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Abstract —This paper presents two methods for designing a high-speed air spindle operated over the rotational
speed of 50,000 rpm. The first method is an approximate method, which assumes a symmetric spindle shape even
though it is not symmetric in reality. The second is an analysis of rotordynamics using beam and solid models.
The approximate method can be used to calculate the bearing load capacities, stiffness and damping coeftficients,
stability of the shaft system, and response of the forced excitation from the unbalanced mass. Designers can use
this method to determine the dimensions of the desired spindle at the first stage of the design. The more detailed
behavior of the spindle can be calculated using the rotordynamics theory using beam and solid models based on
the Finite Element Method. In this paper, a spindle, with two air bearings, one motor at the end, and two air thrust
bearings, is newly developed. The solutions from the two rotordynamics theories are compared with the solution
obtained using the approximate method. The three calculations are in agreement, and the procedure for the design
of a spindle system, supported on the externally pressurized air bearings, ispresented and discussed.
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Nomenclature ;. Lateral mass moment of inertia (kg:m’)
" @Y 2wy maE)
. Polar mass moment of inertia (kg:m’)

As @ Area of restrictor (m®) (A8 A WH) I EBARRE)
¢ Clearance of bearing (m) (Hlo1® EA) K; : Stiffness coefficients (N/m) (3437157
Cy = Damping coefficients (N/(m/s)) (FH4715) P : Dimensionless pressure (1) (F2F] 2)
Cs : Discharge Coefficients (Z4HA57) P« : Ambient pressure (N/m?) (th71%)
H : Dimensionless Height (1) (-39 712 %) O : Dimensionless mass flow rate (-2 %)
r @ Radius of bearing (m) (Hlo]¥ WHE)
)"Corresponding author: pss@ynu.ac.kr R : Gas constant (J/(mol'K)) (Z1A173<5)
Tel: +82-53-810-3538, Fax: +82-53-810-4627 s, - Length between mass center and bearing center
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: Absolute temperature (K) (2t2%)

. Dimensionless coordinate along circumference(1)
L @FUY PR A

. Dimensionless coordinate along shaft axis (1)
'(zm-zsk )= } .Z»]-E_)

SRS

N

: Tilting along x axis (rad) (x & 71&7])

! Tilting along y axis (rad) (y & 71&7])

: Adiabatic constant (FFEX]5)

: Dimensionless bearing number (-2 #lo1& )
: Absolute viscosity (Pa's) (AthA)

: Rotational Velocity (rad/s) (B|H&%

: Dimensionless squeeze number (F-3+ 2F= )
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Fig. 1. Schematics of air spindle.
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Fig. 2. Configuration of an externally pressurized air
bearing.
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Fig. 3. Stiffness and damping coefficients.
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Table 1. Specification of the Spindle

Item Value
Diameter of bearing 32 mm
Bearing length 35mm
Clearance 10 pm
Supply pressure 6 kgflen’®
Diameter of hole 0.2 mm
Distance between two bearings 88 mm
Mass of spindle 1.033 kg

3.032 x 10°kg-m’
Polar mass moment of inertia 1.274 x 10*kg-m”
Unbalance G0.4

Lateral mass moment of inertia
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Fig. 9. Solid Model.

Campbell plot

0.22E6
0.2E6
T
0.16E6 -

0.14E6

0.12E6

Cylindrical mod

0.1E6

Rotational Frequency [rpm]

0.08E6
00685 ... - Conical mode
0.04€6

0.0266+*"

. . .
60E3 80E3 10063
Rotational Speed (rpm]

L L
0E3 20E3 40E3

Fig. 10. Campbell diagram from solid modeling.
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