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Design and Fabrication of Water Heater with Electromagnetic Induction 

Heating 
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Geerapong Srivichai1* 

ABSTRACT 
 The purpose of this research was to design and fabricate water heater with electromagnetic 
induction heating by half-bridge series resonant circuit inverter. The load was an induction coil, which 
was wound under the vessel of 16 cm diameter of containing 1 l  water with shielded lid. The testing on 
the performance of the fabricated prototype, which was controlled by adjusting resonant frequency 
from 20 to 40 kHz and the output power from 2 to 0.5 kW found that it could boil one liter of water within 
3.5 minutes. Meanwhile, the boiling time became approximately twice for the normal electric water 
heater. The overall efficiencies of the half-bridge inverter and the induction water heater are 
approximately 95 % and 85 %, respectively, which is very promising for further research. 
Key words: Induction coil, Half-bridge inverter 
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DJ4@@/6RSST/C=Z6=p3345DE86q/6L7F?M/A4r]6
./0D4s6/=0>CL_ 3/.]6GN7:36;U@=p33<I46./0]VK
DJ4@@/6RSST/CV2@D/b2V5B[486:K6WN5019[G@=0>CL_97
H61W6K9CD2F9[U86L<.=t XUF@]6=t 2549 =0>CL_RL597A1/9
:KG@./0./0]VKDJ4@@/6RSST/CL75ICLP/68M/946N2I 1,548 
D46I/0BC0J:PG146O0EGCD2F9[U860KG5J>1.8 3/.=t 2548 
.J<P9^\K]VKDJ4@@/6RSST/G/3HIP@RNKC=Z6OJ/5.J<P9H:P
.J<P9L7F97./0]VK9/..J<P9O6UF@ AEG .J<P9G<:?/O.009
G/A/0?M/64.@/6HJ>L7FG5\PG/_45 A2NC=Z60KG5J> 55.5 
[ G @ . / 0 ] VK D J4 @ @ / 6 R S ST / L48 @ = 0 > C L _ 
(?M/64.@/66W5I/5HJ>H^6DJ4@@/6, 2549) XUF@3>COQ6
RNK1P/97./0]VKDJ4@RSST/APG6[K/@9/.HJ>54@97H61W6K9
3>CD2F9[U86L<.w =t 3/../0]VKRSST/]6G/A/0?M/64.@/6
HJ>L7FG5\PG/_45L4F1R= ?/CO:<O6UF@L7F97^J:PG./0CD2F9
DJ4@@/6N4@.JP/1[K/@:K6 AEG CA0EFG@LM/68M/0KG6 C6EFG@3/.
CA0EFG@LM/68M/0KG697./0]VK.0>H?RSST/APG6[K/@?\@9/. 
C9EF G CL75I.4ICA0EF G@]VK RSST/GEF6w Y/5]6G/A/0
?M/64.@/6HJ>L7FG5\PG/_45L4F1R= ]6?P16./0]OKA1/9
0KG6.4I68M/CDEFGCD2F9G<bOY\92[G@CA0EFG@LM/68M/0KG6
WN5L4F1R=94.3>]VK[NJ1NA1/90KG6(heating coil) C=Z6
?M/A4r XUF@D23/0b/;U@.JR../0;P/5CLA1/90KG6
Y / 5 ] 6  3 > D I 1P / A 1 / 9 0K G 6 L7F C .2 N [U8 6 ] 6 [ N
J1NA1/90KG63>;P/5CL3/.[NJ1NC[K/?\PWJO>:41.J/@ 
HJK13U@;P/5CL]OK.4I68M/G7.:PGO6UF@ 3U@C=Z6R=RNKL7F3>LM/
]OK=0>?2Lc2Y/D:FM/ 

@/612345[G@ ?/5VJHJ>Ab> (2551) RNK
_U.x/C:/O<@:K9CO67F516M/A1/90KG6L7F]VKOJ4../0
[NJ1NCO67F516M/CDEFG]OKC.2N?6/9H9PCOJQ.R=AJKG@
C.7F51L7FY/V6> HJ>LM/]OKC.2N.0>H?ROJ16[U863U@C.2N
C=Z6A1/90KG6 ?P161@30.M/J4@]VKAG6C1G0BC:G0BXUF@]VK 
IGBT (Insulate Gate Bipolar Transistor) C=Z6:41
?12LVBCD75@O6UF@:41 ./0=04I.M/J4@?/9/0;LM/RNKWN5
./0=04IA1/9;7F  CA0EFG@:K6HII97[6/N 650 14::B 

