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A Feed-Forward Control Strategy for Compensating Rotor
Vibration of Six-Pole Radial Hybrid Magnetic Bearing
with Fuzzy Adaptive Filter
Huangqiu Zhu and Mingjie Tang*

Abstract—In order to solve the problem that the unbalance vibration caused by rotor mass eccentricity
of the six-pole radial hybrid magnetic bearing (HMB) seriously aﬀects stability and security of the
system, a feed-forward compensation control strategy for rotor unbalance vibration based on fuzzy leastmean-square (LMS) algorithm is proposed. Firstly, the structure, operation principle, and mathematical
model of the six-pole radial HMB are introduced, and the cause of rotor vibration is analyzed and the
dynamic equation of rotor deduced. Secondly, an LMS self-adapting ﬁlter is improved by using a fuzzy
inference system, and the step size of the LMS algorithm is combined with the fuzzy control theory. By
using the Takagi-Sugeno (TS) fuzzy inference machine system to adjust the step size of the algorithm,
the ﬁlter output can approach the unbalance vibration signal smoothly and quickly, and realize the
vibration compensation of the rotor. Finally, the simulations and experiments are carried out to verify
that the proposed method can not only eﬀectively suppress the unbalance vibration of the six-pole radial
HMB rotor in real time but also have good compensation accuracy. The results show that the vibration
compensation eﬀect of fuzzy LMS algorithm is better than that of ﬁxed step size ﬁltering algorithm.

