433 % 4520 e M TR Vol.33 No. 20
2025 4£ 10 Optics and Precision Engineering Oct. 2025

XEHES 1004-924X(2025)20-3252-13

-H-HNERERBEEBIRNFEINNEF
2R 5T

& OBV VBREA BEAC F2RR, kEg

(1. TEEIAF ARG A TR ¥k, 7w E1MF 454003;

ﬂ+£%‘#%}iﬁﬂmkzﬂwﬁmﬂw,mﬁ T 467212;
BHAMEMAKRE MEMREM A FREHNAEELERE LA B 210016)

T O 170l A o el T A [ RS 3R g A A A L AR D 2 R G N ARG 9 AKX BN T SR AR SR B T — B
LA -t s RO IR 2 R T T R L OK Zh A8 o B SR TR IR TR K Sh A 10 B L FES M SO IR ) DR A
PRI B 7 ¥R X 8 T A5 RO S 806847 Tk . SRR A T 3RSl 4% 19 3 ) 22 AR, ik — 20 oy it Hob et . 3 g 220
B R R 2 IR S A WOR AL SRR 1 o da  WAE T IR Sl A 00 RURAE AL, O 45 A 00 R g0k ok kAR EAT T
TN, IR ZE R R 9K o) & d K =S B0 O 20. 3 mm /s, Fe KA #E AR 15. 82 pm, & 743 BE AR AT 35 70 nm , i K17 2
2.2 N, BB R 2 W R AT B T 2 B Bl ROR GO0 A B8 e A R G i G 8 o o 1 8 RUBE SR Bl g oKk o AR W9l Al 1 78 e
F, 3K B0 25 A 4 90 L B OG 2 R E R OG BR A B Bl i DA R o (BRI 5 e i g T AR T R e S SR AR A

X 8 WRAAERLIEDE HREHE LA ) F AR

FESE S THI22 XERFRIRAD : A

doi: 10. 37188/0OPE. 20253320. 3252 CSTR:32169. 14. OPE. 20253320. 3252

Dynamic modeling and experimental evaluation of
Macro-Micro-Nano cross-scale stick-slip piezoelectric actuators

YUN Hao"*, CHEN Yanlong', YUAN Lusheng’, LI Jingshun', ZHANG Dengpan'

(1. School of Mechanical and Power Engineering, Henan Polytechnic University,
Jiaozuo 454003, China;
2. Science and Technology R&D Center of Yexian Advanced Manufacturing Development Zone
Pingdingshan 467212, China;
3. State Key Laboratory of Mechanics and Control for Aerospace Structures,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
* Corresponding author, E-mail: yunhao@hpu. edu. cn

Abstract: To meet the precision driving requirements of wafer inspection systems and the internal optical

systems of scanning electron microscopes (SEMs) in the field of micro-nano electronics manufacturing, a
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stick-slip piezoelectric actuator with Macro-Micro-Nano cross-scale drive was proposed in this study.
First, the structural design of the slider and stator of the actuator and its driving principle were elaborated
in detail, and the dimensional parameters of the stator structure were optimized by finite element simula-
tion method. Then, the dynamic model of the actuator was constructed to analyze its stepping characteris-
tics. The simulation results showed that the actuator was capable of micro-stepping displacement. Final-
ly, the prototype of the actuator was fabricated, and the experimental system was built to evaluate its out-
put performance. The experimental results indicate that the proposed actuator exhibits a maximum no-load
speed of 20. 3 mm/s, a maximum step displacement of 15. 82 um, a positioning resolution of 70 nm, and
a maximum load of 2. 2 N, which can meet the cross-scale driving requirements of macro large-stroke con-
tinuous movement, micro-scale step displacement, and nano-scale high-precision positioning. This study
provides an essential theoretical and experimental basis for the application of stick-slip piezoelectric actua-

tors in critical scenarios such as the alignment of aperture plates in SEM optical systems and wafer inspec-

tion platforms.

