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Abstract: The design of intelligent vacuum permanent magnet breaker control 

system based on TMS320F2812 microprocessor was introduced in this paper. This 

controller discards the traditional position sensor based switching control method and 

adopts a new type of coil current waveform recognition. The closing or separate 

control method improves the reliability. At the same time, the controller has functions 

such as operating voltage and current detection and automatic inspection of the circuit 

breaker status, and has remote microcomputer monitoring and fault storage functions, 

thereby making the control system more intelligent. 

 

1. Introduction 

The vacuum circuit breaker mainly has three kinds of mechanisms: electromagnetic 

operation, spring operation and permanent magnet operation. Among them, the 

permanent magnet operating mechanism is a new type of operating mechanism 

developed in recent years, and the permanent magnet operating mechanism is also 

generated by the magnetic field of the coil. The magnetic force drives the contacts, 

and the magnetic force of the permanent magnets is used to keep the contacts in the 

opening and closing position. Therefore, compared with the first two operating 

mechanisms, the permanent magnet operating mechanism has small volume, few 

parts, simple structure and easy maintenance. The advantages of the permanent 

magnet controller as the core of the vacuum circuit breaker will directly affect the 

performance and reliability of the circuit breaker. The current permanent magnet 

vacuum circuit breaker mainly uses the position sensor to detect the position of the 

breaker contact, once the position sensor fails This will cause the reliability of the 

circuit breaker to be reduced, and even cause major accidents according to the points 

and data. In response to this problem, an intelligent permanent magnet vacuum switch 

controller based on coil current waveform recognition is developed. 
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2. Coil Current Characteristics of Permanent Magnet Operating 
Mechanism 

From the perspective of the circuit, the relationship between the current waveform of 

the permanent magnet mechanism operating coil and the moving stroke of the moving 

iron core, as shown in Figure 1 and Figure 2, can be seen that the current waveform 

can be divided into moving iron cores, whether it is closing or opening. Moving iron 

core motion and moving iron core are in place until the operating coil is powered off 

3 intervals[1]. 
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Figure 1. Closing current and displacement curve 
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Figure 2. Opening current and displacement curve 

 

a. Before the moving iron core movement. In this interval, the direction of the 

magnetic field generated in the working air gap at the position of the moving iron core 

is opposite to the magnetic field direction of the permanent magnet, so that the 

moving iron core is subjected to the opposite force. The electromagnetic force is not 

enough to overcome the holding force of the permanent magnet, so the moving iron 

core remains unchanged. Therefore, it can be approximated that the inductance of 

the energized coil is constant. Due to the back electromotive force generated by the 

movement of the non-moving core, the coil current in this interval will be increased 

by zero. Large, until the current reaches a certain value, the electromagnetic force 

generated by the energized coil will be greater than the suction force generated by 

the permanent magnet, and the moving iron core will start to move toward the 

energized coil side. 

b. In the moving section of the moving iron core. As the moving iron core moves 
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toward the energizing coil side, the magnetic resistance of the air gap on the 

energizing coil side gradually decreases. After the moving iron core moves to the 

midpoint position, due to the working air gap on the energizing coil side The magnetic 

field generated by the coil current is in the same direction as the magnetic field 

generated by the permanent magnet, and the electromagnetic forces generated by 

the two are added together to accelerate the moving iron core to a specified position. 

Due to the movement of the moving iron core, a back electromotive force is generated 

in the energized coil, and The moving core motion causes the magnetic induction 

intensity of the energized coil side air gap to increase, which will increase the 

equivalent inductance of the energized coil side. Moreover, the back EMF and the 

inductance change with the movement of the iron core, and the current is reduced to 

a minimum value when the motion is in place. 

c. The movement of the moving iron core is in place to cut off the current range of 

the coil. Since the moving iron core has moved into position, the back electromotive 

force is equal to zero, and the coil inductance is maintained as the inductance value 

at the end of the moving iron core motion interval, so the current will be driven in this 

interval. The value of the end point of the motion interval begins to rise. 

Combined with the specific coil current waveform characteristic parameters of the 

operating mechanism, the current waveform of the switching current can be used to 

judge its specific operating state. 

