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Abstract

High-speed/precision servomechanisms have been widely used in the manufacturing and semiconductor
industries. In order to ensure the required high-speed and high-precision specifications in servomechanisms,
an integrated design methodology is required, where the interactions between mechanical and electrical
subsystems will have to be considered simultaneously. For the first step of the integrated design process, it is
necessary to obtain not only strict mathematical models of separate subsystems but also formulation of an
integrated design problem. A two-degree-of-freedom controller described in the discrete-time domain is
considered as an electrical subsystem in this paper. An accurate identification process of the mechanical
subsystem is conducted to verify the obtained mathematical model. Mechanical and electrical constraints
render the integrated design problem accurate. Analysis of the system performance according to design and
operating parameters is conducted for better understanding of the dynamic behavior and interactions of the
servomechanism. Experiments are performed to verify the validity of the integrated design problem in the X-
Y positioning system.

) K/ %%Hol'igz(%ﬁ&so‘:) %7}‘7&’%‘,/\//"1
7MYy K, & A7) Bl o) 5, Vv
K, BTN /A,
Fu AdEE TEHN K. iEzﬂorM u g0l 5, v
WE|Z S| ABA, kg m oo o
I : ZEE S ADA kgm K C 2T o]7] HBO|E
. ol =T o]l Al Tl v ’
Gf2) : °lFA NFZ olitddgds S AWE SoA,
.ol HEX oAl grabas Ko : Nmirad
Glz) :olFA HFZ olibAGdds CHolE @ ypRo Ak
C A7) A" A . M, : HolE o &%, kg
Koy G7138AF 1V, /rom R AN ALE W A
° i E__ 1-)\4 . i I Wy AR L R
K Q; % H;; f]W':] . R, 9383 250 ARHAE m
7 o= Bk R,  9EE 7 259 AAAE m
e L L Lo BET e
B, m

T oAdAA, 89, Fosta 714 Fek

A%
2L

E-mail : schung@hanyang.ac.kr 2 s
TEL : (02)2290-0444 FAX : (02)2298-4634 X s HolE AMLEAL, m




S
g
oy
e
X

: BUAL 528

- BE I AZE rad

: BYAL S| AAE, rad
: ZEl&E HAAEI Nm
: Aloj7] EIEF N-m
7 : BEA 7] A AT, sec
: MEY FI, radls

=2

—

1. M

B}Ez-]] 04 '6(} , j_a]J_ _,__/;: x—]nl /\g
2 A2 %4 %‘% dd 4gA3 9 JledHe

Frdta e ddelA st AAAJA 74
84 F9 '6}"}1. 1&-nR3Y olFAolct. R
241 9 IT(information technology) 4tjel @&
we} =271 FASA T8 dE 1EF AR
*];?}7]4 4<% submicron &} AWEE 7lA= 1%

nAY olEAM aFd. EF nFEY, 1A
1‘_“3 ol wdr] 53 2 AUA A 7
2Hoz a7HE ALY o B Fdo AL
7tE, ¥4 @ Z9FEH Y 59 878
ZE%A7]17) Y8 n& ofFAE F4AA 249

];}_(1~2)
ol&AlE HolE, Ad, BuAl 9 WE, A
Wolg, ada 2Y 2 2E ZZJ)9 2L 74

L2, f4 R F=EA7], 23 AAPEY]
T3 Ze Adeaz TAHE dEAQ YIER
Y A] =€ (mechatronic system)olth. HFIERY A
2o A4 2AEL Ay #Foz THIY
#Ado] gon A2 FEHEXZAE FHslr] Wil
A Az"e e 74 84709 AEFL
g3 2AAG O & o, o)A 143 E
A8 A8 Axe BAHAE ZAATE J(ALLA9
AFAFTFE FVIetE v AA Alzge A7
4 2 AR s A7l 059 ‘?-3-?']7} i
t} o|5e] Hert ZAsHH Aojode THE

2 FHEA] AstHn Alojeie FIAF
(resonance frequency)”’} 71A| 249 FTAF S

o

e Hol AA Axdel AL vAY
eic}. webi, 24 ol$A% &E 285 A7
2y N29g A7) HAE J1Ed &

AAZ Naw dAR FF A7 BFEA ‘%“%‘%
(integrated design methodology)°} &€t} ¢7
Wtz Axde BHAAE HalMe A=
B 3 345 O F&stn AL de B
do] o] Ay olok Tt olF Al FEHF
zde MdAFuz e dd 2 EFd ug o

R AE

2 71X Wyoz Eddo 9 o) 7414 Aol Q.
A8 AASe B VAaLY 2R BEE F
gz 7MAstn AAe ARAA sA4vtog ¥
A5, 71A8AE & 74]6}” A4 5 oY 1
i Aa"oz AL adA3 1 Aojoi:
&g vlEol 59 22}01 rugs 4-35}3

Jot. 2y, FFAAANE 74 84
A s 74 2479 FuFLd) EH‘?} 732}
@ A7 a7dd. wapx g FRAAE
AaAXE ZAes: # Aoexd 2 HES
B3 FHE A4 A2 2dg wgez 7
T LAE Aol Az Fgo] olFAle A%
uAE %S 24 -87kte AAol dPHo ok
gt

