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Fig.1 Finite element model of crack protection plate for pulse

laser remanufacture
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Table 1 Thermal physical parameters of the remanufacture material and the substrate

Forming layer/ Elasticity Yield stress,  Thermal conductivity Specific heat . . Linear expanding

substrate modulus, G/Pa 6/MPa coefficient, YW-m K capacity, C/g~K'1 Poisson ratio, u coefficient, 8/x10° C
25°C 71/75 228/254 117/120 0.92/1.12 0.33/0.35 26/33

300 C 70/74 246/253 126/132 0.96/1.03 0.36/0.38 35/39

400 'C 70/72 256/262 134/138 1.13/1.24 0.38/0.39 45/49

600 C 74/75 263/272 142/147 1.32/1.45 0.39/0.45 51/53

950 C 76/78 273/279 148/153 1.48/1.53 0.45/0.54 54/58

1050 C 78/79 281/287 153/156 1.65/1.76 0.54/0.59 59/62
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Fig.2 Temperature distribution in YZ plane of molten pool at 1.2 s
under the pulsed process laser (a) and continuous process

laser (b)
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Fig.3 Comparison of temperature field for different laser power

in pulsed output mode at 1.2 s: (a) 2.5 kW and (b) 3.5 kW
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Fig.4 Comparison of temperature field for different duty cycles in

pulsed output mode at 1.2 s: (a) 1:1 and (b) 5:1
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Table 2 Composition of the testing materials (/%)

Material Cu Si Fe Mg Zn Cr Ti Al
5083 0.12~0.35 0.42~0.52 0.40~0.9 4.10~4.85 0.25~0.30 0.05~0.25 0.12~0.42 Bal.
Welding wire 0.15~0.52 0.32~0.48 0.35~0.80 3.85~5.10 0.30~0.35 0.12~0.32 0.18~0.45 Bal.
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Fig.5 Overall morphologies of the protective plate before (a) and

after (b) remanufacture
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Fig.8 Morphology of 5083 aluminum alloy tensile sample for laser

remanufacture
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Table 3 Tensile test data of 5083 aluminium alloy welded joint for laser remanufacture

Welded joint Tensile strength, o/MPa Elongation, 6/% Fracture position
1# 143 6.91 Welded joint
2# 210 7.09 Welded joint
3# 200 7.81 Welded joint
4 280 10.5 Welded joint
S# 240 7.94 Welded joint
6 220 7.85 Welded joint
T# 202 6.98 Welded joint
8# 265 8.68 Welded joint

il 25 [ AR AERE 8 43, hr Al R A AL TR N 0.5
mm/min, 4 GRUEIE Kot FHER T, B 8 4LAE KT
P BEATE X, WG EH I3 8 . ik 8 v, 1
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HA 7.72%, WA apaR b AefRaghl, Bt AR 7
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IEF 5083 45 < B AR E 2K
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Experimental Study on Pulsed Laser Remanufacture of
Marine 5083 Aluminium Alloy Protective Plate

Ren Weibin'?, Zhou Jinyu', Chen Jufang', Chen Guoyan', Fang Jinxiang®
(1. Changzhou Key Laboratory for Remanufacturing, Jiangsu University of Technology, Changzhou 213001, China)
(2. Key Laboratory of Advanced Manufacturing Technology, Guizhou University, Guiyang 550025, China)

Abstract: Since the oceangoing vessel protective plates are affected by stormy waves, tide and random explosion shock wave, the spallation and
cracks are easily caused. In the present paper, the temperature field dynamic process of pulsed laser remanufacture was simulated by controlling
the finite element "life and death" state. The derivation law of temperature field in forming process was obtained, and the forming process of pulse
laser remanufacturing was optimized. The results show that the pulsed optimization process parameters are laser power 3 kW, the spot diameter 3
mm, the scanning speed 6 mm/s, the pulsed laser pulse width 10 ms, and the duty cycle 1:1. The heat affected zone deformation after forming is
controlled within 0.02 mm, and the maximum hardness (HV, ;) is 950 MPa which appears in the heat affected zone. The heat affected zone is
closely metallurgically bonded with the base metal, the weld mainly consists of fine grained structure, and the tensile strength is up to 222 MPa.

Key words: 5083 aluminum alloy; pulsed laser; remanufacture; finite element analysis
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