1. INTRODUCTION
Magnetic bearing is a kind of supporting device which uses magnetic ﬁeld force to suspend the rotor
stably in the equilibrium position and achieves no mechanical contact between the rotor and the stator.
So the magnetic bearing has the advantages of no friction, no wear, no lubrication, high speed, and
high precision, and can be widely used in life science, energy transportation, industrial manufacturing,
aerospace, and other ﬁelds [1–3].
The bias magnetic ﬂux of the hybrid magnetic bearing (HMB) is generated by a permanent magnet,
which can reduce the system power consumption and control circuit volume, save costs, and have the
advantages of high eﬃciency and compact structure [4–6]. Six-pole radial HMB adopts a double-slice
structure, which improves the nonlinearity and coupling caused by structural asymmetry, and has great
research signiﬁcance. However, practice shows that when the rotor rotates at a high speed, due to
the defects of the mechanical processing of the motor rotor, the rotor cannot avoid eccentricity, and a
unique periodic vibration problem occurs, which seriously aﬀects the rotor rotation accuracy and system
stability. So, the study of compensation for unbalance vibration of magnetic bearing rotor is a very
important subject [7, 8].
The vibration compensation control of rotor has been studied extensively. Magnetic bearings
generally have two control modes for rotor unbalance vibration. One is automatic balance, and the other
is unbalance compensation. The unbalance compensation method extracts the vibration signal with the
same frequency as the rotation speed to generate a certain control force to balance the unbalance
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force and make the rotor rotate around its geometric axis [9, 10]. In order to suppress synchronous
vibration of the magnetic bearing rotor with gyroscopic eﬀect and coupling, a novel cross-feedback
notch ﬁlter is proposed in [11]. The experimental results show that this method has remarkable eﬀect
on the suppression of synchronous vibration and the maintenance of stability. Aiming at the output
regulator problem of input delay system, an unbalance compensation method for active magnetic bearing
with input delay is proposed in [12]. An unbalance compensator based on the real-time variable step
polygon iterative extraction algorithm is proposed in [13], which can eﬀectively suppress the unbalance
vibration of the rotor of active magnetic bearing in steady state and variable speed operation. Automatic
balance method eliminates the unbalance vibration component in the displacement signal by ﬁltering
or oﬀsetting to make the rotor rotate around its inertial axis [14]. In terms of automatic balancing, an
adaptive compensation algorithm to compensate the displacement stiﬀness by generating the target coil
current is designed in [15]. This method can automatically compensate the change of power ampliﬁer
and induction electromotive force to realize the suppression of vibration force and vibration torque.
In order to suppress the multi-frequency vibration in the rotor system of AMB high-speed motor, a
method to control the multi-frequency vibration of rotor system by current compensation is proposed
in [16]. The variable step triangular iterative search algorithm is used to accelerate the recognition
of multi-frequency current coeﬃcient and improve the compensation eﬀect. Due to the advantages of
simple calculation, simple structure, good robustness, and tracking performance, the least-mean-square
(LMS) algorithm is also widely used in the study of vibration compensation for magnetic bearing
rotors [17]. However, there are some problems in the process of using LMS algorithm for rotor vibration
compensation control. The smaller the algorithm step size is, the smaller the error is when reaching
steady state, but the slower the tracking speed of the system is. The larger the step size of the algorithm
is, the faster the tracking speed of the system is, but the greater the error is when it reaches the steady
state, which leads to insuﬃcient compensation accuracy. Therefore, when the ﬁxed step LMS algorithm
is used, there is a diﬃcult contradiction between the tracking speed and steady-state error of the system,
which cannot meet their requirements at the same time.
A fuzzy adaptive ﬁlter is used as a feed-forward compensation controller in this paper, and LMS
algorithm is used to provide an unbalance vibration compensation signal for the magnetic bearing
rotor system. Aiming at the problem that tracking speed and steady-state error cannot be taken into
account simultaneously in the process of rotor vibration compensation control using ﬁxed step size LMS
algorithm, the concept of fuzzy control is introduced in this paper. The TS fuzzy inference machine is
designed to control the size of the LMS algorithm step size, so that the step size factor can be adjusted
according to the actual feedback error signal. As a result, the output signal of the ﬁlter can be quickly
approximated to the expected compensation signal, and the steady-state error of rotor is not too large,
which improves the eﬀect of unbalance vibration compensation for the HMB rotor system.
2. MODELING OF SIX-POLE RADIAL HMB ROTOR
2.1. Structure Principle and Mathematical Model
The six-pole radial HMB adopts a two-piece structure. As Fig. 1 shows, the permanent magnet is
annular and magnetized along the axial direction. In Fig. 1, 1 is the permanent magnet, 2 the stator,
3 the control coil, 4 the rotor, 5 the control ﬂux, and 6 the bias ﬂux. The structures of the left and
right stator sheets are the same, consisting of a circular stator yoke and six magnetic poles uniformly
distributed along the circumference, which are symmetrically placed on the left and right sides.
The magnetic ﬂux of the six-pole radial HMB consists of two parts: bias ﬂux and control ﬂux. The
bias ﬂux ﬂows out from the N pole of the permanent magnet and enters the stator yoke, magnetic pole,
air gap, rotor, and returns to the S pole of the permanent magnet. The bias ﬂux is oriented towards the
center of the circle in the air gap on the left and deviates from the center in the right air gap. When
the incoming current in the control coil of a certain phase is positive, the control ﬂux pointing to the
center of the circle is generated in one side of the magnetic pole and air gap, and the control ﬂux away
from the center of the circle is generated in the other side of the magnetic pole and air gap. At this
time, the control ﬂux and bias ﬂux are in the same direction and superimposed on each other, resulting
in the suspension force along the direction of the phase magnetic pole. Conversely, when the incoming
current is negative, the suspension force in the direction of the magnetic pole decreases.
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Figure 1. Structure of six-pole radial HMB.
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Figure 2. Equivalent magnetic circuit.

As Fig. 2 shows, Φm is the total bias ﬂux. N is the total number of turns per phase coil. Fm is the
magnetomotive force of the permanent magnet. Φj11 , Φj12 , Φj21 , Φj22 (j = A, B, C) are the per-pole
ﬂuxes. iA , iB , iC are the inverter currents. If the radial displacement ofs rotor are x, y, then
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the basis of ignoring the dimensionless above two ranks, the formula of suspension force can be obtained
as follows:
⎧
FA = kxy · x + kir · iA
⎪
⎪
√
⎪
⎪
⎨
1
3
kxy · y + kir · iB
FB = − kxy · x +
(3)
2
2
√
⎪
⎪
⎪
⎪
⎩ FC = − 1 kxy · x − 3 kxy · y + kir · iC
2
2
2

