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Numerical Analysis of Temperature Field in Laser Cladding on
Tooth Surface of Helical Gear Shaft

Chen Lie Gu Chengzhong Xie Peilin
(Department of Mechanical Engineering, Naval University of Engineering, Wuhan , Hubei 430033, China)

Abstract The laser cladding process on tooth surface of a helical gear shaft which is the rotor in lubricant pump of

steam turbine is investigated. Temperature field is numerically simulated with finite element analysis software-

ANSYS. Calculation results show that the heat caused by laser energy is concentrated inside the tooth mostly, and the

distribution of isothermal lines is very dense at the binding site of clad coating and tooth root. Large temperature

gradient would be generated inside the tooth. In addition, an effect of preheating in the adjacent tooth would also be

brought up by laser energy. It is also indicated that the isothermal lines are penetrated into the tooth tip, and the

problems of excessive melted down and collapsing of tooth tip would be easily brought about if the tooth side and tooth
tip are cladded at the same time. So the tooth side and tooth tip should be cladded step by step. Continuous and

complete clad coating on tooth surface is produced in experiment by this technology.
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Table 1 Geometric parameter of gear shaft

Parameters Value
Number of teeth 29
Normal Module /mm 2
Helical angle 16°9'7.76" (left-hand)
Pressure angle /(°) 20
Modification coefficient 0.2
Tooth width /mm 93.5
Pitch diameter /mm 60. 38
Tip diameter /mm 65.16
Shaft diameter /mm 54
Length of gear shaft /mm 493.5
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Fig. 1 Geometrical model of helical gear shaft
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Fig. 2 Schematic of laser cladding on tooth surface
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Fig. 3 Model of cladding coat on tooth surface
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Fig. 4 Finite element meshing of helical gear shaft and
clad coating. (a) finite element meshing of the
whole model, (b) meshing of the tooth and
clad coating
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Fig. 5 Thermal properties of materials. (a) enthalpy of
materials, (b) conduction coefficient of materials.

(c¢) convection coefficient of materials

4 TR KA

NI RGO 1A I 1 BE S B 4 mm, 25 5 SEBR
IR 0L TR S R OE S EON O Y R P=
1000 W; e BEEH 2 D=4 mm; H# T V, =
4 mm/s. MARXTEOGRE A IRCR B 0.5, LA
e AT )00 T R B — R A G 5 IO B B R A I )
24.5 s, BT B0 A i 20 ) 15 4 b IR 3 00 A
T OL AN 6B 7 o

5147 s Al 147 TR SO A 2 Ao e o 45 B 220 ) T
o FRAS T AL 1R 0.5 s B 20 380t I8 5 76 48
Spuke I W BUE 3 YO ISR B2 N i
IRRERGE FTFF] 2500 CUAE.XE QL THEZ

0303006-3



B 6 o o i e s A 2R A

Fig. 6 Temperature field of laser cladding on tooth surface of gear shaft
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of temperature field inside tooth, (b) distribution
of isothermal lines
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Table 2 Temperature of adjacent tooth

Number of tooth 2 3 4 5
Temperature of tooth /C 106 93 41 33
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Fig. 8 Collapsing of tooth tip in actual laser cladding
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Fig. 11 Complete clad coating on tooth surface
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