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Digital Piezoelectric Stack Actuators: Principle, Modeling and Control

LING Jie® ZHANG Yunzhi CHEN Long ZHU Yuchuan
College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and
Astronautics, Nanjing,210016

Abstract: Based on the new discrete configuration and the principle of digital drive, the dynamic
and static output characteristics of a digital piezoelectric stack actuator (DPEA) were studied under
different digital coding modes. Secondly the internal mechanism of hysteresis reduction under digital
drive, was explored, and described the hysteresis, creep and dynamics characteristics of the DPEA
were combined with nonlinear dynamic mathematical modeling. Finally, digital on/off time control
was proposed to eliminate the remaining hysteresis and further improve the positioning accuracy. Ex-
perimental results show that compared to traditional piezoelectric stacks, the hysteresis of DPEA is
reduced by more than 66%. The proposed modeling method yields a root mean square error of less
than 0.3889 pm within 10 Hz. The proposed digital on/off time control may effectively eliminate the
residual hysteresis of the DPEA within 10 Hz.
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Fig.1 Structure and working principle of DPEA
H, 5 HE AT A8 1 A0 3K Bl BT, B 2 L R
554 48 1 R, 5 S A A 3 e A AU 3 £ 5 R AT 4 1)
AN TR 2 B0 T FL A O 4% = P il 4 5 O — &R 5
ML T, T I AL IR B 2 i e
NLFS o T R JEUAS (B ULA 5 2 T v 2 BOHE AT [
B /P

U = 2.5n,sin(wt + 1.570) + 2.5n, (D

AU AR Z O KRG R 550, BEHRZ
Bsw HIES MR,

WAL 2.5, T G E B Ik L R 32 fE
i 4.

P2 I L R B AT By A

U ax U nax
U, = round ( ) (2)

n, n,

Rf LU, WEALEE S round O g P& A BURE B3
AR S0 5 15 5 647 25 e L 2 R sl A5 5 19 43
B . T T dl as B 0 R 5 ViR
SEF 0 VAR L L R — 2 L ) BR S S R A
h 5 V£ 2/ R ga b O e . AR SCE
T A UL G 5 9 o e 0 R A G
T BT R S A AR R e, BT
HA 8 ZE, i flBuRZ A1 1 1], 8 SLhr T
YER, HA 7 2 EB I sh . R4S 45 b
JETF/ K g E 2 s - OXF T 2 i 4 5
W) 7 2B R, ] #i 45 001,010,100, 43
BB — 2R 001,55 — = E K 010,
S0 ~-L 2 HH R 1005 @ X755 (4 4 i, W) 45 )23
FERYEIRN 1, wAEES N — S AR 5

. 229 -



R EALAE TR 45 36 % 45 2] 2025 4E 2 A

TSI —— %I 52 B T A B B 7 £ B T
R A LM B 5 A B T 0 52 IR/ 5% B 4t

IR
— 2FEES (EHER)
kg

B
Wt

bl
FEHLL
FE L2
JEHL3 |
JEHL4 | |
FEHS | |

|

|

— BHERES (HTFRD
EEmY

o Lot T,

y 5

EH6 |
EHT |

2 BFERBHEHITHRESTREESE

Fig.2 Signal switching logic distribution of DPEA
1.3 HFERBEHTHREIRTA

MO TR A T 05000 20 5 5 50 L
3, T xPC-Target SEW 4l R4, Hiz sk
R (NT A ], PCT-6259) . _F A HLAN T {7 4L % 4

MAMNE HFEREE
fe ks WAT

EAIHL AL

Ik hE HE B
BOR R K2 ERA KR

() U7 T HL B o PHAT i 52 06 15

e RS IR Eh 2%

s B o
VIES, G )
(175 A

B3 XBTEEERFSHRE
Fig.3 Experimental platform and the signal flow
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Fig.6 Dynamic characteristics of the DPEA under

two encoding methods
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