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Calculation Method of Magnification Ratio for Lever-type
Flexure Hinge Mechanism Driven by Piezoactuator

Zhao Yun
(College of Mechanical and Electrical Engineering, Jiaxing University, Jiaxing 314001, China)

Shen Jianying Zhang Haijun

Abstract; Lever-type flexure hinge mechanism was usually used to amplify the tiny displacement
produced by piezoactuator in the field of precision micro-displacement. The calculation formula of the
magnification ratio for lever-type flexure hinge mechanism was deduced by considering the deviation of the
rotation center of flexure hinge and it was verified by using the finite element analysis and experiment.
The magnification ratios, which were obtained from the formula calculation, the FEM simulation analysis
and experimental test, were 8. 31, 8.38 and 8. 20, respectively. The error between the FEM simulation

value and the calculation value was 1% and the error between the FEM simulation value and the

calculation value was 1. 3% . Therefore, the correctness of the calculation formula was proved.
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Lever-type flexure hinge mechanism Magnification ratio

fR N AR A, BB 8 S I SRS BE Ay PR R
Jie LA 5 A TR HL B s BIK 3 5 1) il 11 62 7%
TR 32 M B AL ) — > MR TR R
PR ECRE o FAR B, S BRI R KR
R T SEBREHE , A SCHR[ 5 ~6 ] 5 B L, iR 2208 5
AR BCRE NG I 25 S50 15 2 i A% T
B R, H IR A B4 B R F IR A
KO H—EE U Hwang E IV 7825 BAT AT
AR IE RGO T S A AT M B — PR
HIUAE K 25 72 (5 5 O RS TIOR RN 20, i SR A
SR FHVRE P g o JFG 2 P 6 I gk i 4t 2 e 7 X2 7%

EEE: Lo, BIZER , FENFRIH ORI, E-mail ; zjjxsjy@ 163. com



268 P A R = 4

20134

TORHUAE BB HOR R 25

ARSCU S H F BRTAT 2SR A BCBE AL D (R AT
FEMORAR AL BT BB % 5l v O B8 e 19 L il
b A S IR ATAT SR P 5 BE OO AL AT R
AN,

1 KRR E R A

1.1 FERHE

TPk BB AT R S A W R ELIR
SN ZE PRkt B EARZE M I 1, o R Sh 2k
BERE DI EI R 0 e B 0 B /N EE b R
PEECHE ) L BE , b R Z2 M BCRE I R, R B 1Y
R R HESS  FE AR R R AT L A A W e Y i
PRSI BRTENLIRES 14 T B Sk VR

ot

Bl s
Fig.1 Diagram of flexure hinge
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Fig.2 Diagram of lever-type flexure hinge mechanism
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Fig.3 Geometric model of lever-type

flexure hinge mechanism
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Fig.4 The first-step lever mechanism

F.l,+M,+M, =F,l, + M, (6)

S —RATAT LABCEE | s BehE 1 240

73 Fy WPER] i A B 2 TR R i &

KB I VERTS il 32 e, R4i e A, %y A

— AT o 1) 113 52 8 5 1 o R SR ESRAE R R

F, Bl 8 ) D 2 A O B — SRR A i A i 1) o A
% x, N

x, =x —A, (7)
TR 1 8% 0,
%, —A, x-A, -A,
0, =" = (8)

AT SR AR 32 3 R A it LA 1

B, NS s MR A7 05, A5 3 ek
F,=F, (9)
M, =M, +F,l, (10)
5 RTAT LAESHE 5 ksl B08E 5 20
71 Fs WAER i it o Ay, o T ECEE 3 Fil 4
AR AR A FLA, DS T AT R A

™

Fs
-3 -

—
I\
ashy
la>] \

13

\
\

x4 |\

A

192 \

In

|
|
1l
N
|
|

|
|
|
| \
|
1

Om Xm I
K5 5 UL K

Fig.5 The second-step lever mechanism

Ui BRI ALRS x, h

xy =xy Ay - A, (11)
x,, NS KT i A A2 RS TR
x, =A5 +1,0, =% +1,0, (12)

WIATAT 2 9% 4A 60, Tl

x,—Ay x,—A, —A, A,
L, L,
ot T B A — . R RT WL 4 o ] T
B 6 7R , KRR A, 5 A

0, =

(13)

F,=F, (14)
M, =M, (15)
P
.
Fs 3 / \J 4 Fa
NI vg./i

M -~ My
6 rPEEAFE
Fig.6  Schematic of middle lever
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Tab.1 Results of finite element analysis

i ADLFS/ pm Hr AR/ pm TRR
5 41. 946 8.39
10 83.893 8.39
15 125. 837 8.39
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Fig.9 Prototype of mechanism
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Tab.2 Results of test
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