where kxy = 2μ0δS3r Fm and kir = μ0 SrδF2 m N are radial force-displacement coeﬃcient and radial force-current
r
r
coeﬃcient, respectively.
The suspension force model is obtained by Clark transformation as follows:
⎤
⎡
⎤
1
1 ⎡



iA
1
−
−
⎢
1 0
x
Fx
3
2
2 ⎥⎣
√ ⎥
√
iB ⎦
+ kir · ⎢
= kxy ·
(4)
⎣
Fy
0 1
y
2
3
3 ⎦
i
0 −
C
2
2

16

Zhu and Tang

2.2. Mechanism Analysis of Causes of Rotor Vibration
An unbalance vibration occurs when an object rotates at high speed. Unbalance vibration can be
divided into two types: static imbalance and dynamic imbalance.
The static imbalance is mainly due to mass eccentricity, as shown in Fig. 3. M is the axis of the
rotor, which is the geometric center of the rotor. D is the centroid of the rotor, and λ is the distance
from the centroid D to the axis M . When the rotor rotates at a certain speed, a centrifugal force is
generated due to the rotor eccentricity. This centrifugal force will lead to the periodic vibration of the
rotor and even transfer to the seat, resulting in the instability of the magnetic bearing system.

Figure 3. Static imbalance.

Figure 4. Dynamic imbalance.

The dynamic imbalance is mainly due to the inertia axis of the rotor ν which is not in a straight
line with its rotating axis υ, forming a certain angle θ. Vibration occurs when the rotor rotates at high
speed, as shown in Fig. 4.
Whether static imbalance or dynamic imbalance, it will cause the rotor to vibrate at high speed.
For the six-pole HMB rotor system studied in this paper, because the stiﬀness of the rotor is very strong,
and the two ends of the rotor are equipped with a bearing protection device, the unbalance vibration of
the rotor is mainly caused by static imbalance. The unbalance vibration compensation control strategy
studied in this paper is aimed at the vibration caused by static imbalance.
2.3. Kinetic Equation for Rotor of Magnetic Bearing
As Fig. 5 shows, the rotor produces centrifugal force due to mass eccentricity, resulting in unbalance
vibration, and the rotor geometric center does not coincide with the center of mass. xy is the stationary
coordinate system, dp the rotating speed synchronous rotation coordinate system, M (xα , yα ) the rotor

Figure 5. Rotor mass eccentricity.
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geometric center, and D(xβ , yβ ) the rotor centroid. The geometric coordinate relations of M (xα , yα )
and D(xβ , yβ ) can be expressed as:

xβ = xα + λ cos (ωr t + ε)
(5)
yβ = yα + λ sin (ωr t + ε)
where λ is the distance of mass eccentricity. ωr is the rotor mechanical angular velocity. ε is the initial
mass eccentricity directional angle.
As the rotor rotates at angular velocity ωr , the unbalance vibration centrifugal force due to mass
eccentricity can be expressed as:
(6)
FM = mλωr2
where m is the quality of the rotor.
It can be seen from Eq. (6) that the magnitude of the centrifugal force generated is proportional to
the square of the rotor speed, that is, the higher the rotational speed is, the more violent the unbalance
vibration of the rotor will be. When the rotor system is running at high speed, the accuracy of the
rotor and the stability of the system will be seriously aﬀected.
Because the direction of centrifugal force produced during rotation is always consistent with the
direction of rotor mass eccentricity, the direction of centrifugal force will also change periodically with
the rotation of rotor. In a stationary coordinate system, the dynamic form of centrifugal force can be
expressed as:
(7)
FM = mλωr2 ej(ωr t+ε)
Their components on the x- and y-axes can be expressed as:

FMx = mλωr2 cos (ωr t + ε)
FMy = mλωr2 sin (ωr t + ε)

(8)

