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Proposal of Optimum Mechanical Design Using SRC Control for Gantry-type Precision Stage
Yushi Seki*, Hiroshi Fujimoto (The University of Tokyo), Kazuaki Saiki (Nikon)

Abstract

Gantry-type precision stages are generally designed so that its center of mass can be moved using motors. However,

Gantry-type precision stages have some resonances on frequency response. These resonances are the pitching in the

translation driving. In this paper, a two-mass four-degree-of-freedom (4-DOF) model is constructed for the stage. It

proposes new design method of stage on the assumption that Self Resonance Control (SRC) is used. First resonance is

applied SRC and second resonance is proposed to change parameter of the stage. Finally, simulations and experiments

with an experimental precision stage are performed to show the advantages of the proposed optimization method.
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Mass of table m 7.7 kg
Mass of driving part M 5.2 kg
Thrust viscous constant Cy 4.8 N-s/m
Twist dumping constant of joint | g 0.15 N-m-s
Spring constant k 5.7 N/pm
Viscous constant C 7.5x10%2 | N-s/pum
Twist spring constant of joint ko 1.0x10% | N-m/rad
Inertia of table I | 1.2x102 kg-m?
Inertia of driving part Inr | 6.0x1072 | kg-m?
Distance from Cjs to joint Ly 40 mm
Distance from Cp, to joint Lo 61 mm
Distance from C), to X1 Lz | 1.1x10?% mm
Distance from Cj; to X2 Lgo 10 mm
Distance from Cjp; to F Ly 95 mm
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Frequency response of plant sz(s)

-50 =
: |—Conventional
—100} \|- - - Proposed

—150f

Magnitude [dB]

—200
10

—100

—200f

—300f

Phase [deg]

—400
1

10%

o
Frequency [Hz]

05 O0O0o0oooooooooooo

04120 20000000000000000O oo
oboodoobboooboboobboooboboooooon 40
ooboobooooboobooboooobo LyoobooDb
OO0 rFOO0O0DDDOOOCOODOOD SRCOOOOOO
gooboboboboboboboboboboob FO
ooooobdLy,=00000000000 F=000O0OUO
gooood

04130 0DOO gigooooboooooooobo
obooooobobooboOdLy=00000000000
goboooooooobooooooooobooboboogoo
goboooooboooboooboooboooboogo
obooboobooobob sobbooboboobooo
oobooooboboooboooooooboooobobooo
O10H200000000000000000O000DOO0O0O
oboboboboboobobobobuobuoboboobo
SRCOOOOO0ODOOOOOO0O0DOOoOobOoOOoOooDoooo
obooooboobooooo

5. JO0O0O0DOO0OO

ooboogooobbogoonb s, 0obobooobobooo
Sp,<2dBOOOO0OOOODOODO (-1,0)000 05000
toboooobobooobooooboboooboooboao
bbb w, 000000000 O0DOO0OOODOOOOO
oobooooooooboooooobobooobnDO 0.2ms
O TestinOOOODOODOODOOOOODOODOOOOODO
bbbl wp, 000000 9HU0DOODO0O0O0 20 Hz O
oobobooooboooobooooboooboooboen
O0O0OO0 6(e)D000O0O0O0ODODOOOOOOOOOOO
goboooobobooobooboobobooobooobogoo
O00oooo0o0ooooeb)DODOOOOOOOOOOO
U —-40dB000C0O0OOOODOOOOODOOOOODOOO
000000000 7(2) 0000000000000 20O
000000000 x40 pmO00000O 7b)0000OO
ooooboobobo 0000000000 £75pmO0O0



Nyquist Diagram Frequency response of sensitivity function S[z]
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