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Analysis and Control of the Cracking Tendency on Helical Tooth
Surface During Laser Cladding

Chen Lie Tao Ran Liu Dun Lou Deyuan Yang Qibiao
(School of Mechanical Engineering , Hubei University of Technology, Wuhan , Hubei 430068, China)

Abstract Numerical method is adopted to analysis the tendency of cracking layer during the laser cladding on tooth
surface of helical gear. The results show that a high temperature gradient generates in the cladding layer and mostly
concentrates in the tooth root. It turns to be a tensile stress, so the cracks will be easily in tooth root. Cracks will
generate in tooth root and extend to the outside surface along the direction of perpendicular to scanning direction.
Double scanning technology is put forward to solve this problem. Calculation results show that the tensile stress in
cladding layer is significantly decreased using this technology and the area that stress concentrated inside clad coating
can also be reduced. Therefore, the distribution of stress field inside clad coating can be improved radically, and it is
quite beneficial for cracking controlling. Teeth surfaces are clad by different scanning methods and laser parameters
in experiment. The results show that double scanning technology is benefit for controlling the cracking of cladding
layer on tooth surface, and reliable parameters fit for laser cladding on tooth surface of helical gear are verified
according to the results.
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Table 1 Geometric parameters of gear shaft

Parameter Value
Number of teeth 29
Normal module 2

Helical angle 16°9'7. 76"
Pressure angle 20°
Modification coefficient 0.2
Tooth width 93.5 mm
Pitch diameter 60. 38 mm
Tip diameter 65.16 mm
Shaft diameter 54 mm
Length of gear shaft 493. 5 mm
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Fig. 1 Geometrical model of helical gear shaft
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Table 2 Mechanical properties of alloy powder in calculation

Temperature Poisson ratio

Expansion coefficient

Elasticity modulus Yield stress

T/C © /(10" °/C) E /(10° MPa) o./MPa
20 0.28 12.3 1.91 789
250 0.29 12.9 1. 69 645
500 0. 30 14.1 1.47 457
750 0.32 15.4 1.21 287
1000 0. 38 16. 2 1. 09 152
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Table 3 Mechanical properties of gear in calculation

Temperature Poisson ratio Expansion coefficient Elasticity modulus Yield stress
T/C 7 a/107°/C E /(10° MPa) o./MPa
20 0.28 11 2.05 220
250 0.29 12.2 1. 87 175
500 0. 31 13.9 1.5 130
750 0.35 14.8 0.7 40
1000 0.4 13.4 0.2 25
1500 0. 45 13.3 0.19 2
1700 0.48 13.2 0.18 1
2500 0.5 13.1 0.12 0.1
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cladding coat on tooth surface
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Fig. 2 Model of cladding coat on tooth surface
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Fig. 3 Finite element meshing of helical gear

shaft and cladding coat
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(a) distribution of the temperature
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Fig. 4 Distributions of the temperature field during laser cladding
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Fig. 5 Stress distributions of gear shaft after laser cladding on one tooth side
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Fig. 6 Stress distributions on diametral section of gear shaft
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Fig. 7 Schematic of laser cladding on tooth surface

by double scanning
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Fig. 8 Temperature gradient distributions under

reverse Scanning
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Fig. 9 Stress field after double scanning (Z direction)
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Table 4 Parameters and results of laser cladding on tooth surface

Sample Scanning Feeding Defocusing Results (directional
Power /W

number speed /(mm/s) rate /(g/min) rate /mm /double scanning)
1 1000 3 4 190 5 cracks/2 cracks
2 1050 3 4 180 5 cracks/3 cracks
3 1000 4 180 7 cracks/1 crack
4 1000 3 180 6 cracks/none
5 950 3 180 6 cracks/none
6 900 3 165 5 cracks/1 crack
7 900 3 165 5 cracks/2 cracks

(a) sample 4

(b) sample 5
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Fig. 10 Clad coating on tooth side
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Fig. 11 Radial profile of gear shaft after laser

cladding on teeth sides
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