2020 sciforum

Conference Proceedings Paper

Online unbalanced vibration suppression of a
flexible rotor supported by active magnetic bearing

Huachun Wul>

1 School of Mechanical and Electronic Engineering, Wuhan University of Technology, Wuhan 430070, China;
whc@whut.edu.cn

2 Hubei Provincial Engineering Technology Research Center for Magnetic Suspension, Wuhan 430070,
China

Abstract: A rotor supported by active magnetic bearing could offer various advantages over
conventional bearings, but due to their limited force capacity, and moreover, the rotor has a mass
unbalance. The vibration originated from the rotor's unbalance mass impacts on the dynamic
properties, and even cause major accidents. Large unbalance is typically responsible for high energy
vibrations and the consequent decrease in machine life. So unbalance compensation on the rotating
machine is necessary, especially for the high speed flexible rotor. While the unbalanced vibration
suppression need shutdown and phase sensor. To solve the problem of online suppress the
unbalance vibration without adding additional hardware equipment in active magnetic bearing-
rotor system, this paper proposes an online unbalanced vibration suppression based on the cross-
correlation method and influence coefficient method. The amplitude and phase are achieved by
cross-correlation method and feedback tracking control method in steady state. The active magnetic
bearings are used to simulate the unbalanced excitation, the compensation amplitude of unbalance
vibration signal are calculated by the influence coefficient method. The method was found to be
effective and practical. An online test program was performed on a flexible rotor based on based on
the Matlab/Simulink and a dSPACE real time system, which showed that the unbalanced vibration
suppression could satisfy the performance and required precision of rotating machine, and the
amplitude of the fundamental frequency of the unbalance vibration is significantly reduced.
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1. Introduction

Nowadays, the rotating machinery has gradually developed from past low-power, low-
efficiency, and low-speed to modern high-speed, high-precision, and high-efficiency. At the same
time, the performance requirements of the rotating machinery are becoming higher and higher,
mainly in high-speed, high-precision, high-speed reliability and adaptability to complex and harsh
environments. Active Magnetic Bearings (AMB) which has no mechanical contact between rotor and
stator can be found in some industry applications such as high speed rotor and turbomolecular
pumps, e.g.l'2. However, due to uneven materials, processing accuracy, assembly errors, and other
reasons, rotating machinery always has a certain unbalance even with very precise machining of rotor
parts. It is difficult to avoid the mass unbalance. But due to their limited force capacity, and moreover,
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the rotor has a mass unbalance. The vibration originated from the rotor's unbalance mass impacts on
the dynamic properties, and even cause major accidents. Large unbalance is typically responsible for
high energy vibrations and the consequent decrease in machine life. So unbalance compensation on
the rotating machine is necessary, especially for the high speed flexible rotor.

Generally, the rotor either spin around its geometric axis by counteracting the unbalance force
or spin freely around its inertial axis by ignoring the synchronous component of rotor vibration
signal, provided that the clearance between rotor and stator is sufficiently largel®*5.. So there have
two control methods which are the unbalance compensation and the automation balancing. While
the unbalanced vibration suppression need shutdown and phase sensor. How to solve the problem
of online suppress the unbalance vibration without adding additional hardware equipment in active
magnetic bearing-rotor system.

In this paper, an online unbalanced vibration suppression based on the cross-correlation method
and influence coefficient method is presented for the flexible rotor supported by active magnetic
bearing. The amplitude and phase are achieved by cross-correlation method and feedback tracking
control method in steady state. The active magnetic bearings are used to simulate the unbalanced
excitation, the compensation amplitude of unbalance vibration signal are calculated by the influence
coefficient method. An online test program was performed on a flexible rotor based on based on
Matlab/Simulink and a dSPACE real time system, which showed that the unbalance vibration
suppression could satisfy the performance and required precision of rotating machine, and the
amplitude of the fundamental frequency of the unbalance vibration is significantly reduced.

2. Methods

2.1. Principle of the cross-correlation method

The initial vibration signal caught by displacement sensors not only contains the fundamental
frequency component, but also includes high-order harmonic, random noise, DC component, etc. Set
the initial vibration signal as

x(1)=x, + 4, sin(27rf0t+g00)+iAl_ sin (277 fit +¢,)+ N (1)

i=1
Where, xo represents DC component, N(f) represents random noise, Aosin(2mfot+qo) is the
fundamental frequency component.

The principle of cross-correlation analysis method is shown as following (Fig. 1) 4l
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Figure 1. The principle of cross-correlation analysis.
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When Rx(0)<0, p-mt+@o ; when Rx/(0)>0 and Rx:(0)<0, @-rt+@o.