Key words: stick-slip piezoelectric actuator; cross-scale; precision positioning; dynamic modeling

1 7]

Uu\:

LA, B (32 H 1 ) 3 Y DR A R
Xt 55 2E RS IR B BRI R AR S H AR 1E
DI, I G2 7 RS A 8 i T R e [
I 28 ¢ e e A 4k T R BB R GE R
T ZARFE AT 25 - -2 i RO R AT R K 8l R
M o7 38 B 7 o) 2 0 T] B B A 4 IR 3 R 122 A R e
FE b ) BIK B0 258 B R R o 1A ) A
AR T RS A5 — Bl i T TR R AR B B AR A B
RUCRS HLAL™ B i HORS 2 e o PR T L R T
Yo W F OB R BE S AR A IR R TR AR
A SRR I T OB E R R G AR
BERG/HLEE N AR TR R
Ui A U Y A R SR BRI TR S

AR 4R 3l 2% 1 09 AN TR] s v 0K sy 4 T 23 o 3
PR B AR IL AR BY o b PR R s o B Bl i SRR R
AL, B AT K A R R R
AE 76 L IR R T T AR HAF £ i 8 B 451 55 [
A AR IL R R R i A R AR S
SENLRTRE, EE O O LIRS AL ROME R K
T B DL R AT B Y A S A . Tang S AR
W7 — b R K Sl B R OK B, S T ARG
(9 % 7 3 B IR AT A IR, A JLH3ROK
Tian 58 N HF R T —Fi R s A 9K 3 25, iR
RAMETIIE R T 189.7 N, (HE5 0y Je 2 RGN
S TEE PIA R A ™ T —Fp A7 ok 50T A 3K 3l 4%

N-331, 58 T KAT#, )5 iR 12 8 DL K 4 KR e
PO AR TR RE o BRI, 100K 3l 2% 5 2 2 0 8 Mk
A J7 0] AN [a) 1 s F B e VR S 3K 2 T i R BT
A A A A LA B B 2 i 4 ) 2R 4

5 LR UK S Jr g AE L, R T R R K Bl g 2
AR B P RGO AT R AR
B, T B G TN HL - S R % K Bl Y
AEFR AR . Zhang S8 N"WF R T —Fh 3L F = Stk
BILAE B4 RS T 760 P H K 3 2, L 45 s L e g ok
B 46.67 mm/s (Y fe K B, 40 N B K gk D
B 40 nm (58 AL 4 HERR . SR 1% 9K BN % 7E SE B
G K e A 43 B R0 TR A R R A B 4
R A R 3R A A1 A5 T R 5 2 P A ONR H RL
A AR AL 22 19 XUE R W 78 0K 2 2% 8 s /b 8] R B
S, Hofg IR Rl gk 2.26%, B KO E R
2.4 mm/s. {HIZIE TS5 HHN 44, HE 5
PR AT, ALK 240 nm; Yang ™ 4 A48 T —Fh
o IR 2 BCE 45 R, T 38 5 AR ) 4 TR B A
il 7Rk e R IR B 28 0 1R s B, SR X R LA
IR S BCHE (4 5 0 e B AR

BF X PR AT KGR R K Bl A A L o PR
SR T R R A O L T R A ]
A SCHR T -8 B R T TR P 3K )
o RIS AR BT RR AR T HE T BB L B
S A AR | R S HE AR IR R 0K 3 A =
E R T <o N I g v A e A
S5 S P EAE T 6808 52 IR W K AT



3254 e KEE TR

33 %

T2 15 S5 8% 31 -IWOK G025 DE 7 7% -9 K 9 G 158 v H
WE A Y B R UKl . Ak AR UK Bl g Fe AR Bl
Tz 35 [ I HE R E 2 A E T [ I g1 gt
Frakgl , LA 38 3l g F b R G . ik it
F% R T 25 s L K Sl A o (A P 65 41 R B
G5 FR G T ARG o B S U B AT R

2 Zmiath T RE
2.1 Mgt

AT FE BT BT ARG L o 0K Bl A% R A A
B 1Ca) i i s & F 2 i E 7 35

Alumina ceramic Slider
] i
i

Stator
H

.....

