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Design of Cone-Shaped Magnetic Bearing Spindle System
for High Speed Internal Grinding Machine

Jong-Kweon Park’, Seung-Kook Ro’, Jin-Ho Kyung”

ABSTRACT

A cone-shaped active magnetic bearing spindle system for high speed internal grinding with built-in motor
that has 7.5kW power and maximum rotational speed of 50,000 rpm is designed and built. Using cone-shaped
AMB(Active Magnetic Bearing) system, the axial rotor disk and magnets of conventional 5-axis actuating design
can be eliminated, so this concept of design provides a simple magnetic bearing system. In this paper, the
cone-shaped electromagnets are designed by magnetic circuit theory, and a de-coupled direct feedback PID
controller is applied 1o control the coupled magnetic bearings. The designed cone-shaped AMB spindle system
is built and constructed with a digital control system, which has TMS$320C6702 DSP, 16 bit AD/DA, switching
power amplifier and gap sensors. As the AMB systemn provides high damping ratio eliminating overshoot and
resonance speed, this spindle runs up to 40,000 rpm stably with about 5um of runout.
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Fig. 1 The high speed spindle system with cone shape
magnetic bearing for internal grinding
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Fig. 2 Magnetic force on a cone-shaped magnetic
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Table 1 Designed cone shape magnetic bearings

; Front Rear
! Ttem Bearing Bearing
: air gap, go [mm] 0.5 0.5
radial area ofza pole, 4, 300 200
[mm]
rotor radius 1, r; [mm] 20.5 20.5
rotor radius 2, »; [mm] 25 2
number of turn, N [times] 80 80
bias current(flux=0.75[T]), 35 35
[A]
radial current gain, Kix [IN/A] 98 56
radial position gain, K o1 6
[N/m] 0.73x10" | 0.45x10
axial current gain, K. [N/A] 27 27
axial position gain, K- [N/m]| 28000 49000
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Fig. 3 Direct feedback scheme of cone-shaped

magnetic bearing system
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Fig.4 Block diagram of 1-dof feedback control system

216

Fe)ol e B9 X9 Agdses N(la)ﬂr o]

5719 AR AL Asgez wuY 59 A

ojAlel p, DE BAE 5 Uth

X(s) _ 1
F() ~ ms + KompK KuDs+ K K KiP— K,
(13)

Azgs) AdE BAs
Azgs) SA7A0l onnt
WEAAL o), BT A&
Qe Wt 2A B 5

7] X E AFE
ohahe 2AN(14E
2 v v EA
T it

3
7
i

9
9 o}

(a1
AR =

R
=]

KKK P— K20 (14
B AN2"ANME Kap =
[vim] & stgi2d, o] 23
ol Algle  gyoje]
D=0.001~0.002, HHo}& ]
D=0.0007~0.001, 8k

D=0.0001~0.0004 = 3} T}

[A/V], K#=10000
Aol 34 zﬂ
o

Fr'L OE:':'

. 2lEs xolwold

Fig. 5 Manufaciured cone-shape magnetic bearing
spindle system

2 dTellA AA"E A
Astgla, <714 Al

Fig. 59} Ze°] +
DSP (Mé7, TI

jjie]
cde
298



92 FEE A A19P A2E

TMS320C6702)F o] 8% DX AoA2ws 3
gl o 16-bit 100kHzE ADS D/AE A3}
St gAME AAFE AAEA EFT 0.1

mn, HHFH 80kHze] FA & 7FXH(AEC 5706PS),
A FE7)2 AMHE a9 A=t oS

ok 2.5kHzZ F3gt)

olg} gro] e AAE AW 5 dig AFE
NARE 2 Figedt 2o, o714 13k
AEFE ok 1200Hz BA] 50,000 rpm 74A] 2]

