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Approximate transformer model of electromagnetic
induction heating system

CONG Zhi-peng, QIN Hui—-chang, WANG Hong-guang, YAN Xiao—song
(Yantai Power Supply Company, Yantai 264001, China)

Abstract: To solve the problem of estimating the controlling voltages of certain temperature distribution, an approximate transformer model
was introduced to electromagnetic induction heating. The heating coils and heating object were firstly equivalent as 3 inductance coils
respectively as approximate transformer model’s primary and secondary coils. Secondly,the resistance and inductance parameters and
secondary coils” currents were calculated. An equation involving primary coils” controlling voltages and secondary coils” currents was
deduced according to all the coils” mutual inductances. The controlling voltages were estimated by the equation. The temperature
distribution corresponding to the estimated controlling voltages was simulated by ANSYS software. The research results indicate that the
controlling by the approximate transformer model meets the need of target temperature distribution.

Key words: equivalent coils; voltage estimation; numerical calculation

Ji F4 8 72 R 2 30 AN 22 URIRAR S, e RO BEB,

0 51 & WileRz. FIRCT M R DR AR .

A L RS A R, 22 5 B B — A ARt
A P PR o SRTITAS T L RGN IR IX — &2
FIGOARULE T WXER . BRI BRI B2
FL I T R L S R A, IR LR iRk B A
TN A S R R A LA 5 TRLSE T R A i A
PRSP B A9 728 A0 SO — MR & i sh i
(EEE S VAN B2 S VARG ST s AV E S 4 SRl D a
A Rl Al R A1 P4 T RO £ 5 AN (B i — A ER
F WL, ib 2400 E P AR AR o 78 H AT SEPRAE = rp

K Fs B H:2011-04-11

ABIEFE LA = AR (54T TR L o A iR AR A
191, PRAATE A SR I — H B ILEE 73 A7 68 07 B 42 ) Rl T
7 I TR AR . B AR U
1, JLIAREK B R 5 A0 2 B R T T 45— U I SR 2 T
TIRMIGREL , SR A AR MR A B R o L AR
PR , B RE% T 1425 B Matlab 727

1 T RLAR FE o 4 7R ) 4t ST
FL RGN RGN 1 s SRR Kl 66 em .

YEE B AEMS(1982-), I, ILARIZE N , FEENF R REIG M 51T BT, E-mail:sdezp286@163.com


http://www.a-pdf.com/?product-split-demo

%12 4

ARG , 25« PR SN IR 2R 8 ) I DA T A A Y - 1507 -

AR 775 em, BB AR A TR A AL E . SN A4
Ftn e 2 fifR, B 3 ANLRIB 4 AT, 75 28 18 28 AL [T
B AR BN AR FR AR R 50 s, 12 A E [A]
H50 s; HAREREE 73046 AL Z AT 450 °C~550 CI%)
AL (LI R 5.75 em R HE) .

Hh U5 |

—u—lf/o——u—o/o—

I it
1 R R R St

e
EMABLE  PIMBRE | AIRRRE

K2 B asai

SR 3 ALK P TR T WA 2 59 70 A o Ik
VL FEL BELATDGS T R R A2 AN T, BV 3 A Sl L Uk
5l

AT ER R 51530 3 Bro A RALN T,
IR A R AR R R AT TR AR R AN . I
e, A H SR B R v B A IR A g B AR
2Ll 5 00 IV B 1 24 — A SR TR JEE VB B A1 2 3 RN
HAAE ACEAAR [T B, A BIE N=30,

B FEIEANER 3 AR Pl 7 A2 s 45 14—
MBELH , NFB 3 A SERER B AE M BE4H, S5 4k
el ) FLBELE AR R Y B s e o 2 R4
2, HAp it Xl 2 B I A AR R A . &
5 AR A AN ) Z AR AT W 8 21 /Y B A5 £ 18 2 TR 2
AR BERUANTE 3 iz, Pl rp 5 D 4% 2R B LUK

K3 T fRlAE AR Y

4335
6 ARG BT W MSN S A LG

B X .
UM T AR

Ri=pl (1)
S

P p—IZ SRR B L B R 5 25 R B KK, s—2F
IR =45, 6.

BT iz 7 IR B HAL T7 1R B 6 2k Pl 11 %
TS B 6 AR BB RO m(m=m, m.,m, 5 m,
G A i Sy ) A o BSOS ME LR R 1 IR
AT [ SIMEL RN

Li=uory (ln?—l 75)+

Y

> X A | (123K K-k (2)
iy
ey g Tz —55 1 DB i FIMELIE AR

24 VT B 25 28 AR A i) AR AR 57 A 2 —25 1

ANERIEISS nl SIMEAE AR LB T ) SRR AR A

i A br; K, E—2 1 26055 2 JE8 ARy
Bk

k:\/ 4ri1'rnl
(zij_znl)z""(rij_rnl)z
51 AERIE Ay

ll:z ZL, (3)
[RIHESR A Ly Ly Ly Ls Leo TEAN R WL 225 SCHK
(9],
AW (2), 51 DLBEE
AR BB RN |

zzzzzz

WX X B 158 KB | @)
chF'.rij\aij\Zij\K %u E_ﬁ XI_JJ‘ (2>9rnl\anl %u an_/;ﬁ';

y SIELE S5 2

2 ANERIBIE nl S IMBIE AR LR R A S5 AR A
Bl AR o
Bk N

4riry
kVuﬁﬂwrm>
551 NI 2 2R P

M, = Z Z M; (5)
IEJEEE‘M%" Mi,j(i’jzl )2, ,6) ,]Wj.i:Mi.jo
AR e B B R ) P S 2 IO 2i 20 P 1 i 3

