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Abstract: To improve the applicability of robots in high-precision automation and enhance robot position-
ing accuracy, this study constructs a robotic drilling system based on a passive scale tracker and conducts
systematic research on system error source analysis, coordinate transformation calibration, and error com-
pensation strategies. Firstly, the measurement mechanism and internal error sources of the passive scale
tracker are analyzed, and error compensation is achieved by combining direct measurement and nonlinear
fitting of spatial circular planes. Secondly, the overall architecture of the drilling system is elaborated, and
the coordinate transformation and calibration methods of the system are defined. On this basis, a cyclic
compensation strategy for robot pose errors is proposed, establishing the compensation idea of "attitude
first, position later". To verify the effectiveness of the proposed method, comparative drilling experiments
are carried out on polymethyl methacrylate (PMMA ) workpieces. The experimental results show that the

positioning accuracy of the machined holes is significantly improved, with the positioning error reduced
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from 1. 23 mm to 0. 15 mm, which can meet the stringent requirements of precision machining and auto-

mated assembly in terms of accuracy, stability, and reliability.

Key words: robots; passive scale tracker; error compensation; drilling accuracy
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Fig.1 Structure of passive scale tracker
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Fig. 2 Definition of scale passive tracking coordinate system
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Tab.1 Main error sources and properties of system
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Tab.2 Error source values of direct measurement
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Tab.3 Main error sources and properties of system
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Tab.4 Calibration results of tool coordinate system
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Tab.5 Calibration results of tool coordinate system

om Z R E B
X/mm 0.4
Y/mm 111.7
Z/mm 45.7
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Fig. 8 Impact of error on position error
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Fig. 10 Schematic diagram of machined parts
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Fig. 11 Schematic diagram of drilling experiment
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Tab.6 Robot position and attitude error

BiAl AMERHTOLE R 2E /mm AR L B R 2 /mm IMETT AR /(0) MR AR/ (7)
5 (X,Y.Z) (X,Y.Z) (RX,RY,RZ) (RX,RY,RZ)
5 (1.26,—0.76,0.60) (0.02,0.01,0.01) (—1.20,0.85,0.81) (0.26,0.11,0.13)

(1.03,—0.65,0.45)
(1.35,—0.48,0.41)
(1.00,0. 34,0. 35)

o

(0.01,—0.03,0.01)
(0.02,—0.01,—0.01)
(0.03,0.02,0.02)

(—0.10,0.10,—0.12)
(0.31,0.14,—0.22)
(—0.21,0.14,0.21)

(—1.04,1.32,0.76)
(—0.98,1.06,0.90)
(—0.71,1.36,1.02)

58RI T A2 f5 , il i #8045 ok & 42 686 =
Al s 0 AL CAE B R (2. 4+ L/300) pm, ] o 7
FEl Sk 600 > 800 X 600 mm ) I 5 45 A~ &l FL AH X} F

A AR bR AR B L R 2, D A R AN SR 7 TR
LY R AE 2R R 22 4 D7 ¥R N T TR
JEAFE] TR AR T TR 1~4 5L 5 5~8 5 1LY
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Tab.7 Measurement of processing hole position(mm)

Bifl  XOTI X7 ) Y i [n) Y Inl

hs A bR W A R
1 25.77 0.77 20. 52 0.52
2 25.90 0.90 80.76 0.76
3 75.74 0.74 20. 99 0.99
4 76. 22 1.22 81.02 1.02
5 125.11 0.11 19.91 —0.09
6 125.10 0.10 80. 06 0.06
7 174.91 —0.09 20. 12 0.12
8 175.10 0.10 80. 17 0.17

XF L S0 TR R BT BT X b T AL A R
wETHE AN
e=,e +tel. (30)
56 R TR AR, i AL S E AL
WZH 1. 23mmig/NE 0. 15mm. #MEE,EX
J7 1) B35 5E AR 22 A 0. 10 mm, 78 Y J7 1] 19 °F
PIEALRZE RO 11 mm, g5 R A SO
M) 1% 25 A 7 1k W] UZE AL 88 A T3 % v A 2K
PEF I TR B

6 % #

AR SRR AL AR A AR i A vz 8l R 25 5 A
7 ) 5O VR B T R RE Bl B N R AR
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