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Abstract: Currently, laser-cladding technology is used to repair local damaged surfaces of simple plane parts; however, remain
several problems in the laser cladding repair of complex curved parts. The flexibility and applicability of laser cladding
remanufacturing have been greatly improved by employing industrial robot technology and laser cladding technology in conjunction.
This led to a new idea for the laser-cladding processing of complex surfaces. The curvature radius of a complex surface varies widely,
and the normal vector of every point on the surface is irregular, increasing the difficulty of laser cladding path planning. Trajectory
planning 1s employed to design a reasonable cladding path to improve cladding quality, which is also the goal of domestic and foreign
scholars for conducting in-depth research on the cladding path. The laser cladding path generation of complex surfaces was studied in
combination with reverse engineering and robot technology to realize the application of laser cladding remanufacturing technology on
complex surfaces. The solid model of complex surface parts was obtained based on reverse engineering technology. A

three-dimensional laser scanner was used to collect the point cloud data of complex surface parts, and the point cloud data was
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preprocessed to obtain the rotor triangular surface model. The complex surface was fitted according to the NURBS surface fitting
theory and the reverse solid model was obtained. The laser cladding path planning for complex surfaces was also studied. The initial
cladding path was obtained using the intersection method between the isometric cutting plane and triangular surface. The initial path
was discretized based on the equal arch height error method, and the normal vector of the interpolation points was estimated using a
normal vector. According to the scanning sequence, the local Cartesian coordinate system of the interpolation points was established
for obtaining the pose of each interpolation point, and the path smoothing was performed on the laser coating path. Research on
kinematics analysis and trajectory planning of laser cladding robot was conducted. The mathematical model of the six-axis industrial
robot was established by using the improved D-H parameter method, the forward and inverse kinematics equations of the robot were
deduced and verified, and the kinematic relationships and decoupling in the machining process were analyzed. A simulation platform
for laser cladding trajectory planning was developed. An off-line programming software, PQart, was used to create the machining
scene, conduct path simulation, verify the feasibility of the trajectory, and post the machining code. A multibody model of the laser
coating platform was built in MATLAB Simulink, and the angular change value of each joint in the machining path was considered
the joint drive. The motion characteristic curves of the angular displacement, angular velocity, and angular acceleration of each joint
were analyzed over time. Combined with the previous studies, suitable materials and process parameters were selected to perform
laser-cladding experiments of complex curved surface robots. The rationality and effectiveness of path planning were verified by
analyzing the operating posture of the robot and the surface topography of the curved cladding layer in the actual machining process. The
results indicated that the maximum arch height error between the laser cladding processing path and surface contour under the proposed
method was within the set target value range, the surface of the cladding surface was smooth, the ripple was small, the overlap was good in
the part with a large curvature change, and the overall molding quality was good, thereby verifying the rationality and effectiveness of the

path planning. Thus, this study provides a reference for applying laser cladding remanufacturing on complex surfaces.
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Fig. 15 Laser cladding simulation platform
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Fig. 17 Simulation result of laser cladding trajectory
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45 KRR AN AN KT AR ZiES:, RHI WA E L 2 SRR MIEaE Z S S R ER
i‘ﬁﬁvkﬂﬁ‘ra{ﬁa AH IR PR A A AT AL R, W BEERNEK, A2d 2H T ZHEK, SRR In
BRI E K — AR MTEOCIAE T2 58, & EER
3.2 AMAHEBHIEELER TZ5%°, Lke.

EMRILEE AT AR ILZ T iR AIE L T, T *6 SRAMEANALETTIZSY
FE 2 2% M IO G A 0, R T 1 A B AT H) SR IE Table 6 Laser cladding process parameters for
{EH B E RN RS L BEAREIE RS L4t complex surfaces
BWOtas. &M as. BOGk. RAKVIANHSE RIS T v Value
NFWR A Laser power / kW 1.6
PR 488 S b 175 0K a6 344 O 45 580, 4057 Psmilir fouding mate F i) 2
T WK 4. B R KM EEK H Fe90-2 &8 K, Laser scanning speed / (/5 3
W (REDEHD WEES. T 30
x4 45 SPHUFERSYS (FESE / wt.%) Defocusing amount / mm - 13
Table 4 Chemical composition of 45 steel (wt.%) WIERZGRER T 228, BRI HIBREN
Element  C Si Mn p S Fe R AT EALARLEE . EEEOEIEE N TERES, #l
Content 042 017 05 0035 0035  Bal e NBITRESIEW, LHB8RANE TR, &
R D O rPRaEE. RIS R 19 FR, WS R

&S Fe90-2 SEMAUFERT (RESH / wt.%)
Table S Chemical composition of Fe90-2 alloy powder (wt.%)
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Blement € Gt S Mo Mn Fe  NORRL, MOSWEBEER, BEKEEERT
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Fig. 19 Experimental results of laser cladding
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