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Abstract: A micro-displacement flexure amplifier was designed based on a high accuracy quasi-V-
shaped flexure hinge to reduce its parasitic motion and to improve its dynamics performance. The per-
formance of the quasi-V-shaped flexure hinge was compared with that of a common high accuracy right
circular flexure hinge. In consideration of the central offset during the rotation of flexure hinge, the
amplification ratios of secondary-lever micro-displacement mechanisms based on the quasi-V-shaped
flexure hinge and the right circular flexure hinge were derived on the basis of the theories of elastic
mechanics and material mechanics. The finite element model was established with ANSYS software to
verify the theoretical derivation of amplification ratios of displacement. The amplification ratios of dis-

placement, the parasitic motions and inherent frequencies of the two kinds of amplifiers mentioned a-
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bove were compared. The finite element results show that the amplifier based on quasi-V-shaped flex-
ure hinge has smaller parasitic motion but higher inherent frequency,and its first two-order inherent
frequencies are 1. 68 times and 1. 41 times of those based on right circular flexure hinge. Finally, the
amplification ratios of displacement and the parasitic motions for the two kinds of amplifiers were
measured by a micro-vision measurement system. The experiment results show that the amplification
ratios and relative parasitic motion ratios of amplifiers based on quasi-V-shaped and right circular flex-
ure hinge are 4. 387 and 4. 529 as well as 0. 3147 and 0. 3342 respectively. It concludes that the parasit-
ic motion is effectively reduced and the dynamics performance is improved if the quasi-V-shaped flex-
ure hinge is used in the micro-displacement amplifiers.

Key words: displacement amplification mechanism; quasi-V-shaped flexure hinge; right circular flex-

ure hinge; parasitic motion; inherent frequency
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Fig. 1 Quasi-V-shaped flexure hinge
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quasi-V-shaped and right circular flexure

hinges
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Fig. 3 Model of micro-displacement amplifier

F3
M

i kL

- My @ M, My M M
Fl MWF-] m!wF4 !.3

T
h .08 = T’m

) K] LV A
¥ U] A= U3 X

(D FE—HFF AT R R

(a)Schematic representation

(b) 25 AL 75 K
(b) Schematic representation
of the second-stage lever
B4 LR R AL 32 ) 43
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Tab.1 Parameters of flexure hinges

BEERA C./(rad * Nm 'C./(m+ N D  C/(ND a/mm b/mm t/mm w/mm
RV 5.25X107%  6.06X107° 1.18X107° 10 12 0.75 0.75
R A 5.25X10 2 9.59x10° 3.09X10° 10 12 1
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Tab. 2 Geometric parameters of micro-displacement

amplifier mm

L L, I3 L a C2

50 118 50 100 40 30
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Fig. 5 Finite element simulation results of micro-

displacement amplifiers
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Tab. 3 Comparison of finite element simulation results
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Tab. 4  Simulation results of inherent frequencies
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Fig. 8 Experiment of micro-displacement amplifier. (a) Amplification mechanism based on quasi-V-shaped f{lexure

hinge, (b) Amplification mechanism based on right circular flexure hinge.
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Tab.5 Analysis and comparison of experimental results.
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