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Fig.1 FEM model of the thin-wall for multi-layer laser

remanufacture

F1 BREEREFMHRMBMESH

Table 1 Thermal physical parameters of the forming layer and the substrate

Parameters 25°C 300 C 400 C 600 C 950 C 1050 'C 1300 C

Elastic modulus, E/GPa 206/196 175/181 168/164 160/152 148/147 130/142  122/134

Yield stress, 6;/MPa 1076/1097  978/985 920/891 632/392 586/210  572/185  545/161
Thermal conductivity coefficient, YW {m K)* 12.9/15.4  18.2/21.8 20.8/25.4 21.6/26.7 22.9/27.9 24.5/28.8 27.8/29.4
Specific heat capacity, C/g K 0.44/0.44  0.56/0.60 0.60/0.62 0.76/0.66 0.79/0.62 0.79/0.60 0.80/0.61

Poisson ratio, v 0.32/0.31  0.34/0.37 0.36/0.42 0.38/0.39 0.42/0.48 0.45/0.52 0.47/0.46

Linear expanding coefficient, o/><10° 'C 12.5/11.2  13.2/11.8 13.6/12.5 14.8/13.7 15.3/14.8 15.7/15.5 15.9/16.9
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Fig.2 Temperature field of thin-wall for laser remanufacture:
(a) the side elevation of the whole temperature field and
(b) the top view of the temperature field for the molten-

pool
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Fig.3 Temperature field of YZ profile for the thin-wall’s laser

remanufacture: (a) the distribution of temperature field
for the CW mold and (b) the distribution of temperature
field for the pulsed mold
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Fig.4 Temperature field of YZ profile for the thin-wall’s laser
remanufacture: (a) the distribution of temperature field
for the CW mold and (b) the distribution of temperature
field for the pulsed mold
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Fig.5 Thermal cycle curves of the middle point in bottom layer
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Fig.6 Construction of experimental environment for the non-

contact thermometer
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Fig.7 Thermal cycle curves for the mid-point of the bottom layer
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Fig.8 Whole morphology of the impeller blade with

volume damage before remanufacture
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Table 2 Components of cladding powder and substrate (w/%)

Alloy Cr Cu Mn Nb Ni Si C Fe
FeCrNiCu  11.77~12.87 3.25~3.35 0.68~0.78 0.54~0.64 4.52~4.62 0.58~0.68 0.14~0.25 Bal.
FVv520 (B) 13.00~14.50 1.30~3.80 0.30~1.00 0.25~0.45 5.00~6.00 0.15~0.70 0.02~0.07 Bal.
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Fig.10 Metallographic structure of the middle cladding layer:
(a) CW laser and (b) pulsed laser
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Finite Element Analysis and Test Verification for Thermal Field
of CW/Pulsed Laser Remanufacture

Ren Weibin®?, Dong Shiyun®, Xu Binshi*, Wang Yujiang®, Fang Jinxiang®, Gang Xiao*
(1. National Key Laboratory for Remanufacturing, Academy of Armored Forces Engineering, Beijing 100072, China)
(2. N0.65589 of PLA, Wafangdian 116300, China)

Abstract: The forming course of laser remanufacture was simulated dynamically in the method of finite element analysis in order to
reduce the heat input of the forming course and control the distribution of heat-affected zone as well as the stress distribution of the
forming layers. The temperature field of the laser remanufacture for CW/pulsed laser was analyzed, and the non-contacting infrared
thermometer was taken to validate the result of the analysis. The related CW/pulsed laser process was compared and validated by the
experiment of laser remanufacture forming. The results show that the optimized process parameters of laser remanufacture for pulsed laser
are 1.2 kW laser power, 3 mm spot diameter, 5 mm/s scanning speed, 3.2 mm width of the forming layer, 10 ms pulse width, and 1:1 duty
ratio. Under the same condition of forming and heat dissipation, the temperature maximum of laser remanufacture molten pool is about
1400 <C, which is 170 <C higher than that of the pulsed laser. The heat input and heat-affected zone for CW laser remanufacture is bigger
than the pulsed laser remanufacture’s. The related process could be taken as reference for the remanufacture of impeller blades.

Key words: pulsed laser; thermal field; finite element analysis; laser remanufacture
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