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Identification of Runout, Unbalance and Eddy Current Effect

in Active Magnetic Bearing System Using LMS Algorithm

Ha-Yong Kim, Seung-Jong Kim and Chong-Won Lee

ABSTRACT

This paper proposes an adaptive feedforward controller (AFC) based on LMS for periodic disturbance

rejection in active magnetic bearing system. The proposed controller does not alter the stability and

robustness of the existing AMB system. It is shown that the control delay due to the eddy current as well as

runout and unbalance can be identified and compensated using the estimated displacement from the

measured magnetic flux. The simulation results confirm that the proposed scheme successfully identifies

and compensates for the runout, unbalance and eddy current effect, leading to a high-precision magnetic

bearing system.
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Fig. 1 Block diagrams of AFC based on LMS

algorithm (a) with control input voltage feedback

and (b) with current and flux feedback

2% 1-elA Hops
solRol Aol 71E 3
Fass

-173-



y=GCLy,+GCL(KSr—rC)+Gufu (1)
o 7]A,
G4GrGc
GCL =8t
1+KsGAGRGC
1
G, =
2 4
(ms _—¢f4’Kﬁ))(]+KsGAGRGC)
Ho
e RO, gE HAAG gse waPEe
Gepdth A5 b dobgs BEINg
AASFET 27 GHE O3B 2ol AW,

J =2 (k)= {Gey (Kor (k) =r (k)= 1. (k) + G fo (k)}2
{3 (k)~Gevy, (/‘)}2

(2)

rr

A71M, ~ & F4 @& dvlsd, #4884
e 2o BARRY 3% 5 ok
_ 8- R ji(k)

- (3)
Kp

(k)

24 g dastsly] 9§ LMS e SdA
kel A FAFA LR AR i B
Az r)E oed 2o

r.(k) = wy, sin(kQT) + w; . cos(kQT) (4)

de HE A5 w, % w, = GEH 2ol FRE,

wis (k +1) = w (k) + 2 ue(k)sin(kQT)
Wi (k +1) = wy (k) + 2 pe(k) cos(kQT)

&)

o)9 X Ao FAH HFHoR FaAA = BY

ghek prlle} Fulgo] ois) olge AAS: HdE
s A @D OF Wi Wi, was Wac
Wee 9 2ol sine cosined] FFE Zn7ie]

Arg AAstd Ao

z

(b)
Fig.2 Magnetic bearing model (a) bearing plane

with 8 poles and (b) magnetic flux density model
22 ANT{ B 1Y

HA7) Wolg L SAFHE TN At @
Fo) s mbERE e ARG ARgIch
[e]

o

F3d Fol M 7B

B(¢) = By sin(n2t)
B, =—§§7;1’-Z{cosn(%—a)—cosna} (N

n=1
n=4k, k=135
o7lA B, uloloja L WE o= Fo 94X
zholty, A% YR WzERE 3 HEd HYol

2AED, o)z Qg FAF A5L Te 2ok

-174-



Ne ie
Rm

P = (8)
AN i GdFE JElY, RS A7 ARE
Uehdch, 2 (@3%E #asE e A58
Eg3 Aar] woly § FollA viFERE Az e
A& Az271E e g2 Zo] yehd £ ok

Py :¢b +¢ _d’é (9)
& =¢b"¢c +4,
1
F= —_‘(¢u +¢1)(¢u _¢1)
Hod (10)

4 4
= A¢b¢c oA PP

A71M, ¢, o ¢ & A7 9, olal AN A=,
b = Molola A& g & Ao A%, 4 2o

welde deid, 29 1-m9 4% dol=
9= AAE  ogs  SART £@Y

BANEE et 2k

- 1 _A
QuyxganKpﬂkPun Vi

uﬁun

AN o] &5t
Tt £ Jd2E Holr] 93lo
L a9 3L 1X9 2XAl ¥

Aokgol Un, 1800rpmoE B AP,
y=08 7% ¥l Wiy Axw gus By

Aolth. 0.2seciEl A& Ao77t FHEA
Hobgol HAHT YFE HAFH Yok ol
dol Aue vgd 2o
r(k)=12sin(60kxT)+5cos(60kxT)

+4sin(120kzT) +8cos(120kzT) (um)

a9 3~ F¥9 9d AFEYE dojxe
v AEE thew 2.

r. (k) = {12.0sin(60k7xT)+5.0cos(60kxT)
+4.0sin(120kxT) +8.0cos (120kzT )} x107

HE B Ase Hokx Awg dAsE #e
Helr},
60
w0
£ 20
=%
= 0
= .
20 A
-40
-60 - T T I ——
0.0 0.2 0.4 [ 0.8
time. sec
(a)
(x10°K.)
15
2
FY

time. sec
()]
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displacement and (b) filter coefficients
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(a) rotor displacement and (b) fliter coefficients
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(a) rotor displacement and (b) filter coefficients
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Fig.6 Periodic disturbance identification subject
to runout, unbalance and eddy current flux effect:

filter coefficicents at (a) 20Hz and (b) 30Hz
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