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ABSTRACT

The demand of high speed machining is increasing due to the high speed cutting and grinding provides
high efficiency of process, short process time, improved metal removal capacity and better surface finish.
Active magnetic bearings allow much high surface speed than conventional ball bearings and therefore

greatly suitable for high speed cutting or grinding. This paper describes a design process of an active mag-
netic bearing system for a high speed grinding spindle with power 5.5kW and maximum speed 60,000rpm.

Magnetic actuators are designed by the magnetic circuit theory considering static load condition, and
examined with FEM analysis. Dynamic characteristics are also considered, such as bandwidth, stiffness,
natural frequency and static deflection. System characteristics are simulated with a rigid rotor model.

Key Words :High speed grinding spindle(Z% $4}7] $%), Magnetic bearing system(A71Mo]&), Stiff-
ness(Z4}), Magnetic field analysis(#7]1% #14), Natural frequency(Z-}%1%4), Rigid body

rotor simulation(ZH4] 3|4 Al 24 &4)

.M &

329 FANAE A FEE Y& nd FF
Aol dig FAF Aol FrHH e 7kl F5A9 n&
3} 2 ol$Al9 u&dst A AP 1 glon, T
74E71€9 922 14 A 234 A4to] MR
of wet 14 F5 et o] 8718 Ha 3ot ol
g 24318 Ay HslMe wolde a3 7lgo
¢ 393 JAE AAsxn 9z, 53 FEH Y

. ¥27AATY FHUNA a5
. F22A7A(F) 7led74

233

oM e ¢, & YAFA T TR 71&o] 48
sht FoRU: 9489 Ygoz a4 FAA
< 73 9@,

A7) Mol P L AAINE E o] &3l F&E HFPFoR
3 AASER a&3]de] shedv, W 7AQd £
S 712 Y2 &8 AU U8 gloWA 5FF Ao
N2H g 53l A5S 9AE 4 e A4E& Ze
@ olgjq FAol U7l W& Aol YL n&3 A
275 e o8 7HA 9 71A¢ FLHol gton@ F&y|



4328 - x93 A

A Zopole S4E FEEd@ HATAE & T4
o FAVNAAN 2 E HAZ AP A L3tz Sl

& 5] Spegwarts< UHE F30] 4sigon®
Murnet 52 obdZ1 AjA 283} 934 27w o)y
Azdloz FAE AA7E FEo HEFHPGO, ]9
dx S2M, SEIKO SEIKI, AVCON, IBAGT Zo] =
2, 9, vF, 292 F AAFN & olv] z)Ho]
3 AZA} AdEol A4Rolg g Antez &
3 7ka ok, o]} o] 13 L FHEA AHE F
A71A F5A 0 A43517] Aae g Axde A%
& Sse & e AAIEo] Basnn,

£ A3 Aol & o] 83 60,000rpmE Q47
FEA 9 n43)d Bl FP3igon, o A 8T
He 52U UEITE AN AL S AT F &
FoAEHN S 53 A7 Z0 AT A5 Ao weE F
A9 3 - 54 542 d489d. 28z 243E 9
g FA8AY g AFstn HAAE 4ARE AR
93 THF oA 25lo] st FXHo2 FF $H
E4% AAsl n43A GGy A dg A
Aol FAHEE 3.

2. M7|wold FRA HA

B Ao A7) 4 Arlseld F34€ Fig. 19 vel
g 2da go] AASAY. WAFHL 5.5/7.5kWH
WAY BEHE AHgstn, AHE4TE 30,000, 60,000
rpmol¥, A8 3 JAE S (rotor) 9] 2732 47
16mm$} 50mmeltt.

AAe arteze A - 53 43R $¥°, A
AZYS dYE 4 £HY 0| E(slew rate), 24 ¢

SN Lt
Byl

Fig. 1 A high speed grinding spindle with magnetic bearing
system
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Fig. 2 Static forces acting on the grinding spindle
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Fig. 3 Condition of supporting maximum load
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Table 1. Specification of designed radial magnetic bearings

air gap. go [mm] 05 05

width of a pole, W, {mm] 10 10
axial length of a pole, L, (mm] 40 %
area of a poe, 4, [mm] 400 250
outer diameter of stator, 21y, [mm] 1o 10
height of a pole, H, [mm] 185 195
number of tum, N {times] 10 110
resistance of each a coll. Ru {2} 045 034
bias current{bies Aux=0.75{T]), & (A] 278 278
inductance of a coi, Lo [H] 00 00063
current gain, Kx (N/A] 20 129
postion gai, K. [N/} 10" 067I0°
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N-= .f_f:"_. PF

" A

r=r, 48 A : area of wire,

PF : packing factor (0.7~0.8)

a
K, =cos—
M 2

F,=K,x+K_I, :Lincarized force of x - direction

* Position gain s a s
oF, BN K AN
X, __] SHl K AN )
KR 2g,
= Current gain .
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Fig. 4 8-pole heteropolar radial magnetic bearing
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Fig. 5 Transfer function of a power amplifier
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Fig. 6 Model of dynamic system simulation
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Fig. 7 The model for 2D FEM Analysis

b) magnetic flux density in air gap

Fig. 8 Result of 2D FEM magnetostatic ;mal);sis w.ith bias
current 2.7A
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Fig. 13 Unbalance response of front bearing with power amplifier function
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Table. 2 Specification of designed high speed grinding spindle
system

65175 kW
30,000 - 60,000 rpm
220 N
50(16) mm
15 MN/m
7.5 MN/m
75 MN/m
56 MN/m

5.4 &

2 d3& Ad$% 60,000rpm, A2 2637
50mm, A48 220N, ZE%8 55kWe] 14 A2
£ A7l P-F35 A2 AAd Y AFE 7Y
on Ogd 22 FES AU

1. 94714 24 Aoy F3A29 AAE 98t
o HUEF ANZAL FEshe dFooHE A3
2 29 o|f3ld AR, ASAFES FR3A%UL
o, 239 fE8d 2l S Bilo AS5E 29 AAA 9
a9 235 Yo
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2. Azl o1y N xdle] né3ie}l a&A g 71
F=E AY F2719 FdALE 60,000rpmolA e F
A 2739 &g T AYson, B dyrde
60VE 34T

3. 4AIE F&A g 1/-AFFYd 2L
A 2 AR AN S B FA LY AFRLEY
Aol Wy Ao EAZA REZ FPA A4 A
£5 99(30,000~60,000rpm) oA el P40l FA)
HEE wolgo A F4E& 4FL 15MN/m, REL
7.5MN/mo.g 43 & ssie}.

4. SARE ZALDE o83 AN 219 N2
ASEERlN FRES RYod, SAAEFHA el
Ae ¢ - 9 Woleel tisl 2tz 80MN/m, 58MN/me]
2AE Byt B8 AYZI7]Y dAAAe A2de
3 54¢ AR 94 d= wE 718
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