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Analysis of a Piezoelectric Actuator
with a Displacement Enlargement Mechanism and Its Control

Kosuke NAGAYA, Sigeo IKAI, Toshiyuki FUKUSHIMA,
Akinori KURUSU and Hiroshi KASHIMOTO

A solid-type piezoelectric actuator generates a large force, but the generated displacement is
significantly small. In particular, the actuator has a large hysteresis between a control voltage and
the control displacement. Hence the application of the actuator has been limited to some special
areas. This paper presents a linear piezoelectric actuator without hysteresis. The actuator presented
has linearization control circuits and a displacement enlargement mechanism made of elastic hinges,
so that the generated displacement is in the range of displacements required for vibration control of
machines. To control the actuator, a displacement sensor is used in general, but one of the ends of
the sensor must be fixed to a wall. This implies that the application of the actuator is limited. Hence
in this paper, an acceleration sensor is used instead of the displacement sensor. This enables us to
use the actuator as a conventional linear actuator. Theoretical analysis was given, then experimen-

tal tests were carried out to validate the method and the analysis.

Key Words:

Dynamics of Machinery, Control, Linearization, Piezoelectric Actuator, Displacement

Enlargement, Linear Actuator, High Speed Actuator

1. # B

AKAA PO ADFKBE L LI, 20T 7 F
22—y OBREMSITOI, & % & £ LHIEKEHTES
NTWwa, 77F2x—-F LT, T—9BELHE
KW b OTH 505, IREHIHS O SEEIECN L T
B, ISEEEO S HENH Y, BB A VY,
BEFCEOHOBYRT 75 21— 5 DILRAERE &
hTExTw3, LrLEHRT 7F2x—8%2HOIS
o RS, AR E bICKE LR DY, RSN
WL, FLIANDLIVEEOHET 7 Fa2a %
OUEFELTHWZ 1, ZOBENC LD GRS
KOBIE»#L <D, —H HBV 7 Fa2ax-513
BT 7 F 22— WLHNTUMETEDLD THOVIEE
HEAEHLY, Lo b HRAESEETH 5100, Uk
FOEBMEEL L HEOWRNEAZITODATY
5,

HE77F2ax—30OhTy, MEkE7 7 F2x
—Z IR EbY TR, RENLKRE L, GHEIT

* R 1995 46 F 26 1.

“UIEH, BEEACE IUFHL (376 AT AMET 1 5 1),
PR BEEKE AR

R AT AL

R BRSO WM R (B 3TL T ES VAT 580)

205 -—

B L ENTOLZOREMHH 5 KiH, RBEEMIE
~20um £ b T/NE L, OFIEEH & B
ORIV AT, Led-> T, 20F %
HuSE R IFLOHESTE 200253, #Hl
AR O B HREN A O FEAR TR B & 3B 5 2 nThREME
NH b, BELERCTHREHERGPENTER
WEDORENH L, WTFRIZL T RAEMINI
f2 o, BE/NOBREHEIIIEL T b0, &b 5 F
OB 2H T 2 M OBIRIKE S & Hilf#H 3 5 A0
R77F2ax—2 LT, £XEHTE2EBETIE
BuEIHIKRZIONG, HKEET 7 F 21 -9D
BISORELEMEZHL, pOBRTEHVEEN*HT
ZEEbLWT 7 Fan—F LR s h, AN E &
AT T2, FRT b RALNE— M) 2 F AR
WEL TS T, fAffic, »2EEREHOa /L E
DEET 21077 Fax—9BRKEICKS,

AT, LLEEBRL TNE TRV 4R
JEREERCAER L, B < BRI TX
BRI AAEMBEOA~100 pm BE) 2 4 /v —L D
O, FENL M H D RERERHE L 2 o EInE
MWABTLERNAT 7F 22— 5 ABAT 5. HHE
T Far— Y EERTAHEN HBHEFCR Edo
&0 BRSSO, TOREEEFIESLE £

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2722

Bl A 2T AW HET 7 F 21— 5 OBMT & HiltE

2. WIEEKERIE O R L R ik, BT
HABOEN 2L 74— FNw 733k TH S
M, INTE7 7 F2ax— 5 OBEHICEI XD WE
it o OXFE RFHE) BB BETHY, 77 F 22—
7RI IR T 2B OCRENKALh DEMIC S
L, ZOEERRT B0l BRSO 13
HABlb L, Zheluiod— 700 — 78 E)
DA REL, BEHEREC X 2HEBHETOK
B @ 2 ulfEic Uiz, Ub Uslitbdt & & 7o K3k
B TRIEERIORBCI L, A BEO TS
DFHMREBHG SN L, A —T V=70 k
LEREREN IR B S e D, - HER O B >
Y EHOIHL—-7HIETR FRD LT 7S 2
— Y EBBICFOEIAAL S LN L 0B, 2
TEETH, BfitYORbY 7 7 F 21 —812
BT X 2 IEE € o 2 2B — AN
L OROHEREHE AR H T L7 7 F 2 — ¥ 2%
L, ZOBNT I DLW TR L., 3 2bb8
KLILT 7 Far—8XOoOWThEY ) v 7 AgEx
HO TIPSR L, 7 b LY 3 21—
CarREITH I EICE DB AT L .. 08
ftiviab—va ORREEBRMLET S L
L0 APERBRENTIE O 2 MM AR L 22,

2. EAHLKEMORRAT

2.1 E{IILKHEHE  AKUTRTH O 2 2R HOKH
Ol 12057, 2 OB YISO
HMHE VIS AEM T I ARLTEY, @FE
DTIELHDORETHLZBBAECHTFEL B L
DEHR TH D, ABBIIFIHO L0 RESR LD
ThdH, Wk FEL -@#io7 7 Fax—%

65

57
47
32

53
4
38

23

[}
-

Fig.1 Displacement enlargement mechanism
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Table 1 Dimensions used in the numerical simullation

Equivalent mass [kg) 9.286

Equivalent spring constant 3.096 x 107
(N/m)

Equivalent damping 77 x 103

coefficient (N-s/n)

Enlargement ratio 8.6

Gain of power amplifier 10.0

Ratio of valtage to 10 x 10°

displacement (V/n)
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Table 2 Analytical results of displlacement enlarge-

ment mechanism
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