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Simulation of temperature field and morphology
of laser cladding Ni/WC coating

YE Han,ZHU Xiao-gang, YU Ting

(College of mechanical and electrical engineering, Nanchang University , Nanchang 330031, China)

Abstract ; According to the characteristics of coaxial powder laser cladding,the dynamic process of temperature field
was simulated by using the finite element software ANSYS, and three-dimensional model of cladding morphology was
obtained by life-death method. The influence factors such as the attenuation of laser energy,the temperature rise of
powder particles, latent heat of phase change and temperature on thermal physical properties were analyzed in the
model ,and the results of the temperature field were analyzed and verified. The results show that the temperature gradi-
ent in front of the molten pool is larger than that of the back molten pool,and the maximum temperature of the molten
pool will remain stable after a short time. Ni-based WC composite powders were deposited on the high manganese steel
surface using 4000 W multimode fiber laser. The microstructure of Ni60A coating is mainly refined dendrite. Through
the observation and analysis of the cross-section morphology , microstructure and temperature distribution of the clad-
ding layer, the accuracy of the simulation results is verified. It provides a theoretical reference for the preparation
process of coating.
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Fig. 1 Finite element model
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Tab. 1 Process parameters of laser cladding
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Fig. 2 Distribution of temperature field and morphology

of cladding layer at different time
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Fig. 3 The maximum temperature varies with time
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morphology of cladding layer at different scanning speeds
2 AAERL A S AR B0 245 SR A B X L, A
BRIE R I8 JER AR AT e, N 2
FTLAE S R 50 2 AR 2250/, fr DAA
BRI AT DLk 0O ks 3 T2 S 5000 O AL 42 115 B 38
WA
k2 BHFRE SR

Tab. 2 Comparison of simulation and test results

R, ¥ G5/ mm YA E/ mm A/ mm
(mm - min=D e | gl | bR | 8| AR |
600 2.19 2.18 0.54 0.54 0.10 | 0.15
650 2.07 2.05 0. 49 0.50 0.08 | 0.13
800 1.98 1.94 0. 31 0.32 0.06 |0.11
900 1.91 1. 88 0.25 0.26 0.06 | 0.09

4 & it

A S0 A B TR ANSYS i 1L B 37 I s 7
JEIUESLEAT T AU, 50T Xk 1 13 55 =2 A0
Foo FHEATR 45

(1) 4245 T Mnl3Ce2 FiEOCKE AR A WC
A TRIZ BRI ) KR BLZ LA S B A 4L
Titke WHEIZRES ARG, WOt Ok 2l
1R L T A 5 XTSRRI , A i 7 iR
JEEARJRE LS T3 K J b i v it P A 6L I () 22 I 2 2
APRFFREE o

(2) HARAALL B 2 2R, s TR0 1) b iyl K
P 8 52 1 ] (-5 [ o b e K T
P ST AIT HH R I 5 I R AN B A I A [ A
AR, T AR BR[| A I T2 S A0 A I RO AL AR
Bidt

(3) LIS 2 0 B2 08 085 B 9 R TR =1
B S S O L, P R — 2, BT DIAS AR T
MO BOUE B T Z 2B A3t T BIE K

S 30k :

[1] LI Yongtang,FU Jianhua, LEI Bufang, et al. Research on
manufacturing process for complex low-alloyed wear-resis-
ting crusher liner[ J]. Journal of Mechanical Engineering,
2013,49(12) .72 = 77. (in Chinese)
oK AR, AT, . ZIUAR G G T I A
PURIAR i & T Z A58 [T ], FLAR T/ “7 4f, 2013, 49
(12) .72 -717.

[2] LIU Jungang,FENG Jing,CAI Xiaojuan,et al. Present sit-
uation and analysis of wear-resistant steel production[ J].
Laigang Science & Technology,2010,(2) :1 - 3. (in Chi-
nese )

XVZEWN, 5 B, S 0H , 45, T S 4 AR 7 BLAR 5 2 i
[J]. kAL ,2010,(2) : 1 -3.

[3] CHEN Xijie. High manganese steel[ M. BeiJing: Machin-
ery Industry Press,1989. (in Chinese)

WRA AN, i i [ M. JE 5T MU T S Rk, 1989.

[4] YING Lixia, WANG Ligin, CHENGuanci, et al. Simulation
and calculation of 3D laser cladding temperature field of
ceramic-metal composite coatings by finite element meth-
od[ ]]. Heat Treatment of Metals 2004, (7) :24 —28. (in
Chinese)

MR ER , ERR, RULZE, 45 3D OB A M ¥ - &8
HEWZEREZNART SR LT]. &8 b



430

5 RS AN

548 %

(6]

(7]

(9]

41,2004, (7) :24 - 28.

LI Junchang. Diffraction of laser and calculation on ther-
mal acting [ M ]. Beijing: Sience Press, 2002. (in Chi-
nese )

PR E . FOCHITTS KPAERIT R LM ] JUat: B i
fiAt: ,2002.

ZHANG Y J. Numerical study of thermal history in laser
aided direct metal deposition process[ J]. Science China
Physics, Mechanics & Astronomy, 2012, 55 (8 ).
1431 - 1438.

JIN Shaowei, HE Xiuli, WU Yang, et al. Laser powder at-
tenuation by powder flow in coaxial laser cladding[J].
Chinese Journal of Lasers,2011,(9):73 —78. (in Chi-
nese)

BB T, A7, S TR b R O B R R R
TR EACAE B AR I ()] P EEOE, 2011, (9)
73 -78.

Alimardani M, Toyserkani E,Huissoon J P. A 3D dynamic

numerical approach for temperature and thermal stress

[10]

[11]

[12]

distributions in multilayer laser solid freeform fabrication
process[ J ]. Optics & Lasers in Engineering, 2007, 45
(12) :1115 - 1130.

YANG Xianqun. Predictingthequalityof clad in laser clad-
ding by powder and numerical simulation of cladding
process [ D ]. Harbin: Harbin Institute of Technology,
2008. (in Chinese)

A A O B o TN 5 A o A A A
PALD ] W R i R D ll R %, 2008.

LIU Anmin,ZHANG Chonghao. Nickel based ceramic al-
loy powder dedicated to continuous wave fiber laser clad-
ding [ P]. CN103602948A,2014 —02 - 26. (in Chinese)
MR, S SR L T B SR OL LR OB E B R
B W R A 48 K[ P]. CN103602948A, 2014 -
02 -26.

Cheikh H E, Courant B, Branchu S, et al. Analysis and
prediction of single laser tracks geometrical characteristics
in coaxial laser cladding process[ J]. Optics & Lasers in

Engineering,2012,50(3) :413 —422.



