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Velocity Control of Surface Acoustic Wave Linear Motor Using PWM
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Surface acoustic wave (SAW) linear motor is a kind of ultrasonic motors. The SAW linear
motor has several advantages, such as thin structure, high thrust force, high velocity and precise
positioning. Relationship between applied voltage and output velocity, however, had non-linearity
in low velocity range due to friction drive principle. Therefore the SAW linear motor cannot obtain

- stable driving without feedback control at low velocity. To realize low velocity, PWM (pulse width
modulation) control and flexible slider structure are employed. The flexible structure is installed to
cancel vibration due to PWM carrier frequency. In this research, PWM is applied for controlling the
slider velocity. Lower velocity in non-linear range is realized. Influence of the flexible structure upon
precise positioning is investigated.

Key Words: Actuator, Ultrasonic Motor, Surface Acoustic Wave, Motion Control, PWM, Velocity

Control, Positioning

L L ®» I

EE, FEEAMERHVELHADRY MY ORE
I, T I F 2 T—RICIEEMEAS - B REE T EHIAK
BHENTWS. BERKE—XIIIHHEZHANAE
W, RED BV IAKREG, BIEERELTL,
BEBEELEL LW R EOBATEEXELTE
H, EEOBAMIBTN—RIIHILTh TS
LDEHB. TORTELHEEEER (surface acoustic
wave : SAW) OHEZFRE—Z\OEHICET 3%
MTbhTER. ThETIC, BEHRBERF 9.6 MHz
ELASAZITIVE—FR—)LEFIA LI- st REms )
ST E-ZORHICET HMEOONThN, 0%
PYAVIINEKEIRSA Ty F o FIc L D BHO
TEREER LIS YAV RS EHBATHDO, 2
B X, FEkE, FEERBICT 3 C L THEh
10N®, 25 258E | m/s DERBHMAENERE T
WO R Y = 7 E— & OEHE R
B+ MHz THBT &b, BUEREmERE ULRKIC
RS 2 C & TRS A XOMANRT v TEBEAAIEE &
D 20m DRT vy TERHHPBETNTWED, 1

* EREREf 2005410819 8.

Y EER BERFREEE TR (D 338-8570 &7t
F IR T RAR 255).

‘f ER. MER¥ARFLFEETEHRE.

* R EASE AR

E-mail : masaya@ mech.saitama-u.ac.jp

BERRHROBRARKCIC X 2WUEEE L) =7 E—4
DINEUEO RS ) IV RS A TR L—LiRIcT BT &
KEBRAMO—2tD, Tx¥—BrmatEims
VT E—RICK B RS A XBHOEIRNLIO 0
EBIThh T3, COLSICHMEXRE®RY 75—
23, @E, &S, Bt mmooryZ ro—sh
Dnm A — X —DORBEMBROMVATEETH D, B
WE—EE, XHNES, PEUEMNEREL Lo M S
CDERMERFLTVS. LA LA SHTETEKY =
TE—RIIMOBERE— X L AIEICEREH TH S
7e¥, HINEE (BifR) OBHEOATIERS A XD
EXHENRET EAVEREEREEMNEEL, 20X
RETEERARICE I 2 HEOERIIVEZTbhT
WEhols. RBICEEANDT SV r—2 a3k LT
m%?6%ﬁwuﬁ§§ﬁﬁfoﬁﬁﬁigﬁim
KET 5 Lic X D INIEDE  EEER T & F
I—2EKRRTHELMNAREE RS,

AR TIEFHEADOBMERER ) — 7 & — X 28IE L,
HIIMBEDFI DB TIE R S5 A1 X DR EZERF)HEE
TERVARELEE R TOREDER LT 1-.
TOREEEA TORELREOERETS f=Hic,
DC E—27Z EDORIEICAV 515 PWM (pulse width
modulation) ZIGA L. Fr#EEmK) =7 5—
FIEEENBN T A D, MEHOZEBRZIFTL

— 166 —




PWM &MWL HMERER ) =7 € — 5 OREHIH 3237

Preload )
Elastic
material

Slider

e

Rayleigh wave propagation

Fig. 1 Principle of friction drive.
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Fig. 3 Schematic view of the SAW linear motor.
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Fig. 4 Configuration of the IDT electrode.
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Fig. 5 SEM image of the silicon slider surface.

ZoTHDH, EMEEEEERLDODEVEMESN &
+ MPa) BBENB XS ICE->TWVWS. TOER, K
ERHAIELNS.

23 RBEE  AELEdRERY T E—
2K 6ITRT. AT X I TEMERESTHBLL,
EAREBICRAT B0 ) =7 H A FERLTY
3. FE—EFEESZZHICRIEQEFERL, U
FTHT—IRED FEDRERITS. YUIAVRSA
I EAR & FITICER L USRS REL 5.
ZFOHRRKICTET L SICY) VRS A X ERAHED
BOERICEEL, 0—VRUYyFIINTZ8HE
EHEETVS. flALTOBRICY ) aAVASAEE
AT —ZIRE T — BRI 5 & 51T/ b FTHUR
eh, ZOLAMSRICHEE (FE) 2#MX 50
N7 MViEROCED S 28, YV AVASA XIZE
WREBEICHNMEAL, BBHEORHE IIFHI O
3. ATAADNBLEEIXY T Ta—KickD
RERUEHINS. Al THERTA X LEDE
BMIZ100gicH LY aAYRASAEDER mIT 27
mg TH5.

3. PWM 2ALBEXREDRE

HMERIEMK) 7 - X IERBITH S, B
E (B ORBTIRASA XOREZRHHERT
EXVEEREENEETS (FREICE->TRASZHD
HRDGITIEH SOmm/s LT THB) . T THHRK
Tid PWM ZISHT 2 C LIC & D T OFEBTOEED
KEEXS. PWM &iE, EBL~VctkFIL T/ OV
AR50V ANE (Duty b)) ZE{LTEZEREDO L
THB. PWMOESIIN—XA N HFEIEB LT
TEEREEEHOHENAIGEIc R B EEZLNS.
KRR Y — 7 E—RIEA T 35S, HIEEST
HBELKICH U T ON/OFF 217V, EREHEHE9.6

" Plate spring |
% with strain gage

Fig. 6 Experimental apparatus.
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Fig. 7 Structure of the slider with a rubber membrane.
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Fig. 8 Step response with the change of applied
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Fig. 9 Voltage versus traverse velocity.
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Fig. 10 Frequency response of the slider velocity with
a rubber membrane.
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Fig. 15 Controlled slider velocities and positions.
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