W RUNE KRR



. 1508 - Bl H

T 5 28 &

%[f Ri=q A0, 5 (6)

LR ii=4,5,6)/ 2k L 0 6 1
FE B 5 qris Hc A0, Fl t —5F (-3 BEEIFE A &
A4 JRLEE A R ]

B (6), 15

2 T HL S A B AR e

TERNT AL AU HURAAH S HUS AT
RS T R L AR s — R M R A O 2R 2
6 /LR Rl i S F I A2 A R O R
Uis=AT5+C'Tis (8)
Uss=Cl5+Bl.s (9)
Horp
0173:[(/1,02,(]3 ]T’UM:{O,O’O TI"I'173:“1,I'2,I'3 ]T,
i4—6:[i4,i5,ie ]T,
joL, jwM,, joM,;
A=|joM,, jwL, joM,; |,
joMs, joMs,  joL,

R4+ _]CUL4 jCUM4,5 jC()M4,6
B= jwM5'4 R5+jﬂ)L5 j(l)M5‘6 5
jwM(,_4 jst,(, R(,+ JC()L6

JjoMy, joMs, jwM,;
C=|joMs, joMs, joMs; | o
joMs, joMs, jwMs;

KAR(8,9), Al :

U.=(C"-AC'B)j.s (10)

7GR A LA -

486.2 £ -113.3° V, 5459 / -112.3" V,510.0 £ -
113.2°V,

AHEFER T ANSYS {5 ELA ST H B BN A
G G R R G R O PR EDR R

600

ssof
seof
s4of
g 5200

500+

480

—e—Hfl 6 VR B4 A

4601\, B PRI BE 53 A

440 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70
Z/ecm

Bl 4 480 57.5 mm AW 5 A

S L TR R B S AR, DA IR = A L
T hn Tk B, 242 R 5.75 em AL AGTEREE AR an & 4
TR TR - 5 B AR B 5 A A L, 7 s A e R iR 2
37.5 C,IRZEH 6.8%; HART e KiRZEH 11.8 C, 1%
AN 2.4% ; TR 9.7 C,IRER 1.9%. Hh Wi
IbRZEZ T LA, JR IR B AR H A wE AT
AR R TOTE R o SFIIR 25 46 T A R
AR S H R 22 A2 S HE 2 F1 21, S
RZEARIN , Ud I il FE R 0 JE 0K

3 4ERE

ABEFERIIE T A ST AR ST (A )
PSR Ak A — b T8 A XoF oL A 92 ] R s 114
Triko BB AR IR GEING 0 1 B0 10
(78 He e A I, SR i a0 1o 00 5 P4 S A P
AT TR, AWTFERZTT 52 K Matlab 217,
T i AR GE R S5 A0 S B0M H bl B2 2 808t g
PGSR 3 il R, B A i ) P A S A

2 % 3k ( References ) :

(1] AEE. 8 Tl b BRI A5 —UF RN Al
[ AU (BT, 2007(1) : 80-82.

[2] NERG J. Numerical solution of 2D and 3D induction heat—
ing problems with non—linear material properties taken in—
to account[J]. IEEE Transactions on Magnetics,2000,36
(5):3119-3122.

[3] YANG Xiao—guang, WANG You-hua, YAN We-li. Simula—

tion of induction heating device with double inductors for

\)

continuously heating up steel bars[C J//Automation congress.
[s.n.],2008:1-5.

(4] WA, FREEON NS B 5T K ik o B A28 15T
(D Al Tl R TR L 20062 1-50.

[5] GIBSON R C. Introduction to coupled electromagnetic and
thermalfield computer simulations of induction heating pro—
cesses [J]. Electromagnetic and Induction Heating,1996
(10):1-3.

[6] WANG Qi-han,YAO Ying-ying. A study on the method
of temperature distribution control in electromagnetism in—
duction healing[C]//Pmceedings of ICEMS, Wuhan: [s.n.],
2008:512-515.

(7] % F. PR 4R e 58 vk K A v i it RE R kv
AYBEFLD 1. BN« BT RS AT RSB, 2004 15-63.

(8] [AMSC. TR ARG LG [M]. Jbat:h
FEl A K HL H R, 2000.

(9] MRJGIE, #th A, 559, 55, TR SEEITE M.
AEHT AU Tl H iR L, 2006.

(10] rrERZE, wy Ik, XS, 2. AL RGN IR e 37 i A5 5
ERORTSE [, WS ISR 240 A ARBE DR,
2007,36(1):54-57. [ ig 5k ]



