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Development of Vibration-free Surgical Table with Bilateral Servo System
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Abstract: With the advances of medical technology, the surgical conditions of microsurgery and optical measuring
environment for small animal experiments conducted require equivalent vibration-free systems as semiconductor devices.
This report describes a Bilateral Servo System based control of vertical motion and posture of the surgical table, and
control for active vibration suppression of working state vibration and the external vibration. The use of air dumper
commonly enables vibration isolation, but, due to the reduced rigidity, has insufficiency to correspondence to centroid
fluctuation as of a human body. By mounting the cylinder in the table’s strut, the bilateral servo system operated with

active high-speed switching of position and force control apparently achieve to effect as active dynamic vibration absorber.
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V. : Rod side volume [ m’]

V, : Bottom side volume [ m*]
AV, : Volume change of Rod side [ m?]
AV, : Volume change of Bottom side [ m?]
A, : Master Rod cross sectional area [ m?]
Ay, : Master Bottom cross sectional area[ m?]
A, : Slave Rod cross sectional area [ m?]
A, : Slave bottom cross sectional area [ m?]
X, : Master velocity [ m/s ]
X, : Slave velocity [ m/s ]
P. : Rod side pressure[ m/s ]
P, : Bottom side pressure [ MPa ]
P - |n,t,a| pressure [ MPa ] (a) Master Cylinder (b) Slave Cylinder
K : Specific heat ratio] MPa ] Fig.2 HBSS for Vibration Isolation System
mg, Mass(Plston+Rod) [ kaf] o
Table 1 Specification of HBSS
L : Load of slave piston [ kgf ]
f : Slave’s damping force [ N/(m/s) ] _ : Master Slave
K : Slave’s constant of spring [ N/m ] Cylinder Diameter ¢ 50[mm] ¢ 30[mm]
F.,. : Slave’s sum force [N ] Cross Section 1,962.5[mm*] | 706.5[mm’]
Tube Diameter ¢ 4.5[mm]
: Slave’s static friction[ N -
Foa [N] Gear ratio 1/5
Potentiometer 1 1
Pressure Censor 2
Motor(AC) 100[W]
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Fig. 3 Block Diagram of HBSS
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Fig.4 Response Simulation by MATLAB
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Fig.5 Response Simulation to Sine wave (Input : 1[Hz],1[mm])
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Fig.6 Experiment of Static Characteristic (To add 50[kgf])
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Fig.7 Experiment of Dynamic Characteristic
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Fig.9 Control Method (To add 50[kgf], 1.8[Hz])
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