___________

Connectinlg plate

Preload spring stage

Micrometer y

(a) HXZh R L 1Y

(a) Overall structure of the actuator

Compliant
mechanism ! i
Bolt Flexure hinge

(b) ETEEH

(b) Stator structure

L KGR 3R 3 & 45 1 7R = 1R
Fig.1 Schematic diagram of the stick-slip piezoelectric

actuator

W AR WS DL M W B EE B o R
B TR AL 2 . Horb, T a5 W& 1(b)
i, EE R HA R EAEL R
T TR R L B AT R K Bl A
B o e FEL S M A P 0K R A N A P [ A R
FE SR P, 3K Bl 2 8 ok P SR A i Rl 422 A R 1 A 42
LI o EF B EAE RSN 40 mm X 30 mm X5
mm , i 5 % 4 A DA 4 O U5 WA E
T AL FR oy RS 1R i 3 4 Ak, A T 4t
R B B £ Z B BUE ) . 3 F a5t R
B P 5 AR AL R A R AR S i, T
W7 W B s, B #1825 i i 78
e

2.2 TiEIRIE

H T A ORE Y 39 Hs HL SO0, Y R K Bl g
JE I L B HE i s B R AR S I, S HE
77 A X IO AL A K R R R AE 4 R A R
1M 51 2 8K 3l /2 b /Y35 S Bk A2 A o il T PR AE
HRR AR X FR 45 4 153 SO LR 0 W R
], AL 7 R v & HE 0 /R T, 3K 3l 2 Al [] i
A Bl 1) R KO 1) B B SR Bl 0, e 2 HE Bl B
S E s B, AE A B IK B L R T R
A8 Bl J5 A 0] 43 Sy = AN B B s W) 46 B B L 2218 5K
Bl B B ARG K B B . HLR TR R B AN & 2
Fr s o

(a) WG BB 7E ¢ B 20 SR8 W R & . e
LS ME R R IR 3K ) AR R I AE T 530
TR I P s T R R

(b) RS KB B B - 7E £, B 1 I 2], SR sh i
et b T, He v B M G2 A R M A s R AE 2R R A
AN IR B AL 7 A R ) i Bl % s B AT ) fil
R My P ) s Bl . R T A R 4
TWERT IR E o i — BB .

(¢) Ptk &2 B Bt : 7F ¢, 3] 1, W Z1) , W Fe P 3t
TREEZRZE, K S YR 48 20 0] 46K o
PEAE 8t 2 PR K S B RIRAS . B Tl PE )
YER, PEREZE 5 3 e s R AE A XTI RS, T H 2
(i) 77 A 1) g Bl 4 ) (AR i B 2 o O 1) i AR —
B R (<))o I, 7E—AK3) E I,
9K 2 i 0 20 3 0 B8 A AT DL FRIR Oy

Ar=ux,— 5. (1)

i i H A AR = A B, BT AR AROR A



%520 1 =

& AR R - B R R R BT v UK Bl 2 B ) 2 R S T AN 3255

KBt AR ERE SC BLE S B it iz . H Xt R &
S T 2 1) B 4 30 R A 5 I (IR 8l e R Sl PR
WK JE g v/ ) B AT S B as Bl s, i
o B 1A D R A S A AR L S B O AT A
LT3, 3 T RE S S0 BL % WL L % 2 PR iz 2l
(it ) LA B i ok 20 it 32 8l (R4 o

i Slider

(a) Initial state

UA

ty fh 1

(b) Slow drive phase

T

5 6Lt

(c) Fast reset phase X,
s T_i‘i‘ﬂ‘_"ii”i‘f_

it

K2 aKahas TAR
Fig. 2 Working principle of the actuator

2.3 #mthi

BT bR TR JRCEL AT, 9K B 2% 0 R Ay
MR e S E TR R WA Z I XK.
9K Bl S RS AT S e,y I
R N R T R A s A= 7 A R Rl DR i
B,y AR E S EFZEBIERT . R
S B 45 R RSH A Ak, AR BT 55 R A BR ot 1
T REHRER T ERER D = ARME IR
BE Ly VL R 2 1 e J5EBE L, %oF K 2 2 A it Ao
7 55 M AE A0 05 R AR RO S 1 RE B .
F H COMSOL Multiphysics A B JC 15 £ %% 1,
o3l A5 R A &) 43 n 18] 3 () BT i
PEAE B2 356 1 7075-T6 5 A 4 ARk, RS 350 19 4 1 44
FLAL 5 B Ry [ 8 29 5, AE R L S HE 5 A AE 48
F14) 2 il T G 15 e A9 48 0 B (12 5K Bl 4 i ol
I # PSt150/5X 5/20L # i 1 & HE 7E 100 V 4K
SRR B S i B 20 R 15 pm) 5 A% R
Sy, SE R A 3R 43 Jr vk ST WD AR AR
AU 0F 28 PR BCRE R 43 1 R A R ST BE AT R A

b L2 i A

K 3(b) & 3(c) MK 3(d) TR NEH0,L,,
L, % 8K 2y & A7 B8 5 45 R0 g (0 S i R . 7R
AHTF i AL 25 0F R, 3R Bl A2 A ) A7 B8 B = £
AR O RNIEBE L, (3G 0 2t 13 T B R A T Bl
B R BCRE R L, (35, UK 8N B LT AR
Sz B AR Ak 5 g E SR BT A7 B K S RN ) T
85~110 MPa it Bl NI 3l , i 2 /T 7075-T6 53
B A MERE i IR

