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A Study on the Driving Circuit of Piezoelectric Ultrasonic Motor Using PLL Technique

ﬁ ﬁ %t . Sergey Borodjn . % @ ﬁtxt . f % }% . [',%'3 ;t( @*** . ﬁ % %E**** . 9} % @*t*t
(Nam-Hyun Kim - Sergey Borodin - Chong-Yun Kang - Byung-Guk Ahn - TaeKuk Ko
- Hyun-Jai Kim - Seok-Jin Yoon)

Abstract - This paper describes control principles of the piezoelectric ultrasonic motor which is operated by the
ultrasonic vibration generated by the piezoelectric element. The piezoelectric ultrasonic motor has excellent characteristics
such as compact size, noiseless motion, low speed, high torque and controllability, and has been recently applied for the
practical utilization in industrial, consumer, medical and automotive fields. In this paper, the design of two-phase
push-pull inverter for driving the piezoelectric ultrasonic motor is described, and a new control method of automatic
resonant frequency tracking using PLL{Phase-Locked Loop) technique is mainly presented. the experimental results by
this inverter system for driving the piezoelectric ultrasonic motor are illustrated herein. The inverter system with PLL
technique improved the speed stability of the piezoelectric ultrasonic motor.
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Fig. 2 Structure of the piezoelectric ceramics

H Metele) =

(
[~

a9 2& A Aetgze] pxeld ¢l Afgae 3
AF s (resonant frequency)jA AFsHA 749 s4&
FHst=s ARt &d Agze (), ()9 &4z
EF(polarization) ¥ 2 ® ¥ wAdAe] YRE B 3
Axe VYY) FLALL FRoIFoI wFxe) HE
FEel ek 47‘2}17} ratslol x w@Ae = 9 A
of Mt FEEA IFE FoH6]

22 Jojziz 47

4d 28% RHE FFAI7) ASAAE 30~50 [Welohe)
Fohe g3 o 300V, JHE 271§ 2= TAULYE B
82 3.

a9 32 4H 259 ZEH AR g FAxo
o AojERE A AtA LAY, AAT AT, FAE
W B (push-pull Inverter), ¥ 2 AFALGHEY], -?‘l"”’l

ny), a8y FEHEHZ FAHE) ol F A4y, £
Y, 233 AGA L= PLLIZE e X3 %E}.
AgAle] AV FEZUHY £¥YU A[FALSE FuaF
2 Wl Ests F2oltk HHL HEv 50%F /1A
o RE AstsElE aFALe 499 FogE Ze B

sgsaasn| B
azANAEN —_— A

B

A8l

fsassyan

PLLEIZ

R

a9 3 2™ =50 269 FFE=2
Fig. 3 Driving circuit of the piezoelectric ultrasonic motor
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ZE HESV) AdMelT 29 69 (e
¥ =719 slEToltt. AYALFBEVI nstA R
8| Aol @Al SHE FF HAYAEEEL HAEE A
o Og AP 1[I AL 253 BEHY HAGA
ARYEEEY AsE A& HEd 47

e Aie s g2 woj2E Es=
& 7%t ¥y E & ¥, OpampE °l&% vytd &%
714 B #(butfer)& *48te] AR AIYES Ze I
i}

FHE APHEA
2]

O
>
.

i

w2 gl B Ay 345 PLLY AN E 44wy
o] Z1EAge]l 0 A Vpp/2 (Vop @ AAHIAL7 9 & A
At 7] wiEe) AgAleEt)e 4 sEAYE O
Aol Vpp/27F g8k 29 6 ()9 (b)2 4 HZ71M &9
A Mt A7 g4 o 0 AT YAAES ztig
uetA ZlEAGe} Vop/27t H7) dElde Aot 90=t
Hojetstng I3 6 (a)9 AYALHAE7IY Faed H4n
A4 EHACHE FAFgoZ A 274 A AFe A4
ag VEF HEE - e

PLLEZE= 23 39AARA gvimr], F=de a2ln
Ao AR ojFojx gtk PLLLS 4EAz9 £34A
39 $J4atolE EOAY 0] HEE g yewy FHE
B APy E vz a% 74§ Exclusive -OR&