GALAN 2 i
&= YellMe ZAFHE B 5

32 2 o N
AT

__'"1,_1

o

,,—-""/#
magnet
sensor

FANIEY
magnet
sensor

Fig. 6 mode shape of the spindle (1197 Hz)

x10° Stability Region Front Y
? 1
s P=0.5 \
sk u Unst
Q35—
z
8 3|
Las
£
a“ '
15 i
1 :
0.5} ]
ot .
0 05 1 15 2 25
Proprtional gair, P
a. Front Y direction
%167 Slability Region Rear Y
5 . I — i ‘
s J‘ g P=0.9 ‘ 1
4 i } L Unstable |
i L . ! |
L
o 3..,’ § —
8% o :
@ K B
£325 T Flexible mode [~
B2 -+ excited : ’
15H
Tememe o
05 ‘
% os

b. Rear Y direction
Fig. 7 Stability boundary of radial magnetic bearings

217

4.2 ApZiHloly AlAH
D AN Y Al27e) HAHMEL Fig7
o

22 #9890 9714

g A

Aol A= A
o QA uT oo

o
dlo] e T

A Lle] AA | n}z}

FAEE= 40 948 B
olef mhel 2 AgdrE okdA

A ANS dlolge] A9 p=1.1, D=0.001, R H| ]

.2 P=1.0, D=0.0007, &% p=02, D=0.0002&
A= slg o

by

Unstabl

04 05 06
Proprianal gaim, P

03 07

Fig. 8 Stability condition of axial motion

n
B

>
(¥
L)

o
olo
ol
an

oy

4
0z
ol
I
¥

T
I .
g'qqo}.i
2, o %

;

u 2
ST
_Im\]_‘
R o

-2

B
L o

b
ol L&
e

»

-

L)
=

op oo o

>
e,
e |
o

N

ad

1 fo dr K1 (o
Emoﬂ or-?i"
b o
o
12 v

tr
o

i)

‘—|“:I‘ohl

ol o ol
o8

Z
o
B

)

ez
e
=
[+
o,
o 2 g o

B0

A

o K
@
g
g
2
2

T

~
—_
(]

ofl
lo,
Il ¥

o & o
L
Y
v

1»-1-151-11-

o
s
N
S

o
3 o

r

i ""n%
Sk
H_&
N

»—-_]Bj OE

t
f



= &5 ro o
Y] Q= A 2 N2uYE FUT £ 9
o i)
5 oo e
T os —g oy 3 901V 1um
5 E
[T 3 g
& &
g K2 B W
a 021
-2‘-0 0 oo Go4 008 o008 o1t o100 AL -RA any
Time [soc) Time [sec]
a. levitation response b. noise level
Fig. 9 Levitation response of front Y direction
06 El
- o ol
2‘ oo = LEE
E oy E oa
i Lo
g : .‘fi Sod
% 15, g R
20 4]
h 25
-z T T T T -3
000 002 004 008 oo8 ot o0g ooz oo oae ooa a0
Time [zec] Time [sec]
a. rear Y direction b. axial direction
Fig. 10 Levitation responses
g
g
2
S
£
g
= :
5} H
2 :
£ .
Q 200

T T T T T T
400 600 BOD 1000 1200 1400 1600

Freguency [Hz]
Fig. 11 Frequency response of front Y direction by
impact on front end (without grinder wheel)

44 2| M SEH SM AE

Fig.12% 40,000 rpm 7kA] 9] #AA] & o]
AR dobgg veld ol oA HAF
G04 7 o3t WA H glon, 10 47 47
s B ) il e T R o o i e e ) G e
<29 Z7e AAA LRew, 30,000 pm o5
ore]  #olgo] AwejF MMM o Sm
(0.05V) ©]3t= EbRTh F5 A 28 wob
ZNE AASAY P& FAE Ale d%

F[O o,

218

o7 030
o5 015
0104 010
o s
| |
T om E ow i *{ | i
b=
005.] 0o .
210 am i
i
1] 015
oz 0z
b Ty T T T T BT T T T T T T T T
D502 Q15 470 B0s 080 atn 010 01 Q0 035 0% 00 016010 -0 000 005 010 016 0 025
XV XM
10,000 mpm 20,000 rpm
o il
|
om . o3t
(312 ' oz
' i
ae] ! ! o
|
ots] ' o
= 0w ﬁ_l Z om %
> =
00| ! (1 I |
|
2104 006 (I |
1] s
o] . : o]
a 8l .
020 016 010 005 000 00F 010 016 0F0 0 050 015 010 006 000 005 010 016 020 0ZF 030 DI
XM XM
30,000 rpm 40,000 rpm

Fig. 12 Runout response of rotation (3um/div)

A=

= T

!

