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AME s 243 £ FY AAZAF WE 2
F2F Z7 stm Qloh A ARk Al &= 3 Qe A
2 X AR A o] A (Precise Positioning Stage)9] 1
£3lo] wi} FAHstn NASMA LYsE A
7} Al&® 2] &7 21% (Residual Vibration) ©]t},

Aqad, AY AAL FuldA go] AFREHE H|
A Al2E(Vision System)Q] 7§ ol o5 G4
g ZEXHAAY BHFAFLZ Ad FA A
LE7t 3 AY AAAEe] FhetAl |
2 AEY 43¢ FAHsr 9 Fud 3 A
A 71(CMM : Coordinate Measuring Machine)®] 7%
T EHLETE FolA HYE FRAFLE AT F
A ALE AR FFAAA0] 27 HH ol
e ol AFIFY F/e AY gANEA 2
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I e 7lee F gEid uiet Zo] HYdA
(Feedback Control)o]t}. R &Y ALHXNZEAY &
HolX & MEREE HE3tn Jo™ AEEE
HAgAe] o s+E A} Wloz 1 A
o AF A} 7hgdty. a8y AH oo &4
olu} wAol & F2Eo A¥E AL £nF
o]z B3 ALt g2k Hoh AAAHA HHo=
dy HHE =zFse YA o (Feedforward
Control)7} Ath. AHAFE A7 A% ¢
dA g e B A7} olFojHan,? o
HgAlols HYgAd vF =HPgdS H A
A Fol "Wasix ¢gomz vu3 tds FTHEE
F ok wEkM JE Al2"Hd & £3 glo] ¢
8 48 4 dE FHE A2 ok B =
oM dgAALY F ARIFE EAHL
2 AAs e Aoz F 484 de 484 %EIIH
(Input Shaping Method)’ & H&3l= HAHE 273t
1z gt} olE 3 A4 7] (Input Shaper) A
A By AYHH4YEE A8 FoHR AEE
2708t o] #hdo] e A tis] =9 stn
il

2. AHYEI| HA
21 7|25 AHHEI| MAH LY

A Al2ele] 11 f-7 %4 (Natural Frequency)S
o, 724 (Damping Ratio)Z ¢ 2} 3l3, A&
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2 709 JUAE ARAE T3 Me P9 AR
F& 4 2o EAT £ At

V(o) =eJC@,0) +S@,¢)} (1)

AN Cw,¢),S(w, &) £ &3 2t}

C(w,¢)= ‘2 Ae*™ cos(w,t,),
i=l

S(@,0) =3 4 sin(@,t,)
i=l

=3

A€ idA dE29 FTlola, =i HA
d829 48 Aot n g dE2 d9 JHA
A5E YEHT o, =0l-¢' & 24 24AE
4*(Damped Natural Frequency) ©}t}.

ARNEE AA3] HalAs IFRIAFE &
g 2 (o] 00] ¥ Hrt oA FEH A
71€ ZV 238 71(Zero Vibration Input Shaper)e} &5,
2 @) go] Z@EH!

I{t)= AS5(t)+ 4,5t -0.5T,) )
AANM 4= 4 =K K=exp( o )
"1+ Tk h-c'’
o] T,,r‘:— 1% 3 7] (Vibration Period) ©]t}.
Zv B371e 2 @09} 2ol 2 Y gEx
7} z1%——r7M ko] sﬂﬂo}“ AAE JHAn
cAHoz vdad Aotk Zv 4¥71E Al Alx

o] Hgelr] A% e NIEE Fig 1 ol B
oli Ut} A&’ dHHE o] A Yo
g MR A d=HR zv 4yrlg AERA
H4 & T8 HFHoR s3d YL AEE F
Aot Az Ad Aol YHII7INE HEF
oA F Y Ao W PYes £39
o

Fig. 2 & 4HAY7IEE HEs7] At F9
HEol FFRATA vAE ST i AE ol
A g A vebd Folth A gl Hel AlEE
AFAES T/HAFFE 1Hz ol ¥ g0},
49718 e HEskA g $EE BHAFE
A ARAF 1s IF F71E 7M1 ok