LM/@/6]6VP1@A1/9;7F 25 ;U@ 31 kHz ?/9/0;]OKA1/9
0KG6H.P68M/L7F=029/:0 0.5 J2:0 3/.G<bOY\92OKG@;U@ 100 
OC RNKY/5]6C1J/ 8 6/L7 ?P16@/612345[G@ Tanaka 
(1989)  RNK_U .x/C:/O< @:K9 CO67F 516M /A1/9;7F ?\ @
WN597OJ4../0D23/0b/CO9EG6.4IO9KGH=J@RSST/
CDEFGO/G26N4.H:6XBHJ>A1/9:K/6L/6CL75ICLP/ 
[G@[NJ1NCO67F516M/ 3>[U86G5\P.4IA<b?9I4:2L/@RSST/
[G@14?N<[G@Y/V6>H:PJ>V62N XUF@C=Z6?P16?M/A4r]6
./0D23/0b/CJEG.]VKY/V6>]OKCO9/>?9:PGR= 

O/.9G@1P/./0CD2F9=0>?2Lc2Y/D[G@CA0EFG@
LM/68M/0KG6G5\PL7FH61L/@./0JNA1/9:K/6L/6A1/9
0KG6[G@0>IIJ@  L/@GG. AEG C=J7F5614?N<L7F]VKG5\P]6
[b>678 O0EGJNA1/9O6/[G@^64@L7F.486G5\P0>O1P/@
[NJ1NLM/A1/90KG6HJ>68M/J@]OK9/.L7F?<N  N4@6486
^\K123453U@97H61A2NL7F3>CJEG.]VK12c7C=J7F560>II./0]OK
A1/90KG6R=]VKOJ4../0CO67F516M/H9PCOJQ.RSST/ 
(induction heating) CD0/>./0]OKA1/90KG6NK1512c7678 
3>LM/]OK^21LPGWJO>0KG6HJK1;P/5CLA1/90KG6?\P68M/RNK
WN5:0@ LM/]OKA1/9:K/6L/6A1/90KG6:FM/.1P/./0]VK
[NJ1NA1/90K G6HIICN29  3U @A/N1P /3>LM/ ]OK
=0>?2Lc2Y/D[G@./0LM/68M/0KG6N7[U86 C=Z6./0=0>O54N
DJ4@@/6RSST/HJ>./0]VKDJ4@@/6RSST/G5P/@97
=0>?2Lc2Y/D XUF@?GNAJKG@:/96W5I/5C0P@NP16[G@
6W5I/5NK/6DJ4@@/6[G@=0>CL_RL5 
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./0]OKA1/90KG6HIICO67F516M/ (induction 
heating) C=Z6=0/.e./0bBL/@RSST/HJ>L/@A1/9
0KG60P19.46WN597?/CO:<3/.L48@./0CO67F516M/[G@AJEF6
H9P COJQ.RSST/ (electromagnetic induction) 
=0/.e./0bBL7F^21 (skin effect) HJ>./0;P/5CLA1/9
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0KG6 (Heat Transfer) XUF@3/.?/CO:<9\Jq/6L48@?/9 
?/9/0;Gc2I/5./0]OKA1/90KG6HIICO67F516M/WN55PG
RNKN4@678 (Davies and Simpson,1979) C9EFG]OKRSST/
.0>H??J4I^P/6C[K/?\P[NJ1NCO67F516M/L7F97V286@/6L7FC=Z6
WJO>G5\PY/5]6 .0>H?RSST/L7F3P/5C[K/?\P[NJ1N
CO67F516M/3>CO67F516M/]OKC.2N?6/9H9PCOJQ.[U86]6
[NJ1NAJKG@^P/6V286@/6 C6EFG@3/.V286@/6C=Z6WJO>
?6/9H9PCOJQ.L7FAJKG@^P/6V286@/63>CO67F516M/]OK97
.0>H?RSST/ROJWN5.0>H??P169/.3>ROJ^P/6
V286@/6]6I02C1bA1/9JU.0>N4I^21 (skin depth) [G@
V286@/6.0>H?L7FROJ160GIV286@/6 LM/]OKC.2NA1/90KG6
[U86L7FI02C1b^21[G@V286@/6 A1/90KG6678[U86G5\P.4I
=029/b.0>H?L7FCO67F516M/ HJ>A1/9:K/6L/6?99\J
[G@C?K6L/@L7F.0>H?ROJ^P/6 WN5A1/90KG6L7FC.2N[U86678 
3>C.2N./0;P/5CLR=?\PI02C1bGEF6w WN5./06M/A1/90KG6 
./0D/A1/90KG6 HJ>./0H^P04@?7L7FI02C1b^21[G@WJO>
L7FC.2NA1/90KG6N4@ (Figure 1) H?N@./0]OKA1/90KG6
NK15OJ4../0.0>H?CO67F516M/G5P/@@P/5  .JP/1AEG ;K/
1/@V286@/6R1K]6[NJ1N O0EG].JK.4I[NJ1NV286@/66486
3>;\.CO67F516M/]OKC.2N.0>H?ROJ16Y/5]6HJ>C.2N
A1/90KG6[U86  
 
