214 | 231
conductivity of the coil (=5.7& 10" S/m), ds is the strand End temperatureq) 80.4 79.9
diameter (=0.3 mmyy is the number of coil turns (=203, is Heating time (s) 240 255
the average radius of théh turn winding, wis the angular Average power supplied to coil (| 1257 | 125/
frequency, Brmsz>j is the square of the average magnetic flux
density in thgth winding element, anlj is the average current TABLE IlI
through theth winding cross-sections. The copper loss in coil __ESTIMATED VALUES
P.oi Was defined as the product of the coil resistangeand TE;‘;?QZT (E’Lpa'(‘v\(l)m’ 112'36 1312:
. . Valu€Fpar ~
the square of the actual measured current in thergrent. Copper 05 (W) 368.49 | 3747
C. Calculation method for heating efficiency Heat value (IossPa (W) 6.581 | 6.367
Sum of Ppar andPeoi, Pa (W) | 1251 | 120€

The 3D finite element analysis for heat transfesbgms
was performed to calculate the heat energy tramsfeio the  B. Calculation result of heating efficiency
water. The analytical model shown in Fig. 1 wasduse Next, we examined whether the estimated heating
However, the air, the coil, and the ferrite elersemtere efficiency was equal to the measured heating efiicy. The
ignored. The heat transfer boundaries with the fibefit of estimated and the measured heating efficienciestaran in

heat transfer (=4 W/fiK) were set around the water, the panJable IV. As shown, the estimated values agree witll the
the thermal glass, and the aluminum ring. Waterveotion measured values. From this, the estimation mettestribed

was not considered, and so the average temperigaref the in this report is shown to be very helpful for dgsng pans

water was calculated as the heat transfer energfyetavater and induction heating cookers.
divided by the heat capacity of the water for edéehation.
The time stepdt was 5 s. The heating efficiengywas defined
as follows:
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Here, Teng and Ty are the end and the initial temperaturesm
respectively, of the watec,. is the specific heat of the water,
Puater 1S the density of the waten,.., is the number of the [2]
water elements, artgkaingiS the heating time.

heating

(3]
(4]

I1l.  CALCULATION RESULTS FOR HEATING EFFICIENCY

A. Calculation result of heat value and losses

First, we examined whether the estimated sum oht& |5
value in the pan and the losses was equal to thesumed
supplied power to the coil. The measured values tfar

TABLE IV
HEATING EFFICIENCY RESULTS
Thickness of pan (mr 1.5 3.C
Estimated value (9 81.4 74.C
Measured value (%) 81.9 74.4
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