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ABSTRACT 

The HTR-10GT is designed by the Institute of Nuclear and New Energy Technology (INET) of Tsinghua 
University in China to study the 10MW high temperature gas-cooled test modular reactor coupled with direct 
gas-turbine cycle. In this project, active magnetic bearing (AMB) is exclusively chosen to support the 
turbomachine rotors in the power conversion unit because of its numerous advantages over the conventional 
bearing. 

In order to achieve better performance and dependability and to meet the requirement of high-speed and 
real-time processing, a DSP based digital controller, TI floating-point DSP product TMS320VC33 is selected to 
construct the control system in a full size AMB test rig (AMB-F). A kind of PID controller is designed and 
discretized by the help of MATLAB simulation. The control program is written into the DSP controller through the 
host computer. After a series of experiment and debugging, we have successfully realized the 
five-degrees-of-freedom suspending, and have proved the performance of the AMB system via the 72-hours 
continuously running test. 
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1. INTRODUCTION 
The 10MW high temperature gas-cooled test modular reactor coupled with direct gas-turbine cycle 

(HTR-10GT) is designed by the Institute of Nuclear and New Energy Technology (INET) of Tsinghua University 
in China, in order to experimentally validate the possibility of creating high performance plants with direct closed 
gas-turbine cycle and the technology for future commercial applications. In this project, active magnetic bearing 
(AMB) is exclusively chosen to support the turbocompressor rotor and the generator rotor in the power conversion 
unit because of its numerous advantages over the conventional bearings, such as no contact, no friction, no 
lubrication, high speed and high precision. 
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The dynamic properties of AMB rotor system, including rigidity, damp and stability depend on the control 
regulation of the adopted controller. Although the analog controller is well used in some simple industrial 
applications and has obtained good performance, it still has some inevitably defects such as discommodious to 
regulate the parameters, hard to change the hardware structure, difficult to realize advanced control arithmetic 
(nonlinear control and fuzzy control for example). In the HTR-10GT project, Digital Signal Processor (DSP) is 
adopted in AMB control systems instead of analog controllers in order to achieve better performance and 
dependability, due to its better stability, better anti-jamming and much easier to realize complicated control 
arithmetic. 

2. SYSTEM STRUCTURE AND CHARACTERISTICS 
The typical AMB system diagram is illustrated in Fig.1. Besides the controller, the general control system also 

includes the sensor, A/D and D/A conversion and power amplifier. 
 

Fig.1. Typical AMB system working principle diagram 
 

The rotor’s displacement along one of the axes is detected by the position sensors and converted into signals of 
standard voltage. Then compared with the setting value, the error signal enters the controller. After A/D conversion, 
the controller processes this digital signal according to a given regulating rule (control arithmetic) and generates a 
signal of current setting. After D/A conversion, this current signal enters the power amplifier, whose function is to 
maintain the current value in the electric magnet winding at the current level set by the controller. Therefore, if the 
rotor leaves its center position, the control system will change the electromagnet current in order to change its 
attraction force and, respectively, draws the rotor back to its balance position. 

The AMB system is divided into elements inside the PCU（Power Conversion Unit） and elements outside the 
PCU. The electromagnets and sensors are located in the PCU, while other AMB control system equipments, 
including controller facilities and power modules, are located beyond the PCU. Its structure along with the turbo 
machine rotor in the PCU is shown in Fig.2. The structure layout of the full-size experiment equipment（AMB-F）
is shown in Fig.3. 

The existing digital controller is mainly divided into three types: general CPU based digital controller, MCU 
based digital controller and DSP (Digital Signal Processor) based digital controller. The typical sampling 
frequency of the AMB control system is 10k Hz and the control system is applied in nuclear power plant. So the 
controller must have high-speed and real-time processing capability as well as high stability due to the safety 
consideration. Among the above three types of digital controller, DSP based digital controller is most suitable and 
selected as the digital controller in the AMB system. 