 

3. Control System Hardware Principle and Design 

3.1 Overall Plan Introduction 

The overall structure of the controller is shown in Figure 3. It is mainly composed of 

DSP, power module, switching coil drive module, communication module, signal input 

and security module, capacitor charging module and data acquisition module. The 

main principles of the control system are: After receiving the split (close) gate 

command, the split (close) gate coil is controlled to drive the split (close) gate 

operation by simultaneously driving the split (close) gate IGBT. At the same time, the 

current signal of the split (close) gate coil is collected, and the signal is sampled. After 

the circuit is processed, the signal is converted into a standard input voltage of 0 to 

3.3 V of the DSP. The DSP obtains the position of the contact and the state of the coil 

by analyzing the waveform of the acquired signal, and completes the operation of the 

split (close) gate and passes the RS485 communication interface. Communicate with 

the remote monitoring computer and accept the monitoring of the remote computer[2]. 
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Figure 3. Control system overall structure 

 

3.2 Processor Selection 

The controller needs to realize various functions and real-time performance. The 

design uses TI's TMS320F2812 processor. The processor's C28x core has an instruction 

execution cycle of 6.67ns, and the highest operating frequency can reach 150MHz, 

ensuring control. The system has enough computing power. In addition, the F2812 

integrates a number of peripherals to provide a complete system-on-a-chip, reducing 

system cost and enabling simpler, more efficient control. Its on-chip peripherals mainly 

include 2 ×  8 12-bit ADC (fastest 80ns conversion time), 2 channels of SCI, 1 channel 

of SPI, 1 channel of McBSP, 1 channel of eCAN interface, etc., with two event 

management modules (EVA, EVB), including 6 PWM/CMP, 2 QEP, 3 CAP, 2 16-bit timers 

(or TxPWM/TxCMP). In addition, the device has three independent 32-bit CPU timers 

and up to 56 independently programmed GPIO pins. The processor can fully meet the 

design requirements in terms of function, real-time and so on [3]. 

 

3.3 Sampling Circuit 

Since the collected current is unidirectional, a single-supply Hall current feedthrough 

sensor is used to convert the current from 0 to 60 A into a DC voltage signal of 0 to 5 

V. Then use a triode amplifier circuit to convert it. Converted to 0 ~ 3 V voltage. Then 

sent to the DSP2812's 12-bit A / D conversion channel for conversion. Because the 

signal acquisition is not always used, the software delay data acquisition control 

method is adopted in the design to collect every ms. the sampling rate is sampled at 

2 points.  

 

3.4 Communication Module 

Communication interface circuit shown in Figure 4. 
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Figure 4. RS485 communication circuit schematic 

 

The communication interface circuit adopts the RS485 protocol standard, and the 

RS485 uses differential transmission and reception signals. It is a communication 

protocol standard that can realize full-duplex transmission. Since the USR serial 

communication port of the DSP2812 uses a 3.3 V level, it is required. Level conversion 

is performed. The UART transceiver signal of DSP2812 is converted into a 485 level 

differential signal by a SN65LBC184D chip to realize communication with the PC. 

 

4. Software Design 

4.1 Control System Embedded Software Design[3] 

The controller software is written in TI's CCS development environment[4]. The 

software design is divided into main program and interrupt program, the latter is 

mainly two timer interrupt service program and communication interrupt service 

program. Repeat in the main program It detects whether there is a switch-on and 

status check command, and starts the corresponding control program in response to 

the command. The external input command detection and communication data 

processing programs are all placed in the timer interrupt service program. 

The sub-gate control program will first detect the operating power supply voltage, and 

will reject the operation and alarm when it is over-voltage or under-voltage. If the 

operating voltage is normal, drive the corresponding IGBT to turn on the sub-coupling 

coil, then start A/ D and convert at a rate of once every 0.5 ms, when the coil on time 
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reaches the set break (close) gate time, the IGBT is turned off and the A/D conversion 

is stopped. Then the analysis of the A/D data is obtained. Out the contact position to 

confirm whether the sub-gate is in place[5]. 

