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Abstract: This work focuses on the effect of clamping length on the dynamic characteristics of a canti-
lever piezoelectric bimorph vibrator. First, the static parameter equation and the dynamic model of the
cantilever bimorph vibrator was established. Then, the effects of the changed clamping lengths on the
tip displacement amplitude and the inertia acceleration magnitude of the cantilever bimorph vibrator
were analyzed with MATLAB software. Finally, the tip displacement amplitude and the inertia accel-
eration amplitude of the cantilever bimorph vibrator were measured separately. Results show that the
maximal amplitude of tip displacement is 66. 2 pm and the generated maximal inertial acceleration is
10. 2 ms ? at a driving voltage of 10 V,a frequency of 11 Hz,and the clamping length of cantilever bi-
morph vibrator between 9 and 20 mm. Simulation and experimental results indicate that with the same
excitation field, the longer the clamping length, the smaller the amplitude of displacement and the lar-

ger the inertial acceleration produced by the piezoelectric bimorph vibrator.
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Fig. 1 Structure diagram of cantilever bimorph
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Fig. 2 Dynamical model of cantilever bimorph
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Fig. 4 Motion model of cantilever bimorph

e AL B i B Z 8] 1Y iz sl i 7 0] 4 o ot R
A~BH B~A, it A~B RNl fi'E A i
Bz g, WS R S ) AR T, PR
Hizgh; i B~A N E B E Aizsh, &
L XA SRR B o b 0y, R iE g,
I A~ B F1 B~ A L XU IR T 1052 4%
IRV E TS

Fap = Fy— F. —F,, 15
Fo o = Fu+F —F. (16)

R R L R R R T EAL B B ) St A6
Fod . MIHAZ B sk g ) F ik, R4E=
() AT HRE R B 4R FAE LS B A 1Y 3 7
PATHERK, B SEENHRR TR B
0, BPHAZ B BRRE 1 R/ 0, B e B =X
FEHL AU AR T7E B~A it 207 % B i T Z 5]
B IMEEK B R O R 7 A R 1 o
A 1 ST Z BN SRS, T I A

FAb B R X AR T AE B~ A iR
R ALE B A R vp i R, B L
f IR TR S Bl 2 AR b AR R phe
AR F RoR A .

F=F,+F —F =F,+kX, D
s Fy by B 2 0L R iR 7 7 i S B



1300 e K TR o522 %
I3 407 1 b 9B LAV,
k= Fu/Y. (18) 2tCLy + Ly)
B2t (12) F (IR AT (17 1%, L(1+B)(ZB+1> (20)
(1+-"HAB +3B*+3B+1
F= Fy,+ FZ'”Z —. 19 L, + +
j[l—m’T} Iy W L= L— Lo — L fLA SR (200, Fid st (20)
‘ i ) A (1975
ORI WIS f ™
_ gilefSLV) — I:1+B)(2B+1) (1 21 S— <D
| Y (LTDAB 3B 3B \/[17”1;: Ly
e R EE 37 V. REMER T . &8 TEJE R IEE
JE HL XS HE AR S iz s R A PR A g i

omt(L— Ly) [L Lo |
Lo

A Matlab 3 /FExF = 22) #47 THHH, 57
BT 7B 2 F U R R 7 A I B o
B oa 5FFFRE Lo NIE RIEHR, FELSE WD
Kl 5 s,

[t
Lo

5 Mt ehd D IEE F S5IeRRE L NI R IER
Fig. 5 Amplitude of inertial impact wvs. clamping

length and stiffness

D5 BRG], 72 UKl i MR Y 26 1F T
e 0 R UL R A AR 3 R R (L o 52 M
JE k B RE/N . BEJeFF IR Lo B3GR TS K.

4 RXIn XA

O 36 R 2R XL 7 AR A [ e i
JE N B B AR BE o0 B iR . SR I T AR 2 Ak 1Y
I 7 20 ol o A8 B T F LR A IR 7 AN [ e
FEA R A i 002 B W ELBE AT 1 I3, R 3k
JEE A IR 0 8B 2 f XU A I A S TR e 5 I

AB*+3B*+3B+1

=)

JETR 7 A A i R R AR AT T, IE T
WA 6 Frs 1 H B S Ay S5 N 0.3 mm,
JE F B A R B 0.2 mm,

I SR Y 32 23 A5 A5 33522A HUAE R UK
¥ &tk f%, HVP-300 # Ih & kK #%, LK-
G5001V UL #8645 B s DL S LK-H020 B %
Sk ISk TAERES R 20 mm, I 75
+3 mm., FHERRK 0.01 pm), SD-1441 K H fif
R A, YD-8 BNk FE A% s A L [ 45 GDS-
1102 BURYERS .