If the gyroscopic eﬀect is not taken into account, according to Newton’s law, the vibration equation
of rotor radial displacement caused by rotor mass eccentricity can be expressed as:
⎧
⎪ m d22xα + cx dxα + kx xα = mλω 2 cos (ωr t + ε)
⎨
r
d t
dt
(9)
2
⎪
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y
y α
r
r
d2 t
dt
where cx , cy , kx , ky represent the damping and stiﬀness of the rotor system in the horizontal and vertical
directions, respectively, then

xα = A cos (ωr t + ε − η)
(10)
yα = B sin (ωr t + ε − δ)
where A and B are the displacement amplitudes along the x, y axes caused by the rotor eccentricity,
respectively. η and δ are the angles related to the rotor speed, rotor mass, coupling parameters, and
stiﬀness coeﬃcient.
It can be seen from Eq. (10) that under the inﬂuence of centrifugal force produced by the mass
eccentricity of the rotor, the radial displacement of the rotor has periodic ﬂuctuation, that is, the
unbalance vibration of the rotor occurs.
3. UNBALANCE VIBRATION COMPENSATION BASED ON FUZZY ADAPTIVE
FILTER
LMS adaptive ﬁltering algorithm, as a gradient algorithm, can accurately track the frequency and phase,
constantly approach the target, and keep the ﬁlter stable when the external disturbance changes. As
shown in Fig. 6.
Set the basic input as:
(11)
d (k) = s (k) + A0 cos (ω0 k + φ0 )
where s(k) is the required signal, A0 the amplitude of sinusoidal interference, ω0 the normalized angular
frequency, and ϕ0 the phase.
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Figure 6. Schematic illustration of LMS adaptive ﬁlter.
Set the reference input as:
x (k) = A cos (ω0 k + φ)

(12)

where the amplitude A and phase ϕ are diﬀerent from the physical quantities of basic input, but the
angular frequency ω0 is the same.
If the LMS algorithm in the form of real numbers is used, the update of weights is based on the
following equation:
y (k) =

M
−1


wi (k) x (k − i)

(13)

i=0

e (k) = d (k) − y (k)
wi (k + 1) = wi (k) + μx (k − i) e (k)

i = 0, 1, . . . , M − 1

(14)
(15)

where M is the length of the transverse ﬁlter, and the constant μ is the step size factor. The sine
excitation input x(k) and the weight updating equation of the LMS algorithm are combined into a
single open loop system. The results are as follows:
x (k − i) = A cos [ω0 (k − i) + φ]

A  j(ω0 k+φi )
e
+ e−j(ω0 k+φi )
=
2
where

φi = φ − ω0 i

(16)
(17)

The input x(k − i) is multiplied by the estimated error e(k), and their product is obtained by z
transformation. The results are as follows:


 A

A
(18)
z[x (k − i) e (k)] = ejφi E ze−jω0 + e−jφi E zejω0
2
2
After z transformation, Equation (15) is expressed as:
zWi (z) = Wi (z) + μz[x (k − i) e (k)]

(19)

By substituting Equation (18) into Equation (19), the result can be expressed as:


μA 1  jφi  −jω0 
e E ze
+ e−jφi E zejω0
(20)
Wi (z) =
2 z−1
By substituting Equation (16) into Equation (13) and after z transformation, the result can be
expressed as:
M −1




A   jφi
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e Wi E ze−jω0 + e−jφi Wi E zejω0
Y (z) =
2
i=0

Progress In Electromagnetics Research C, Vol. 109, 2021

By substituting Equation (20) into Equation (21), the result can be expressed as:


1
1
μM A2
E (z)
+
Y (z) ≈
4
ze−jω0 − 1 zejω0 − 1
Hence, the open loop transfer function G(z) is


Y (z)
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1
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≈
+
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(22)

(23)
(24)

(25)
(26)