£ =EdAs 23 A (cascade) TZ 9
A2 2 SEA7IE A&FdFiA AASH F
FAAA $&F 71&dT70 Gy FAAH F
F4E€ T BFEAND F g 2 AFE A7)
€ o]dF9elN AAstd rALLg A ojF
Ae 84 22 FHdT. FHE o|FA 7
AR 249 AEe FF87 A8l A= 73
Ade TG, ojFAd EAse HHY 54
Eo] A8 1A PlAE ¥ H2E d)
71 913 AEA dE AP35 For 9
Ao} 7tE AxASHEE AHgEtd FEEA R 1
43t AAFA HEE AN2d 2dE FFEH

A5E AR 2EE ngo slof TPAEA o

&5t AAAA 89 F U= VA R Alojs
ao g A7 AFEH A ATerEL A4F

gt Z1Al R Aol oo i@ EA MFEL] 43
2443 oleg uAgol A2® & T4 84 o
A Azdel 4ol ve 9% RJuY o
ARz 4R B 2AEY oY FHozR
B o]$7e R FHEY P A5 S Toe}
3 gulE BRUAE £ 5 =T @k
2. O|&AH<S 2oy ¥ shA
2.1 2|1A24 ¥ Hoeas 28
ol&Al 7lAL A9 48 RAL RE RE]

deEe AULECR WEsE Bulg us

(nut), A, AQF N A(linear guide), 12|32
golE Atole] FWAALRRE FHT olF
A 71ALAe AFEANEE Fig 1 3 Zo) Jveid
-’F %1231 REHEAY HolEe Ad&srE 3 2H

o HHLE Atolo] ABEFR Gus) & Gls) ©
7-1‘74 2 (1), @9 Zo) vehd £ An?



ol4tg 2 AR E A7IE o] &F oA FIRAEA () 1031

Fig. 1 Free-body diagram of a feed drive system

RK K, _ 1

G, ()= 1

n(5) J.M, s+as’+a,s+a, M
K 2+,

G(s)="t.—— 1 2

») J, §+as’ +a,s+a, @
4714,
oo KK #1) J K n+R*MK,
' VS J.Mn

O LD CRICE R T
el ¢ AoiAN(SE oY Aois)E Az
@ 2AHE AoI71E AR ol BE 22HF
= Aol7le why 2 sjdel date FAHE
248 4 QE H9g o7 adedg g
AA71E 2340l Hold @Y Aol/1E 2
@ FR2A ZA4H FFHL FA BFAD
+ sle Aled7lelg,

Aoz oA Aojare AFIY
(continuous domain)ell A AA %L #HAo] F3hd F,
Tustin ¥ 53 2L o8] 241 WS F3) o

Akod o (discrete domain). 0 2 WHEFH o] AA] A|2H
o FHEEc a8 d45999 Aojsg ot
Fdoz W@se BHANME AR HEE
Aol ASA Bk £ A5Q9HoA HEHE
Aol L AA HHo] ojatgAoir BF AJHHA
%71 WEd AAz FEP Aor)e AA A9
Aol7le 2 ER Aol A& dAdA ¥
wepd] B A ME o]itddoA 2 ARFE Al
o]719] AA 2 AeH/E FIF

oA AXNAo] AN2H FZE Fig 2 o Y
ettt 71A, Feye 4= <99 A7, G2
= JdAAZZA vdAel7], 283 Gl &
T A7 ZA HlE-H A 71E Uit £
499 Aorle g 4™ Aoriee g ¢
a3 Aolaavte Frtgorg dste FFAHT

2 9 o

fljo
O

A~
N

¥

F(z)
x. (K] ek C(2)

T, x (1)
¥ G (2) > G,(2) T
s [=1] "
x,(k) ik
Fig. 2 Block diagram of the position control loop
F@)=K, |22 3)
7\ 72

I, K,
C@)=K,, cz(z>=Kv,[l+;’-'Z_e"-f,/f,J @

G2 2 (DY Gas)o AXEHE A% ALY
< #A7M & 0A HA(zero order hold, ZOH)E ©]
£3lo] ojatdd oz WA o|FA AR
ol kA g goltt,

6. ()= -+ =] ®
2(3)(5) ¢ Fig. 2 EFE o]FAe AEZ AL

4+ 2 AT AYPLE st 2ol eha

F Qo

G,(2)
- G(2)G,()[C(2)+ F(2)]T;z (6)
(1-F(2)-C,(2)- G (D)2 + Cy(2)G, (2)(z 1)
N.(2)
G (2)==222
@)

- GG, @[C @+ F@)]L,2
) (1+C(2)-C,(2)- G, (D), 2+ C,(2)G, () (z~1)

3. Al2" Y

3.1 Ol&A JlALA: 7Y

o Ao £8E ol$A Xde AL H
7veb7) ) A" #H3EAdE g, 73
A ol$ Ao AurAEQ T2 E AM%S Table 1
Fig. 3 o Bt}

Azl Bla) @7) Wl A F9ol o
g5, o) a0l EAsHE HAY By e 7
Gatglel AP E G B 9fTo] LA s
Neg Fedds EEE AT £ £F



1032 palR-|

L B

Table 1 Specification of the feed drive system

Power 400 [W]
Motor Max. Torque 3.82 [N-m]
Max. Speed 5000 frpm]
Size 0.3X0.3 [m]}
Table Stroke 0.3 [m]
Guide type Rofling guide
Ballscrew Lead 0.005 [m])
Diameter 0.016 [m]

ig. 3 Feed drive system for identification
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