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Abstract Regulatory protocols such as the Convention on Climate Change and the regulation of greenhouse gas
emissions act as catalysts for the development of high-efficiency energy equipment and the efficient use of energy.
Among the fields where energy consumption is high, the electric heating equipment is not efficient. The electric boiler
mainly uses a method of circulating water by contacting the heater. When the existing electric boiler is used, the water
minerals are contacted with the high-temperature heater to be carbonized and adsorbed, thereby promoting the
corrosion of the heater and lowering the efficiency of the heater. For this reason, an electric induction boiler, which
has high energy efficiency and is applied to an induction heating system that can uniformly heat the object to be
heated rather than conduction or convection heating, is in the limelight. This method induces a boiler pipe And it
is recognized as an alternative that can solve the problem that occurs when heating is performed by direct heating.
Despite the fact that research on induction heating has been conducted for a relatively long period of time, there have
been few studies on the electrothermal technology using induction heating. Therefore, in this paper, to improve the
heat efficiency of electric induction boiler, the influence of the cross sectional area, number of windings and winding
layers is analyzed by finite element method through parametric study method. The method of finding the design point
which maximizes the total loss is proposed by the alternating winding design method which can maximize the heat

generation by analyzing copper and iron losses.
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Fig. 1. Structure of Induction Boiler

Table 1. Specification

Spec. Value Unit
Input Voltage 220 Vims
Input Frequency 60 Hz
Layer 4 -
Turns per layer (1F/2F/3F/4F) 95/93/91/89 Turns
Table 2. Materials
. Conductivity Density
Item Matrials [siemens/m] [ke/m]
Carbon Steel
Core . 6,000,000 7,830
Pipe(SPP38)
Pipe Stainless Steel 1,100,000 8,055
Winding Aluminium 38,000,000 2,689
— 1 —
R, =—=[ohm], p=p,[1+a(T—T})] (1)
oS
NERde) 542 BAG] gIsle] fH2LUE o
s3] 54L e AR Ae Z5
AEH 725 ZAR, o] Zdole] AAel A A
A 7] wiel dopggkew mdgsiglon tigds
1HE] 128 %E_H:"a o MAN TS

-1---+ Stainless Ste.

Aluminum

# [Webor] - -

6. 2B00E-007 | / — B

5.8357E-007) I

%.710%E-007 ‘ ‘

. 3.9285€-007
3. 44ONE-007 !

2, 3553E-007) |

|
1.57026-007 ‘
7.85106-008

-6.%Q53E-025

(b)

Total-Loss
[%/m*3]

3.7832E+004
. 3. 4Q4IE+004
3.9265E+004
2. 6482E+00Y
2.2699E+004

1. 8916E-00Y4

1.5133E+004
1. 1350E+08Y4
7.5664E+003

3.78326+003

8. OBOE 002

©

Fig. 2. FEA of a conventional model
(a) FEM modeling (b) Flux Line (c) Total
Loss Distribution
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Table 3. Resistance of primary coil

Item Value Unit
Total Turns 368 Turns
One-Turn Length 0.299 m
Total Winding Length 110.119 —
Winding Cross-section Area 0.000315 L
Conductivity of Aluminium(o) 38,000,000 | siemens/m
Temperature Coefficient of Aluminium(a)| 0.00429
Winding Resistance(0C) 0.0920 Q
Winding Resistance(30C) 0.1039 Q
Winding Resistance(130C) 0.1315 Q
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Fig. 3. Placement of Coil cross-section

Table 4. Coil cross-sectional design variables and Loss
Analysis by Coil Cross Section

existing | model 10 | model 21 | model 40
Width 45 2 3 5
[mm]
Height 7 s 7 3
[mm]
Cross- section
(o] 31.5 10 21 40
ReSISta[‘g GO 01038 | 03279 | 01558 | 00818
Current 119563 | 84.048 | 117.347 | 135.164
[Arms] . . . .
Inductance |51 5171 | 412533 | 334077 | 27.6854
[mH] ’ ’ ' ’
Copper Loss
[KW] 1.4844 2.3166 2.1448 1.4939
Core Loss
[KW] 17.2663 11.5739 16.8478 18.5493
Total Loss
[KW] 18.7507 13.8905 18.9926 20.0432
mCopper Loss maCore Loss -<~-Total Loss
25
20 187507 189926 200432
s15 3.890
=
310
5
0
Existing model 10 model 21 model 40

Fig. 4. Loss comparison by a Coil Cross-Section
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3_2 ;"._-IIA_'i—JFO'll 2|?_} *2'171' mCopper Loss Core Loss -=Total Loss
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_ _ B Existing model 328 model 348 model 388 model 408
e dagch e AR S el o b Coil T
ig. 6. Loss comparison by Coil Turns
ARG} 74 2o 328 do] 21.1688[KW]Z 7Hd &
o] A3hsic, 5
e 3.3 #MAL0l st Al
AR WE GFS B4 skl A AM
R [ ] 5 7)ERdY AHFE DANTIIL G5E 37614
> Layer B UEsol A olgdow S bsd HAudls
> Layers A WA B ANSE 2 A¢ AN A%
> Layerd ’ b Aol 5% AfIt Wol & £o] AXE RS 2
R A R e R e R RRSASI ] o g e
I & WYAZE BEE 71ERAS oF L7H), A& o
< Basie Model = < Model 328 > < Model 408 > 13HH 3_7_” %*ﬁﬂb} %—-fi—/‘\?]_% 2 7008[KW]§ 7]‘2‘:__@_
Fig. 5. Coil layers o 132% Z7kstel Wl S-S o Ak
Table 5. Coil turns per layer Table 7. Coil layers
o | o3 | g | el | Winding Exisitng | model 3 | model 5 | model 6
Layer | Layer | Layer | Layer | Turn Resistance t
(30°) [«] 1" Layer 95 125 77 67
nd
existing | 95 | 93 | 91 | 89 | 368 0.1038 2" Layer 93 123 75 65
3 Layer 91 120 74 62
model 328 85 83 81 79 328 0.0925
4" Layer 89 72 60
model 348 90 88 86 84 348 0.0982 o Layer 780 53
model 388 | 100 | 98 | 96 | 94 | 388 0.1095 6" Layer B . . 56
model 408 | 105 103 101 99 408 0.1151 total turns 368 368 368 368
distance between
: : i inner pipe and |, o5 10.25 5.65 1.15
Table 6. Loss Analysis by Coil Cross Section winding
[mm]
Current | Inductance ngs:r Ez: Total Loss
[Arms] (mt] [KW] [KW] [KW] Table 8. Loss Analysis by the number of coil layers
existing | 119.617 | 30.9336 1.4844 | 17.2668 18.7507
Current | Inductance Cl(jpper Eore Total Loss
] [mH] 0SS 0SS [KW]
model 328| 144.604 | 23.0851 1.9805 | 18.9684 | 21.1688 [Arms [KW] [KW]
model 348 130.608 | 26.6281 | 1.6930 | 18.1421 | 19.9209 existing | 119.617 | 30.9336 | 1.4857 | 17.2668 | 18.7525
1 155. 22. 25140 | 22.1 24,
model 388 110.877 | 359336 | 13336 | 163650 | 17.6168 model 3 | 155.599 5587 | 25140 868 7008
model 5 | 98.947 36.8679 1.0166 | 14.0383 15.0549
model 408| 103.331 | 40.1555 1.2100 | 154313 16.5183
model 6 | 85.483 42.3333 0.7588 | 11.8153 12.5741
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