2. ���H�Q������������������������
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CA0EFG@L7F?0K/@[U86:KG@97J4.xb>./0LM/@/6
AJK/5.4IC:/O<@:K9CO67F516M/A1/9;7F?\@ XUF@OJ4../0
CO67F516M/H9PCOJQ.RSST/64863M/C=Z6:KG@.M/O6NA1/9
:KG@./0O0EG[KG3M/.4N./0LM/@/6[G@CA0EFG@ CVP6 
AP/A1/9;7FL7F3>6M/R=A1IA<9]6./0?12LVB HJ>Y/V6>L7F
3>6M/9/]VK N4@6486./0GG.HII=0>.GIR=NK15./0
.M/O6N[6/ND2.4N[G@G<=.0bBH:PJ>G5P/@]6@/612345  
RNKH.P  1@30C075@.0>H?RS:0@ 1@30N7X7J2@AB 
G26C1G0BC:G0B 1@30?P16.M/C62N?4rr/bD4J?B 1@30?P16
[4IC.: HJ>V<N[NJ1NL7F3>6M/9/:PG]OKC=Z6Y/0>C0-

WXH66XB 3/.IJQG.RNG>H.09 (Figure 2) =0>.GIR=
NK15  
 

  1@30C075@.0>H?RS:0@ (rectifier circuit) 
O6K/L7F[G@1@30?P16678 AEG H=J@^46.M/J4@RSST/3/.
HOJP@.M/C62NRSST/.0>H??J4I 220  50

ac
V Hz C=Z6

RSST/.0>H?:0@ 310
dc

V CDEFGC=Z6H0@N46[/C[K/]OK.4I
G26C1G0BC:G0BHII.UF@I02N3B XUF@1@30]6?P16678]VKRNWGN
V62NC:Q9I02N3BHII module CIG0B KBPC50A10 M 
[6/ND2.4NL6H0@N46RNK 1,000 W1JLB .0>H? 50 
HG9H=0B LM/O6K/L7FN4@.JP/1  H?N@N4@ (Figure 3) 
 
           1@30N7X7J2@AB (DC link) LM/O6K/L7F.0G@
H0@N46RSST/.0>H?:0@L7FRNK3/.1@30?P16C075@.0>H?
]OKC075I WN5=0/_3/.AJEF602=C=aJ CDEFG]OKH0@N46RSST/
L7FRNKC=Z6H0@N46RSST/.0>H?:0@9/.[U86 HJ>6M/R=C=Z6
H0@N46RSST/[/C[K/]OKG26C1G0BC:G0BHII.UF@I02N3B XUF@]6
?P16678]VK:41C.QI=0>3<D2.4N 4,700 Fµ 450 

dc
V :PG

[6/6.4I1@30C075@.0>H? H?N@]6 (Figure 4) 
 
      G26C1G0BC:G0B (inverter) C=Z61@30L7F]VK]6
./0H=J@RS.0>H?:0@ (DC) ]OKC=Z6RS.0>H??J4I 
(AC) A1/9;7F?\@XUF@C:/O<@:K9CO67F516M/6783>C=Z61@30Y/
0>C0WXH66XBV62NG6<.09WN5971@30G26C1G0BC:G0B3P/5
.M/J4@RSST/]OK.4IY/0>C0WXH66XBV62NG6<.09678H?N@
]6 (Figure 5)  
 