2.2. Principle of the influence coefficient method

The influence coefficient method was adopted to calculate the value of the unbalance
compensation, the key of influence coefficient method is to determine the influence coefficient matrix.
The input of the system is the trial weight put on the correction planes; the output is the variation of
the fundamental frequency signal of the rigid rotor under the same condition, the transitive
relationship of input and output is the influence coefficient of the system [4. It can be simulated
unbalanced mass through electromagnetic force due to have two correction plane (at the left and right
AMB) and two measure plane (at the displacement sensor) in the active magnetic bearing-rotor
system, as shown in Fig. 2.
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Figure 2. Active magnetic bearing-rotor system.

Assuming that the unbalanced force of the rotor is supported by the left and right radial
magnetic bearings, so the original unbalanced force on the rotor can be equivalent to the positions of
the two active magnetic bearings by using the equivalent principle 7. Therefore, the aim of
controlling the unbalanced force of the rotor system can be achieved by restraining the equivalent
unbalanced force of bearing position.
and P

By measuring the initial vibration displacement vectors P 20

10 at the measuring plane

(@t
— uzej(”’o +052)

P, and P, at a balance speed, and control voltage signal # =u,e’™ ) and "2 of

the left and right active magnetic bearing were applied to balancing plane £, and plane £A,
respectively, and vibration displacement vectors at each measuring plane were obtained as
13;-11 :R”e/'(wotw,\u) ’ élz :Rlzej((DOIW\IZ) ’ 13;-21 :Pszlej(wwm) and ézz :R-zzej((DOIW\ZZ) . The influence
coefficient of the control voltage i, on the displacement of the measuring plane P, and P, after
the application of the control voltage i, on the balancing plane P, is obtained, as shown in this
Equation.

_Pylo Pz] _Ezo

S
{au a; } _ U U,
Ay Gy Ps12 — Pslo Pszz ~ Pszo

Jot+0r)

Assuming that the control voltage signal U, =U,e is added to the balancing plane B,

J@ot+0;)

and the control voltage signal U, =U,e is added to the balancing plane B,,, the displacement
at the measuring plane P, and P, can be decreased to zero, the unbalanced vector equation can
be obtained as shown in the equation.
aU,+a,u, +P,, =0
{E]Ul +b,U, +P, =0
By solving the above vector equation, the compensation voltage signals that should be added on
the balancing plane £, and P,, can be obtained respectively
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2.3. Principle of the online unbalanced vibration suppression

The compensation voltage signal obtained by above formulation is the compensation signal of

mew”

the equivalent unbalanced interference voltage signal i )4 0 —¢(w), with equal amplitude and
®

opposite phase. From the above analysis, it can be seen that when the influence coefficient method
based on the magnetic bearing is used to compensate for the unbalanced vibration of the rotor, the
control signal can be used instead of the traditional shutdown and counterweight to suppress the
unbalanced vibration of the magnetically suspended rotor, as shown in Fig. 3.
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Figure 3. Principle of online unbalance compensation for maglev rotor.

3. Results

In order to verify the feasibility of the algorithm in this paper, an online rotor unbalance
compensation experiment is carried out. The experimental device is shown in Fig. 4 and Fig. 5, and
the rotor speed is set to 3000r/min. The algorithm in this paper is used to suppress the unbalanced
vibration of the rotor at the left and right magnetic bearings respectively, and the results are shown
in Fig. 6. The blue curve in the figure is the trajectory of the rotor axis before compensation, and the
red curve is the trajectory of the axis after compensation.

Left AMB EX/‘;‘S{;"“ Wight disk  Right AMB  Motor

Figure 4. Maglev rotor experimental platform.
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Figure 6. Track of rotor vibration with online unbalance compensation.

While the rotor speed is being held at 3000 r/min, the original rotor unbalance vibrations in two
AMBs are recorded, as shown in Fig. 6. The unbalanced vibration of the maglev rotor is greatly
reduced. The maximum amplitude of the rotor vibration at the left magnetic bearing is reduced by
81.4%, and the maximum amplitude of the rotor vibration at the right magnetic bearing is reduced
by 77.3 %.

4. Conclusions

The simulations and experiments show that the proposed method achieves the good
effectiveness to suppress the unbalanced vibration of rotor online. This paper uses electromagnetic
force to try to apply control voltage to the flexible rotor supported by active magnetic bearing, instead
of the traditional shutdown test and phase sensor measure. Use the influence coefficient method to
detect the unbalanced quality information of the rotor with the mass unbalance, and obtain the
magnitude of the compensation voltage. The cross-correlation method and feedback tracking control
method in steady state is used to extract the fundamental frequency vibration signal of the rotor to
obtain the phase information of the unbalanced vibration. The effectiveness of the algorithm in this
paper is verified through experiments, and the unbalanced vibration of the rotor at the left and right
magnetic bearings is reduced by 81.4% and 77.3%.
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