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Design and Experiment of Sub-micron Macro-micro Drive System Based on
Positioning Error Compensation
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(1. School of Mechanical Engineering, Xi'an University of Science and Technology, Xi’an 710054, China
2. Shaanxi College of Communications Technology, Xi’an 710018, China)

Abstract: In order to solve the problem of high-precision positioning of traditional mechanical systems in
a wide range of motion, a precision macro-micro drive system was designed, which compensated for the
positioning error of the macro-drive system through the micro-drive system to realize sub-micron precision
positioning. Based on the principle of flexible hinge lever and the principle of balanced additional force,
a micro-amplification mechanism was designed, which can precisely amplify the input displacement
according to the design amplification ratio of 1.5 without additional displacement. In the macro-micro
drive system, the servo motor and ball screw was combined as the macro-drive system, and the
piezoelectric ceramic actuator was used to drive the micro-amplification mechanism as the micro-drive
system, which was used to compensate for the positioning error of the macro-drive system to realize the
large-stroke and high-precision motion. On the basis of completing the working principle design of macro-
micro drive system, the positioning error of the system was analyzed and the error compensation scheme
was put forward, and the macro-micro drive system positioning error compensation experiment was
completed. The experimental results showed that the average positioning error of the macro-micro drive
system was reduced from 14.49 pm to 0. 34 pm after the positioning error compensation within the range
of 2 mm stroke, and the average positioning error was reduced by 97. 65% , which verified the validity
and accuracy of the design of the macro-micro drive system and the error compensation scheme.
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Fig.3 Schematic of micro-amplification mechanism
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Fig.4 Schematics of balancing additional forces
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mechanism
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mechanism simplified diagram
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Positioning error compensation for macro-micro

drive system schematic
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Tab.1 Macro-drive system position error pm

i WE D R REI RE4 BRES FHHE

1 12.50 12.70 12.70 12.30 12. 60 12.56
2 13.10 13.20 13.30 13.00 13.10 13. 14
3 13.50 13. 60 13.70 13.40 13.70 13.58
4 13. 80 13. 80 14.10 13. 60 13.90 13. 84
5 14.10 14.10 14.70 14. 00 14.20 14.22
6 14. 60 14. 60 15.10 14.30 14.70 14. 66
7 15.10 14.90 15. 60 14. 60 15.20 15. 08
8 15.50 15.20 16. 10 15.10 15.50 15.48
9 15. 80 15.70 16.70 15. 60 15.90 15.94
10 16. 30 16. 20 17.10 16. 00 16. 40 16. 40

AR I S5 R, A P E AR 2
14.49 pm, PRI A A2 S 6], IF B i
B TCRHLA Y 42 R 7 22 9K 3l 2R 8 i 22 Y T I
PRIt , R FH Rl K 8 % 8 o A7 b A2 T DLt — 2P R AR
KB R G ERLIRZE
4.2 IRENE AR E FME AR IR I

AR Bl 2 58 R 0 1% 22 A B R R ISR ] 13 i
ZR e e st - S DN RS RN ) N
Hay 55 A A TS R e A Ao 3l e 55 X U



410 P A

S I T B O 400 7 IR B0 R S % 2

P13 (K Bl i 8 22 R A M R X 0
Fig. 13 Micro-drive positioning error compensation

performance experiment
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Tab.2 Micro-drive system displacement position error

MWMAGK, B/ BB/ BN/ MXTRE/

pm pm pm pm %

0. 50 0.75 0. 70 0. 05 6.67
1. 00 1.50 1.40 0.10 6. 67
1.50 2.25 2.05 0. 20 8. 89
2.00 3.00 2.70 0. 30 10. 00
2.50 3.75 3.50 0.25 6.67
3.00 4.50 4.20 0. 30 6.67
3.50 5.25 4.85 0. 40 7.62
4.00 6. 00 5.70 0. 30 5.00
4.50 6.75 6. 40 0.35 5.19
5.00 7.50 7.15 0.35 4.67
5.50 8.25 7.95 0. 30 3. 64
6. 00 9. 00 8. 60 0. 40 4. 44
6.50 9.75 9.30 0.45 4.62
7.00 10. 50 10. 10 0. 40 3.81
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Fig. 14  Positioning error compensation of macro-micro
drive system experiment
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Tab.3 Macro-micro drive system positioning

error compensation results pm

i B2 W2 BRE3 WE4L BWES CFHH
1 0.20 0.35 0.35 0.10 0. 40 0.28
2 0. 40 0.50 0. 60 0. 30 0.25 0.41
3 0.55 0. 60 0.70 0.45 0.55 0.57
4 0.25 0.55 0. 50 0.20 0.30 0.36
5 0. 30 0. 30 0. 60 0.20 0. 40 0.36
6 0.15 0.20 0. 40 0. 30 0.15 0.24
7 0.20 0.30 0.20 0.30 0.45 0.29
8 0. 30 0.20 0. 50 0. 30 0.35 0.33
9 0. 40 0. 40 0. 30 0.20 0. 40 0. 34
10 0.25 0.20 0.30 0.20 0.20 0.23

% TCIK Bl R 8 R L 1 25 A IS 1R 22 S B {E X
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Tab.4 Comparison of average positioning errors

before and after system error compensation

 EWaERiRE  EMOSER REREE
it ¥y (i /pm P82 5/ pm 41/ %
1 12. 56 0.28 97.717
2 13. 14 0.41 96. 88
3 13.58 0.57 95. 80
4 13. 84 0. 36 97.40
5 14.22 0. 36 97.47
6 14. 66 0.24 98. 36
7 15.08 0.29 98. 08
8 15.48 0.33 97.87
9 15.94 0.34 97.87
10 16. 40 0.23 98. 60
S (E 14. 49 0.34 97. 65
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