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Abstract

We have developed a new actuator, an SIDM (smooth im-
pact drive mechanism) using a piezoelectric element.

In this report, a distributed parameter model using a trans-
fer matrix is proposed as a new method of analyzing this
SIDM’s properties. With this method, the effects of the part
sizes of the SIDM were analyzed, and the part sizes, which
were experimentally decided on with earlier products, were
verified to be nearly optimum size. Further, analysis of the
characteristics of the SIDM was carried out, and as a result, it
was found that the frequency response of the driving rod
near the piezoelectric element is an important index in re-
ducing the variation of velocity of the moving body.

Based on the above analysis, software was developed
which a mechanical designer can easily use in analyzing the
SIDM. In this report, improvements made by the new meth-
od of analysis are detailed and compared with earlier meth-
ods of analysis.

*A=hI NI F TR
BeTRATT R TR X o & — TR

A% B OB OAx
Taketo NAKAMURA

1 EU®IC

FxBHE, FRAT2bDDHRICE, DTV Fa
I—% (BREIEERE) 2MEb T3, ITEDERIEERD
SIS, o7 7 F o=, LD/
b, BRELPEEN TS, T4 3HERD 6 DEREE —
gaRcR L, b/, EREREBEL T EE
FTOMES L EEEZNH L2 AL =24 87 FERE)
BeRE (SIDM) ZBHFEL TE D29,

SIDM 722 V71 A T DFRIGHIED, HEHTEGRD 2
ASDFA—F 7 F—h R, #&hH, X—LEH, Blu-ray
F I 4 7ONGEMIESEORICHESERL TE, In
SORMicH Y, BRI T 7u—F20 TRl i
MFEEZH OB 217> CTE 7,

L2 L, 4% CofffrFikiz SIDM o BXE) 5 B % 2
PICHIHIETE 2, ERR L DR D > 7=, 5,
SIDMO#EEEEHC BT, X b ERNICERZ T T
E DN FILEZTE L 72D TRET 5,

2 BREpIRIE

Fig. 1 {2 SIDMDOBRENF P %2 7R 3, 88 1 1< BBl %

IO A, BREpl B Eh ik & B CIRE T 5,
ZDORERIZE T

1) HEEXRTZW- L OMIET L, BREhh»sw-><h &
B <, BERIGEERIC X b BREh & B <,

2) EEFETZLAMICHD B L, BB 208 IcH <,
BEEIZHED 70D, ZOMEICE EE S,

1), 2)%#0iEEE, RA Mo —27E#nTE 5%,

ZoLE, EEHZTIE aXVENERDSND,

PE (Piezoelectric Element) I]’ Moving body

— Friction
Rod
N
Base
- ]
) Slow
expansion
@ P st Renid
contraction
"""""""""""" Moving body

Displacement

Fig. 1 Principle of SIDM.
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F,: Generation force  k, : Spring constant of PE
of PE 1, : Viscous constant of PE
A : Force coefficient  m ,’: Equivalent mass of PE
V4 : Driving voltage k. Spring constant of rod —c0
m, : Mass of rod m , : Mass of base — 00

Fig. 2 Basic model of SIDM (lumped parameter model).
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Fig. 3 Piezoelectric element displacement supplying rectangular pulse
voltage at 0.7xf,.
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Fig. 4 Vibration of basic model.
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Fig. 5 SIDM sample for correcting spherical aberration.

Table 1 Characteristics of the parts.

Dimension | Mass | Material | Modulus | Density
mm mg Gpa | 10%kg/m?
PE $1.2X3 42 PZT 63 7.9
Base $2.0X1 60 Tungsten 300 17.5
Rod ¢ 1.0X85 | 9.4 CFRP 200 1.6
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Fig. 6 Vibration of real model.
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Fig. 7 Transfer matrix model of SIDM (distributed parameter model).
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Fig. 8 Relationship between base length and amplitude.

KONICA MINOLTA TECHNOLOGY REPORT VOL.8(2011) 113



fEHTCIEEEM R 0.8mm, FEHTE3.2mm Tl
B O DR S KRE L 5550 ThH o7, BITHELE,
DO—fl & U CEBEMIZRDZFER XD, Fig.5 D9 7
WVAFEERME Imm, EEETFE3mm & LT,
CORIETHHOACEEIRONDE Z b D

7, RE0OmmOFEEBM L VIEETDH, %liibﬁfh
DRI, BEOIRED 12BERs NS, Zhud,
BRTFOWEHRLE LTIV 2720 TH 5, HE
Wz L, EEZET2ZEEICIED 2/8E, 2 A
HTIEEMNLLD, ZETOBERFED 1 DEEZONS,

4.4 EREDERICRET DEEMT
4.4.1 FREEORIDRE

Fig.5 D¥ > 7 )L (BEffi 8.5mm) &, Z o EXEfio A
% 10.5mm 2 & { L 72 5 T O BBl O &7 & T D%
BT O FRBTHSE S % Fig. 9 12, BRENfiI O &7 E T D%
LD FENTRE R % Fig. 10 1SR T,

FEEHR T, BEEHMHIEFRC b oZ2 ML, 5XE)EMRE
fuld, RS L0076 LT\ 5, F7-5KEho+
BRI EL, hIsE, Sl ® 2 2, 1o, 150
BHEEEbDET 3,

BREhf 23 8.6 mm Dy, BEIHADMEER, 1), raf7iE

FIEFE LT, nfETHLETFLTWw3

EXEfi2Y 10.5mm D4, r3f7IE D 6 1 (7 E AH K
TLTWE, rniETE#H» %< &5,

1) DL D BR BN O AR E, A RIS WAL &
o T3, 35122 OWGILEKEE 2 10.5mm @ /5
DPEFETH D, THUIENIEE D 2 KTy (LT,
B2 RIB5T) DIREHNE K o B 2HRTH
2, iU L, 4.4.3HiCHmNELEEITI,

80 - -
/. =185kHz, f,,=129kHz

40 ‘W—H I]:ﬂn

oo
(=}

moving body (mm/s)
=)

Velocity of

£, =170kHz, f,=119kHz

~
S

M

0 2 4 6 8 0 12 14
Rod position (mm)

Fig. 9 Velocity of moving body on rod.
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Fig. 10 Displacement at three rod positions.
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Fig. 11 Relationship between rod length and variation of velocity of
moving body.
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Fig. 12 Variation in velocity of moving body at several rod positions, sim-
ulated and experimental.
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Fig. 14 Frequency response characteristics of rod.
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Fig. 15 Influence of rod length.
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Fig. 16 Influence of rod modulus.
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Fig. 17 SIDM simulation tool using distributed parameter model.
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