The zero points in the formula are z0 = e±2jω0 . When the desired signal frequency ω is equal to
the input signal frequency ω0 , H(z) is 0, and the ﬁlter realizes ﬁxed frequency point ﬁltering.
The principle of vibration compensation by adaptive ﬁlter is to input the sine cosine signal with
the same frequency as the speed at the reference input, and the sine cosine signal is always the same
frequency as the speed. The adaptive LMS algorithm is used to adjust the weight coeﬃcient of the
reference input signal to obtain the estimated compensation signal which can compensate the rotor
vibration displacement. Finally, by subtracting the compensation signal from the main signal, the
unbalanced vibration component in the displacement signal is eliminated. Because the error signal
obtained by subtraction is input into the LMS algorithm to update the weight coeﬃcient, after repeated
iterations, the eﬀect of vibration compensation is ﬁnally achieved, as shown in Fig. 7.
It should be note that the step size of the LMS algorithm is a very important parameter. Therefore,
when selecting the LMS algorithm as an adaptive ﬁltering algorithm, we need to carefully consider the

Figure 7. Schematic diagram of vibration compensation by LMS adaptive ﬁlter.
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value of the step size. In order to overcome the contradiction between the tracking speed of the ﬁlter
and the steady-state error of the rotor system when the step size of the algorithm is ﬁxed, the fuzzy
step size LMS algorithm combines fuzzy control with adaptive approach and uses the fuzzy inference
system to determine the step size of the ﬁltering algorithm. The fuzzy inference system in this paper
uses a ﬁrst-order TS fuzzy inference machine.
Since both the error e and error variation de are closely related to the step size μ, e and de are
selected as the system input, and the output of the system is μ. e is divided into three fuzzy sets: small
(S), medium (M), large (L). de is also divided into three fuzzy sets: negative (N), zero (Z), positive (P).
The triangular membership function is chosen to achieve blurring, as shown in Fig. 8. The output μ of
the system is also divided into three levels: small (S), medium (M), large (L).

Figure 8. Membership function.
The fuzzy inference system uses a ﬁrst-order TS fuzzy inference machine, which makes Ri represent
the i-th rule of the fuzzy system. The ﬁrst-order fuzzy conditional statement is
Ri : IF x1 is Ai1 and . . . and xn is Ain then y i = ai0 + ai1 x1 + . . . + ain xn
where xn represents the n-th input variable in the i-th rule, n = 1, 2, 3 . . . k. Ain represents the fuzzy
set corresponding to xn in the i-th rule, and y i represents the output of the i-th rule. ain represents the
parameter corresponding to xn of the i-th rule. It can be seen that the output of the TS fuzzy inference
machine directly contains the linear combination of the input signals, which is more suitable for the
adjustment of fuzzy control rules.
The input of the fuzzy control system in this paper is e and de, and the output is μ. As Fig. 9
shows, by blurring the variation of the error signal de and the error signal e, the step size of the LMS
algorithm μ is obtained according to the output function μj = aj0 + aj1 e + aj2 de. TS fuzzy control
structure diagram is shown in Fig. 10. The ﬁrst column inputs the actual signal; the second column is
to blur; the third and fourth columns are fuzzy reasoning; and the ﬁfth column gets the clear output.
The system designed in this paper has 2 inputs e and de, 1 output μ, and each input has 3 fuzzy subsets.
There are 9 fuzzy rules, and each rule has 1 output. Finally, the output is synthesized into one output
μ by output function.
Fuzzy rules of the TS fuzzy inference machine are shown in Table 1. Because of its own
characteristics, the ﬁrst order TS fuzzy inference machine system do not need to be deblurring, and the

Figure 9. Fuzzy adaptive ﬁlter.
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Figure 10. Fuzzy control structure.
Table 1. Fuzzy control rules.
Error e
S
S
S
M
M
M
L
L