- W (R
I i P

40 mm

60 mm
70 mm

B 6 e H B A g
Fig. 6 Model of bimorph

4.1 BBEXEBXEF HIBABIEENRILE
4.1.1 ZA X )R8 3 dh K 5342 4 1@ 44 m 5%,

A%
Shy e UE A2 2 R R R e R R R AR Ak
Xof G g FH8 A7 A W L 1 55 o R, K T BV U
H 0L I 1 R A [] e 457 4 BT 1% it 9 A6 % i
B . TRV R o XA R 7 78 S 5 i R
(728 I i 50N, BRI H i o6 B8 1) o 2Oh TR 9]
S A1 T A P 7 57 7% I 3K A2 SRR R 5 e



& 5 ]

FEOCHT, 45« R 2 f U R IR 1 S A5 1 B2 728 Ao G 8 A R P 14 52 ) 1301

ZEGL, T DAR AR B =X iy 5k
DA i 03 e A

W55 kA a = B R R 5 2 D) UK
TR T it i ) A i X e X R T B A
ST A7 % A2 g 110 O 0 Sk SR A B 2 H 3L
Al T R T RO RS , O KE R AE B MM S AL 2
PR AL AR I T 2 R R R 0 BUHE 15 4 21T 5T
BLHR AR R A AR R e SR o . IR T R
SN 7 R,

frimas,

7R T A AL R IR X K R G

Fig. 7 Experimental set for amplitude of bimorph

4.1.2 BHEXESRG KT HIFDILHB R
M X 4 R

TR Hh i fin e B X H LR R iR T 1 Rl
{55 WA 11 Hz D& 10 V I, 2 51k
T IFKBE R 9~20 mm 1985 R B AR
5 1 it 0 B A B s H XU R
Fi 22 REEMIBE A 1 mm, 25 R 8 s,

66

64 b
62t
60

8¢t

Xpum

56}
s}

52t

50

910 11 12 13 14 15 16 17 18 19 20
L /mm

B8 iR X 5RERE Lo XFR
Fig. 8 Blocking force ws. clamping length

BI85 SR AT e 9K Sl v 37 AR [ 4 2R AF T
e X A IR 1 o 780 07 % W (B X Bl HG e I

Lo HO 3 R/

4.2 BELXEENEFFERREMEERE
i iR 58
4.2.1 BEAEXEEXG AR ZELGR Ik E i

ERUREES

Sy B ik B 2 AR - e A B AR R X
A B o o R Y S e R, R T AR
3 R 7T AN [R) e Fp 4 BT 1 7 A 153 P i it 2
WRAEL . I o A2 Je g B R X L
P FAEA R e Fp 4 B2 T BB M m sk B, Dt 7
L CBE S R A AR AR I L R AR S & T R K
R R it o ) B R L XA R R b, R
JEE A SRR R G A P L 0 o S i JRE A SR
SR 4R ) 145 5 3 5 F A R AR O A% 8 BR
Pedw o WEMIX R G WE 9 FrR,

TR

EH
T

T
1&g

P9 AT R (3 2R

Fig. 9 Experimental set for inertial acceleration ampli-

tude

4.2.2 B XES X5 K KT 600k g
ERUREE-2 3

T 38 v e o A A8 TR B R IR T U S

SO 11 Hz W& 10 V A5, 435k T
11
10
9
8
1,7
B
36
5
4
3
2
9 I(] II 12 l'i 14 IS 16 I?' 18 19 20
L /mm

10 BN R B S AR L ER

Fig. 10 Inertial acceleration vs. clamping length



1302 b=

T TR

522 %

JeFFRKE 9~20 mm A EE 2R ML PR T AR 15
PE b Ty AE . B U f R T e R R B R A
EFE A 1 mm, 56 075 7 2 R iR 7 4
ARBTG5 R AR KB Ly KR, &4
wE 10 frs .,

TR 45 A, 7E 3K 3 f 3 AH Il i 25 40 °F
e 2 Hs H UL i R 7 A A o )
SEPREEE N SR N1 N

AR SC LB 3 L U AR T O F TSRS 42
TRV T B U OB R IR 7 19 e 15 4 2 A X
Hh SR L, BRI LU 458,

(1 #7158 30T HL XSRS Ik 53l ) 2 A

S Z k-

(1] &, Ba&9, B0, F AR Ikl

MW (1] & F 4% T 4. 2006, 14 (4):
623-627.
ZENG P, WEN J M, CHENG G M, et al.. Re-
search on novel inertial piezoelectric actuator[] ].
Opt. Precision Eng. , 2006, 14 (4); 623-627. (in
Chinese)

(2] Zwess, AW, &R, 5.0 HBE b LY

e B Jedp 2 A e 5% IR Bl 2 it [T, R 5 4
%142, 2010, 18(1):156-161.
LI X T, CHENG G M, YANG ZH G, et al.. De-
sign of asymmetrical rotated piezoelectric actuators
based on impact driving principle[J]. Opt. Precision
Eng., 2010, 18(1):156-161. (in Chinese)

[3] HUNSTI M, HEMSEL T, SEXTRO W. Modelling
the friction contact in an inertia motor[ ] |. Journal
of Intelligent Material Svystems and Structures,
2013, 24(11):1380-1391.