(T g o
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Fig. 3 & AP EE HLFd 2o ¥4¥
4387 *é?ﬂf\l AgEHE DHFSF 237t B
FAE X G disl AN ZHE YeEl
A Zolth Fig. 3(= J¥RAFTY /AT 4
gAagr7] 4AE d8 Algd n/AFF @4
A AXE ZAfol g §EHE YA A}
28" dHAEHIl= ZV, ZVD(Zero Vibration and
Derivative), ZVDD ©oit} ZV Ag7)& 2 /9 odF
22 FAol Hol U, ZVvD A¥rlE 3 A 2
2]1 ZVvDD & 4 /e d¥A2 FAo] Hejqt),
Fig. 3@)lA 2o A= @3494' Zo] Al mHA
T 48A4%7Y 2RAEFI AT B
v 4848719 TR/ ”4%}01 ARAF &
#Hoz AMALE ¢ F UG

Fig. 3(b)y= A A I’-‘?F\J%TQ'}‘ %%*3%7191
IFAEFTY 227} 30% YR $HE BAFn
Utk Fig. 3(@)9 vl FHFAF AAEZAI} %21
Uee ¢ F Ao &AW, ZvDD 4 Fr9 A
DHAEF b E E76tn A= ZP%%J%
o] Z AARE & & AUtk oA 4YAHYY
ddgo Aot 17}%"‘% AFF 22k
2 9172 (Insensitivity) & 573 1ot
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Fig. 1 Input shaping for a step input
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Fig. 2 Response to step input and ZV shaped input
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Fig. 3 Comparison of system responses for ideal and
imperfect models
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d 724 249 n{AESFY A A2 a4
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718 AAsHA "o

Fig. A2
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Vibration

0 o8
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Fig. 4 3D-vibration sensitivity with respect to damping
ratio and frequency error
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Fig. 55 ZV A 8718 o] &% HAI 484y
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A71A 7t Fo% RS A Al F(Timing)
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Fig. 6 & AAIZ d¥AH8%7HE A4 4
£ yed Aotk Algd" Y= zv 4F
719} ZVvD A # 7)ot} Fig. 5 oA BoAE Azt
P HE ol &3ty AAE dHEAY HHo
APzt FEx3F o8 2HE IHIF AA
of AFAYL Fig.69 AAZ & 4 Urh

dAAFENHE HABoE HEF 9o o
Heol AAFHE A AT ZF A BFHAAME
7v& Azko] wig F835it) Al HAo] AL
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ot 2S A Ala"EY AR oZ Qs HEF
AAIZE JFAYEIEE FEE F A 89 2
g1 k& Aol UE & Afde 54 ¥y
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3.1 M4 XY AHo|x|¢
Fig. 7& Ak AnbolM g A1gsn Je
£ A YNAA XY 2ol L o] AAEo
EHEH 2Es) Jebd Aotk APFAY FAHL
XY zHo|zjgt 2+ £& FE37] A% ME =2H
a2zl LM ZlelE 5oz TAH g E3
XY ZHolx 9] e olBols AA AP 2UL
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Fig. 5 Parameters of real-time input shaping®
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Fig. 6 Comparison of position error with and with input
shaping
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Fig. 7 Schematic diagram of experimental setup
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Fig. 8 Position error without input shaping
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Fig. 9 Comparison of the velocity profiles for unshaped
and shaped commands
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Fig. 10 Comparison of position errors with and without
input shaping
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Motion). ¥ ®AlT BEXFoz2 HIer d &
2 A 5 ARAE g} guieE Tz H 9
AFIEE YAEo2 Fol7] % REolet &
Atk Al BAls HAZ FHo] o]FXE B
2oz, A ZAHL Y8 Z=zHy FF £E=
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Fig. 11 Sketch of moving bridge CMM*

10

-
Probe Approach i3
Distance E ‘\\
8
b= Tmmwme P 1
. d robe:\:g;oach }thel‘nud\es
'E o Part and then
§ 6 Stop Before Retraces
K] robe Approach
= .
é 41 s
Tlme(sec)
P o
0 i L H ] }
1.0 1.2 14 1.6 1.8 2.0
Time(sec)

Fig. 12 Probe position during a measurement of the
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Fig. 13 Comparison of deflections during shaped and
unshaped measurement cycles®
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