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Abstract

The power supply and control system of electron beam accelerator for radiation technologies D300-10/2 are presented. Power supply system consists of power converter and few modulators converting DC supply voltage to variable frequency signal necessary for resonant accelerator       D300-10/2. The embedded control system based on microprocessor and PLD performs feedback on beam current and accelerating voltage. It controls power supply to achieve and stabilize required parameters of accelerator by changing structure and parameters of feeding signal.

Introduction

The industrial accelerator D300-10/2 was developed and manufactured in JINR for Suzhou Huadong Radiation Co., Ltd, China to use in radiation processing of materials.

The accelerator produces pulsed electron beam with electrons energy up to 300keV and average beam current up to 33mA with 10kW beam power. The accelerator is based on coaxial resonator with cold mosaic cathode and resonance frequency of about 100 kHz [1]. 

The power supply system provides necessary feeding signals for the accelerator, allowing setting and keeping required accelerator parameters.

Accelerator power system overview
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Fig. 1. Accelerator power supply architecture

The accelerator power system consists of pulsed regulating power supply, ten DC-AC converters (modulators) and control unit (Fig. 1). The system is loaded by resonance circuit of the accelerator. Signals from modulators are summed by twelve RF transformers with secondary windings connected in a series. Modulators are driven by control system which forms two tact signals of opposite phase with resonance frequency of the accelerator. The tact signals are pulsed with frequency 300Hz allowing regulating of the beam current. The accelerating voltage adjustment is achieved by changing of power supply voltage also controlled by the Control system. 

DC-AC converters
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Fig. 2. DC-AC converter circuit diagram

Modulator unit is a converter of DC voltage to high frequency AC voltage. The maximum output power of each modulator is 2kW. Time parameters of frequency and pulse width are defined by control system and are equal for all twelve modulators. Resonance frequency, resonator quality and therefore load impedance are changing because the real load of resonator is electron beam injected from surface of mosaic cathodes. It requires additional elements of transistors over-current protection in each modulator. Modulator protection circuit stops modulator in case of overload and transmit alert to the control unit to stop irradiation.

Simplified electrical circuit of DC-AC converter is shown on Fig. 2. Power high-frequency IGBT-transistors IRG4PC50W in full bridge circuit are used as switching elements. The signals to gates of IGBT transistors are decoupled by transformer allowing using modulators with floating power supply voltage. Currents through IGBT transistors are measured by current transformer and compared with the allowable limits.

Control system

The main task of the Control system is to keep accelerating voltage and average beam current within limits defined by operator. The accelerating voltage is changing by regulating of power supply voltage. The beam current depends on accelerating voltage so the only possibility to achieve their independent adjustments is to change a structure of control signals. This is done by means of burst (pulsed) regime of control signals with smooth regulation of the burst length allowing changing average beam current independently on accelerating voltage. The control signals bursts are referenced to zero transitions of three phases of AC line. The regulated power supply is using 6-pole rectifier thus each burst of pulses is attached to the tops of the supply half-cycles. The position of bursts regarding to zero phases transitions can be adjusted to achieve flat tops of the bursts. 

Control system provides following features:

· Choice of the accelerator regimes – manual, training, irradiation.

· “Soft” startup of the accelerator.

· Feedback on beam current and accelerating voltage.

· Interlocks – vacuum subsystem, power supply, accelerator chamber and windows cooling, chemical plant.

· Automatic resonant frequency adjustment.

The functional diagram of the Control system and its connection with external devices is shown on Fig. 3. The main components of the Control system are RISC microcontroller Atmel ATMEGA16, complex programmable logic device (CPLD) Altera EPM7128S and direct digital synthesizer (DDS) Analog Devices AD9832. 
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Fig. 3. Control system functional diagram

The microcontroller makes measurements of the accelerating voltage and average beam current by means of analog-digital conversions of AC and DC part of the accelerator RF current respectively. According to measured values, the microcontroller forms signals to Power supply to achieve defined accelerator voltage limit and updates CPLD registers to achieve defined average beam current. The phase shift between accelerator RF current and tact signals is measured and used by microcontroller to update frequency of the digital synthesizer to keep resonance frequency. The microcontroller also realizes user interface allowing operator to change all parameters of supply system and view measurements.

CPLD performs all functions of tact signal structure formation according to data received from microcontroller. It also receives information from external interlocks (vacuum subsystem, DC-AC converters, accelerator cooling, and chemical plant) and blocks tact signals protecting the accelerator complex.
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All connections of the Control system to external systems are digital and made by RS485 protocol (twisted pair matched on both ends) and decoupled by opto-isolators. It allows using the system in conditions of strong electromagnetic interference.

Regulated power supply

Power supply unit is pulse regulated DC-DC chopper type converter made on the base of IGBT module (Semikron). Main characteristics of the power supply:

· Conversion frequency 5kHz

· Output voltage – stabilized, decoupled from AC line, adjustable with range 0÷300V

· Output voltage is set by external digital code via RS-485 interface

· 20kW of output power.

· Maximum output current 100A.

Power supply control is performed by external serial code produced by Control system. The over-current, over-voltage and temperature protections are implemented to achieve high reliability of the device.

Conclusion

The complete power supply system for the electron beam accelerator including pulsed regulated power supply, twelve DC-AC converters and control system was designed and manufactured. The system allows achieving and keeping required accelerator voltage and average beam current of the accelerator. The maximum output power of the system can be easily increased by using additional DC-AC converters. 

The system provides different regimes of the accelerator such as irradiation and cathodes training. Safe and reliable accelerator functioning is assured by a number of interlocks on external systems and feedback on accelerator voltage and beam current. The control system user interface allows setting and storing in the power independent memory all the parameters of the accelerator to load them in the next irradiation session. The system clearly displays the beam parameters and external systems interlocks status.
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