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Abstract 

The power electronic drive is an essential component of a magnetic bearing system. It can rapidly change the 

current of the windings, thus controlling the dynamic changes of the electromagnetic force. This paper proposes a novel 

magnetic bearing power electronic drive based on a series-winding topology mainly used for magnetic field 

superimposed magnetic bearings. This topology can control the windings' bidirectional current and can be extended to 

an N-degree-of-freedom system with only 2N+2 switching devices. Compared to the conventional topology, this 

topology can reduce the cost of the drive, ensuring the current control capability. Moreover, this topology structure can 

evenly distribute the current of each winding between the bridge legs, reducing the current stress of the bridge legs 

compared to the common bridge-leg structure. The basic properties and control strategies of the series-winding 

topology are analyzed. Experiment and work verify the availability of the topology. 
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1. Introduction 

Magnetic bearing (MB) is a key technology of the high-speed rotational machine. The power electronic drive is an 

essential part of the MB system. Its performance directly determines the control performance of the suspension system 

and has a decisive impact on the control accuracy and maximum speed [1]. 

According to the output current direction, the topology of the MB switching power electronic drive can be divided 

into two categories: unipolar and bipolar. The output of the former is a single-direction flow, which is used to supply 

power to the current superimposed MB, while the latter can be a two-way flow, which is used to supply power to the 

magnetic field superimposed MB [2]. Many scholars have worked on unipolar switching power amplifiers [3]. For bipolar 

topology, the full-bridge circuit is the most widely used. However, each load current needs four switches for regulation, 

which is costly. 

To solve this problem, scholars proposed a three-phase four-leg topology [4] and a five-phase six-leg topology [5]. The 

five-phase six-leg topology is shown in figure 1(a). The MB winding current is controlled by way of bridge leg multiplexing, 

which greatly reduces the cost. However, because the current stress carried by the common bridge leg results from the 

superposition of other bridge legs, the stress of the common bridge leg is too large, and the reliability and safety are 

reduced. Furthermore, [6] proposed a unipolar series-winding control topology to increase voltage utilization, ensuring 

better current control capability. 
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(a)                                                                (b) 

Figure 1 Five-phase six-leg topology(a) and series-winding topology (b). 

The series-winding topology proposed in this paper is shown in figure 1(b), which can realize the control of bipolar 

current and evenly distribute the current stress of the bridge legs. The theory analysis and control method of the series-

winding topology are presented in Section 2. To verify the availability of the series-winding topology, the experiments 

are carried out on the AMB test rig in Section 3. Conclusions are summarized in Section 4. 
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(a)                                            (b) 

Figure 2 Front end magnetic bearing(a) and rear end magnetic bearing (b). 

Figure 2 shows the magnetic bearing test rigs' winding structure and pole distribution. The whole system obtains two 

radial magnetic bearings. The magnetic bearings are 12-pole radial magnetic bearings. Each side of one axis consists of 

three poles that stagger 45 degrees to provide electromagnetic force together. Both bias and control windings are on 

each side of the magnetic poles. All the bias windings are connected in series and supplied with a constant bias current 

from an additional source. To improve the response speed of the control winding current, two control windings opposite 

to each other on the same axis are connected in reverse parallel. 

2. Control method of Series-winding topology 
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Figure 3 Series-Winding topology(a) and overall diagram of the MB system (b). 

As shown in figure 3, only the differential mode current component of the MB needs to be controlled. The upper and 

lower switching devices of each bridge leg are conducted complementarily. The switching mode si = 1(i=1,2,3,4,5) is 

defined when the upper switching device is on and the lower switching device is off. Moreover, the upper switching device 

is off when the lower switching device is on, at which mode si = 0. So for each pair of control windings, the voltage modes 

at both ends include VDC, 0, - VDC. VDC is the DC link voltage. It is easy to see that the current stress in the bridge legs at the 

two ends of the topology is the maximum value of the control current, and the current stress in the middle part of the 

bridge arm is up to twice the maximum value of the control current. Therefore, the current stress of the switching device 

is evenly distributed in each bridge leg compared to the common bridge leg structure. 

