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Abstract

This paper discusses the repetitive tracking control method for a coarse-fine actuator. The

proposed system is composed of a magnetic linear drive as a coarse actuator and a piezoelectric
linear positioner as a fine actuator. In particular, nonlinear friction in a magnetic linear drive and
hysteresis characteristic of a piezoelectric linear positioner are modeled first. The feedback
linearization loop uses these models in tracking position control. The control strategy is then further
extended to include a repetitive control algorithm in tracking periodic reference inputs. This
repetitive controller is implemented on the existing PID controller augmented with feedback
linearization loop. The experimental results show that performance in tracking sinusoidal waveforms
is noticeably improved by augmenting a PID controller with feedback linearization loop and a
repetitive controller together.
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Fig. 1. Typical velocity function of a linear

magnetic drive for input voltage with 0.1
[V] steps.
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Table 1. Parameters used for Maxwell slip

model.
Elernent Stiffness (kn) Breakforce
1 0.21 0.56
2 0.03 168
3 0.06 2.52
4 0.10 112
5 001 140
6 0.10 1.68
7 0.40 150

Input voltage(V)

Displacement(jum)

T8 3. gA+E719 o]HEA (hysteresis) 2
Fig. 3. Hysteresis model of a piezoelectric actuator.
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Fig. 4. Block diagram of a PID+FL controller.

FEFE] Aodel A9 FEobRe wAsa o
9] sk ol GRSl ALk e, v
g A% olgaa wdle AHgele] 94

o t-gste slHAske AtstaL o]F HwY Al¥3s)
FIollA olHAre AT fleted ARgRicl
74 Biolr] mElg olzirh 3] Atvhd g9
A mde Adyelety 7P = glon zhzke] -
71 PID Aloj719] #Hax(Parameter) & 243024

A Alig 4 9t
ZETE7IY FEERe Rl AdeE
ARMAX %298 o]83}e] Step ResponseZHE] %

4 gl olate el

0. 00015652‘1+0 00015372 :

(2)
1-1.9472" 1+ 0.94722"°

Gcaarse(zﬁ 1) =

0 oz, oldmel B MEFEle)
A9 Step ResponseZHE & F gt 97
) "a”s}“‘i, o)ZE & rlo] wAE AAHE mdg] ozl

71918k wape] wAdHAS Zech aeh, o8 A
ol ZRgE, vETRErY] AR ARMAX
28 Abgsle] ofgat o] A& 4 Qlok

—0.1322714+0.17752"°

. 1 = 5]
Gz ) = 1 092 10,8911z 3
A (9 A (e mE F3 gHE wigd ghel
0ee @ 4 ok e o HAY) uyHe 3
S

2. A?-E}]H?»JH/}_]

Fhe] AeiE B, 2%
A4 #anon wltsle] Alojals
WE717E B Aolshs A Al
& oy Wish we gl U

£

(319

B3%s TH B4 2
@_% F bl WAl wabsks wlow 2%l
5 9)A74e) Azom s FelEo] Siek o
511101 pe 2EEAe] AASE Kl nlEr]e)
94734 e AAshe otk
B e 255 05 Fe AelsEg o)

R E S CIESLEVAE BT F
Foll vIE7IFe et 2ERa WS IA RES
AAFfep Rk B 71 2 ) PR Aol
st slEsiel BEAQ Vhe FEE 7] 9% Ax
Wez spga) Alade) Aoz 4 Sig olat

Az oddolMe]  AleHMRIALE x [a], xin], vlnl,
oln & 77t ZETEe] We), vIETE7I) W,
Z2ETE719 8-, PlETErle gEzigtelata
s,
x [n+1] = M.x.[n]l+ B, v.[n]

_ [1.947 —0.9472 0.156

= [0 0 (0 v [n]
xAn+1] = Msx;[nl+Bsos(nl

= [0 0B [ (19), 0
_ (x.[n] _ {vcln] ,

x[ n] (x,-[n])' ol n] (v/[n]) 4)
o o,
. _ [M. M, B, 0
xAn+1] = [0 M/f]x[n] + 0 Bf] v n]
Mdul = [0101 Jx[#] (5)
o} 7o) EHF S ek Lol ZEFEISH 15T

E717h ABete] dolx|t el iR el
slolek. M, = EEFEIIG VETEIY $5E

EA)71e= 547 &% (dynamic coupling) 3jZFelrhk =
5&5%27] ol BER wA=HW, vlFT

om oo 53 Agaie ¥

3. Wkl 7]
FEANE o83 e S-gelelld] ubuA
Aok 97} W
2] A
titive controller)&
dzsh eAg WS

o

A Al
FrI e uhElE 2
nbEA o 2 b Agic) HhEA|oY 7] (repe-
VYT 715 e wEAel )
nhEAel o)k

hSs hal

=

x A=



12

(disturbance)S 7131 A|2~elolld g3l AR 5
o= okl olAbAIZkelA] WbEA|e] dwE]E
ob=l A2 Tomizuka Zol ola) 2= »} qlrk whEA
o]7)9] 8AL wkEAQl HAE (£ ¥R 4
eholl olal wAE A oS o7 fl8 vke A
2710 ofelAlEE ARRRRE Ao o) AHRE °l
gtk Aol dFEe] dpAlel(earning control) =

welo) Aldoleke skl AFAHe A4
alAle} A4 A48 4 gk

SlgAle g olHk jelole] WAl (G(z )
v exe) FriHe AEAY] 002 FHsitihE
AIYNBE AT AL B LA

#REQS AT HAZIE Heg vk wEA

o] AlzHelx F7|d AEe] = N& N+ N,=N &
g2k ko] ubEAe}r)e] ojBelzhal sk 2% 5
o el F7)AlE 2zl AlaRle] FAAE &
7stod AAEY A (6)3 & ALPrE Zderk

!

Ny, No20 )

O 5. A7l AHEEE F71AE B
Fig. 5. Periodic signal generator used for a repetitive
controller.

a7 60l 712e) Ao} (PID+FL Alei7)sh whEA
o}7)& ¥ M8’ S (PID+FL+R #el7])7} vt
gtk a3 6ol ubEAlelre FrIAlE A9
BA|Z FAEY QU G, 2 HE AR EAE
o] AYPSS ek dhEAele EEst o
g ASoer AL rpsslng FiEs)t B A
A HA)E o8t AA ZMEE IAHM
E 3o HMEA)7]E AAEer el 2 60X
Gz e ZWES AT T Ba7)el

[s]
5

=
Ex

20§ T2 wEFFAl BT A7

(320

#54 H

a2 6, dhAje}riel B2 rlojelz)
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