C9EFGD23/0b/1@30  Figure 5 3>97A\P?12:VB S1 
HJ> S2 LM/@/6?J4I.46CDEFGH=J@RS.0>H?:0@]OKC=Z6
RS.0>H??J4IA1/9;7F?\@ C9EFG14NH0@N46:.A0PG9?12:VB 
(

2s
V ) 3>RNKAP/H0@N46?\@?<NCLP/.4I 

d
V+ HJ>AP/H0@N46

:FM/?<NCLP/.4I 0 HJ>.0>H?ROJ^P/6Y/0> (
L

i ) 3>C=Z6
AJEF6RX6B XUF@3>COQ61P/1@30G26C1G0BC:G0BHII.UF@I02N3B97
H0@N46:.A0PG9Y/0> HJ>.0>H?ROJ^P/6Y/0>C=Z6
A0UF@O6UF@[G@1@30G26C1G0BC:G0BHIIC:Q9I02N3B]6L/@

1 

2 

3
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=e2I4:2VP1@C1J/L7F?12:VBL48@A\PR9P6M/.0>H? XUF@C075.1P/AP/
C1J/C1K61P/@ (dead time) WN53>G5\P]6VP1@C1J/.PG6
3>C=J7F56?;/6>./0?12:VB3/../06M/.0>H?C=Z6R9P
6M/.0>H? O0EG3/.R9P6M/.0>H?C=Z66M/.0>H?  ]6
@/612345678CJEG.]VK IGBT HIImodule CIG0B 
MG50Q2YS40 V62N N channel D2.4NH0@N46?\@?<N
1,200 W1JLB HJ>.0>H??\@?<N 50 HG9H=0B L7FG<bOY\92 
2 5  o

C LM /. / 0:4 N:P G RS. 0 >H?:0 @ R= C =Z 6 R S
.0>H??J4IL7FA1/9;7F 20 ;U@ 40 kHz 
     1@30?P16.M/C62N?4rr/bD4J?B (pulse 
generator) LM/O6K/L7F?0K/@?4rr/bD4J?B CDEFGA1IA<9
./0LM/@/6[G@ IGBT .M/J4@L48@ 2 :41]6G26C1G0BC:G0B
HII.UF@I02N3B XUF@]VKRGX7CIG0B TL494 LM/O6K/L7F?0K/@
?4rr/bD4J?B?/9/0;=04IA1/9;7F 20 ;U@ 40 kHz 
HJ>=04IAP/N21:78RXCA2J (duty cycle) RNK H?N@1@30]6 
(Figure 6)  
 

   1@30?P16[4IC.: (gate drive circuit) LM/
O6K/L7F[5/5?4rr/b3/.1@30.M/C62N?4rr/bD4J?B
3/.RGX7CIG0B TL494 ]OK97[6/N?\@[U86C=Z6 12 W1JLB 
CDEFGR=[4I[/C.:[G@ IGBT .M/J4@]OKLM/@/6 D0KG9L48@
LM/O6K/L7FH5..0/16NB0>O1P/@1@30.M/J4@.4I1@30
.M/C62N?4rr/bD4J?B WN5]VK:41CVEFG9W5@L/@H?@CIG0B 
TLP 250  CDEFG=TG@.46./0J4N1@30C[K/?\P1@30.M/C62N
?4rr/bD4J?B N4@H?N@]6 (Figure 7)  
 

V<NY/0>C0WXH66LB ]6@/6123456783>:PGY/0>
./0C0WXH66XBC=Z6HIIG6<.09 WN53>]VKJ1NLG@HN@
CIG0B 30 SWG 3M/616 24 C?K6:7C.J751 D46C=Z60\=.K6
OG5 38 0GI 3>RNKAP/G26N4�.H:6XB ( L ) =0>9/b 
11mH  HJK16M/AP/G26N4�.H:6XB ( L ) L7FRNKR=
AM/61bO/AP/A/=/X2H:6XB (C ) CDEFG]OKC.2NA1/9;7FC0
WXH66XB (R9:07, 2539) N4@H?N@]6?9./0L7F (3) 

