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A Transfer Function Approach to Active Magnetic
Bearing Control Systems

Takeshi MIZUNO**
*2 GQaitama University, Dept. of Mechanical Engineering, Shimo-Okubo 255, Urawa, Saitama, 338-8570 Japan

The fundamental properties of active magnetic bearing controllers are investigated from the
standpoint of output regulation in the presence of deterministic disturbances. A transfer function
approach is used in the analysis. The variable to be regulated is selected from rotor displacement,
coil current and bearing force. The treated disturbance is constant or harmonic ; the latter is caused
by rotor unbalance. The essential properties of the controller achieving output regulation for
constant disturbances are derived. Those for unbalance disturbance are also shown by using complex-
variable representation, which makes the procedure of analysis similar to that for constant distur-
bances. The derived controllers for unbalance compensation are converted into two types of real-
variable representation : state equation and convolution integral. It clarifies the equivalence between
the independently developed unbalance compensation controllers. It is also shown that the obtained
results can be utilized in designing controllers.
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Table 1 Classification of the output regulation controls

Disturbance
Variable -
to be regulated Stepwise Unbalance
w.rtep Wb
Displacement Zero static Zero whirling
x position error
Current Zero DC power Zero AC power
i consumption consumption
Force - Zero transmitted
f vibration

Permanent magnet for zero-power control

“ ~

Fig.1 Basic model with single degree of freedom of motion

ky, k. BREORMERK,

z  BLMRPOEN EBHERN S5 OLER)

it ITIVER @HERNSOEER) ,

w, : B ENSPITERT 545 GLEL) .
BB, BAT—BHICOWTRHEBEDIZ, N1 T X
BRI AABAI L > TEATNED, BRGETR
AWERTY, AQ)ERABRERXVRITS.
B0, NHEEEELTRR)ET T ALK

LEHETSZE, RAZHES.
1

2(5) = 5 ol (5) + Ao () “
ZZT,
to(s) = 5" ~aq, ®)
do=tr, poo gl
m m m

Fr, ATy THENL, KXOLdiIZREINS.
W)= ©
3.2 2EHAEETFIN FOVEWHOREEMITT S
BEIE, R2IRTE>R28HEETINVERANVD
T, O—-YOERFMO 2 HHEDOES &N



ERBIEOR Ve B RS O R OB 3509

IZHIET 5 S D7 VESRIZ 2RAICKRLEZEDOT
H5. BRI, 1HHAEZENMEY SN OBHS TH
WIBHH, TITE, BROzD, 1EHEYSED1
HoOBRALMRLTHWRL, BHEROR D THREL
LB AERE, ARoL SRk 5030

m(t) = kox(#) + ki (£) + w(£) U]
my(E) = kex(e) + ki, (8) + w, (1) ®
ZZT

m U= OHEHTOHMER
X,y D=5 OEEHMOBIL,
b dy c xll Y BOFO BRI ORIEE

wy, wy, @ O—ZIZERT D il - y#FmDs.

D— S AT BAAND - DRODENIED S
DTHBETHE, w,, w, BAROLSIcHTZ &

NTES.

Wy =men? cos(wt +y) ©
w,, =meo* sin(wt +) (10)
ZZT,

g, y:A—=FDARDDAENDKRES &AM,
o O—% OEERARE.

UTFTORFTEMRICT 501, DEFOLSE
REBZEEATS.

x, (0 = x(6) + jy(©) (11)

i () =)+ ji, ©) . 12)

Wo (1) = we(t)+ jwy ()= mew 76 @) (13)
NSOEBEAVTRT), @FEFEHETEL, AR
5N%.

m, (£) = kgx, () + ke (£) + we (0) 4
LieH->T, 2HBERIE, AQ)TRERINDIIRAT
LEEHRENRT MVER LD AT ACHERLIZDBOT
HBERBTIENTES O,

HHEOD, OHEEZREELTRNESTIXE

L, BET5LAXEES.
1

&/ ore

Xe(s)= e (bolo(5) + dgW(5)) (15)
e, FODEVIREBAMAEIIARNTRINS.
W, (s) = (16)
s— jo
halbaly o
Ay=men’e’ (17

2B, O—FYOEZBHOLDIC, Vv OFREK
LBHEEFHOHD 2 BHERZERSIHSITR, K@)
iTBWT,
£.(s) = 5% — jecws —ag (18)
ETnEEne,

Z Ly

A/

N €

X x

Fig.2 Basic model with two degrees of freedom of motion

7B, REITBNT L, DEIRI—FLLTo=0&T
&, RAHTERIND 2EBHERIT, K@THRIN
51 HHERESMA 2 DDRICTERICHMTES.

