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Abstract: In order to solve the problems of sparse or redundant and uneven distribution of cutter
location points, and the difficulty in acquiring the operational tool orientation and drastic changes
when the robot was grinding and removing wheel window edge burrs, a robot grinding path planning
method with cutter location point planning and tool orientation acquisition and optimization for wheel
window burrs were proposed. The wheel window edge curve was described by using NURBS curve
morphology feature parameters and robotic cutter location point planning was conducted for the wheel
window edge a method for acquiring the normal vector of the inner face of the wheel window was pro-
posed considering the wheel point cloud and window surface features, and a local coordinate system at
the tool position points was established to describe the robot tool orientation. A robot end tool orienta-
tion optimization model was established and optimally solved to obtain a continuous smooth robot end
tool orientation for the wheel window. Wheel window edge burr robot grinding experiments were con-
ducted to verify the effectiveness of the proposed robot grinding path planning method for wheel win-
dow burrs. The results show that the robot joint angle curve is relatively smooth in the wheel window
burr grinding and removing processes, and the robot may accurately reach the planned cutter location
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points and the end tool contacts window edges well and maintains the appropriate operational orienta-

tion. The maximum chamfer of different wheel window edges after burrs grinding remains below 1.50

mm, and the maximum average value of chamfer measurements at different positions is as 0.64 mm,

which is within the specified range of the processing specification.

Key words: robotic grinding; tool path planning; cutter location points planning; tool orientation

optimization; wheel hub window
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Fig.3 Flow chart of proposed robot cutter location

points planning method
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for robot grinding
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Fig.8 Cutter location points planning results by

proposed method

i 8~ P& 10 m] 1, B S AL A 057 a5 KL &)
T AR BT A5 2 0k A 5% R 1R 22 1 A )AL
AN A SRR T TA . AESROE R
B AT B S B R ] W 2, S X R 2R
AT D B TR AR T B A I S AN A
JEHIRAE i A A 9 X, e BT ALK R B
AT 85 RRFE T 4R ) ki BRI 7 ik W A T P AR



RHETIHLG NATE IR S TRESMUe—F & W R %

z/mm

z/mm

()@ H 3
B9 ESHENMAEMUER

Fig.9 Cutter location points planning results by

(DA 4
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Fig.10 Cutter location points planning results by

(DEH 4

equichord height error method
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Tab.1 Comparison of total number of cutter

location points

PARVA=P o4 W w2 w3 4
EIN AR 182 63 167 63
R EWIRES 91 36 74 38
EZHE 121 41 111 41
iRk 62 29 53 30
T2 c, EXL

Tab.2 Comparison of ¢,

ey [HXFH o w2 HI3 w4
R WIRES 0.6127 0.6535 0.5765 0.6530
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ErrmmiR Yk | 0.6277 0.6953 0.5975 0.6676
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Fig.11 Obtained preliminary results of normal vectors

at cutter location points
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Fig.12 Filtered results of window inner side

normal vectors
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Fig.13 Final results of normal vectors
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Fig.14 Local coordinate system at cutter location points
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Fig.15 Results of local coordinate system for wheel

hub point cloud model
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Fig.16 Fitness function iteration results of

different windows
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Fig.17 Result of tool orientation optimization
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Tab.3 Statistical results of tool orientation angle

optimization for window 1

S8 BRME e/ME Ir % i
04 /rad 0.4230 0.3040 0.0019 0.1190
05 /rad 0.3778 0.3130 0.0004 0.0612

®4 BA2IEETATELERFITSH
Tab.4 Statistical results of tool orientation angle

optimization for window 2

28 TN R/ME Jr 2% i
0 /rad 0.2267 0.1429 0.0005 0.1203
05 /rad 0.2003 0.1525 0.0001 0.0701

x5 BAIIEESATELERFITSH
Tab.5 Statistical results of tool orientation angle

optimization for window 3

28 e K AH fR/ME Jr# ol
04/rad 0.3754 0.2787 0.0012 0.1102
05 /rad 0.3967 0.3208 0.0010 0.0886
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Tab.6 Statistical results of tool orientation angle

optimization for window 4

2 SN Fe/ME 5% oy 18
04 /rad 0.2592 0.1412 0.0021 0.2256
05 /rad 0.2556 0.1830 0.0005 0.1047
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Fig.21 Robot motion process and TCP path
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Fig.18 Tool axis vector results
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Fig.23 Angle of each joint of robot changes

after optimization
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Tab.7 Robot grinding parameters table

S8 ol

T HERE v (mm s 1) 150

B AYHEE oc(mm + s~ D 450

WHHEE v,(mm + s~ 1) 600

[FI R v, (mm * s™ 1) 600

EEMTAEES p,/MPa 0.15
PIMITRIE b/ mm 1.2,1.5
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Fig.25 Hubs for grinding burrs
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Fig.27 Process of robotic grinding for wheel

window burrs
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Fig.28 Robotic grinding for window burrs of wheel 1
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Fig.29 Robotic grinding for window burrs of wheel 2
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Fig.30 Dimensional measurements of chamfered wheel

window edges after robotic grinding

(D81 WEAE 1 (5% 1 M8 2

—

(o) e 2 M HALE 2

B3 #BHOERTEHSTENE

Fig.31 Uniformity measurements for wheel
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Fig.32 Results of grinding uniformity measurements

for wheel window edges burrs
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Fig.33 Dimensional measurements of chamfered wheel

window edges after robotic grinding in enterprise
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edges burrs grinding in enterprise
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Fig.35 Results of grinding uniformity measurements

for wheel window edges burrs in enterprise
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Tab.8 Comparison results of grinding uniformity of
wheel window edges burrs grinding for measuring

position 1 on experimental platform and enterprise
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