125 —e—Stress 3

0§

——Displacement %

105 128 &
£

5}

85 126 8
&

6 A

5 24
» 60 80 100 120 140
Fixed constraint 0/(°)

Stress/MPa

(a) (i BB 5 % (b) ZMBRMEY
(a) Simulation boundary conditions  (b) Triangular beam angle 6
£ £
5‘_’118 31% - 94 28.5§
S108 {278 S ot Psog
8 o3 1238 &8s} P58
88— 947 8 703
040608101214°2  “0500 1 11121308
L,/mm L,/mm

(c) =AREEL (d) REEHEEEL,

(c) Triangular beam thickness L, (d) Flexure hinge thickness L,

B3 Z800,L, LK L, %t B85 %5400 41 1 52
Fig.3 Effects of the parameters ¢, L, and L, on the total

displacement and equivalent stress

ZH0, L LL R Ly X3RN e,y 1 i A S
B 52 LA AN ] 4 (a) (BT 4(b) TR o R R AT AT,
BE# 0, L., L, 38, o 6 45 8% /0 48 Ak #a #4556
LR HEAS — 30, ¥ B R B iy a7 A% LT R
FEARAE,

i LR B R AR 9 LU K AR IR B 2
i AL A% /N T A2 N T O Ak H bR e 1
SAEEEMSH N 0=100",L,=0.6 mm,
L,=0.9 mm. AN, IR sh 25 shFREw
B, e RERIRS ENERER
1.5mm. & E RS mm; M ETFEE & E L &H
by AH OC 2 B0 R 25 A B Al 9 L S e RS
(5X5X 18 mm?®) , [F] B 3Hfe JBi 5 4% 1K 25 #4) /N U Ak
B35 SR 50 T TR 45 A W Y, LA A
SEF S HCNE 5 s .



3256 e K TR

33 %

€ 27 £ 15
2 2
g 2t 21491
g 3
5 <
g 17 §14.8
T Rl Tl
040608101214 = 040608101214
L,/mm L,/mm
§24.4 \g 4.94
5 o4k s 493t
5 5 49|
= 296 £ 401}
APk )] S—— T1490—
= 0809 1 111213 ™ 0809 1 1.11213
L,/mm L,/mm
£ 243 g 15
2 2
o 24} 5]
5 £ 149}
2237} 8
& &
T 234 — T 14.8 PR ——
=60 80 100 120 140 ™ 60 80 100 120 140
0/°) 0/(°)
(a) x[A1fiLf% (b) yFfii g

(a) x-direction displacement  (b) y-direction displacement

W4 B0, L, VLI L%,y A i AL RS (1452 0
Fig.4 Effects of the parameters ¢,L, and L, on the x and

y-direction displacement

R=1.5mm
p
¢3 mm
J’W i Smm | £
42 mm 100° d
T N
® —
R=3 mm

40 mm

K5 & TRIRESH S

Fig. 5 Overall structural parameters of the stator

RIG XA G W F a5 AT 1 B
T, S5 B ANE 6 B R - 24 5% 5 F Rt 15 wm 938 2
Sr AW, 8K 2l /2 B K A28 Ry 28. 39 pm, P
HE HL 55 R 2534 1% 18 90. 25 MPa, it /N T 41 KL
Jitt R i B 480 MPa, L UL BH T ik R~F S50
FELE . HE TS BN G S8 1
M2 2 B 8 A DL B IR Bl 2% 5 TR ) o A 4
T Sk .

