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Path Trajectory of Laser Cladding Remanufacturing for Turbine Blade
Based on NURBS Surface

HUANG Haibo, SUN Wenlei, ZHANG Guan, HUANG Yong, LIU Pengliang
(School of Mechanical Engineering, Xinjiang University, Urumqi 830047, China)

Abstract: Aiming at the complex modeling of turbine blades, a geometric model reconstruction method based on NURBS
surface fitting was proposed, and a path planning way for obtaining stable laser power density was obtained. By calculating the
curvature of the point on the surface, the local NURBS surface was fitted as a curvature sphere to simplify the calculation of
the laser beam scanning area. According to the requirements for the precision of the cladding process, the laser beam scanning
area was controlled by adjusting the posture of the laser head along the normal direction of the surface. Meanwhile, the
interpolation point was obtained to ensure stable laser power density on the substrate surface. According to the normal vector
of interpolation point, the corresponding pose of robot was obtained, and the correctness of laser cladding trajectory was
verified by CIMOCO software. The high-quality cladding layer was experimentally prepared, which proved the reliability and
feasibility of the method. A new method is provided for laser cladding remanufacturing of the complex curved surface.
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Table 1 Surface data of several turbine blades

The first column

The second column

The third column ~ eeeee

X ¥y z X y

15.00 9.36 1.04 20.00 —3.65
15.00 —13.28 13.96 20.00 8.30
15.00 -12.17 12.21 20.00 222
15.00 —10.87 10.60 20.00 10.35
15.00 15.49 0.11 20.00 18.59
15.00 13.43 0.33 20.00 12.41
15.00 11.37 0.56 20.00 —14.91

z X y Z e
5.09 25.00 17.93 237 e
1.96 25.00 15.84 237 e
3.14 25.00 13.75 241 e
1.76 25.00 11.65 243 e
1.08 25.00 ~14.03 1343 e
1.56 25.00 ~14.96 1530 e

16.54 25.00 20.02 242 e
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Fig.2 Blade surface fitting with NURBS method
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Fig.3 Local fitting of free-form surface by curvature sphere
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Fig.4 Crossing the spherical cylinder with the center of sphere

(a) Mathematical model without crossing the center of the sphere

(b) Diagrammatic sketch without crossing the center of the sphere
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Fig.5 Crossing the spherical cylinder without the center of sphere
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(b) Intersection diagram of cylinder and sphere
after model transformation
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Fig.6 Cylinder and sphere intersection after the coordinate

transformation
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Fig.8 Interpolation calculation and track simulation of blade laser

cladding
®2 AXIAEMUERS
Table 2 Chemical composition of the Stellite (w/%)
Element C Si Cr Ni W Fe Co
Content 1.8 14 29 <3.0 90 <3.0 Bal

R3 KESEMARBULERS
Table 3 Chemical composition of Fe-based alloy powder (w/%)

Element Mn Cr Ni Tb B Si Fe
Content 1.3 109 63 32 0.1 0.8 Bal

x4 MEHAEBRBEILZSY
Table 4 Parameters of the laser cladding blade

Parameter Value
Laser power / kW 1.8
Powder feeding rate / (g's™) 20
Laser scanning speed / (mm-s™") 4
Lap rate 50%
Cladding width / mm 4

o, OGS E R, AR AR X R ik
T T .
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Fig.9 Comparison results of blade laser cladding
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