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A High Precision Step-Controlled Speed Regulation Method for

the Piezoelectric Crawling Stage "
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Abstract The piezoelectric crawling stage is a significant actuator to micro/nano-scale motion control,
determining the positioning accuracy by its speed regulation’s precision. However, in the open-loop fast
response speed control, the piezoelectric crawling stage often adopts a frequency-controlled speed regula-
tion method. The method cannot compensate for the rate-dependent characteristics of piezoelectric ce-
ramics, causing the periodic motion step size to be influenced by the frequency. ultimately leading to a
degradation in the positioning accuracy of the piezoelectric crawling stage. To address this issue, this pa-
per proposes a high precision step-controlled speed regulation method for the piezoelectric crawling
stage. This method can combine the velocity formula, control the step length through the peak-to-peak
value of the shear piezoelectric stack voltage signal based on the voltage-displacement relationship at a

certain frequency, thereby ignoring the influence of rate-dependent characteristics and meeting the speed
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regulation requirements. Experiment demonstrates that the high precision step control speed regulation

method are superior to the traditional frequency-controlled speed regulation method, with the open-loop

position error of piezoclectric crawling stage reduced from 9. 642% and 17. 009% to 0. 282% and

0.729% , respectively.

Key words piezoelectric crawling stage,

voltage-step length characteristics

51

il 1

BREK R #F (PZT) JE L B % J2 Al e &R &
(MEMS) F 5% 45 3 5 22 1) 5 1 A4 kL. 76 2% s i
B i L Pl g 2 A1 306 s R 807 T i+ AR B, T S
RN K RUBE ) 22 7 K BE . J& MEMS Jin T3 72 v 9
A PRAT R R A AT 5 2 — A Y A
JE H BBl B R T A 5 A A B AT AR N
AR ESHE T2 07 0 Sk 2 K 7
N I TG RE SRS I T [ BT e A B
i il S s R 0 — B TR AT R A TR SRY YL M
UK AT AR R 7 & A7 RO R L7 & LR
FEHE G 58 R B A 50 ek et ST
RIS T MEMS il 1 45 38 4b L 38 75 43 0 2 T 2
SR A UTAS TR L T S AT A X RS % B
B 5 5 A B R

RSB ISR AT AR R T B R A L B
T 5% 3 R FH oA A8 A5 2R 1) vk AT R L i L
ST T —FO TR B8l 38 0K I 5 1 i B 7Y
AL 2 H L BL L R RS T HE A, O A5 3
THIRGHEE R R, Cai I KT —FIED]
1) B B0 43 B 1) 28 RO =X e r L o8 P 728 A3 3R 8 3ok
J5 15 R B AN [R) B X L 14 450 B8 AR AIE , I X6 AN [ £ 28
THNLRL BE AT oA BRI 2 Ah L R S S —
Tl i A8 A K B 8 3 5 ¥ , Tian 1 Zhou %523 HI4E U
RO A 3 25 7 55 K% v =X P 3080 45 4 1 4 RO
I A5 4 03 285 b A o o s L I R LR B Y
KB BT JE A S 4 AN O S8 AR L R
MR PRI 0k 284 4 o 9 3 7 A0 DL T S - B 1Y
F6 b I it

Xt A Z Sh A BT & L Eie R R 5 K
Y100 A # Y R g ) O 2L SR, AE SR R H 38
J B 32 2l v, R B e 1 e 2 AT 2R 1Y A Ak
7T S0 3K ol AR5 0 R Ay Sl B S ) 36 A DG R A

step-controlled speed regulation method,

velocity formula,

oy B A M BBR M E A BL AR, A Janaideh
5 Wang 55 BYBFFE P, S 7EFF IR AL 25 f 51 R A
SRR 2001 TR DGR AR B AR AE L TR
JEAT - 5 i P A0 3 42 1 98] I L 20 1 2 K AR R
R B 5 UM AN AT RS B Y R 2 3R]
5 KRR 55 T MR B0 5 T (0 AR 5% 9 D 2 X LA
7 JE 0 2R Bl 5 3T A5 .

JEARLAY S 0F T AP K 4 i 5 T 3 — A A
B R B LT — BB R A A7 7R R B E A I R
PEIC AR 1 bm i SE 56 P AR 1 Bk = X AR LR 5 R 19
K HE 73BT 5 S A e R R of A 1 [ A o DL R
R JCHAETFER PR e B AT & /Y32 Bl
DR E

ARG bR BEAR A SO T s fi IR AT SF 15 4 i 4
H — P R R 2 AP R VR8T vk T R TR K
P AT U 0 R AR BN I RE S 22
W A R B S e O HL28 IR L R A b A 2
T IR A T X6 32 B ) 9 B A KL TR — A AR
2Nk 5 AR FEATRG A, 4 LA A a0 A TR R A A £
T A A I 7 A A R 22 AR SCE A E IR #9323
R JRE S 38 X e JBE AP I i 081 T 0 R A R R
] 8 7 V5 R AT X U B IE. A L AT £ RE
04 30 3 3% 7 ¥ S B e R BE R IR R T B A
Rtk

1 HE5EHIRE

1.1 ERRITFELEH

FE L AT 5 i — A IR L E S e — A3 1
-5 R SR HE QLS R 2 R, A T PR, HE 2
S5 DR A X i AL L 37 Bl T B S HE SR A A
IR G FiE s T A R S S B R
PIRITAIE R — A R A S FHE N o
77 1) LT W8 HA IR B SME RRAE. 3 1F & 8 4
TER B BT 2z B I O s i Bl A6 B 4 43 i K



5 10 1) W 259 4 TR AT 5

o R 2 K A ) R 61

HTEE S HE2EEEH

e

/L‘ IEFEREEH YA E B
N — =
* —EmEERAL B S E

K1 EHURAT T £ 254 s 2
Fig. 1 Schematic structure diagram of the piezoelectric
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Fig. 2 Control voltage signals of the piezoelectric crawling stage
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Fig. 3 Motion control strategy of the piezoelectric crawling stage
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Fig. 4 Schematic diagram of the crawling motion’s step length
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Fig. 7 Schematic diagram of the adjustment in voltage
signals on shear piezoelectric stack
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