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Finite Element Analysis of Coupled Electromagnetic Thermal Field for
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CHEN Hao"¢, QIN Xun-peng”“, WANG Zhou", GAO Kai*
(a. School of Materials Science and Engineering, b. School of Automotive Engineering, c. Hubei Key Labo-
ratory of Advanced technology of Auto Mobile Parts, Wuhan University of Technology, Wuhan 430070)

Abstract: The process parameters of 3D spot induction hardening of 45 steel were studied. To describe the
electromagnetic and temperature fields during the spot induction hardening process, a 3D spot induction hard-
ening model with parameters of heating power of 36 kW and frequency of 50 kHz was built via finite element
software ANSYS using coupled field method according to nonlinear partial differential equation of electromag-
netic and temperature fields. The results show that considering the austenitizing of surface area and induction
heating efficiency, the optimal heat time during heating process is about 2 s. The quenching effects of different
quenching medium (water and oil) were discussed by considering the simulated results and the continual cool-
ing transformation curve of 45 steel, and the martensite transform critical cooling rate was used as the criterion
for structure prediction. Results show that martensite structure can be obtained on the surface area under both

conditions, and the quench depth is about 1.0 mm.

Key words: ANSYS; CCT curve; induction hardening

Ell
o, R P K — T A J) S SRR A K

i

TR TAT 7 A2 R 109 3L (0 kB2 A I i)y T 3 T
i A AF 2 R B R AL IS DR T I 5 9% 058
JERY Ve RS B Mg DUT 928 0 [RAR B A2 . 1% T
EAURA L G P K T2 T R B R A

KA. 2012-10-15; fEE BHH#H: 2013-01-04; BE&TH: « EKARF ¥4 (51175392); R E AR % k5 B

(201210221074 5 BHRHRIE 58 SR B 5 0 9086 % TF i 4 (2010-P13)

EER A BRI (1990—), T (DO, WIHLHRIN A, B LA BRFRFTE . 4 45 HL 3 1 SR o7 B A 2

Mg R EEE: 2013-01-14 12 ¢ 14; MK HRRMAUE: http: //www. cnki. net/kems/detail/11. 3905. TG. 20130114, 1214. 010. html
BIxcig=: BRWG . ZBUIMG, A, . = USROG S S BUE L [T]. P EZem TR, 2013, 26(1): 79-85.



80 2 EH X W L E

2013 4F

RO AL B R4 S T S LR AE & A Bl
A6 FR R RESE DL A T EL i T2 A AU
IR IR 248 B TR/ KRR L%
TETTEC AR B A 2 TG 0 A A B RO b T A% G I
JO FAAL B A I Fal ) 2 B A A D IR AR
FTAF AT AL B A R RO A K E
R T 368 35 A I Sl B8 ] IR LA A 2 5 L 52
B R T A A ot P A L R i 45 A2 2% gl T T
(SRR E (A

[ P9 A1 5 A TR T R A0 A A UL B 5 A
TR AR AR X R S R E S BEAT R 4y
A B9 SCHRAR > 38 70 SCHRAE 20 M 5K 1A 1 2 3
3 FEALBRE T E SRR A i 14 SCIk T Ak B X
R 2 g g Bk A s 3 e R o A O i 7
AT LA AL Sy 2D BEHLT A SE T F A
=Y JLANT Ry AE N R K R A A AL B [
Shag 3 i A 4 PDE $OPF 6 0 2 0 HiAth R Y
A BROCHRAF AT 0T R AT AR A B ]
T AR BETE T A FROT A h R S R R AR
SR ANl A m UL T KB AR 1 M i e

S e A S T A R R g B O R
TE3E A FROCHEE ANSYS Arsi Bl T F £
G RCAE AL AU, o TR I 0 RN P K i A Y
B T AL BEAT T 20 B+ o A £ AS ] 3¢ 2k
I B A 2 TG B DR AT T 5 B T

1 RN EANYEFESTTE

1.1 MEIGEIpER
SN YA KR R LA T8 A T R A i A X
R X CAn L 1 Bz ) s i 3 DX R g 34 ) T
A JR 38 o T AR W T DX Ry 5 B 43 R 3 1 A R
AR HL T X . 7 I O DRI R 3L X P L 3 1
BEAE AT DL 22 s i f iy B R R
IB

curlE :7$ (@)

divD = p. 2)

curlH = | +Q 3)
dt

divB = 0 )