Error variation de
N
Z
P
N
Z
P
Z
P

Step size μ
S
S
M
S
M
L
L
L

ﬁnal output is obtained by weighted average of each fuzzy rule output according to its corresponding
weights.
4. SIMULATION AND EXPERIMENT
4.1. Experimental Platform
The experiment was carried out on the experimental platform shown in Fig. 11. The experimental
device mainly includes eddy current displacement sensor, displacement signal interface circuit, DSP
controller minimum system, DC power supply, radial power drive board, AC power supply, personal
computer (PC), DSP simulator, etc.
Basic parameters of the six-pole radial HMB: the air gap length of the HMB prototype is 0.5 mm;
the saturation magnetic induction intensity is 0.8 T; the radial magnetic pole area is 260 mm2 ; the
maximum installed turn number of the radial coil is 160; the magnetomotive force of the permanent
magnet is 320 At; the radial width of the magnetic pole is 16 mm; the axial width of the permanent
magnet is 3 mm; the length of the magnetic bearing is 25 mm; and the maximum radial bearing capacity
can be 200 N.
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Figure 11. Experimental platform.
4.2. Simulation Analysis
The vibration signal is simulated by sine wave in the simulation software Matlab; the amplitude is
0.5 V; the setting frequency f is 250 Hz, as shown in Fig. 12. The frequency can be dynamically
adjusted according to the experimental needs. Since the eddy current sensor is used in the experiment,
the output voltage range is −18 V ∼ −2 V. When the rotor is stably suspended, the output voltage
of the sensor is about −10 V, so the voltage at the balance position of the simulated rotor is −10 V.
Algorithm step size of the adaptive ﬁlter μ takes the ﬁxed values of 0.06 and 0.6, respectively, compared
with the fuzzy adaptive ﬁlter which uses the fuzzy step size. The simulation diagrams of the unbalance
vibration compensation eﬀect are shown in Fig. 12, Fig. 13, Fig. 14, respectively.

Figure 12. The displacement signal when μ is 0.06.
As Fig. 12 shows, when the algorithm step size of the adaptive ﬁlter μ is 0.06, the magnetic bearing
rotor realizes the compensation of unbalance vibration after 0.017 s. At this time, the amplitude of
displacement signal after compensation is 0.05 V, and it diﬀers from the target equilibrium position by
0.1 V.
As Fig. 13 shows, the algorithm step size of the adaptive ﬁlter μ is 0.6, and the time for the magnetic
bearing rotor system to realize the unbalance vibration compensation is 0.007 s. Compared with the
algorithm where μ is 0.06, the tracking time of the adaptive ﬁlter is greatly reduced. The amplitude of
displacement signal after compensation is 0.18 V; the amplitude is relatively large; and the diﬀerence
from the simulated rotor equilibrium position is close to 1 V.
When the adaptive ﬁlter adopts the fuzzy step size LMS algorithm, as shown in Fig. 14, the magnetic
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Figure 13. The displacement signal when μ is 0.6.

Figure 14. The displacement signal after vibration compensation when using fuzzy step size.
bearing rotor system realizes the compensation of unbalance vibration after 0.01 s. The amplitude of
the compensated displacement signal is only 0.09 V, and the diﬀerence from the equilibrium position is
only 0.3 V.
It can be seen that when the step size of adaptive ﬁlter algorithm takes a large ﬁxed value, its
convergence speed is fast. The tracking ability is strong, and the vibration compensation can be
realized quickly. However, the amplitude of the displacement signal after compensation is large, and
the diﬀerence from the rotor balance position is large. When the step size of adaptive ﬁlter algorithm
takes a small ﬁxed value, the amplitude of the displacement signal after compensation is small, and the
displacement signal is close to the rotor equilibrium position, but the tracking speed is too slow to meet
the requirement of real-time compensation when the rotor changes speed. It can be seen from Fig. 14
that when the fuzzy step size LMS algorithm is used, the magnetic bearing can realize the unbalance
vibration compensation smoothly. The amplitude of the displacement signal after compensation is
small, and the rotor is close to the equilibrium position. Because its step size can be adjusted according
to the feedback error signal, when the rotor vibration is large at the beginning, the larger step size is
used to accelerate the tracking speed, which makes up for the problem that the tracking speed is too
slow to realize the vibration compensation in real time when the smaller ﬁxed step size is taken.
4.3. Experiment Research
Considering that the speed changes dramatically when the magnetic bearings are ﬂoating and stopping,
the algorithm with strong tracking ability is needed. When μ is small, it is obvious that the tracking time
is too long to meet the real-time compensation requirement. Therefore, we choose the LMS algorithm
with large ﬁxed step size μ which is 0.6 and the fuzzy step size LMS algorithm to experiment and
compare the performance of their vibration compensation.
When the compensation measure for unbalance vibration has not been implemented, the motion