28.39 um
\\ “9/0.25 MPa
(a) frfe (b) R S35 #

(a) Displacement distribution (b) Stress distribution

K6 T4k o K

Fig. 6 Static simulation of the stator structure

2.4 EESW

FEUK Bl 2% TAE S B b, F 4 R AR SRR 3
G AL 2 T BOVUBR 45 4 7= 2B N g S p 7 A
L F AT e G| A W B4R A5 i L 23 A8 5K By AL 7 e
A PRI 77 A Wi AR | 5% el R T A FHAICR . Ry B kS
5 o) B op R G o 2 B 7 AR 1Y B ), AR BE 5
— X IR S TS AT TR BT
ELAE AN 7 TR IR 2% E T IR Y B R S
[ A 4R 4y 9 2 852.5,5 354.2,7 118.1,
10 508 Hzo  H T A 5% 78 52 56 4o 2 v e i o f49
FL, A0 288 328 /N 1 — W 1 00 3, 5 mT oA ok S 0 2
AR Z LIRS .

(b) 53542 Hz

()7 118.1 Hz
BI7 1 R A S

Fig.7 First four resonance modes of the stator

(d) 10 508 Hz

3 ZAhFERE

o ik — 25 g3 A I B R R T o 3R Bl 2 Y



%20%@ i ‘FEII:’%:

T -T2 B RUBE R T 0 T H B )y % 3l ) 2 A S e A 3257

B AR SO T R - R AT
R 45 sl Sy WA IR AT T e b, iRl 8
PR o

srsssss0222 SN F kxyoox

ky 4
20
Compliant
mechanism f N

Piezoelectric
stack

cp ¥y F, kpx,

(a) Zh 18R (b) Z I3 #f

(a) Dynamic model (b) Force analysis

8 WK e 3 oy 2 A
Fig.8 Dynamic modeling of the actuator

%8 ) R g2 07 R T AR R
mpd,+ cpa+ kpx,=Fp— N, (2)
mi,+ c i+ ka,=N—F,, (3)
ot cmp, kp Bl cp 53 0 327 T L 25 HE B 0T 3t 5540
NI AT SERL B IE i, by R 43 301 8 7 5P AE 4211
JoT A IOW BE R AR R REL)E L F Ry Hs P, 8 HE 1
007, N R SR PEAE SR 5 T S M 22 [R) 0 A EL AR
1, F AR 7R 1 R AR L o g K
Bl 2 A LA
JEHL S HER ) Fp ] RoR o
Fr=ndVykp, (4)
o em, dos R kp 53 90 O F VL 38 ME Y R0 L
B AERONI BV, ROR N AE R B & dE LY
WA
JEFZBNMRAEM I F, ] 2R 8
F,=Fysina+ Fos a, (5)
Horp F Oy 383l 2 Xt gl 7 7= L i IE L F ol Bl
JE T Z B B EEHE ), a o RPEAE 28 = £ 32 5 IK )
TR SR A W 9 TR o
9K Z 25 Bl Z (] i EE A A AL 40 1] 10 TR,
Hah Sy Ir fEal Rom ol
F,=mz,, (6),
o g, & 43 3R B 0 BT i RN e R
A B 5E 35 FH LuGre FE 488181 X)) % + 2 [1]
[ R 48 3 BEAT 43 B, Dt DR T 0B L B 6% T 4

B9 #EMaliE X
Fig.9 Definition of coupling angle «

xS

Slider m
7

Driving foot

F10  FhsE T 2 [a] Ay B 4 A 1

Fig. 10 Friction model between the stator and the slider

TR Bh 1k P 4 5 0 B R 2 R i B g A . H
FibAF .

F/’:50z+51é+dzvy, (7)
v, |
— U, 0y, %, (8)
pa v o g(v)z
g<v>=ﬁ+(ﬁfﬁ>e’(?), (9)

Hrr:0,,0, Fll o, 53 5 R 52 B RINIEE R %P
B FHYERLE 2B, 2 o0 ol T NI B ST 24 AR B
i, g (v) M Stribeck %N R EL, /., /. 50 1 7w AR
PR ) RV BEAEE 7,0, , v, 43 ) SRy 2 il TED AFDXE 3 3
Al Stribeck i i
JEAC PR 452 3 RN BE 452 ) AT LA SRR R
f.=p.Fx, (10)
So=uFx, (1)
o, g R g 53 AR 3R P TR 458 R HRORT R 4
RFH
TEYR B as LA FE rh 3K 3h 2 XT3l 77 A 1Y
WEET) Fy 2 RN AE A . aK s R AR o, 2
BF, 32 g 7T 38 O b 2% e B HE AT . IR B AR
R %% 2 fl B AL A 1 11 BT R T O S — A NI



