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Abstract: To address the drawbacks of the traditional micropositioning stage, such as the small range of
motion, low motion accuracy caused by parasitic motion, and serious cross-axis coupling, this paper pro-
poses a full leaf-spring parallel flexure decoupling micropositioning stage driven by a voice coil motor with
large-stroke and multiple degrees of freedom (multi-DOF ). First, the structure and deformation principle
of the long-stroke multi-DOF parallel flexure mechanism with a leaf-spring type flexure spherical joint are
introduced. Second, considering 3-DOF as an example, the kinematic equation of the moving platform is
derived, the input stiffness model of the mechanism is established, and the compliance modeling and de-
sign of the flexure spherical joint are provided based on the compliance matrix method to determine the pa-
rameters of the micropositioning stage. Additionally, the models of the system dynamics are identified for
3-DOF. On the basis of the models, a composite controller of phase advanced proportional-integral (P1)
feedback control combined with sliding mode feedforward control is designed. Finally, a stage experimen-
tal system is developed to verify its trajectory tracking performance. Experimental results indicate that,
compared with the classical proportional-integral-derivative (PID) control, the compound control method
can improve the track tracking performance by more than 95% and that the added sliding mode feedfor-
ward effectively eliminates the phase lag caused by simple feedback control. Meanwhile, the proposed
multi-DOF micropositioning stage can achieve a motion with £3.23 mm X 4=21.50 mrad X = 20.30 mrad.
It has the characteristics of large stroke, good stability, and high accuracy, which are applicable in many
spatial positioning situations that require large travel and high accuracy.

Key words: parallel flexure mechanism; voice coil motor; large stroke; leaf-spring type flexure spherical

joint; phase advanced PI controller; sliding mode controller
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Fig.1 Multi-DOF long-stroke flexure parallel mechanism
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Fig.2 Structural diagram of leaf-spring flexure spherical
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Fig. 3 Kinematic model of micro-positioning stage
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Fig.5 Structural diagram of leaf-spring flexure spherical
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Tab.1 Dimension parameters of spherical hinge
28 A Wy, Wy o hy L, Wy Pisp2
{H /mm 10. 00 18. 00 1.00 5.00 40.00 3.50 7.25
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Tab.2 Compliance of leaf-spring spherical hinge

S il B
Casyr, 1.0139 mm/N
Cae s, 1.3000 mm/N
Co . 1.316 3 rad/(Nem)
—Co—s/—Cun 0.034 2 rad/N
Cov/Coyn 0.029 5 rad/N
Co-n/Co-n 1.0615 rad/(Nem)
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Fig. 6 Input stiffness analysis
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Fig. 7 Composite control block diagram of multi-DOF micropositioning stage
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Fig.13 Maximum stroke
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Fig. 14  Cross-axis coupling errors
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Fig. 15 Triangular wave track tracking results
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Tab. 3 Single-axis trajectory tracking performance of micro-positioning stage( Triangular wave track)
REARR MAE RMSE
il PID PAPI PAPI+SMC PID PAPI PAPI+SMC
e,y/mrad 1.21 0.07 0.044 1.09 1.69x10°° 1.47Xx10°°
e,y/mrad 1.317 0. 056 0.023 1.21 1.39%10°* 3.62X107"
e,/pm 135.3 5.05 4.62 122.4 1.212 1.188
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Bt 4R ALK BE 8 LA R BE R A /N IR 22
PR B 2 2 L

R4 MEMTEZHZT EHTERER SR (B R R T)
Tab.4 Three-axis spatial trajectory tracking performance

of micro-positioning stage( Cylindrical spiral track)

RS bR MAE RMSE
¥EHlgS PAPI PAPI+SMC PAPI PAPI+SMC

e,/mrad  0.27 0.0577 0.0157 2.96x10°°
e,y/mrad  0.21 0.044 0.0125 6.27X10°"
e,/um  3.236 3.229 2.3 0.719
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