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Numerical Simulation and Experimental Study on Temperature Field of High
Frequency Induction Cladding Copper Alloy on Inner Wall of Cylinder
LI Haining, ZHANG Zhouzhou, LIU Jia, HE Longlong

(Machinery Engineering College, Xi'an University of Science and Technology, Xi'an 710054, China)

Abstract: The temperature field model of high-frequency induction cladding copper aloy on the inner wall of hydraulic
cylinder was established by using the electromagnetic thermal coupling technology of finite element method. The distribution
and influence factors of the temperature field were studied. The performance parameters such as metallurgical joint,
microstructure observation and hardness were verified by the actual induction cladding test. The results show that in the
process of induction cladding copper alloy, the current, frequency and induction heating time have obvious effects on the
temperature field distribution of high frequency induction cladding copper alloy on the inner wall of cylinder. Under the
working conditions of 3500 A current, 200 KHz frequency and 4 s heating time, the thermal impact on the cylinder barrel
matrix is minimal, the metallurgical bonding between the cladding layer and the matrix is good, and there are no over burning
and porosity defects.
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Fig.2 Schematic diagram of cladding copper alloy
on the inner wall of cylinder barrel (mm)
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Tab.1 Copper base alloy chemical composition
content (wt%o)

JLR | EH(%) JCE | AhE(%)
Sn | 6.00~7.00 c 0.24~0.32
Pb <0.02 Si 1.10~1.40
P 0.10~0.25 Mn | 1.10~1.40
Al <0.002 <0.035
WXA4|  Fe 005 | HrfA3LIA <0.035
Si <0.002 Cu <0.300
Sb <0.002 Cr <0.300
Bi <0.002 Mo <0.150
Cu N Fe N
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Fig.3 Induction cladding calculation model
and its mesh division
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Tab.2 Working condition parameters of induction heating

THT5 B IKHz HL IR/ 1A
A 2 3500
B 20 3500
C 200 3500
D 200 1500
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Fig.4 Cloud map of temperature field distribution after induction heating for 4 s under three conditions of A, B and C
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Fig.5 Time-dependent curves of temperature of copper alloy cladding surface and outer surface of cylindrical workpiece
under three working conditions of A, B and C

5 T LASKHET 6 P 2 T o B A A WBUR A 458 i
2.4.2  HLHLR/INKHER I IR ZR G 5 )

WK /NN 200kHZ IF, H 3 3500 A [ K
1500A B, JE R 5 7 2R GE Y TR 4 AR W&l 6 TR
S5 4 A L, 78 B ISR A BA B I R R/
WS SR A A 2RSS TR A SN
FEINE T, L AT RE R 2 2 AR IR | Bt AT (1] £
FESE T (AT A2 B I 45

3 IIRIGIE

31 BEBERSHAEFEPRBMR RN

e SO EBAIL S8R 5 T T TS bRi s
BRI 7 i B

PRI NN X B T T RO S 5%
RIAE C T BB S HT SR BT B4 A 44

R, AR EZ MG SR RG G4 6 RiF . &
8 BN K 1 ) SEM TOULE S . 5] 8(a) KK
AR SHL(C T00) TGRS, 0 i
SR AL G SR AR N R R A+ 0 KR
GRS, 255 IR G ah & RAF 2 MR R &
BUSEH . P 8(b)~ (d) W HAMSEL T i )2 5
ZEERMONAZUES . 1 8() LA XA 1 B2y
S IR RO A G R LB . 18] 8(c) A
XA B A BB , IR A LR
R SEEFMAERE, H 8(dHE)Z XA
FLBREE L,
32 HFARAMERBEESN

R 236 AT LIRS S b SR 0 4 5 5 I 5 i )
R R CRE A JEE S R T A, [ IR P U A )3 22 S
ke T A SUS o AR, TR LS4 C

«35.



WINTTZ
Hot Working Technology

60H@) i =& D T4 4328

y/mm
8 o 8
=N N
383

e
WGz

T TSR

] /s
K6 D T80 N = B SR & i B )2 3R 1AL
TAFAI S T P B R TR] 22 fh i £
Fig.6 Cloud diagram of temperature distribution
under working condition D and its temperature change curve
of copper aloy cladding layer surface and outer surface
of cylinder workpiece with time

B 7 X5
Fig.7 Test site

&l 8 il 2 N H A I A0
Fig.8 Morphology of copper coating and its cladding interface
T AR 1 S5 EEE TOSECT il
2 AT T A Y A R, AR A A b
A R TE AR 2t 2873 1) (5 fRT SR MU SE A | £ (B3R
AN 1) 5 B R A AR P 9y WA
WA, g5 0L El 10,

O fHhE ST it
Fig.9 Microhardness test
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Fig.10 Microhardness of cladding layer interface
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