In our AMB control arithmetic, floating-point operations are widely used to get higher precision and also to 
make the programming easier. So the TI floating-point DSP product TMS320VC33 is adopted in the AMB control 
system. Because many peripherals are integrated on the chip, adopting the TMS320VC33 based AMB control 
system can simplify the hardware design. Besides, C and Assemble language programming, as well as the 
simulator is provided, so it’s easy to realize complicated advanced arithmetic and to shorten the develop cycle. The 
parameters of control system and AMB-F are listed in Table.1. 
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Fig.2. Turbo machine rotor and AMB system. 
 
 

Fig.3. Structure layout of AMB-F 
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Table.1. Parameters of control system and AMB-F. 
Name Type  Parameters 
DSP TMS320VC33 32 bit floating-point,150MFLOPS  
Sensor inductance 10V/mm 
Amplifier 

Electromagnets 
switch Gain:0.5A/V, output power:4.5KVA/unit

 
 
Control 
System 

Winding of 
magnet 

winding Inductance:50mH, current:0-4A DC 

Weight of the rotor 150kg 
Rating speed 15,000rpm 

 
AMB-F 

Maximal speed 18,000rpm 
 
Firstly a kind of PID controller is designed and discretized by the help of MATLAB simulation according to a 

nominal the model based on rotor dynamic analysis. Then the control program is written into the DSP controller 
through the host computer for experiment and debugging. At present we have successfully realized the 
five-degrees-of-freedom suspending, this lays the foundation for the following 72-hours continuously 
experiments. 

3. EXPERIMENTS 
In the 72-hours continuously running test, we studied the relationship between the displacements of rotor and 

the output currents of controller to validate the DSP based control system. 

3.1 Detecting Method 
The output currents of controller, as well as the displacements of the rotor, were detected via LabVIEW based 

AMB Measuring and Monitoring System, the system sampling frequency is 2k Hz. The displacements and 
currents data were stored in following sequence: current time, Dx2, Dy2, Dx1, Dy1, blank, Dz, Ix2+, Ix2-, Iy2+, 
Iy2-, Ix1+, Ix1-, Iy1+, Iy1-, Iz+, Iz-, rotate speed.  

Using the Offline Analyzing function of AMB Measuring and Monitoring System, we can obtain the 
instantaneous spectrum and time-frequency characteristic curve for both displacements and currents.  

3.2 The Signal Analyzing Results 
While the rotor was running reposefully, the radial displacement track of principal axis is shown in following 

Fig.4, and the corresponding track of controller output currents is shown in Fig.5. 

Fig.4. During reposeful running, the radial displacement track of principal axis 
 

Fig.4 shows that the radial displacement signal of principal axis includes more high-frequency components. 
The outside circle in the displacement track is the position of the catcher bearing. The inside circle in the controller 
output current track is the linear region of the current. Fig.5 shows that the controller output currents are ultimately 
in the linear region, therefore the performance of AMB system can be extremely good via control. 
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Fig.5. During reposeful running, the radial currents track of principal axis 
 
The spectrum structure of the radial and axial displacements as well as corresponding controller output 

currents at the rotating speed of 1200rpm are shown in following figures. 
 

Fig.6. During reposeful running, the displacement and current of upper radial X direction 
 

 
Fig.7. During reposeful running, the displacement and current of upper radial Y direction 
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Fig.8. During reposeful running, the displacement and current of axial direction 
 
Above figures show that the spectrum structure of controller output current signal, as well as the spectrum 

structure of corresponding displacement signal, has ultimately the same main frequency components and 
components percentages. It reflects the theoretic relationship between the input reference signal and the output 
control signal. This relationship behaves in all the reposeful running process and rotate speed falling process, and 
has proved the correctness of control logic. As above figures shown, the main frequency component is consistent 
with the rotate frequency, it illustrates that the rotation of principal axis affects its axis position. 

4. CONCLUSIONS 
The spectrum structure of controller output current signal, as well as the spectrum structure of corresponding 

displacement signal, has ultimately the same main frequency components and components percentages. It reflects 
the theoretic relationship between the input reference signal and the output control signal. This relationship 
behaves in all the reposeful running process and rotate speed falling process. Besides, the performance of the AMB 
system, such as dependability, veracity and stability, has been proved via the 72-hours continuously running test. It 
proves that the DSP based AMB control system is extremely feasible. 
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