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Identification of Active Magnetic Bearing Actuator

Using Unbalance Compensation Method

Cheol-Soon Kim and Chong-Won Lee

ABSTRACT

In this study, the in-situ parameter identification method for active magnetic bearing (AMB)
actuator based on an open-loop balancing scheme is proposed. The scheme utilizes the relation
between the compensating voltage and the known unbalance force. Main advantage of this method
is that it is easy to use, yet it gives the actuator dynamics on the actual operating condition of an
AMB system. The experimental results show that the proposed scheme compensates the known
unbalance accurately and consequently identifies the actuator dynamics effectively.
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Figure 1 Block diagram of AMB system.
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Figure 2 Schematic diagram of the AMB system
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Figure 3 Block diagram of AMB actuator.

- 263 -



G (9)=(F, /1, i) = G g (@)™

G (i9) = (F, /7. XiQ) = G (@)
A7 Gy, Giw LB g, w = FF T35 QoA
y-(z-) $EFY TE719 2719 A%E 474 vEd
ot A3l A de F2 AEFE9 g
A 2 mL9 HFXEA S (inductance), 18] L A=A
o] AF &4 M verdA dd. oA A
(13)% ARAD & 2Ystd Fog5 G904 A
39 Fuz 29 o3 2ot

(13)

e fem)

ny(.lw)_ l+ja)rgy (l+jwrcX1+ja)TIX1+jaJT2) (14
G .

G, (jo)=—2L2 (1+jor,)

- 1+jor,, (1+jwz'CX1+jan'1X1+ja)1'2)

A7NA 1, .t SFAFA AT AF-AAIH Ao
o ARoln, = ZEY fAEAFA AT A
T, 23 g, 1, e FAFEITFINY AZFoln.
AMB A2®HE AHAA £3589 ggel Az
FH718 LA stz s/ B
AgTe M2 A9 2ga £ 5 U

ol&

4. A d1 R =Y

Figures 20| Yebd AMB Al=®l2 3Ax 9} 271
9] #Azivio]¥y, DSPE ol&% dAE Aor] #
Host PC, 23]3 4709 W HAM 2 AEFEr =
TFA o] 9ltt. PCE DSPS} Dual-port W X222 AZF
s o], DSPol Alo] W, Ao olF, BAA dHolH,
agn RHe AFE A4sa, DSPERE A
A WY dHolgE ol s A BYNZ A
2 2 AMB Al2"9] 4 AFS A HA
Aol F71& S0usec(20kHz) ©lH, BAHN L 3 3
AAe ZYAE AFTE ol 838l DSpiA Az
gk A7) AR Y] A, AS WA, 4=450
mm?, ¥, £,=0.90 mm, WM, N=4003], z}7]H %7
%, L=56mH, 37+, a=092010], A2 Zsf
m=834kg, M ¥ 244, p=277mm o|t}.

AR F5719 53 548 7EE7] 96, A
A PCAA 714 SE HAAAA DSPY #HHAY
olHZ B3 ol g ggF} x7] Fe9 &7
<€ ZAP o83 g2 Y= B7F A%, U7,
70)" gmm0°E | AA N TG F olo o7
< FAY g 28 ~ (12)0 AAE HA ol

weta 2t AT g RS AMB TF
719} o] §& T

Figure 49} 5& AAE WY& o] &3t 73
A Fogo @& AMB 75719 o5& Yehdd
ol B¥ A7le A FH+7t 8000pmoE T
Aoz FUHERE 4 4 idh Wl YAdxdR
3.7degrees/1000pm o2 vj$ £& & & gt} o=
FE AAA 9 {x Bt o7 o] F gdolm
PE= FHdFo ogt Aoz =

A Ao ASFE Y8 T RAMIE 9
&3t 5000rpmoll Al A@F A Figure 633 2o
YHelwth ol& W B4 F FAA ¥ ium
ojl 2, ui-¢- AFsHA AL HASE ¢ T o
o, o] Figures 49} SolA FE719 E4o] AHH
22 AREEHASE W5Ee Aotk

Table 12 (15)E ©] &3l o]&Foz Fg A
AN FE719 ol5[8] B H¥EHoF 7Hg TF
71¢] olzRE AXE AF AAF
(current stiffness)©] ©}.
K = apg N2 ATy +1y)

' 2¢3
A71A w[=4nx10"H/m]E A3 o)A 9 Fzgol
o. A4k 154 FE71Y Fa5 EA4L 183
A @3 KE 0428 AHE3K T Figure 4, 59 2
F258 2149 P& oo FF FTFIY
AldTE &3 2o

K, =040, 7, =3.25x10%sec, 17,=2.2x10"sec

7, = 1.87x107sec, 7, = 1.53x107%sec, 7, = 5.49x10sec
olg R HIYF L9 o|S[HF/AE 589 ©
g7t 23, 53] o]gFez mIA RPY 44
Fol 91 AT, o7t vy 2 AL ¢ F Utk

o5 2

[N/A], G, =K,K,[N/V] (15)

Table 1 Calculated and identified gains of AMB

. Calculated gains Identified

Direc "
tion 1§ Current [A] K, G, G, K,
Iy / 1, [N/A] | [N/V] | INAV] | [N/A]
Y, §216/1.52 | 190 79.8 78.7 187
Z, 1.50/1.72 164 68.9 65.6 156
Y, §225/1.70 | 192 80.6 81.0 193
Z, 1.65/1.64 165 68.9 71.2 169

* K,= G,/ K, [N/A), where K,=0.42 [A/V]
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Figure 4 Estimated actuator dynamics of AMB-1
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Figure 5 Estimated actuator dynamics of AMB-2
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Figure 6 Unbalance response of AMB at 5000rpm

100
> 80 -
4 [ e ——————— e
L 60F
3 39
§ 0r Gy
= r m———- Gt
20
0 1 | 1 1 i
2000 4000 6000 8000
Frequency, Hz(x60)
(a) Magnitude of AMB-1 actuator
V]

Phase, degree

2000 4000 6000 8000
Frequency, Hz(x60)
(b) Phase of AMB-1 actuator

Figure 7 Fitted dynamics of AMB actuator system
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Table 2 Equivalent bearing parameters of the AMB system

direction Y, Z, Y, Z,
K_[KN/m] 894 802 905 831
C, [N.s/m] 194 164 197 170

Table 3 Modal parameters of the AMB system at 80rps

Calculated Experimental
Mode o,[Hz] 4 o, [Hz] 4
1b 70.3 0.045 69.9 0.071
1f 73.8 0.051 75.3 0.076
2b 89.3 0.062 90.5 0.075
2f 101.6 0.065 103.0 0.056

* o,: Undamped natural frequency, {: Damping ratio
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