Agan, SEEEzE A%T ZAAE oge A%
HE A48 DPLL %49 528 AT

2E}
2o "asts xS HARE 7

soh mea) dwmrle &9
Bags} 58 9

" Y
s
e
2w _ls:
340‘ rlO JQ,
=2 g
2 I{m )
2 4 o "
c O
:;I gy
N
2 =
= 2

R RN

Rt

o

oX

ﬂ)ﬂ

rir

8

H

o

40 T
oz
B
N
)
oy
ox Pr
et
&
s
20
2
2
2
o
T
™,
N

rie

£ g ox ooy 2
e ook

I
s D
(23

X R gy
=
A -

=2
doz 22 49 2879 2HY FAFRE
AgA RN E T A4 VT HES §
293058 ARgozd 4d 289 2He
g 233 |

ol
-
N

o
i

% MRS W N AN
- SONNNNNNNNVANANDRNAN
ANANRAN RN AN AN A

Frequency [kHz]

O 8 Filgof wE UM Malelel 3x/40 [ Y
Fig. 8 Output voltage on 3A/4 of the ultrascnic motor
by frequency

k
il

3.8 4

FH 29 mEHE JEAY THYe s AR} 2FAA}
ole] mhaelelry YurHoz

2E 44 gaAst 13
o otzE PASE BAAFE B A ARAS
F7ve] AQuTh SAY BN FEA ngAeh sBAAL
ols) A% vhel oJste] AEao] WaEn WAR Lol
st grd 2g3t BHY FAFAEI w L HOE oF
oz ARHoz ATZY A% 2o vHY 1% 2§

Wil aagelol el £4€ u Baddel Fohe
55 grd Metelzel Wl FstEn nEHY SEE 3
Hehi EAAGel FAUFE GH 20w RHY SR
3355
33504

8
s

Resonant frequency [kHz]
a8 8
8§ &

8
&

g
3

4 6 8 10

Time[min]

O3 9 AlZtoll wE HE =AML FTFuge

Fig. 9 Open-loop resonant frequency characteristics as
a function of time

o
N

EM
=



‘*Oﬂ Mel Alzbof

Fig. 10 Difference between voltage phase and current
phase as time at a open-loop

C AN oY 8% L_}°l H

Qebd AAHeE £EE
335~380[kHAS Qo)A rhserm
of Jelg wWoluy ¢d £

29 9% 102 27 NF LA Alzhe] wE
Foee ¥zle AdH ARAGHEI Y £9
. EEJE] FAFReE o 020kHz)7t
FAFGFIE FAasER EEH ?‘ﬁ?liEE
%ﬂ?/}z ALAHoR Za
Z7]4 90501‘%
# H“zh 874E§ e} 2657} z,i sl wrebA o
7t o] R A AL HWgH AR

FAF 457}

ARt grsee

e

M zg2u ZEe REEHRN #

Trans. KIEE. Vol. 528, No. 1, JAN. 2003

OC Tacho generator

30{v1/1000{rpm)

A4

a8 11 EEEE EPALH
Fig. 11 Measurement system of the rotating speed

- - G1 (without PLL feedback)
—— G2 (with PLL feedback)

Speed [rpm]
8

40 4
304
204
101 e e
0 T T — T \
0 20 0 60 80 100

ad 12 5=y 2o e =30 2EHe £ 5Y
Fig. 12 Speed regulation of the ultrasonic motor with
Jwithout PLL feedback

37 79 iduimr)e 8o FAad
o] &8o] ZrastH AgAll LR o
A RN7] 9 YTy EF PolX
B FEFIFE BN7IZE EH
A RE Y &xrt BAAEA Ec

a9 11' EEY A 0 sHd&xe FHzoh 2
€3 REE= Tacho-generators} A<= FEFIZo] 23
1F3 Aol <Qr7tEr}. Tacho-generatord &3 A FA
el &E€2 AFFAE FHET

et 29 107 11elM B T w
FEY TEEA AFANQY 4TS njH S ¢ .

