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Table 1 Specifications of spindle

il e =X
Radial stiffness [N/um} 30
Axial stiffness [N/pm] 25
Radial run-out [um] 0.2
Axial run-out [pm] 1
Maximum speed [rpm] 100,000
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Fig.1 Assembly drawing of aero spindle
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Fig. 2 Section view of differential bearing

v 2HE delg S AEshA 44 ® sy
sthe 212 T3] ol dolug ZANY #A7)
ol 7123t AL 7hEA R Ve AA
setul e g A A5 SIcHA-1.

ol ol &3l FdHS 4 )9 vsE
(specific lifting force) K, & o838t 4 (HE 7
NI =3

W=DLp,K, )

Holg e vz EaE A )8 AAdcH

2
Mm=”DZML L @
¢ 1-¢
K,=—2__[x>+y 3

2241+ 2

A7A, y, & AE 2D HolE G5, AUHA
& 9 Agdoeles YehE Fapddo|th. D=
o139 AR, L & woiFe o], P & t7]gto]
oo pe 3719 AYAE, ¢ ¥ WA
e Ay AANE, A= HolH HAA o
ole Hl.mL &9 A X YE AFolrth

[+

15

Aold ZA(radial stiffness)S HPE F3lo
thorst Aol HAZ| dig S 7§ F o] g
< o] 83 A @)% Fol Ago

G=W o W, o1)/(&,-8) 4

Fig. 3 & 7¢d #oduols {9 3D A
pds sbF gE" FEFY ALz, Table 2 &
AL B8 7§ OGS Gd AMZ S &
8& veld ot

Table 2 Lifting force to the relative eccentricities
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W | 1151297 (445|594 742 | 890 | 10.39

Fig. 3 Radial differential bearing
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Fig. 4 Thrust air bearing
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Fig. 5 Analysis result of shaft deformation
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Fig. 6 Engineering drawing and the developed main shaft

Fig. 7 Assembly drawing and the developed spindle
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[A-1] BF AR

Adide]l : A=L/D=15

ARG EA : 2¢=0.001D

Holy 2A A F 7txe] A”: [=D/6
Holg mAgdA EAAA AL k=D/4
A 99 z4x ¥y d=60°

X7 Zol: t=1.5¢

[A-2] M X HE&H V%
Wlol®y &Y WA : r=D/2 {cm]

v e EA 0 ¢ [em]
WojRa £ H4 BA hy [cm]
A EA : h [cm]
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7 Wojg e HAZ . elcm]
Hlolg Aol : L=1.5D=3r [cm]
A 4% : nlpm]

33 371 p, =5 [kg/em’]
W7 p, =1 [kg/em’]

8 FoAMe &4 . p[kg/cm2]

719 Ao A= 4=1.8*10" [kgs/cm’]

[A-3] Coefficients used in equations for calculation of
aero thrust bearing

b=+/0.5(/1+ 3% 1)
a=y/2b

A= asinh(2ai)+bsin(2bA)
B =bsinh(2al)—asin(2b4)
C =cosh(2al)+cos(2b4)

X =yi—(yA+B)/C\1+ 4*

Y =—(A-(z4+B)ICYf1+ 2%)
a=(r,=r2)(4r, In(ry /7))

B=(r? =2 )@4r, InGr, /1,))

8 =Kp,(pi =D /(p; +K@Bp; —2p; 1)

[A4] 7] Egtolne] 449 23

kZo] WX E ¥ : r=0.021 [m]
=59 4 : n=3

=29 AA . d=0.002[m]

I ALE  @=6280 [s]

4% 0 q=9.8 [m/s7)

371 384" : p=1.0[kg/em?)
FEAT : £=08

Z1A 4 R =29.27 [m/deg]
Agex : T=283[K]

=EZAAMY FEEE : U =350 [m/s]
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