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Abstract

The Flerov’s Laboratory of Nuclear Reactions carries out design, manufacturing and using cyclotrons for fundamental research and applied physics. Control system is essential part of particle accelerator. It deals with thousands of signals to control and monitoring. SMARTBOX Fieldbus devices carry out acquisition and processing of these signals. It converts analog signals to digital code for processing on computer. SMARTBOX series development is described in this article. 

Introduction

SMARTBOX controllers [1] have been developed and applied for improvement of the control system U-400 in 1996. The modules are designed in CAMAC standard. Communication of the modules with the host computer is via serial interface RS-232. Development of the unified controller has allowed us to refuse controllers of foreign firms and as consequence to simplify exploitation of the accelerator. Successful application of self made controller has caused further development in this direction. The structure of IC-100 control system [2] is shown on figure 1. Controllers are grouped by subsystems and carry out data acquisition and control. The host computer and controllers communicate via serial interface RS-485. 
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Fig. 1. Structure of IC-100 control system

SMARTBOX-3 controller has been developed in 1998. Controllers of this type were used in automation of Electron Accelerator EA-10/10 (14 controllers) and ECR CyLAB               (12 controllers). In 2000 controller SMARTBOX-4 was developed on the base SMARTBOX-3 with increased number of inputs and outputs. Communication speed became 1Mb. It is using in Dubna Radioactive Ion Beams (23 controllers), Cyclic Implanting Device IC-100    (14 controllers) and Isochronous Cyclotron U-400 (10 controllers) projects. The advanced controller SMARTBOX-5 was developed for projects DC-72, DC-60 in 2003. At present time the modular system SMARTBOX-6 is creating. Each SMARTBOX-6 crate consists of crate controller and number of peripheral modules for analog and discrete signals. Industrial standards Profibus, Ethernet TCP/IP are available as communication interfaces.

Technical discription

SMARTBOX-3

SMARTBOX-3 controller has been designed in 19” Rack Form Factor module 6U-high, 14TE-wide with 230VAC power supply. It has the MCS-51 ATMEL AT89S8252 (22,1184MHz) microcontroller inside. It provides data exchange via local bus with input-output circuits: ADC, DAC, digital input and output, and also communication with a host computer. The function diagram of the module is shown on figure 2.
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Fig. 2. Functional diagram SMARTBOX-3
The features of SMARTBOX-3 are: 

· Communication channel EIA standard RS-485. Communication speed 115.2 kb,

· 16-channel analog input, range ±10V, resolution 16 bit,

· 8-channel analog output, range 0–10V, resolution 12 bit,

· 16-channel isolated digital input,

· 16-channel isolated open collector output.

Application experience of SmartBox-3 has caused the necessity to increase the quantity of discrete inputs and outputs, and communication speed up to 1Mb.

SMARTBOX-4

SMARTBOX-4 controller was designed in 19” Rack Form Factor module 6U-high, 14TE-wide with 230VAC power supply. It has more productive MCS-51 TEMIC T89C51RD2 (29,4912MHz in X2 mode 6 clocks/machine cycle) microcontroller inside. The function diagram of the module is shown on figure 3.
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Fig. 3. Functional diagram SMARTBOX-4
The features of SMARTBOX-4 are:

· Communication channel EIA standard RS-485. Communication speed 921.6 kb,

· 16-channel analog input, range ±10V, resolution 16 bit,

· 8-channel analog output, range 0–10V, resolution 12 bit,

· 32-channel isolated digital input, 

· 32-channel isolated open collector output.

For future projects (DC-72 and DC-60) we decided to add new features:

· unified power supply

· increased output current of discrete output

· protect discrete output

· realize RS-232 interface to communicate with fieldbus devices

SMARTBOX-5

SMARTBOX-5 controller was designed in 19” Rack Form Factor module 6U-high, 10TE-wide with 24VDC power supply (Figure 5). It has AVR ATmega128 (14,7456MHz) microcontroller inside. The function diagram of the module is shown on figure 4.
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Fig. 4. Functional diagram SMARTBOX-5

The features of SMARTBOX-5 are:

· Communication channel EIA standard RS-485. Communication speed 921.6 kb,

· 16-channel analog input, range ±10V, resolution 16 bit,

· 8-channel analog output, range 0–10V, resolution 14 bit,

· 32-channel isolated digital input, 

· 32-channel isolated output, fully autoprotected power MOSFET. Built in thermal shutdown, linear current limitation and overvoltage clamp protect output in harsh environments.

· Serial communication channel EIA standard RS-232. Communication speed up       115.2 kb, receiver buffer 256 bytes, transmitter buffer 64 bytes.
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Fig. 5. SMARTBOX-5
The disadvantage of controllers with the fixed configuration is insufficient flexibility for system engineering. In different subsystems of the accelerator there are various ratio between quantity of analog and discrete signals, for example, in a vacuum subsystem typically more discrete signals, but beam diagnostics more analog. Thus, it is not possible to distribute optimum signals on controllers. Application of the modular type controller with variable quantity of inputs and outputs allows to solve the task.

SMARTBOX-6

SMARTBOX-6 was designed in 19” Rack Form Factor crate 3U-high with 24VDC power supply (Figure 6).
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Fig. 6. SMARTBOX-6
The crate controller with network interface and up to 16 modules of input-output can be installed in crate. Crate controllers with the following interfaces are available: Profibus, Ethernet TCP/IP. The design of modules provides fast installation, ease in exploitation. The connection of wires directly to devices using the socket with tension clamp type. It is possible to optimize quantity and type of inputs and outputs using variable input-output modules. It is possible to add or replace any modules without crate power off.

Fieldbus coupler modules

· CPU-01. Module provides a communication between the system SMARTBOX-6 and host computer via RS-485 interface, speed 921.6 kb. For communication the industrial PROFIBUS protocol is used.

· CPU-02. Module provides a connection between SMARTBOX-6 and host computer via Ethernet TCP/IP.

Analog input modules

UI-16. 16-channel analog input, range ±10V, resolution 16 bit, Σ-Δ ADC, time of measurements 267ms.

· II-16. 16-channel analog input, range ±1uA, resolution 16 bit, Σ-Δ ADC, time of measurements 267ms.

· II-08. 8-channel analog input, 1 measurement channel, range 

±1mA ±100uA ±10uA ±1uA, resolution 16 bit, Σ-Δ ADC, time of measurements 133ms.

Analog output modules

· U0-08. 8-channel analog output, range 0–10V, resolution 14 bit.

Digital input modules 

· DI-32. 32-channel isolated digital input, logic level “1” 10–24Vand logic level “0”       0–5V.

Digital output modules

· DO-32. 32-channel isolated output, fully autoprotected power MOSFET. Built in thermal shutdown, linear current limitation and overvoltage clamp protect output in harsh environments.

Special function modules

· RS-01. Module provides connection between SMARTBOX-6 and fieldbus devices via serial interface RS-232. Communication speed up 115.2 kb, receiver buffer 64 bytes, transmitter buffer 64 bytes.

Conclusions

Controllers with fixed configuration are not optimal for using to control big amount of the same type signals. This expensive method of acquisition and processing raises cost of the construction development, documentation and so on.  Self made controller SMARTBOX-6 allows to configure optimal quantity of inputs and outputs for control system of any complication. Such approach saves development time and price of engineering and simplifies exploitation.
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