[4] LIU W H. WANG Y, HUANG W Q. et al.. A
linear stepping piezoelectric motor using inertial im-
pact driving [J]. Applied Mechanics and Materi-
als, 2012, 226:693-696.

(5] @AW, Bk, §-F, 5. 5 e K3l & 6 1F
PEREM A [T & 5 4% T 4. 2013, 21 (1)
131-136.

WEN J M, MA J J, ZENG P, et al.. Machining

LS TR R R AR TR S S O
B2, FIFH Matlab 144 X B8 =X Ha B 4R 7
e 3 8 A b ol JH ity 358 A7 B (R 7 A T 15
B WL 5 6 AT T L

(2) MK HL JE R 10 V, #FE K 11 Hz i,
Je K BE Ly 78 9~20 mm P28 4k 10 B8 =0 e
X B3R F e L=60 mm) Y 3 &7 % i 18 5
KK 66.2 pm, = A BT N R i R Rk
10.2mes 2,

(3) {1 LR 50 45 S 14 3% B . 8 9K 2 v 3 4 [
M4 . B B 20 i B R 4R 7 19 e R
FERE K Foum d8 AL B MR A 25 A8 /N . JL77 AR AR
I B MR 2 AR . AR ST O 2 5 1 BT
IKZhPEREAT R AR AL T 2 R Y

and functional testing of piezoelectric rotary actuator
[J]. Opt. Precision Eng. ,2013, 21(1):131-136. (in
Chinese)

[6] GAO W, SATO S, ARAI Y. A linear-rotary stage
for precision positioning[ J]. Precision Engineering »
2010, 34(2):301-306.

[7] NISHIMURA T, HOSAKA H, MORITA T. Reso-
nant-type Smooth Impact Drive Mechanism (SIDM)
actuator using a bolt-clamped langevin transducer [ J].
Ultrasonics, 2012, 52(1):75-80.

[8] WANG Q M, CROSS L E. Performance analysis of
piezoelectric cantilever bending actuators[]]. Ferro-
electrics, 1998, 215(1):187-213.

(9] #pekaz, xd, AEK, F. RBEZ MoK E
X AR Y LI [T B 5 B R, 2009,
31(3):364-365.

ESH J, LIUJ F, ZHU X L, et al.. Experimental
research on the effect of length of piezoelectric
bender on its characteristics [ J]. Piezoelectrics &
Acoustooptics, 2009, 31(3):364-365. (in Chinese)
[10] REHE EeXdhA B A dERBEEEHE
B BREHE TRARL [D]: KE: HHhK
%, 2006.
ZHANG H ZH. Theoretical and Experimental
Study of 2-DOF Precise Actuator Utilizing Im-
pact Force of Piezoelectric Bimorphs [D]. Chang-
chun: Graduate of the Jilin University, 2006. (in
Chinese)



553 FEOCHT, 45« R 2 f U R IR 1 S A5 1 B2 728 Ao G 8 A R P 14 52 ) 1303

[(11] BAW, Hmiw, $-F, 5 EHEREFSRE
WA AL B MK B 58 (7). e 3 LAk = 42 5 3R,
2012, 30(4):412-416.
CHENG G M, FENG L N, ZENG P, et al.. Ex-

perimental study of piezoelectric vibrator deforma-

EERN

BHAAST—), B, EHKEN, #
B, W+4 S, 1982,1985.1996 4F
TR AR K 2% 43 5 3k 2
A, N 5K B R Y B

e

5% o E-mail:cgml123@163. com

tion and cavity volume fluctuation of piezoelectric
pump [ J]. Journal of Drainage and Irrigation
Machinery Engineering, 2012, 30(40):412-416.
(in Chinese)

EHE1988—), F, MHFEmEAN, W
AR5, 2011 4 T W7 VW S K 2% 3R
Bep 2, FE N K gl R
BAF5E . E-mail:huilail212@126. com

(AR %HE. 5 D)
(RILFFE REWW AREEH)



