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Design of a Hydrostatic Air Bearing Spindle
with Highest Possible Dynamic Stiffness

Kyosuke ONO, Hiroshi YAMAMOTO,
Changzhi CUI and Masahiro TSUZUKI

In this study, we propose a new design method for maximizing the dynamic stiffness of a
hydrostatic air bearing spindle. In order to decrease the rms value of dynamic displacement of the
spindle against external disturbance forces, we design a hydrostatic air bearing spindle using the
following procedure. First, we determine the basic dimension and supply pressure. Next, we
determine the radius of radial bearing so as to minimize the static displacement at the point where
the external force is imposed. Then, the non-dimensional static stiffness is determined so as to
minimize the rms value of the response when the dynamic external force is applied. Finally, we
determine the inside groove configuration which provides the static stiffness and the maximum
damping ratio at the spindle natural frequency.
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Fig.1 Configuration of hydrostatic gas bearing spindle
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Table 1 Fundamental design parameter values of spin-

dle

Outer diameter of thrust bearing 105mm
Length of radial bearing 45mm
Minimum clearance Spm
Minimum feeding hole diameter 0.20mm
Minimum groove width 0.3mm (Thrust)
0.5mm (Radial)

Minimum outer land width 2mm (Thrust)
3mm (Radial)
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Fig.2 Spindle model for static deflection evaluation
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Table 2 Detailed specification of hydrostatic gas
radial bearing

Design parameter Design value
Number of feeding holes 4x2=8
Diameter 2r, (mm) 60.0
Length 20, (mm) 45.0
Clearance ¢ (pm) 595
Feeding hole diameter d, {mm)| 0.20 £0.01
Groove width w (mm) 0.5
Groove gap width lg (mm) 2.5
Land width l, (mm) 3
Number of dividing grooves
Axial direction 4Ny 4x4
Circumferencial direction Ngy 0
Groove depth g (pm) 100_Y,

Table 3 Detailed specification of hydrostatic gas
thrust bearing

Design parameter Design value
Number of feeding holes 4x2=8
Inner diameter 2r, (mm) 64.0
Outer diameter 2r, (mm) 105.0
Clearance ¢ (pm) 5.0_9,
Feeding hole diameter d; (mm)| 0289y,
do (mm) | 0364
Groove width w  (mm) 0.3
Groove gap l, (mm) 5~38
Land width I, (mm) 2
Number of dividing grooves
Radial direction 4N 1x4
Circumferencial direction Ng: 1
Groove depth g (um) 150_9,

Table 4 Performance of designed gas bearing spindle
(bso=0.49 MPa)

Designed

spindie { AB-100R

Stiffness | Radial (N/pm) 169 50
Thrust (N/pm) 442 400

Natural | Radial 1198 <1 | 1010 *2
Frequency | Angular 1224 1| 1480 *?
(Hz) Thrust 1937 1| 2000 2
1st bending 6946 *1 | 4840 *?

Damping | Radial 0.136 *1 | 0.120 *2
Ratio Angular 0.161 *1 | 0.095 *2
Thrust 0.112 %! 0.088 *2

1st bending 0.003 | 0.091 *2

*1 Housing is supported rigidly. p,, = 0.49MPa
*2 Housing is supported freely. p,y = 0.40MPa
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