2 2 2 2
( )T L CZ R X R X X= + = + −      (3)  

 

C9EFG Z  AEG G29D7HN6XB]61@30 (O6P15 : Ω ) 
R  AEG A1/9:K/6L/6]61@30 (O6P15 : Ω ) 

L
X AEG G26N4.:7S07HGAH:6XB (O6P15 : Ω ) 

C
X AEG A/=/X7:7S07HGAH:6XB (O6P15 : Ω ) 

            
T

X AEG 07HGAH:6XB019]61@30 (O6P15 : Ω ) 
 

C9EFG1@30C.2N?Y/1>C0WXH66XB3>RNKCD/C1G0B
HSAC:G0B[G@1@30CLP/.4IO6UF@ 6486AEGAP/G29D7HN6XB 
( Z ) [G@1@3097AP/CLP/.4IA1/9:K/6L/6 R Y/5]6
CD75@G5P/@ CN751  N4 @648 63>RNK  Z R= HJ> 

0
T L C

Z X X= − =   

O0EG  
L C

X X=      3>RNK  1
2

2
r

r

f L
f C

π
π

=    

N4@64863>RNKA1/9;7F C0WXH66XB97AP/CLP/.4I                
1

2
r

f
LCπ

=       (4) 

 
C9EFG

r
f AEG A1/9;7FC0WXH66XB (O6P15 : Hz ) 

L AEG G26N4�.H:6XB (O6P15 : H ) 
C AEG A/=/X2H:6XB (O6P15 : Fµ ) 

AM/61bO/AP/A1/9;7FC0WXH66XB    C9EFG 11L mH=  
HJ>  0.5C Fµ= HL6AP/]6?9./0L7F (4) 3>RNK 

r
f = 

21.5 kHz. 
 

�HI������	�� 
LN?GI./0LM/@/6[G@CA0EFG@L7F?0K/@[U86WN5]VK

Y/V6>?H:6CJ?I003<68M/=029/:0 1 J2:0 1/@Y/V6>
OP/@3/.[NJ1NCO67F516M/  0.5 CX6:2C9:0  WN597./0
LN?GIN4@:PGR=678 (Figure 8) 
1. LN?GI./0LM/@/6[G@CA0EFG@L7F?0K/@[U86WN5 

1.1 LN?GI1@30?P16.M/C62N?4rr/bD4J?B 
(pulse generator) [G@RGX7  TL494 LM/./014N
?4rr/b[/GG.3/.[/8 (CH1) HJ> [/11 (CH2) 
WN5]VKGG?X2WJ?WA= HII isolated channel 0<P6 TDS 
2024 H?N@]6 (Figure 9) 

4 

5 

6 
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 1.2 LN?GI1@30[4IC.: WN5]VKGG?X2WJ?WA= 
HII isolated channel 0<P6 TDS 2024 14N?4rr/b[/
GG. L7F[/ 6 [G@ TLP 250 L48@ 2 :41 (CH1 HJ> CH2) 
N4@H?N@]6 (Figure 10) 

1.3 LN?GIG26C1G0BC:G0B CDEFG3P/5.M/J4@]OK.4I
V<NY/0>C0WXH66LB NK15GG?X2WJ?WA= HII isolated 
channel 0<P6 TDS 2024 CDEFG14NH0@N46 (

Load
V ) HJ>

.0>H? (
Load

I ) [G@[NJ1NCO67F516M/HJK1 I46LU.^J 
OJ4@3/.6486AM/61bO/.M/J4@[G@G26C1G0BC:G0BNK15
?9./0L7F]VK]6./0=0>C926N4@678  (102xqBHJ>Ab>, 
2544.) 

cos
Load Load Load

P V I θ=        (5) 
AP/A1/9:K/6L/6?99\J   

 cosLoad
eq

Load

V
R

I
θ=   (6) 

.M / J4 @ R S ST / [ / C [K / [ G @ 1 @ 3 0 G2 6 C 1 G 0B C : G 0B
 

DC DC DC
P V I=      (7) 

= 0 > ?2 L c2 Y / D L / @ R S ST / [ G @ G2 6 C 1 G 0B C : G 0B

 100%Load
e

DC

P

P
η = ×  (8) 

