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Research of decision method of laser cladding sequence
selection based on temperature field evaluation

WANG Yachen, SUN Wenlei, HUANG Yong, WANG Xinlong, HUANG Haibo
(School of Mechanical Engineering, Xinjiang University, Urumgqi 830047, China)

Abstract: In order to obtain a better decision method of laser cladding sequence selection in laser cladding remanufacturing
process, finite element method was used to analyze transient solution of temperature field of multichannel laser cladding heat
transfer model of flat substrate. The reliability of whole numerical simulation process was verified by temperature measurement
system based on thermocouple. An evaluation selection method was proposed. Numerical simulation was used to analyze and
evaluate the transient temperature field of the matrix, and select laser scanning sequence during the cladding process according to
evaluation criteria. It was the trajectory optimization method. The results show that experimental hardness data are 625.38HV ,
620.58HV, 623.34HV, 680.09HV, 673.58HV and 683.01HV of one way successive method and evaluation selection method
respectively. The average deformation values are 0. 9722mm and 0. 6458 mm respectively. Evaluation selection method has the
most uniform temperature field and the maximum temperature gradient around the pool, which can produce larger cladding layer
hardness, smaller microstructure scale and smaller measurement deformation. This method provides an important reference value
for sequential selection of laser cladding.
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Fig.3 Scanning sequence
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a—one way successive sequence b—reciprocating successive sequence
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Fig.4 Temperature field evaluation method
a—before cladding b—the 1st cladding position c¢—to find average tem-
perature and standard deviation of the 2nd zone d— the 2nd cladding posi-

tion
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Fig.5 System equipment

a—laser cladding equipment b—test sample and sensor location
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Fig. 6 Basic average temperature of target area before each cladding
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Fig.7 Temperature standard deviation of target area before each cladding
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Tablel ~ Composition(mass fraction w) of 45% steel

Cr S Si C

P Mn Ni Cu

<0.003 <0.001 0.002 ~0.004

0.004 ~0.005

<0.001 0.005 ~0.008 <0.003 <0.003

Table 2 Composition( mass fraction w) of Fe50-based powder

Cr B Si

Ni Mo Fe

0.150 ~0.180 0.030 ~0.040 0.035 ~0.045

0.006 ~0.010

0.280 ~0.300 0.040 ~0.060
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Fig. 8 Macro-morphology of cladding layer
a—one way successive b—reciprocating successive c—evaluation and se-

lection
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Table 3 Micro-hardness of one way successive method and evaluation selec-

tion method

number M S, S3 X, X, X5

microhardness/HV 625.38 620.58 623.34 680.09 673.58 683.01
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Fig.9 SEM micrographs of one way successive method(a,c,e) and evalua-

tion selection method (b,d,f)
a—metallurgical bonding zone  b—metallurgical bonding zone
c—middle of cladding layer d—middle of cladding layer e—top

of cladding layer f{—top of cladding layer
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Fig. 10 Measurement of deformation measurement point
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Table 4 Deformation data of thickness direction

measurement one way evaluation reciprocating
point number successive/mm selection/mm  successive/mm
1 0. 840 0.593 1.328
2 0. 866 0.596 1.363
3 0.953 0.619 1.385
4 0.955 0.628 1.398
5 0.956 0.638 1.401
6 0.999 0.659 1.410
7 1.034 0.672 1.432
8 1.036 0.675 1.553
9 1.039 0.681 1.554
10 1.044 0.697 1.607
average 0.9722 0.6458 1.4431 (max)
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Fig. 11 Comparison of deformable average values of three scanning methods
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Fig. 12 Cloud chart of deformation trend of 3 scanning methods
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