299
[]SPE‘SQ—OZ}

T ’93-02-299
S BERE—Z2OEE - BRAERDHIHE I
Bv » W%
EOHA SEEE AAERT R

A Study on Fast and Fine Position Control of an Ultrasonic Motor

Seiji Aoyagi, Takahiro 0da, Yoshitugu Kamiya

Fast and fine

position control of an ultrasonic motor is

and Sakiichi Okabe

generally difficult

because its rotational speed is nonlinear to voltage, frequency or phase shift input.

This paper shows
approximate

speed output
shows experimentally that the
neighborhood of the command position.

integral control action was developed.

both theoretically and experimentally that the motor has an

first-order transfer function between phase shift input and
in the case of coarse motion to a command position. This

rotor moves

rotational
paper also

finely and intermittently in the

A linear position control system which applies
A fast response of about 50ms

and fairly

high positioning accuracy up to a rotary encoder resolution were both realized.
Key words: ultrasonic motor, fast positioning, fine positioning, phase shift input,

linear control system
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Fig.2 Transition of traveling wave
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Fig.3  Driving mechanism of motor
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(a) Experimental and theoretical speed curve

(b) Magnified speed curve near ¢ =0°

Fig.5 Speed curve according to phase shift change
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Fig.6 Speed response to phase shift step input
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(b) Bode diagram between phase shift input
and rotational speed output

Fig.7 Frequency response of rotational speed
to phase shift input

FFIF 324N, 16N DBE IS} 15%LINORET
—HL, BERA(NDOESHBEMT OB, Fo i
8N OFE Tw OERMEFERELI O M»BOKELR
38, iz Fe B/hEnikodro— 5 oBERMSE L,
BmA () ~(11) MR LaWwiknEEioh s,

4. HNERSHBROBKREABRD KR

CITRE— %21 RENERL LTERY, I8
BEE74—FNy 7T 38HETS>C LT, XD
NBOAET 4 —FNy 2T 5MBRDICHERTEHR
RIDZE%2H/BHLEBMET S, U, FEHMKRTIR
ERREEXRET A LDICHROBEER VTV S,

4.1 BEOBBER VIR 7 4 —Fy 75HB%

REMBOY 1 v EM Ku2RS5 (a)DEBETRT
BEEMU L RESEOEE LD RY, BEYR To%
KeDozx7 .y 7IEELORDT, HIIRTEHER%:
BWEKL 7', 3

—wplatwn\/1-G2j , -T,40j

IIT wa=27-10, ¢ =0.707, T, =500 (12)

Driving condition

V =200 Vp_p
f=uw/(2r) =33.7kHz
Pressing force Fc = 16 N

200

pm

Rotational speed

x1072 N -m

Torque

Fig.8 Experimental torque-speed curve

Table 1  Time constant of rotational speed
Ty ms
Fo N rpecretical - Experimental
24 6.2 71
16 9.3 10.5
8 18.5 32.5
* Ty = Jp/(er?Fe), Jr=236x10"% kg- m? ,
e=027 s/m, r=30mm

WKRBEIICT4—=FNy 254 vKe, Ky, Ka %
EH. w.3HHROBEARPEY, CIHHRD
BEL, T.RHHROEERZEE ™ 0L 5K
DERIHERERT. w. ERESBOWT LD FER
BEBBONLY, HIMANOGBEIILTLES C &,
EEUDIERDONBIEEEZRLTAY ZF ATIRI10
Hzic & TE L7z, 4> 7Y v 7130, Sms FEIRRICIT VA
Bxrva—F uz20ERMEIcLDRDI. EROEH|
MR, E-sPEKHERT, TOMORIIKBVWTH
BTHIN B IHERERTH M, v 7Y v
FAL%EE—7DBEERD 10SLATIRFEFEL1-0,
IR E SRR E LTI IRVWEBIEE:1T - 7210,

4.2 NBRDIGEER

K10 (a)icEHEME%:21° (xva3—45300 /¢ %
ICHY) ELABAOMBRDPIEEOHEEZTT. B
HBE, FHARDKIKS (a)lcRTRELFLE
KHRELL. HoEBRR(1)o3mEoRHS5N B
BRI ENCEHBROFEMEERLTVWS, BEE
REDDIEEBBON, T rI-FORREEDKE%
Bb, L ESOEBESSnsEEOBRSD 2 &K T &
fo. MHEZEANDBR o4 s RICELLTVWE DR, =
VA—FNNVZADERMEICE D F 4V H AR D S
n7-EEEEY, R IRTHEHFEVWYT A VK, %
NLT, 9TV 794 6T EICHRIICRIEEAN
AT 4 —FNy 2 &8NB10THS.

4.3 MHEHICIIEREEORE

K10 (b)icEIEMEEETOHIMAN EEEARFE:

— 125 —



304 ¥ T 455k 59/2/1993
Mt : Motor et . Sampling time : 0.5 ms
Q rad; + @ rad I\”M Q rad/s O rad
Input : .
1 Ty =6 ms
Ky =30 s7!
K4=009s
l-—l . ]\’V =9.7
: |]‘P| Kp =397 s7!
«---- Controller constructed by digital computer - === --o-ieio s " (=0.707, w, =27-10
Fig.9 Block diagram of servo system
80° 320 20°
R Rotational position . 3 .
2. 300r ki ) ° 2 Experimental e
Theor‘etlcal . rotational position 10
< ooo Experimental 440 z - ]
= £ 3 £
é = ' 300 o2
Magnified range & o &
= e ——>4 H 0" o g o
o Tm_nﬁ_lﬁ K o . 8
= = S r -10 =
3 L A 8 ~
3 . 3
£~ Phase shift
. a Phase shift .
0 ' ' 300" 280g5 ' ' 780"
Time ms Time ms

(a) Outline of response curve
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Fine motion of rotor near command position

Fig.10 Response curve of motor in the case of command 300pulse (1 pulse = 0.09°)
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