%537 % 4 S W o ML M TR Vol.37 No.8
2026 4F 8 fi CHINA MECHANICAL ENGINEERING pp.1889-1899

FMAE AR XY TR G BRI 55 R 5

wmEENT O oW o R HEx 2 OT!
1.2 %ME I RFNE TR2FE, EH, 232001
2T RFRAS A EBMHEEINE ZAAEETELET 4N ,310027

HME - AFRASmEEHNEMABRTHHREXY ZEEHEFR.BET —HAAXFTEFSGHER®
WEMAGEHXY TSGR FTE, BARITT—AHAEGEHFRRESBB TN, A TS
HEAESTIHEGWH I FERAREHARTL LS mEMES RKLT EHRILESRFHE
(MMCA) ¥y h A RFhiR ZAME 2 ; st MBI H A FRBES SR T TGO H R HE AR
HEMREMIT TAESHMN, BEZEMNX-FERFTMNK, ERIF HAEEGMMCA EEIRA 4
AR d A A 135N, E 3 iR £4MEF A 34 pm, AR AT 5 A K T 32.61 A 12.1 % THE &8 T
AESE B A 49.94 mm X 50.04 mm. X F @ F= Y 5 6 89 L X ABEF 45 ) 4 0.0511 %A= 0.0549 %5 £ & KA
WeSh AMEH SU T # 47 1.20.49 mm & 3h K472 R Az M K, B 5 w9 A AR AR £ DT 20 pm; % KA
MAHAMERATAI mm KA R ZAZN . XF @S5 Y F5 @R Kig£ 55 4 0.25 um F2 0.21 pm; £ 5 # 5
FHP . XF@EYF @ H Ao AiAR 59 nmA56 nm, FAREREN TR ERILESKSH XY T4
SEARITR MALBLEERZSHHERE  ZRRAISHELNENBR BRI EREXY S L
ETELEHRLH,

KRR EWME AW XY TAER TR A A 5 A P 5 i 7 18 32 5 45 2% 2

R E4SES:TH703

DOI:10.3969/j.issn.1004-132X.2026.08.008 FA R = (R IRRSS ) #RIREE (OSID):

Decoupling Design and Experimental Research of XY Workbenchs Driven
by MMCA

YU Caofeng"® YANG Kun' SHEN Gang' XIAO Zhihao' WANG Ning'
1.School of Mechatronics Engineering, Anhui University of Science and Technology, Huainan,
Anhui, 232001
2.State Key Laboratory of Fluid Power and Mechatronic Systems, Zhejiang University
Hangzhou, 310027

Abstract: In order to meet the demands of high-end equipment manufacturing for high-performance
XY worktables, a design scheme was proposed for the XY workbench driven by macro-micro composite
with long stroke and high precision characteristics. Firstly, a novel series-parallel hybrid decoupling guid-
ance mechanism was designed, and the dynamics model of the workbenchs was established based on bond
graph theory. Secondly, the finite element method and response surface methodology were combined to op-
timize the output forces and macro-motion error compensation of the MMCA. Then, through static and
modal analysis, the effective load capacity and vibration characteristics of the worktable were obtained. Fi-
nally, a prototype of the worktable was fabricated, and an experimental test platform was set up for test-
ing. The results show that the optimized MMCA achieves an output forces of 135 N and a macro-motion
error compensation of 34 pm at a current of 4 A, representing increases of 32.61% and 12. 1% . respec-
tively, compared to the pre-optimization values. The worktable’ s working range is 49. 94 mm X 50. 04
mm, with cross-coupling rates of 0. 0511% and 0. 0549% in the X and Y directions. respectively. During
macro-motion positioning tests with strokes of 1 mm, 20 mm, and 49 mm without micro-motion compen-
sation, the steady-state displacement errors in both directions are less than 20 pm. When micro-motion
compensation is applied for 49 mm stroke positioning, the maximum errors in the X and Y directions are
0.25 pm and 0. 21 pm, respectively. In the resolution experiments, the resolutions in the X and Y direc-
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tions reachs 59 nm and 56 nm, respectively. The results demonstrate that the proposed XY workbench
driven by MMCA offers advantages such as large stroke, low cross-coupling rate, and high resolution, pro-
viding a theoretical and technical foundation for high-performance XY workbenches in high-end equipment

manufacturing.

Key words: macro-micro composite actuator(MMCA ) ; XY workbench; hybrid decoupling; bonding

diagram; responsive surface optimization; precision positioning
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Fig.1 Schematic diagram of XY worktable driven by

macro-micro composite

S LA R R AR XY TAE G s
S A% 5 AR I OCBE . T BB 2 ER R IBCIR 5 A
S 1E) WU 25 4 AT 2 B s FERCSE O 240 mmX
240 mm>X 180 mm, T E &Y 7 SR R H
L FPML R T FHHM . MMCA 5 % 4%
BlE, EESHEd ARS8 6 %% K
MMCA H) 3K 5l J i i B2 T Bfl i 25 280 6 5 1Y
X B8 YR 5 W T X R A B A S SR Y A 230 5 DR



FWE AW XY TAF G ST 5 525 5T

mE sk Rl A

JE VL KB & EEENE SR SIR G . M5

BB X MBI, &Y H L R T
FELE SR 32 R F R R S A A R A
B UBYETRELEY MBI, LRE5EY
GAGAE R — AR SR B s R T R85 [
FEFE I B 22 SR F R 80 AR XL L (R
XY TAE & 5R15 i fg

~ RXHT
ol 24,
N

HESEL

2 BHAREAMBSENMENREE
Fig.2 Schematic diagram of the series-parallel hybrid

decoupling guidance mechanism structure
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Fig.3 Dynamic model of the workbench in the

X-direction
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Fig.4 Global bond graph model of the workbench in
the X-direction
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Tab.1 Relationship between effort variables and flow

variables for each section
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Fig.5 Dynamic characteristics of the workbench in
the X-direction
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Fig.9 Deformation of the XY workbench under a 50 N

load at different displacements
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Tab.5 Deformation of the worktable under different loads during displacement
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200 N 2.19X10° 1.56%10° 3.45%10° 3.35X10° 5.04%10° 4.42X10°
250 N 2.74X10° 1.95X%10° 4.31x10° 4.19%10° 6.29X10° 5.23X10°
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Fig.10 Four modal vibration modes of XY workbench

driven by macro-micro composite
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Fig.15 Displacement curves when driving

simultaneously in the X and Y directions
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Fig.17 Test results of macro-motion positioning errors
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Fig.18 Control strategy block diagram
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Fig.19 Positioning errors at maximum travel
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Tab.6 Performance comparison of the XY workbench
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