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Abstract

In the CYCIAE-230 superconducting cyclotron beam line, a vacuum system capable of providing a pressure of about 5e-4 Pa is required for
particle beam transport.In order to provide enough interlocking to protect the vacuum environment and ensure the normal transmission of particles
in the beam line, a vacuum control system based on programmable logic controller (PLC) has been developed and integrated into the accelerator
monitoring system.The PLC not only interfaces with the fast acting relay based on interlocking signal, but also interfaces with the equipment based
on Profibus communication to monitor and control various parameters in the vacuum system, such as pump speed, vacuum pressure reading, valve
status, water cooling status, etc.This work presents the structure and interface logic necessary for communication with a series of valves, vacuum
gauges and molecular pump controllers.In addition, the interface strategy between the vacuum control and the rest of the accelerator control system
IS also presented.

Layout of CYCIAE-230 and Beam Lines

System Requirement

The pneumatic system can control the opening and closing of the valve,
and correspondingly assist the realization of the vacuum environment of
the beam line. The water cooling system mainly ensures that the
equipment including molecular pumps, magnets, etc. work normally at a
suitable temperature. In order to ensure the normal transmission of
particles in the beam line, the vacuum system needs to provide a vacuum
environment with a pressure of about 5e-4 Pa.

CYCIAE-230

The CYCIAE-230 superconducting
cyclotron leads out a proton beam with
high energy and low current intensity,
which is transmitted to the irradiation
terminal through the beam line system.
This equipment includes:

a superconducting proton cyclotron,

a beam transport line,
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In this beam line control system, vacuum control and interlocking system
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The vacuum control and interlocking system of beam line is developed based LG? o A e e
on PLC. Programmable logic controller (PLC) is chosen because it is more '

suitable for this task, especially because it can provide simple and economical
solutions for logic control, process automation and condition monitoring. At the
same time, the familiar Siemens PLC is preferred for control. In addition, its @[gg]e] [=1ga[=Tgie=1dle g Be-1q Lo By GXA N [ EHe) MO q { o) ST od g (=174 (=
standardized hardware and program parts make it easy to assemble and
program. A_ -
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In our controller, Siemens series 1516 CPU is used, which is mainly used
to realize the interlocking of equipment and the control of running
sequence. Other modules used are Siemens series distributed 1O slave
station IM155-6, analog input module, digital input and output module.

The analog input module can select the input range of 0 V~10 V voltage
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and 0~20 mA current through TIA system settings.
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Control of Mechanical and Molecular Pumps

Mechanical pump control: o it — _g— e
he main controller keeps the output of 24V, drives the contactor wire = -

package to close, and controls the remote control of the mechanical pump to ——
open. The main controller outputs 0V, drives the contactor to disconnect the o
wire package, and controls the mechanical pump to turn off.

Molecular pump control:
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Realization of Human Machine
Interface (HMI) is based on

C353 molecular pump controller is used in this beam line. Connect with PLC —
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The right figure shows the
Human Machine Interface (HMI)
of the vacuum control and

interlocking system of the
beam line based on PLC.

Conclusions

The vacuum control and interlocking system of beam line based on PLC has been successfully applied to the beam line of CYCIAE-230
superconducting cyclotron, and has been tested. The system can successfully operate valves, mechanical pumps and molecular pumps, and
monitor the status of related equipment. Some vacuum interlocking operations are also being verified. At present, the beam line control system
based on PLC is being further developed, which will make the beam line related functions including the beam diagnosis control system more
perfect, and which can better adjust the proton beam from the accelerator to the treatment end.
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