3258 b e

33 %

Rail

Slider l d,

Driving foot [ £ i~ } T

Xn

LT g 2% 4 il s 51
Fig. 11 Hertz contact model

BRSNS 2, 2351 R B+ 5 WL Z ]
AR d, LA KBRS e 5 gl 1 1 fil X SR A2 ds,
HLRT RN
xp=d,+ d,= x80na. (12)
AR 7 T 5 b 2% 1 e, R PR 2y
R4 ik A2 A AT 3R

FN:lzL.dlng*Ldz, (13)
1 1_7/12 1_'022
- + , 14
E* El E') ( )

Horn sk, o )7 5 W B2 ) B4 S5 50 R B L ET
R B E i 6 1 A RO G L R Bl 4
fi Xm0 422 ik K R L S, A 0, 43 00 6 PR AE B B
W FCASEHE FUAAS F L B, Fl v, 23 5 28 30 7 194 1R
B FA A L .

BT LR b, AW — 2 R MAT-
LAB/Simulink # £ # 37 9K 50 #§ # 3h J1 22 # AR,
I X HAE HE R M AT 05 LA B o BB % S8
UME T L3R 1, 5k SR 3 2 Ao 1l 50 ) i R 2
AT SCHR R

P B R op B AR AR S O SR R A
W UYL I i R B R 72V, 86 VI
100 V500 R [# 2 8 1 Hz, 9K 3h 25 25 98 45 M 14 05
FLAERME 12 iR iR 9K 3 3% i g S 3
RS, HL B D 0 B ik i H T 1 18 K
KX R A B K/ 430 2 9. 56 pm, 12, 38 pm I
15. 58 pm.

A TR O B T AR S A 4T
B 25 AT B AR AT, LA IE T 2 57 3h ) AR R R
MR ATE

R1 FHEEBEESY

Tab.1 Main parameters of the dynamic model

Parameter Value Parameter Value
n 180 e 0.11
ds 6.35X10 " m/V 2 0.15
kp 65%10°N/m Uy 0.001 m/s
k; 28X 10° N/m m 0.3 kg
cp 40 Ns/m 0 36°
cr 60 Ns/m E, 206 GPa
mp 0.003 kg E, 206 GPa
m; 0.007 kg v, 0.33
o 10° N/m Vs 0.33
o 10”* Ns/m L 0.005 m
o, 0.3 Ns/m k. 1.33X10° N/m
80
100 V
64}
g 86 V
s 48F
2 72V
(5}
2
é- 32k
2
16 |
0 1 L 1 L
0 1 2 3 4 5

t/s

P12 SRS Y07 1 3 ) 2 4 L2
Fig. 12 Simulation results of the stepping displacement

of the actuator

4 I EN

SR ZR 8 PFAl T AR HORS Vi R R 3R 2h 2% 1Y d
HPEBE A 5T A TR B L A IR 6 I 3K
RG, ME 1378 o IR 2 145 84 v i) 3 A
Wk 707588 A MR 18 E b E T2
o G, DA PR GIE L S L R Y s T i A
FORIEE o A A HE 3 FH G J) s B R B4 A B
N ) PSt150/5X 5/201 845 | HAR R 5l 5X 5
18 mm’, f 180 /v [ M B & i 5 WA J23 Mk & dL 4%
M. 78 150 V 3R 8l LR, 2% 8 HE 1 4 s 7 8%
20 18 pm, A R 2 2 fr ok . R 4R T E
EVERE . 3 8 TR BRI MR R R AL R P
FHLE B (VRTL045) 2k A H A THK A A, K



5 20 ] =

T A - B R K B 28 T v UK Bl 25 3 ) 2 S S G T AR 3259

Oscilloscope

Laser displacement
sensor

KB 13 gl R4

Fig. 13 Experimental system

x2 EREBHAMESGE

Tab. 2 Material properties of the piezoelectric stack

Properties Value
Piezoelectric constant d, 635 pm/V
Relative dielectric constant 5400
Elasticity constant 18X 10 ""m?/N
Electromechanical coupling coefficient K, 0.68
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Tab. 3 Performance comparison with existing actuators

Reference [19] [24] [25] [26] This work
Voltage/V 80 100 100 100 100
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