 
2. LN?GI=0>?2Lc2Y/D./0LM/@/6[G@CA0EFG@L7F?0K/@
[U86 WN5 
 2 .1  ^J[G@G<bOY\92[G@68M / C9EF GLM /./0
=04IC=J7F56A1/9;7F?12LVBCL75I.4IC1J/]6./0LN?GI
A048@678  3>]VKY/V6>?H:6CJ?97[6/NC?K6^P/6
_\65B.J/@ 20 CX6:2C9:0  I003<68M/=029/:0 1 J2:0 1/@
Y/V6>OP/@3/.[NJ1NCO67F516M/ 0.5 CX6:2C9:0  HJK1
LM/./0LN?GI=04IC=J7F56A1/9;7F?12LVB]65P/6A1/9;7F 
20 ;U@ 40kHz D0KG9.4ILM/./0I46LU.^J  OJ4@3/.6486
AM/61bNK15?9./0L7F]VK]6./0=0>C926.M/J4@RSST/NK/6
[/-GG.D23/0b/3/.G<bOY\92L7FC=J7F56R=[G@68M/L7F:K9
N4@?9./0L7F (9) (102xqB HJ>Ab>, 2544.)  

heat
o

Q mc T
P

t t

∆ ∆
= =

∆ ∆
  (9) 

 

 C9EFG 
o

P   AEG .M/J4@@/6L7F68M/RNK04I ( kW ) 
      

heat
Q∆ AEG =029/bA1/90KG6]VK]6./0:K968M/ 

( kJ ) 
       t∆  AEG C1J/L7F]VK]6./0:K968M/ ( s ) 
       m AEG 91J[G@68M/ ( kg ) 
        c   AEG AP/A1/93<A1/90KG63M/CD/>[G@68M/ 
( /kJ kg ) 
 T∆  AEG G<bOY\92[G@68M/L7FC=J7F56R=WN5./0
:K968M/ ( o

C ) HJ>=0>?2Lc2Y/D[G@0>II 

 100%o
system

DC

P

P
η = ×   (10) 

 
2.2 ^J./0C=075ICL75ICA0EFG@L7F?0K/@[U86.4I

CA0EFG@V62N[NJ1NA1/90KG6L4F1R= WN56M/CA0EFG@L7F?0K/@
[U8 6 CDEF G ] VK ] 6 @/612 34 5A048 @ 678 9 /LM /./0LN?GI
C=075ICL75I.4ICA0EFG@LM/68M/0KG6L7F]VK[NJ1NA1/90KG6
L4F1R=   Y/5]:KC@EFG6R[./0]VK.M/J4@RSST/L7FCLP/.46 AEG 
1.5 kW HJK1I46LU.^J 

 
V�����HW��FG 

1.  ^J./0LN?GIHJ>12 CA0/>OB./0LM/@/6[G@
G26C1G0BC:G0B 

3/. Figure 11 3>COQ61P/.M/J4@NK/6[/GG.
?/9/0;14N[6/NH0@N46HJ>.0>H?NK/6[/GG.RNK
=0>9/b  160  W1JLB  39 HG9H=0B AP/:41=0>.GI
.M/J4@ cosθ =0>9/b 0.29 ( 73

oθ = ) ?/9/0;
AM/61bAP/.M/J4@RSST/[/GG.[G@G26C1G0BC:G0BN4@
?9./0L7F (5) 3>RNKCLP/.4I 1,832 W LM/./014NRS
.0>H?:0@L7FC[K/G26C1G0BC:G0B3>RNKH0@N46=0>9/b 
311 W1JLB HJ>14N.0>H?RNK 6.2 HG9H=0B ?/9/0;
AM/61b.M/J4@RSST/[/C[K/[G@G26C1G0BC:G0B N4@?9./0L7F 
(7) 3>RNKCLP/.4I 1,928 W HJ>=0>?2Lc2Y/DL/@RSST/
[G@1@30G26C1G0BC:G0B 

e
η  3/.?9./0L7F (8) RNKCLP/.4I 

95 % 
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2. LN?GI=0>?2Lc2Y/D./0LM/@/6[G@CA0EFG@
L7F?0K/@[U86 

