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Development of an aerostatic spindle with more than 40 million rpm for
ultraprecision machine tools

Yoshimoto, Shigeka
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Recently, high-speed micro-milling has attracted considerable attention for
effectively manufacturing fine and precise machine components with lower cutting resistance. However, as
the tool diameter is reduced, higher rotational speeds of the spindle become necessary for machining
components at the optimal cutting speed. We propose a new machining method in which an end mill cutter is
directly supported by aerostatic journal and thrust bearin?s, and driven by air turbines to achieve high
rotational speeds. We found that the proposed micro end mill spindle with a 4 mm shank could rotate at
400,000 min-1 and cut grooves with depths of 30 um to 40 um on an aluminum alloy surface.
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Fig.1 A micro end-mill cutter and air turbine
buckets
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Fig. 2 Proposed spindles using a micro end-mill
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Fig. 3 Geometrical configuration of an
aerostatic bearing for a micro milling spindle
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Fig. 4 Experimental apparatus using an aerostatic
guideway for cutting a workpiece
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Fig. 5 Tilt angles of a micro end-mill cutter to the
feed direction
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Fig. 6 Whirling amplitude of the rotor before and
after balancing



pm L ESH SR ED Y 23, £ 2 pm LUTFIZ
WHEINTWDZLBnhD.

(2) BYEL7-@mlEliz A e RLd vz
N 3EER &N TR EH S ORlE
INTEEBRIZEE LT, TR OZEAr R L O
MO S, Wrm R oW EZIT- 7.
O  WHIMRESROGE

TR A 42 5 rpm & L, REYIALGE
X5 um MMTEED yFAE o :30deg,
I—AEL:0deg 72 EDOIMTELMZBETE L.
PV EE 200 mm/min, 1000 mm/min, 5000
mm/min & LTk HEZ 2 S, IS
~DOFBEFT=. K T 12 Ra : B
SIE Rz ERESEEVHEELEOBBRERL
7o, K8~ 1112, £V B 5000 mm/min (2
B AN THEOTE, #EKHXEY HFn7a >
7 AV, GIHIHR OERENL & Z OIREH AT K
NERLT.

025~ s
0215 FJ'-
2

0132 761

200mm/min 1000mm/min 5000mm/min
Feed speed(Method] Brass)

Fig. 7 Relationship between feed speed and
surface roughness

Fig. 8 Machined groove (1000mm/min)
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Fig. 10 Displacement of the shaft during cutting
(1000mm/min)
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Fig. 11 Frequency spectrum during cutting
(1000mm/min)
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Fig. 12 Relationship between feed speed and
roughness (1000mm/min)
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Fig. 13 Relationship between feed speed and
roughness
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Fig. 16 Displacement of the shaft during cutting
(5000mm/min)
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Fig. 17 Frequency spectrum during cutting
(5000mm/min)

@ IMTHEDRE
INTHES M THAS ORERAEX 18 &7
BEHIA S R DO GA L[|, INT3E 2 Up
cut TOMILN, kb BWERERER L.

0.20

0.15 [~

0109 0.550 0.6
5
=010

0.05

0.00 0.0

Method2 down

Method |1 Method2 up

Cutting Method (Aluminum)
Fig. 18 Relationship between feed speed and
roughness (1000mm/min)

® EREHERENOHE

Alal, ZERFRERNE WD Z izl ik
DI L D INBIEB ORI R 2. TIROEEHN
DENZR WM TEROER L LT 5
TLTHER LS. M 1912, ThBEDRNE
HAWTHIN L 24T » 72 BRI S O F mokl =
UL TR L. NGB K ST,
EEHERENEAWDS Z & THREH S 285
DYREND 1/A LT TIERBCTE 5 2 &3
mEnr.

~ [l
05 Ra- 25

general milling machine Air slide

Fig.19 Comparison roughness of general milling
machine and Air slide (Up-cut 2000mm/min)

® Fio

AT TIE, R—x=y RI LTy o 7
TP RS A M Z TR AEo A Y
VR ERWTIT 21TV, ZOF %O
BEATo72. BRELT, BUTICRT IO A



BEBE S NT.
1. MEDOT Y RINT YLV %, BB, 2
REFIEY ¥ —F Vi CREFT AEE L T
5D Z & T, 42 5 rpm CTHERA[RE/R A L FL
ERUUTDHENTET.
2. INMEDR—LT RINLERNT, 5
BXOT LI =g 20N LEITo> T2 5E.
BYE L 7= A Y RAZ L o CHEARE 227N
TIAMTZDZ Ebhot=. FEREIIM
T L7, N RLITRNT,
BAFRBIERAE Td 5 = L N FEBRIYITHEZR
T&ET-.
3. ML L7l DREM S 2T 2720
X, AV RAvZk 0 & B A7 5 %
BT, Upecut 2179 ZENHITHDHZ &
D EBR IR T X 7.

5. FreREinLE
(BFgEf . WIZes 838 K OB 724 1
X THR)

(MERsRm S0 (BH O 1)
(FR¥R) Gt 0 1F)
(M#E) GF 0 fF)

(PEEIA PEHE]
OigRdt Gt o 1)

HFR
I
HEFIZ -
PSR
&
HEEAEH B -
E NS DF

OFfskoL Gt 0 )

A TR
I
HEFIF -
PSR
&
BASHA A
ENA DR

(Z Dfth)
R—LR— 5

6. WFFTHHLRR

() WFgefzess

EARZE (YOSHIMOTO Shigeka)

HUR BB R Tl el — Sk T8 - 2
%

WFgeE 35« 80096718



