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Abstract

This paper presents a position control of
ultra-precision machine tool post using piezoelectric
material. A stack-type piezoelectric actuator is
employed in a hinge-type tool holder. An assumed
linear transfer function of the practical nonlinear
plant is established through the comparison of
transfer functions and step responses in the
experiments and the simulations. Several types of
feedforward/feedback controllers are designed via
computer simulations using the assumed linear
transfer function. The position tracking control
experiments are undertaken to show the control

efficiency of each controller.
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Fig. 1 Hinge-Type Tool Holder

olgj§ mAwge PAN2ATLYOZ bases} BAY
moving parte] AEH FFo| p|AHMHE BT
o, AA2ZHE FFo dHoZ HAFOZHN PZT



o W97l 98 79 PZT o] Wi o)$ue iy
N7 =E &4t

Fig.29} 28 A 23 A (notched hinge)ell o
& Paros & Weisbord®) 74492 o}ejs} gon

2ERt*
Kp= 9rR?

4714 E% Young’'s modulus®] R-< notch
radiusol™, #& flexured 713 k& X9 FAx1,
he FYAAY Zojr}t.

oy

Fig. 2 Notched Hinge

Figls 370 #%d 33 94 2Ige
Bed a9% pon,

z
e
F
L -
<
i
[;
~ i
2

Fig. 3 Hinge Dimensions and Various Forces

Kp

1 & Ao FUFAEL Kz &9, Az x9@
$3ol7] 98 3 Fe tey go] 73dxz, o)
A 9=§ o},

F% — K40 2
F= ngx (3)

-29-

A= Fig.19 Hinge-Spring System 242 olgjg z
o

8K
Kyss = _12”2 ®

gebd FFd AAELS g H o] FIHHA L,
q714 Kpe PZTY Z4olth
Krg = Kyss+ Kp (6)
PZTe 999 Z48(Kp)d ARAHALR( U)o
)3 stroke( 4Lp)S 22 Q7] W&o} A2z
wheo] o3 HA stroke’t FAHY, o] AL AA
stroke( AL)E 7371 A% Zdy L ot I}
rig=y

aL
7
[
KHSS %
A
3
3
KP
— U
77 U,
Fig. 4 Tool Holder Stroke Modeling
FigdolA PZT7F Bas & 943 AdlA HYL
o]FW ol Kpugsol o3 wAHE ¥ Fe v
#o
F= KHSSAL = KPALR
a8ez F3d AAY strokew o}t 2t
_ . Kr _
4L = Krss + K» 4L, 8

3. 429 2499 4 Aoj7] 44

31 Al2d 2dge 23

ek 22 U e Al2d mdy
e e, HAA Az"e A dFd HE4dcs
Hol RAFY Bk ol AN2HE o|&5d o
18 AATA 1M AAZ HgH oo e Ao
o} tets] & AolE WAL £ lomg Ho HF

N



dZo ogfgo] AUtk "A & =&gME A"
9 EAL Jelle Fo4 ALGT59 step response
g 589, 48 A9 A B ZnE 43 v
go2MW PZTY hysteresis HHAEAH S 2tE A4 A
283 fAG ¥ A2E 2dFdus sgon,
olgidt Y A2HE AEH)HE T Aoy A
A2 AJ AR ALz FA

A=)

T 1A FE719 24y E 49
AAEAY DC gaino] 10022 HA =

¢ FE7e e 2L 23 84 FHE

zdgges 474 o, = 5300x2x rad/solth.
100 . 1

Ls+1 s+1

a

)

GAmp =

1

a

33 WY AX 297

2 AgdAM HYAXMZ AMEE capacitive sensor
(model D-050.00, Physik Instrumente(PI))¢] bandwidth
£ 15kHzE dAHo oH, et 2 12 84
2 2dyHAN, o, = 1500% 27 rad/s°]th.

1

Ls+1
w

s

GSensor = (10)

34 37U 294

TFUFig ol 2%F& dAHCE Artstd a9
e HAFE ZFEAAT, o5 FBBAE 539
TFUe ZA4E FAHF AdE Fighst oo, 24
A Kry = 141.63 N/ pmolt}.

o2 "

* Ky = 141.63 N/um

£ ™~
= *.
£ S~
g-z‘ .\
Q
g *
5 ™~
= *
a |
0 100 200 300 400 500
Force (N)

Fig. 5 Stiffness of Tool Holder
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Fig. 6 Frequency Response of Plant ( Gpyp )
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Fig. 7 Comparison of Step Response
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Fig. 10 Open-Loop Control
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