33 1204 E PLLE o243 f4x B4 feded &
of W oA &3 RE9 £ FE vustdrh Gl
PLL =g HE3x 4& £E¥solil, G2= PLL H
WMoz #HEg £xysteld, Gl G2AAM HAHE= oF
5lrpm)®} Fluctuatione EE 9 3| Axte} nAApe] =i
EA ¢4 AetRae 2xo ©E 5403 7%
oty wetd AICE ALEEHR] F2 AEielA 147]3']” 9
cigtoz = AAM Aoje vlg oJFHoh Gl MEZ A
dogy TEe 2%7F 27 20[TllA o 10[CIAE F7t
o] me} 2¢d EHY FAFHFs F 60HZIBE Ta
3tod Bl M& =T & 0[mpmlAE ZAA3A T e wha PLL
HEwg z2h= G2 9A o 10[CIAEY 25450 A3
AA gk AlZbe] dis) vy dAFF £=F FAstL Yok
ot 22X wWE ¢gA 2&y By FRAFIASL Wil
mat JdEAHGTS JEAFY A4 27 230 AR

N

Lo

Yooft - {f e o

37



BEBREWXEE 52B% 1] 2003F 1A

AHE Ruzz oF nAEy] g A LAY &
4E57t HH 289 RHY FAERSE 2da7) 4y
ofth. metd 4 283} EHE FAE §ASTL Ao
02 $E9) 27 LesAd.

4.8 B

£ =FAA4E PLLEAE o83 4 285 EHY A
o252 & AAFAU AAY AP M AdH B
Ao daeds ARAds 47 g8l dEsdn, 3
28 A4 AF JANEZE PLLIZE F& Agn A
Fol H42E waste dAgAel Hx7Y FHo] REY
FAFREFE FATE AAHQLY. 1P 12°i}A1i1%§ A 2
¥ PLLEA S o] 8% FoFAos s A 253 ZEHY

A E9 s E’é}s}%ir:}.

e d == Pt =1
FRAFAFE F3

d

GRS

i

(11 245, 282, 289
H7]du) g8,

2Eel R Ao, gREY
297144 527, 199

[21 L. Petit, N. Rizet. R. Briot and P. Gonnard,
"Frequency behaviour and speed control of
piezomotor”, Sensors and Actuators A: Physical,

Volume 80, Issue 1, 1 March 2000, pp 45~52

{31 S. Furuya, T. Maruhashi, Y.Izuno and M. Nakaoka,
"Load-adaptive tracking
implementation of two-phase inverter for ultrasonic

frequency control
motor”, IEEE Trans on Power Electronics, vol. 7,
No3, pp 542~550

[4] T. zumi, H. Yasutsune, Kim, Y.J, M. Nakaoka, S.
Furuya and T. Maruhashi,
ultrasonic motor for speed tracking servo application
and its feasible evaluations”, Power Electronics and
Drive Systems, 1995, vol. 2, pp 766~773

[5] T. Shasida and T. Kenjo, "An
Ultrasonic Motor”, Oxford, 1993

"New inverter-fed power

introduction of

1 ddEHedE R

1975 149 309 A, 2000 A Fdistw
713 eT £ 20003~ AA A et
2 ANAATET HARA. 20006 ~
A7 BEHEIEATY FAATY

Zag, 1988 ~

Sergey Borodin

19633 39 4¥¢ 4 19862 Voronezh

Technical Univ. w7} 292Fea £

1993 Vilnius Pedagegical Univ. HJLE

22T FY(A4h. 198E T gkl

B2 YA Hoj(F kA, 2001
~@A dxHgr|sdFYd xdHega

4 3 EE B H)

1969 1149 269 4. 19933 QAU
A71egd £, 1995 F BHZ&% k)
33 EA(HAh. 20008 F et
71 &8I EGrAL. 20008 ~dA =
Fr)ledTd Hdad-re

o)

rzi.\iF-l

(Fsua}),

D H J(F X HA)

19559 79 49 4. 18819 AAdidw
@718t} £9Y. 1983%x! Case Western
Reserve Univ. A7l 9 $&22%3
EQ(AAD. 1986d 5 skl Av|FE ¢
SEEYstd E(FshukAb). 1986~884
v]= Ohio Cleveland State University
A dAg g drlazEsty o

e B A
19753 A A
d F odisty A
19859 & WEgd
AR, 1984d ~ & A
YPATY

sk 291977

sehah EQ(AAD,
L7 gk A
e L HEEEE

Y4 UF B B)

19839 AdY) W7lFed £ 19854
5 oot A7 B SG(HAD, 1992

4% ggd dsEds 290D
19859~ A @EsIedTA A
A74