Using pulse width modulated signals to drive switching devices. In the case of the average model, the voltage is 

controlled by the duty cycle of each switch device during a switching cycle. Variables d1~d5 represent the duty cycle of 

each bridge leg, and then the average voltages of each bridge leg midpoint u1~u5 are expressed as 

   1 2 3 4 5 1 2 3 4 5

T T

DCu u u u u d d d d d V=                (1) 

In a control cycle, the relationship between the five winding currents ix1, iy1, ix2 and iy2. The potentials u1, u2, u3, u4 and 

u5 of each node are expressed in (2), where Z is the winding impedance. 

2 3 3 4 4 51 2
1 1 2 2, , ,x y x y

u u u u u uu u
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= = = =                 (2) 
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Equation (2) can also be expressed in the form of a matrix 
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To ensure that the potential at the midpoint of each phase leg is 0.5VDC in the steady state, it is limited in (4) 

            1 2 3 4 50.5
5

DC

u u u u u
V

+ + + +
=                           (4) 

The duty cycle of each switch device is controlled according to the instruction value, and then the winding currents 

are adjusted. Equivalent voltage values across the windings between two bridge arms, the corresponding current times 

of the impedance Z, are used as instruction voltages. It means that *

12u , *

23u , *

34u and *

45u  are the outputs of the PI controller. 

Superscript “  ” indicates that the parameter is the instruction value, and it is the per-unit value for the DC bus voltage 

VDC. Let *

iu  indicates the midpoint voltage of the ith bridge leg. The potential voltage instructions of winding current 

instructions are obtained according to 
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The transformation matrix in Equation (5) is denoted T. By solving for the inverse matrix T-1 of T, the transformation 

relationship from the PI command value to the control voltage of each bridge leg can be obtained, as shown in Equation 

(6) 

* * * * * * * * *

1 2 3 4 5 12 23 34 45 2.5
T T

u u u u u u u u u      
-1

=T              (6) 

The control block diagram for the current loop is shown in figure 3(b). This work illustrates the four degrees of 

freedom of current control. But this method can also be extended to achieve N-degree-of-freedom current control. 

3. Experiment 

To verify the feasibility of this series-winding topology, the experiment is carried out under Vdc=150V. The switching 
frequency is 20kHz. The specific parameters are shown in Table 1, and the experimental platform is shown in figure 5(a). 
The controller consists of two parts, the control board and the power board, which provide control commands and PWM 
signals and carry out current and position signal acquisition. The power board includes a power electronic topology and 
a drive circuit section to control the current after the windings are connected to the power board.  

Table 1 Simulation Parameters 

 Parameter Value 

g0 
Touch down 
bearing gap 

200m 

s0 AMB gap 400m 

I0 Bias current 2 A 

IC Control current 4A 

f 
Switching 
frequency 

20kHz 

Vdc DC-bus voltage 150 V 

A given sinusoidal current command controls the four winding currents. The frequency and amplitude are 200Hz is 

3A, respectively. The experiment results of four symmetrical sine waves with given signals are shown in figure 4. The 
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current command value is given at 0.026 seconds. All four control currents track the command signal well. 

 
Figure 4 Current loop test results. 

Suspension experimental tests were carried out on the experimental platform. Figure 5(b) shows the control winding 

current in four axes of magnetic bearing and the displacement of the rotor in the X1, Y1, X2 and Y2 axis. At first, the 

rotor leans against the touch-down bearing, then levitates to the center of the bearing. The suspension displacement 

fluctuations are controlled to within 20 µm. 
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Figure 5 Series-Winding topology(a) and overall diagram of the MB system (b). 

4. Conclusions 

This article proposes a novel series-winding topology to drive four-axis MB. With only ten switching devices, this 

topology significantly decreases the switches and the current stress is evenly distributed. The series-winding topology 

can extend to N-degree of freedom MB systems for multi-axis control. The experiment shows that this scheme can realize 

the current control of MB well. 
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