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Research on laser cladding technology for remanufacturing and repair of

outer runway of shield machine main bearing
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Abstract: To explore the suitable process for remanufacturing and repairing the outer raceway of the main bearing
of shield tunneling machines using laser cladding technology, JG-11 iron-based alloy coating was
deposited on a 42CrMo substrate using synchronous powder feeding laser cladding equipment. Based
on a three-factor four-level orthogonal experiment, the effects of process parameters such as laser
power, scanning speed, and powder feeder speed on the dilution rate, aspect ratio, and porosity of the
coating were investigated. Four groups of good process parameters were selected for microstructure
analysis, hardness testing, and friction and wear testing to explore the influence of process parameters
on coating performance. The results indicate that the hardness of the coating can be increased by 2-3
times compared to the substrate. Appropriate process parameters have a significant effect on reducing
the friction coefficient, and process parameters with relatively poor wear volume can reduce it by
45.7%. Abrasive wear and fatigue wear are the main causes of friction and wear.

Keywords: laser cladding; main bearings of shield tunneling machine; remanufacturing and repair; orthogonal

experiment; wear resistance
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Tab. 1 Chemical composition of the JG-11 powder (mass fraction) (%)
C (6] B Si Cr Ni Mn Mo others Fe
0.21 0.0317 0.93 0.98 18.22 2.40 0.40 1.04 0.27 Bal
o . ®
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Tab. 2 Orthogonal experimental parameters

#
75
BOGTh R P/W |8 2 e @/ Cr/mind (3945 3% B 17 (mm/s)
1 0.6 5
2 1.0 10
700
3 1.4 15
4 1.8 20
5 0.6 10
6 1.0 15
900
7 1.4 20
8 1.8 5
9 0.6 15
10 1.0 20
1100
11 1.4 5
12 1.8 10
13 0.6 20
14 1.0 5
1300
15 1.4 10
16 1.8 15

——— WOk

B 1RO E SRR R
Fig. 1 Schematic diagram of laser cladding process
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Fig. 2 Surface morphology of single-pass cladding coatings on different
JG-11 specimens
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Fig. 3 Sectional morphology of JG-11 overlay coatings on different specimens
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Fig. 4 Schematic diagram of the clad coating

BOG, MR RN IO R 2 AR AR
M —ANEHESE, WRERIZ LG 8 LA 5
R A CEAE R MR SRR Z IR LA,
i B AGBOR U I 45 S PRl 455 5 iRy 5 2
BB, WIR SRR Z S AE, IR M
B o AR BRI BB, Wohsha
PP m MR BIE T Rk 2, b P B iR
JERIPERE, ABEMRILYR)Z B ik S B e H s, A
B, W EARIR RS SRR IR B — S 25 0 Y T4
&, R R AT RE N — L8, R AR R
A () TR, D

102 -

T h (1)

L3 NMRBRWZMEE R, K3 H D,
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Tab. 3 Results of dilution ratio range analysis (%)
ES
iy Bk Th = PIwW li%\%%@ 33 B Y Cmml/s)
O/ (r/min)
D, 2.80 29.00 547
D, 9.27 10.49 11.27
D, 17.91 6.64 15.22
D, 21.86 5.46 19.90
W %= 19.06 23.54 14.43
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Tab. 4 Analysis results of aspect ratio range

B AR ok T % Y e 13 7
PIW O/ (r/min) v/ (mm/s)

T, 2.06 4.89 1.21

T, 2.75 2.90 2.53
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W 7 1.35 3.29 3.08
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Tab. 6 Comprehensive weighted evaluation results of orthogonal experiment
B % =g
B A AT A F,
WD P/W | R BREE O (vmin) | FHGEE Y (mm/s) | FREE g (%) | SEEAR | L E o/ (%)
1 0.6 5 2.41 1.61 0.43 2.068
2 1.0 10 2.57 1.55 0.26 2.18
700
3 1.4 15 2.78 2.71 8.97 2.16
4 1.8 20 3.45 2.35 13.36 2.50
5 0.6 10 25.81 5.05 0.59 18.54
6 1.0 15 3.81 322 0.47 3.12
900
7 1.4 20 7.45 2.27 0.33 5.61
8 1.8 5 0 0.46 1.77 0.29
9 0.6 15 40.97 5.67 0.51 29.13
10 1.0 20 20.85 5.29 0.46 15.09
1100
11 1.4 5 4.73 1.23 0.39 3.66
12 1.8 10 5.09 1.43 0.20 3.93
13 0.6 20 47.83 7.23 0.11 34.00
14 1.0 5 14.73 1.53 0.16 10.65
1300
15 1.4 10 11.59 2.10 0.20 8.49
16 1.8 15 13.30 2.17 0.19 9.69
K1 2.22 20.93 4.17
K2 6.89 7.76 8.28 R
FAEMNE: 0. o 0,13
K3 12.95 4.98 11.02 REW: O>P>V
R iR
K4 15.71 410 14.30 RS PaQIV4
W% 13.48 16.83 10.13
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Fig. 5 Microstructure of coating on sample group 13
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Fig. 6 EDS analysis of the bottom of the 10th sample
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Fig. 7 Microstructure of the coating in the middle of different samples
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Fig. 8 Microhardness (HV,s) of multi-layer and multi pass cladding

coatings on different specimens
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Fig. 9 Three dimensional morphology of friction and wear of different

specimens
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Fig. 10 Friction coefficient curves of different specimens
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