The state inspection control program is similar to the opening and closing control 

program. The basic principle is to turn on the opening and closing coils for a short 

period of time (no more than 5 ms), and perform A/D conversion during their 

conduction. Through the analysis of the converted value, the state of the coil and the 

IGBT are obtained, and the corresponding state data is transmitted. 

The analysis algorithm of the coil current waveform is the key to the state inspection 

and the state of the closing and closing. The main reason is to repeatedly match the 

circuit breaker parameters, and then use the slope comparison of the waveform and 

the value and time of the waveform pole. Accurately determine the running state of 

the coil and the position of the contact. The software uses targeted filtering technology 

to ensure the reliability of the analyzed waveform. At the same time, combined with 

the calibration data, the intelligent algorithm is used to adapt to the change and drop 

of the driving voltage. Guarantee the reliability of the closing and closing under the 

specified voltage. 

In order to ensure the real-time and reliability of data communication, the software 

adopts a communication protocol of 10 bytes for one frame, and sets the transmission 

and reception queues. Whenever receiving one byte of data from the PC, it will Trigger 

the communication interrupt service program, the communication interruption service 

program collects the entire frame by identifying the end of the frame, and performs 

verification. After the verification is correct, the received frame is put into the receiving 

queue. The communication data processing program periodically accesses the queue. 

When a new frame enters the receive queue, the frame is processed. When a new 

frame enters the send queue, the frame is sent. When one frame is processed or one 

frame is sent, the frame is deleted from the queue. 

 

4.2 PC Software Design 

The PC monitoring program is developed under the Qt Creator environment. It can 

realize the monitoring of multiple circuit breakers through the RS485bus. The program 

has the following functions: receiving the data uploaded by the intelligent circuit 

breaker in real time, the status information, waveform information and module failure 

of the circuit breaker uploading. Information status, driving energy status information, 

etc. are displayed in real time on the control interface; remote switching control 

function; remote parameter setting and data request function. And the software can 

control multiple circuit breakers at the same time, and can be in the interface Switching 

of the controlled circuit breaker is carried out. The software interface is shown in 

Figure 5. 
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Figure 5. Software interface 

 

5. Hardware Anti-Jamming Measures 

The controller module is in a strong magnetic field environment and a strong electric 

line electric field. The electric field applies electromagnetic energy to the controller 

module by electromagnetic induction, so the following anti-interference measures are 

taken. 

a. Reasonable layout on the hardware design, optocoupler isolation is adopted for 

each module, communication input and output, and signal input and output to 

eliminate inter-module interference. 

b . Power supply is an important way to introduce interference. To reduce the 

interference introduced from this, the design adopts the method: using high-

performance isolating switching power supply module to resist spike interference, etc.; 

using varistor and Zener diode to absorb surge voltage Increase the capacity of 

electrolytic capacitors and high-frequency ceramic capacitors at the end of the power 

supply line to filter out low-frequency and high-frequency interference respectively; 

use separate and discrete functions to supply power, and the processor is powered 

separately. 

c. When designing the printed circuit board, take appropriate plate-making area, 

double-layer board and well-shaped wiring, minimize loop area and loop current, insert 

discrete ground lines between adjacent lines and important signal lines close to the 

ground line, etc. . 

d. The anti-interference measures adopted in the software design are: setting the 

watchdog timer, the timing time of the watchdog timer is slightly longer than the 

normal running time of the main program, and the timer time is executed during the 

running of the main program. Constant refresh operation, when a program error 

occurs, the timer can be interrupted due to the failure to refresh the timer, reset the 

system; set the software trap, force the transfer instruction before the program blank 
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area, to reset the program when the program runs away [6] . 

 

6. Conclusion 

The designed prototype was debugged and tested on the laboratory 10kV vacuum 

permanent magnet circuit breaker. The test shows that the controller can accurately 

judge the circuit breaker opening and closing state according to the coil current 

waveform, and the operation undervoltage and overvoltage protection works normally. 

The status can be displayed in time by the upper monitoring software. The intelligent 

controller implements functions such as measurement, protection, communication and 

monitoring, with good real-time performance and strong anti-interference. 
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