KD~ ] AR EE . A/m’ s E
HL 50 S H L V/ ms B N RGOV SR R A T D oAy
PR R R A C/m’ 50 O BLATA JBE. C/m’ s H Oy
WS B R A/ st EEA] s,

H A JEOWE I A R R AR R R 3 R

—

Al
Eddy

Source current
current zone

A2
Non-eddy current zone

L s i X7 B

Fig. 1 Eddy current zone schematic

B« 7 U5 B I () 014 42 Al AL 8 1, DR R LR AR
RS EURE#ES . R RAR
/N TR AT L 2 v 37 A8 A G Lk 1 3 R AR
FT O AT AR HH 0 9L DX T Ak 22 e s 7 R A

curlH = | (5)
curlE :—% (6)
divB = 0 )

AR iR U X ] Ak 22 ve i 45 O #R A
curlH = | (8)
divB = 0 9

H 1 7 A K 5 R

B = . H (10)
J =oE (1)

KA ~ADH, e R TR T o NI
R AL R il T SR AR X (10) ~ (LD A 22
SO 7 AR R DT 51K G A
brid e o ISR E LANT

B = curlA 12
__JA _
E = 5, Ve (13

B AKA2D) ~AD ALK G) ~9) R4
REGHME— e BB A WIEE BRRT &
B o F L IR R B PRt SR & e
T 3 v B BEAR FRTE X A A OB AT B AE

divA = 0 (14)
div(7@) =0 (15)

AU RIE IR X A 0 BT

LCurl[curlA] =] —a% (16)
m dt



1M Wity 35 . = 2k i SO VR I T BRI 5 37 BB A AU 81
L2 EEEEpE I AR 0 TR S5 %0 0 9 B SR 1

AE ST B B K el R T SR R A T AR
IV 203 7 v i B A AR 0 1 TS B2 T 1) A AR R
(1 5 2 A6 T IV 2R P = 2 AR R AR 3 20 O R O At i
AR PRt L 5 » A 1) A 0 B TR T SR T 2 AR
ST AR IRL 8 A HEL oy R A A R S 1 A2 A
BRI AR
aT

div(k7T) +Q = oC,(50) an

KA, kR 45 ) [ RH $A% 5 R
W/ (m « KTz, y,2) il BE R & Q i N #A I 9k
JEW/m' s o g b BHE B kg/m’ s C, g B4R G
J/ (kg « K) 5t (A, s,

Tk B 7 100 5 4% A 0L AR B in A B R R 2%
R S U EE 3 04 A8 Ak A AR B I, B IR DA
B SR 2 )0 3B 1 A% 3. H T RO VR KRR A
AT AR R, W RAJLE AL, B

20012

150 -

100 -

50F

Relative permeability / %

6 260 460 660 860 1 OIOO
Temperature / °C
65
60
55F
50F
451
40
35F
30F
25

Thermal conductivity / (W-m™-K")

0200 400 600 800 1000
Temperature / C

(a) Relative permeability (b) Resistivity

(¢) Thermal conductivity

AT BAZWE AR H L A B BT LR % R i
o A 1R 36 LI 5 140 06 B 57 1403
RAHEH
— kT = h(Ts —Teu) (18
PENIDTINPRE e ES IS
W/ (m KOs Ty 3 TR TR : T o T4 22
WA RO

2 RAXBEENERTER

7 3C e 2RO VAR Y B AR AL o L 2 45
A, RS 200 mm X 200 mm X 100 mm , 2k B 1Y
FORH S IR 10 mm X 10 mm, U
T2 Bl K N 30 mm, 5 100 mm, £E 8N % Ko
T BEREAY 1 RE 2 BT 2 Bl i R 22 A 2 R
PR A5 IR RG-S 3 BB AT R BE IR A2 1L
MR 2 frost

Resistivity / (107 Q'm)

0 200 400 600 800 1000
Temperature / °C.

1100 d
1000
900
800
700
600

Specific heat / (J’kg'-K?)

500

400

0 200 400 600 800 1000
Temperature / C

(d) Specific heat

Pl 2 & 1R AE 2 Kb IR R 2 Al ith 26
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Table 1 Process parameters of induction heating

Power/kW Current/A Voltage/V  Frequency/kHz

36 150 240 50
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Fig. 4 Flow chart of coupling analysis
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Fig. 5 Temperature cloud map after 3 s heating
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Fig. 6 Distribution of surface temperature after 1 s heating
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Fig. 8 Distribution of surface temperature after 3s heating
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