E dFoAE g e dabr & %%33
Ho)® Alx=®le] AFoHE HE3
AAsI5, AFE A7jHe]E =
A AR ﬂ]s A2l 2] PID ZHDM*%%
1,1:3]. )k—1/;ﬂv‘] :—";ic/;”_q_] )Jﬁ A])&E‘ﬂ
A4 1110%1 Tt A /éﬂr H]ﬂf‘éﬂ
'ﬁ& PIDA|} 7|7} &R FH o=
RAT A7A, A A
*é 24 R Ad g o9)g 4

WALYY 229 S4E RS

40,000 rpmﬂ] ;q 9 Lw&l 2% o]
ol 5um o]dje] AL HA B
AFH A7ol" Al2we]
o F&S Bt

Hags



- HEAYFEA A A19F A2

1. G. Schweizer, H. Bleuler, A. Traxler, "Active
Magnetic Bearings," VDF  hachschulverlag AG an
ger ETH Ziirich, 1994.

M. Dussaux, "Status of the Industrial Applications
of the Active Magnetic Bearings Technology,"
Second International Symposium on Magnetic
Bearings, pp. 33~38, 1990.

. J. Boehm, R. Gerber et. al.,
Active Magnetic Bearings for High Speed Rotors,"
IEEE Transactions on Magnetics, Vol 26, No. 5,

1990, pp. 2544-2546.

R. Spegwart, R. Larsonneur, A Traxler, "Design
and Performance of a High Speed Milling Spindle
in Digitally Controlled Active Magnetic Bearings,"
Second International Symposium on Magnetic
Bearings, pp. 197~204, 1990.

H.K.Tonshoff, H.G.Wobker, C. Blawit, "High
of Grey Cast Fourth

International Symposiurmn on Magnetic Bearings,

August 1994, ETH Zurich.

. Masato QTA, Sigenori ANDO, Jin-ichiro Oshima,

"Monitoring and Actuatign Function Of The

Internal Grinding Spindle with Magnetic Bearing,"

"Development of

Speed Cutting Iron,"

2nd International Symposium on Magnetic Beaing

July 12-14, Tokyo, Japan, 1990.

BE, ¢ TEAE % . YD FATIA ]

—’Fi*]’*"%il AEET,” SRR ATHRTA,

1997.

. Maurice Burnet, bruno Wagner, "Analysis of the
Performance of an AMB Spindle in Creep Feed
Grinding," 4th ISMB, pp. 519-524, 1994.

. Ho-Seop Jeong, Chong-Won Lee, "Robust Motion
Control of the Frictionless positioning Device
Suspended by Cone-Shaped Active
Bearings," 5th ISMB, pp. 59-64, 1996.

10. HFH, =53, ehdl@, “da7]E A7
FE H L--ﬁr“)ﬂ e A7) BEAEIT

8, 159 35, pp. 233-243, 1998.

J. Imlach, P. E. Allaire, R. R.
"Magnetic Bearing Design Optimization,”
1988, C277/88, pp. 53-60, 1988.

K. Lahteenmaki, Erkki

"Optimization of the Conical

Cone-Shaped Active Magentic

Magnetic

I‘h’

11. Humpris,

IMeche

12. 1.

Angle

Jussi Lantto,
of

Bearings," 6th

219

13.

=y

ISMB, pp. 223-233, 1998.

AFH, AXE, “sEANHAB S AT
A2l A7, FHRFLFHNE B4
9 =& A7A, pp. 37~52, 1991

AC

P
}«-.
=4

1

D



