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Abstract: Kinematic and dynamic modeling of piezoelectric displacement amplifying mechanisms was
researched. The static analytical models(such as displacement amplifying ratio) for a bridge type com-
pliant displacement amplifying mechanism was derived based on the law of conservation of energy and
elastic beam theory. Then, an analytical model of natural frequency was also built by employing the
Lagrange equation. The finite element analysis was used for verification of the feasibility and superior-
ity of proposed analytical models and for comparison with several typical mathematical models deduced
by other authors. The results show that the proposed theoretical formula of the displacement amplifi-
cation ratio has the highest accuracy, because it considers both the translational and rotational stiff-
nesses of the mechanism during modeling and abandons the approximate geometric relationship be-

tween input and output displacements of the bridge-type compliant mechanism. Moreover, the dis-
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crepancy between the theoretical formula of natural frequency in this paper and the finite element cal-

culation results is kept within 5%. The modeling method and corresponding theoretical formulas of

the displacement amplification ratio and natural frequency proposed in this paper provides a useful and

accurate reference for optimal designing and manufacturing of satisfactory structures of bridge-type

displacement amplification mechanisms.

Key words: piezoelectric actuator; displacement amplification; compliant mechanism; flexure hinge;

mechanical analysis; finite element analysis
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Schematic of bridge-type compliant mechanism

Fig. 1
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Fig. 2 Force analysis of bridge-type displacement amplifier
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Fig. 3 Parameters of displacement amplification mechanism
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Fig.4 Finite element model

PRV T R v A i K ML 5 T R B
22 i 1 8 43 IO 2% PR IR 3R B JEE B, DA sk B A 1) T
A5, DR A BR G B R i AT TSR 38 R 2 R AR 4y
I . A BRI A B il R A B B R O 5
45 SR 11 2 LA RS FURE 1) 057 B8 iE AT B 1 B SR AR B A
BRI, b w328, R AL KAL)
JUAaT A AD | SCAR [ 11 1) RSk [ 18 145 4t i figk o7 455 751
TRIVAS SC i A S 0 15345 31 19 9 B il ok e i 5
IR H B R LA ) T ART AR R R SR 6] SC
HR O 110 STk [ 18] A fife B A 8 g
DLAE TBRHUAL 9 JLART A5 7Y
A=cot 0. 2D
SCHRLE JRTL 11 T 8 e R AR A

A sin Ocos 0« LXK,
2Ky cos® 0+ L2 K sin?0 ’

A Lo SR A B ORGP 2 1 BB =2 1) #)  i
KL=V (L+D"+ ',
SCHRLS JH i R A 280

_ 3w(L+D
A=SLED, (23)

A w=(L+0D - tan 0,

22)

g i R
£ : —
5ok —— it 018)
£ \ —w— AT
o A0p : & FIRLTIF R
= =3h LU
S 20f
5
(=] Ok i H i i i H i
0 05 1 15 2 25 3 35 4

w/mm

B 5 [R5 i AT A R T

Fig. 5 Comparison of different methods

o 5 AT AR Al A5 DU T 45 g

(1) B B AR ORI 9 £ B2 035 T
B AL R ML AR AR 2 A 38 % 7Y ] B
w) A JLATRE RS I TS5 K LA B2 I V) bR H503% s
AN AR GRS S RIAT . 25 AR S T A X
(LR TR MUK B A T B A0 A% Hi i L i 5 e A 3 T
SCHR A AT AR A SCRRE Y RIAT RT3 B SR

(2) Bl AR 3L R R LA 1 #h 32 8 3¢
BRCLT AL 18 ] A SO RS AIAT BR G353 14 437 7% i
RS A R B AR — B A7 AE — LB UK L
AR AL A . SR L2 B8 OR AL /I 2 S T



4

BHIRE 55 TR AL RS TIORAILRG (4 7 27 figk A A8 84 K A7 BR 7870 #r 817

P SCERC T ]3304 20 9 AL B8 i K L W v T A
FROTIHIR 45 3 A SO RS S #5300 A7 PR T iR 45
/INFR P R 2 PR TR B O TR A R PR R
SCHRL LAY fife B 5 Bk 48 T W U B i R LA 1Y)
BRI AR A7 23 R 58 18 25 WA mT RE i
T TRt

(3) TEALFE TR HLAL /N A BESE Bl Sk
(11 RIS S A A7 7E 5 22 1 I IR 7E T AR L%
ST A RS TR R ML Bz A O R B H
AR R R TR L B G R AR SO
F UL RS OC 2, B He M5 B2 1 257 it 28 I
FE 12~ 5 00 ) B2 SR AT A B A A5, T HL % R T 0%
R BRI , TR B B TR &
3.2 BEAMERRWIE

AT B8 BE R A% R bR SR M B T T o
B 2 ADSH AL E AR S S
B (8] 1 i A B e AR R SR AL A B, T
50 UEATE 257 B T AL A T A A0 5 figk A7 A% 28 114 1
P EARR B S ERE T BT Anasys FBTH
BR ST A2 73 A o 45 F L e A5 7R R 1) A% 0] 23 4 1] 4
FiR S5 SEmER 1 s,

Model E Modcl 2 "

g I T T

\ME “QME
,

v 1006 Z

= -
5
T ) TP 1 P )

- e e—
73 b

Mod:

T

id
il &
T

K6 AR ALRE ORI Y A T

Fig. 6 Deformation of bridge-type mechanism
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