2.1 ^J[G@G<bOY\92[G@68M/C9EFG=04IC=J7F56
A1/9;7F?12LVBCL75I.4IC1J/3>COQ6RNK1P/ C9EFG6M/^J./0
LN?GI9/H?N@]6 (Figure 12) L7FA1/9;7F 20 kHz 
3/.C1J/L7F]VK]6./0LM/68M/0KG6]OKCNEGNNK15C1J/CD75@ 3 
6/L7A0UF@ H:PC9EFGA1/9;7FCD2F9[U86 30 kHz 3>]VKC1J/]OK
68M/CNEGN=0>9/b 8 6/L7A0UF@ HJ>C9EFGA1/9;7FC=Z6 40 
kHz 3>O07F:FM/?<N CDEFGR9P]OK68M/CNEGNH:P3>C=Z6./0G<P6 
.0b7LM/68M/0KG6L7F.M/J4@14::B:P/@w I46LU.^JHJK11/N
.0/S=0>.GI./0D23/0b/ (Figure 13) 3>COQ6RNK1P/
]6./0LM/68M/0KG6]OKCNEGN]VKC1J/=0>9/b 3 6/L7A0UF@L7F
.M/J4@14::B 2 kW HJ>C9EFG.M/J4@14::BJNJ@C1J/L7F]VK]6
./0LM/68M/0KG63>6/6[U86HJ>C9EFG.M/J4@14::B:FM/?<N 0.5 
kW 68M/3>R9P?/9/0;CNEGNRNKCJ5 3/.3<N=0>?@AB[G@
./ 0 GG.HII1 @ 3 0  AE G . / 0= 0 > 5< . :B ] VK 1 @ 3 0
G26C1G0BC:G0BHII.UF@I02N3B.4I./0LM/68M/0KG6WN5./0
CO67F516M/H9PCOJQ.RSST/ CD0/>�>6486WOJNL7FHLK302@
[G@1@30 AEG 68M/L7F]VK]6./0:K9  

^J./0LN?GICA0EFG@L7F?0K/@[U86WN5./0LM/68M/
0KG6=029/:0 1 J2:03/.G<bOY\92 26 o

C  ]OKCNEGNRNK
]6C1J/ 3.5 6/L7 HJ>C9EFGHL6AP/D/0/92C:G0B:P/@w ]6
?9./0L7F (9) WN5L7FAP/A1/93<A1/90KG63M/CD/>[G@68M/
97AP/=0>9/b 4.18 /kJ kg 3>?/9/0;O/.M/J4@[/
GG.RNK=0>9/b 1,630 W ]6[b>L7F.M/J4@RSST/[/C[K/
CLP/.4I 1,928 W N4@6486?/9/0;O/=0>?2Lc2Y/D[G@
0>IIRNKCLP/.4I 85 % 

2.2 ^J./0C=075ICL75ICA0EFG@L7F?0K/@[U86.4I
CA0EFG@V62N[NJ1NA1/90KG6L4F1R= 3>COQ6RNK1P/C9EFG6M/
[KG9\J3/../0I46LU.^J9/1/N.0/S (Figure 14)  

C9EFGC=075ICL75IC1J/L7F]VK]6./0LM/68M/0KG6]OK
CNEGNL7F=029/:068M/ 1 J2:0CLP/.46 CA0EFG@L7F?0K/@[U863>]VK
C1J/]6./0LM/68M/]OKCNEGNCD75@ 5 6/L7   ]6[b>L7F
CA0EFG@V62N[NJ1NA1/90KG6L4F1R=3>]VKC1J/]6./0LM/
68M/]OKCNEGN;U@ 10 6/L7 