24

Zhu and Tang

Figure 15. The rotor trajectory without vibration compensation.
trajectory of the magnetic bearing rotor is shown in Fig. 15. It can be seen from the diagram that
the rotor’s motion trajectory is annular, and the track diameter reaches 0.12 mm. The rotor is greatly
aﬀected by centrifugal force, which makes the rotor unbalance vibration occur during operation and
seriously aﬀects the operation accuracy of the magnetic bearing rotor system.
Figure 16 shows the motion trajectory of the rotor after the vibration compensation control is
applied. At this time, the ﬁltering algorithm of the ﬁlter adopts a ﬁxed step size LMS algorithm, and
the step size is set as 0.6. It can be seen from the diagram that the motion trajectory of the rotor after
compensation is obviously gathered to the center, and the trajectory diameter is reduced to 0.06 mm,
which means that the method achieves the expected compensation eﬀect. However, the steady-state
error is large, that is, the amplitude of the rotor after compensation is relatively large, and it diﬀers
signiﬁcantly from the target equilibrium position of the rotor.

Figure 16. The rotor trajectory when μ is 0.6.

Figure 17.
fuzzy μ.

The rotor trajectory when using

As Fig. 17 shows, fuzzy step size LMS algorithm is used as ﬁlter adaptive algorithm to implement
unbalance vibration compensation. The algorithm step size is adjusted adaptively by fuzzy inference
system according to feedback error signal. It can be seen from the diagram that the rotor’s amplitude is
obviously reduced after compensation, and the rotor motion trajectory diameter is reduced to 0.03 mm.
The compensation eﬀect is obvious. In addition, the steady-state error of the compensated rotor is
smaller, and the rotor is closer to the target equilibrium position.
Figures 18 and 19 are the displacement response curves of the rotor after vibration compensation
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Figure 18. The displacement when μ is 0.6.
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Figure 19. The displacement when using fuzzy
μ.

when the algorithm step size is 0.6 and the fuzzy step size, respectively. It can be seen from the diagram
that when the control strategy of fuzzy step size algorithm is adopted, its compensation eﬀect is more
obvious.
Experimental results show that when the fuzzy LMS algorithm is selected as the ﬁltering algorithm,
the amplitude of the compensated rotor is smaller, which is closer to the target equilibrium position, and
the compensation eﬀect is more obvious. Because the step size can be adjusted according to the external
error signal, when the rotor vibration is large, a larger step size is used to speed up the tracking speed,
which can satisfy the real-time vibration compensation at the same time. As the magnetic bearing is
applied in the ﬁeld of high precision, the fuzzy LMS algorithm described in this paper can show its
superiority.
5. CONCLUSIONS
An unbalance vibration compensation control method for six-pole radial HMB rotor system based on a
fuzzy adaptive ﬁlter is presented. Fuzzy step size LMS algorithm is used as adaptive ﬁltering algorithm,
and fuzzy control system is used to adjust the step size of the algorithm. When the initial stage of the
system operation or the speed change is large, a larger step size is used to speed up the ﬁlter tracking
speed to improve the real-time performance of the vibration compensation. When the system tends to
be stable, and the rotor vibration is suppressed, a smaller step size is used to obtain a smaller steadystate misalignment, which improves the compensation accuracy and makes the rotor closer to the target
equilibrium position. Comparing the proposed fuzzy adaptive ﬁlter with the ﬁlter with the ﬁxed step
size LMS algorithm in vibration compensation eﬀect, it can be found that the proposed fuzzy adaptive
ﬁlter has obvious advantages. The simulated and experimental results show that the proposed method
of rotor unbalance vibration compensation control has the advantages of adopting larger algorithm step
size and smaller algorithm step size. It meets the requirements of real-time compensation and small
steady-state error at the same time, and greatly improves the compensation eﬀect, which is suitable for
high precision applications.
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