4. 27y THEICHT BV Fa -3

4.1 HERIDOR BEOMIEMZ TIE, B>
YOEFIRETWTHEANNEDSND. ZITE,
BERHPEESEZENRELTREDOT, 21I)E
MEHEHATEARTIENTES. LENST, B
AETA L OBRBHEEEZ2ERT ZHESITE, HEANT
—RIZRADLDIZHETZENTES,
1) =2 7¢5) 9)
g(s)
ZZT, g(s), h(s) IEFREEHEDsDZEAT, U
TOL&ME2HLZTISCBEINS.
Al BWRETH 3.
A2) BV—TRDWERETHS. Tiabb,
t,(5) = (s —a4)g(s) +byh(s) @0)
=0
DRI TNTADERERD.
BRI, MY TON—REBRER D LSRR
ET5.
42 izt hELEBE
T, BHTHE

zw=%%%mw
P

RANER@IZRAL

8(s) 4o 1

% ty(s) s @l
BROEND. HIERHN

X/ W, =0 22)

step

EWSHEEEEREDLDITIE, gl)MNs ZRFIIFDOT
EMPBEERD. Thabb,



3510 RS AV - BESUERSZBIBIR O S AR E D T

g(s) =52(s) (23)
LT, g@)id, k) EEVWKRERs DEEATHS.
Liei->T, #IEERN2)ZEZRT SHESRE, —&
MIZR3DXHickEND. ZORNS, BOBEE
BAWaE QQBERTEDZENEILS<DNS.

4.3 AANBRERHELLBE  DERHBERD
i/ Wygp =0 4)
EVWHBEER R DOOEEERDD. RQDIZK(19)
ERATDIERANTOEND.
__hG)
Iz(s)_ tp(S)dOWZ(S)
g O A
-d%A” . (25)

Lo T, RIEEMQHEERT 22DITIE, Ais)
A

h(s) = sh(s) (26)
}:(s) D g(s) EEWIZHE s DEIHN
ERINBIENREELRD. LOBFREERICET

E, M4@DEIIRD. BUEMST D EEEINR
HENBDT, ZORMNS,

- BEEBICESVWT T4 — RNy 7#IE£2{T5®
Z&itkoT, ENU—HIHEERTZDZ &0DN
5. 7, REOZRALLZAANIE, DEDOLIIKE
BTHENTES.

1) =28 7

g(s)
__ 5 (s+Dh(s) 2
S+7T 2(s)
1 (s+1)h(s)
——H—Z'—g'(-;)—“z(s) @mn
N

ZIZT, 1 RBEEERETOLDICEAINENS
A—FT, AEEBMOMELSBRERITS DT

>0 (28)
BEIETEIOIEETS. RQNHOBERIE, R4®D
XoizRIND. ZOEMS,

- BROBDERHI 74— BNy 7759

ZERESTHENT—RFHEEERTES &80 h
5.
4.4 BEREN  HIEBENER, Q)EERTIED
DEHEE3), @6, A ba—FEFTHRED, HE
HRD/NNTA—=FIEKS 2, BIZED &, (22), (24)
EEET D LD ICREF I NAKERIZ, HEERONR
SA—INEBHLTH, NMWEEENRDODNRVIRD,
ZORMELRDRN. Thabb, REOLFRERL
B THHBNCBERERHERER>TVS

Controller

z 1 Ms)
s g(s) z

Fig.3 General form of the controller for displacement regulation
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Fig.4 General form of the controllers for current regulation
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Fig.5 Unbalance Compensator for displacement regulation
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