G5P/@R0.QN7 ^J[G@A1/9;7F]6./0?12LVB97./0
C=J7F56H=J@AP/

c
X  HJ> 

L
X 3>C=J7F56H=J@R=NK15 

3/../0LN?GIAP/A1/9;7F]6./0?12LVBG5\P]6VP1@ 20 
;U@ 40 kHz WN5./0=04IC=J7F56A1/9;7FL7F1@30A1IA<9 
DI1P/L7FAP/A1/9;7FCN751.46^J[G@./0NU@.0>H?RSST/
[G@WOJN.Q3>5PG9H:.:P/@.46GG.R= ;K/A1/9;7F]6
./0?12LVB?\@.1P/A1/9;7FC0WXH66LB9/.w 3>LM/]OKC1J/
L7F]VK]6./0LM/]OK68M/CNEGN.Q3>52F@CD2F99/.[U86 HJ>./0
;P/5CL.M/J4@RSST/R=54@WOJN.Q3>52F@6KG5J@ H:PC9EFGJN
AP/A1/9;7FJ@9/]OK].JKCA75@.4IAP/A1/9;7FC0-WXH66LB
3>LM/]OK./0;P/5CL.M/J4@RSST/R=54@Y/0>3>CD2F9[U86LM/
]OKC1J/L7F]VK]6./0]OK68M/CNEGNC0Q1[U86 H:P./0L7F3>LM/@/6
L7FA1/9;7FC0WXH66LB3>:KG@97./0_U.x/./0LM/@/6[G@
1@30G5P/@J>CG75NCDEFG=TG@.46./0C?75O/5[G@G<=.0bB
?12LVB CD0/>1P/L7FA1/9;7FC0WXH66LB AP/[G@H0@N46.4I
.0>H?3>G26CS?.46 N4@6486VP1@A1/9;7FC0WXH66LB3U@
C=Z6VP1@L7F97./0?P@^P/6.M/J4@RSST/9/.L7F?<N  XUF @
?GNAJKG@.4I./0_U.x/C0EFG@./0]OKA1/90KG6HII
CO67F516M/ [G@ .0>17HJ>V45b0@AB (2544) .JP/1R1K1P/
]6./0]OKA1/90KG6WN5]VKA1/9;7F?\@w 3P/5C[K/R=]6
[NJ1NCO67F516M/678CG@.Q3>LM/]OKC.2N./034I:41[G@
RSST/.0>H??J4IL7F^216G.[G@:416M/ (Skin-effect) 
HJ>3>97=029/b9/.O0EG6KG56486 3>[U86G5\P.4IA1/9
:K/6L/6[G@V286WJO>6486w ./004I.0>H?3M/6169/.
C[K/9/]6V286@/6LM/]OKC.2NA1/90KG6?>?9]6V286@/6
G5P/@01NC0Q1 
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Figure 1  Induction heating fundamentals 
����� : Davies and Simpson, (1979) 
 

 
Figure 2  Block diagram of water heater with electromagnetic induction heating 

 
 

 
Figure 3  Rectifier circuit 
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Figure 4  DC link circuit 
 
 
 
 

 
 

Figure 5 Half-bridge series resonant circuit inverter 
 
 
 

 
 

Figure 6  Pulse generator circuit of IC TL 494
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Figure 7  Gate drive circuit  
 

 
 

 
 

Figure 8  The prototype of water heater with electromagnetic induction heating 
 
 

 
 

Figure 9  Output voltage waveforms of TL 494  
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Figure 10  Output voltage waveforms of TLP 250 

 
 
 

 
 

Figure 11 The waveforms voltage (
Load
V ), current (

Load
I ) at the induction coil 
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Figure 12  Change of water temperature with time at different frequency 

 
 

 

 
Figure 13 Change of water temperature with time at different power input  
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Figure 14  Comparison of temperature change with time between the water heater with  
                   electromagnetic induction heating and the water heater with normal heating coil 
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]OKA1/90KG6H.PY/V6>?P@^P/6R=54@68M/WN5./0]VK
12c7./0?0K/@?6/9H9PCOJQ.CO67F516M/[U86L7FY/V6> XUF@
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CA0EFG@L7F?0K/@[U86:GI?6G@ b 5P/6A1/9;7F 20 kHz 
?/9/0;CD2F9G<bOY\92[G@68M/36CNEGNRNK]6C1J/R9P
C.26 3.5 6/L7 XUF@C0Q1.1P/C9EFGCL75I.4ICA0EFG@V62N[N
J1NA1/90KG6L4F1R= 3>COQ61P/?/9/0;6M/R=]VK@/6
RNK302@ 

G5P/@R0.Q:/9@/612345V286678 54@:KG@97./0
D4s6/]6NK/6:P/@w G7. CVP6 CA0EFG@:K6HIIL7F?0K/@[U86

54@97[6/NL7FR9PCO9/>?9 ]6./0D4s6/0\=HIIA048@
:PGR=?/9/0;L7F3>D4s6/]OKCJQ.J@HJ>?>N1.]6
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