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Abstract

In order to improve beam energy, a superconducting
S booster is built behind the tandem accelerator. The
,;;Control system is designed based on EPICS according to
T its functional needs. It gives a detailed description of
£ hardware and software. The control system realizes data
S acquisition, network monitoring, Process variable (PV)
'E;management, database services, historical data analysis,
= alarm and other functions of remote device. The running
% result shows that the control system has fast response time
=and works stably and reliably, which meets the control
S requirement.
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INTRODUCTION

Superconducting booster is a post-accelerator device of
2 HI-13 tandem accelerator in CIAE. It is combined with
+ tandem accelerator by bunching and chopping method to
£ obtain higher beam energy. Such a combination of two
-Zdevices enlarges the species of ions that exceed the
55 coulomb barrier energy [1], which has scientific research
g value. The control system should not only keep the phase
‘Eand amplitude of RF electric field in superconducting
2 cavity stable, but also realize the functions of remote
:Z sequential switch, condition monitoring and interlocking
Zprotection for vacuum, cryogenic, radio frequency and
< motor subsystems. In addition, it should have good
§reliability and expansibility. Experimental Physics and
& Industrial Control System (EPICS) is a control system
Q software tool for accelerators and other large-scale
§scientiﬁc experimental devices.It adopts server/client
& structure and has strong plasticity and expansibility. Since
othe 1990s, EPICS has been widely used in accelerator
; laboratories all over the world. Considering the
Srequirements of upgrade project and the advantages of
O EPICS, the control system of booster is based on EPICS.
£ All equipment control is integrated into EPICS system in
Gorder to save manpower and material resources,
é efficiently realize booster control and operation condition
£ monitoring also.

must maintain

SYSTEM STRUCTURE AND PRINCIPLE

Superconducting booster is located behind tandem
accelerator for improving beam energy. In the physical
design, a beam pulsing system, including traveling wave
chopper and double drift buncher, is added at the front
Eend of the tandem accelerator to improve the beam
5 utilization and match the longitudinal acceptance of the
% booster. At the same time, a third stripper is installed
£ before the beam of tandem accelerator injected into the
£ superconducting boooster to improve the ionic charge
Sstate and make full use of the voltage gain of the
8 superconducting cavity of the booster. In order to ensure
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that the beam has a sufficiently small envelope in the
superconducting cavity, a new set of three-unit
quadrupole lenses is installed at the front end of the
booster. A set of phase stabilization system is installed to
stabilize the phase of the pulse beam entering the
amplifier. The structure of the superconducting booster is
shown in Fig. 1. It is distributed at both ends of the
tandem accelerator, which consists of XY guider,
traveling wave chopper, double drift buncher, phase
stabilization system, three-unit quadrupole lens, and
auxiliary equipment such as radio frequency system,
cryogenic system and vacuum system. According to the
difference of beam energy, the front end of tandem
accelerator is called low energy end, and the back end is
called high energy end.

EL-13 Tanden Acceleratare’
} [ ]

Tandem-Superconducting Booster System«
Key Design Parameters+

1. Working Frequency: 150.4MHzo

2. Single Cavity Energy Gain: 0.5MeV/g

Key Design Features+

1. Niobium Sputtered Superconducting Cavitye
2.Independent Resonatorse

Figure 1: Systematic schematic diagram.

The basic principle of superconducting booster: the DC
beam from ion source is cut into uniform pulsed beams by
the transverse electric field generated by traveling wave
chopper and modulated to Ins pulse width by the
longitudinal time-varying electric field generated by
double drift buncher, then accelerated by tandem
accelerator. When the phase of the pulse beam is
synchronized with the phase of the high frequency
electric field in the cavity, the particles are accelerated
synchronously. When the pulsed beam enters the phase
detector, it excites high frequency signal, which is used to
adjust the phase of the pulsed system in the low energy
band through the phase stabilization system, so that the
phase of the pulsed beam which enters the booster is
stable. The booster consists of four QWR (Quarter-Wave
Resonator) copper-niobium sputtering superconducting
cavities. The design index of the energy-increasing
section is 2Mev/q.

HARDWARE DESIGN OF CONTROL
SYSTEM
The equipment needed to be controlled in the pulsing
system includes a set of frequency source to provide
frequency and phase reference for superconducting
booster and beam pulsation system; a set of chopper
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power supply to provide cutting pulse voltage sequence
and compensation voltage to form synchronous cutting
electric field with advancing ion beam; two sets of
6MHz/12MHz radio frequency controller and power
amplifier lock the phase on the radio frequency (RF)
reference and the amplitude on the pre-set value. These

RF devices provide RS232 interface for parameter setting

and status reading. MOXA serial server is used as I0C to
communicate with these RF devices. It can connect up to
32 serial devices, which provides conditions for future
system expansion.

The phase detector, the preamplifier and the phase
controller at the high energy end constitute the phase
stabilization loop system to implement pulse beam
stabilization. The closed loop composed of the
superconducting cavity, the RF controller and the power
amplifier establishes a stable high frequency electric field
to accelerate beam in the cavity. The control equipment
includes a set of phase preamplifier, a set of phase
controller, four sets of power amplifier, phase shifter and
radio frequency controller. They are all equipped with
RS232 interface. A MOXA serial server is used as IOC to
communicate with these devices to realize remote
monitoring and control of the operation state of
superconducting cavity.

Superconducting booster has several motion control
systems, which are responsible for the tuning and
coupling of superconducting cavity. Motion module is
used to drive Senchuang motor 86BYG350. Because the
superconducting cavity works at 4.2K and is sensitive to
working conditions, a cryostat system is equipped to
provide a cryogenic environment, which requires
real-time measurement and recording of temperature and
pressure, force, vacuum, motor position and other
parameters. The system uses a set of Yokogawa PLC
module, CPU F3SP18 controls the operation of the
equipment, and CPU F3RP61 acts as the embedded I0C
to communicate with OPI.

XY guider and three-unit quadrupole lens are
responsible for beam steering and focusing. The tuning
and coupling of double drift buncher are realized by
stepping motor. A set of PLC system is deployed at the
low-energy end to monitor and control the reading and
setting of equipment parameters.

The system provides a real-time beam energy
measurement device, which consists of a vacuum
chamber, a gold target and a gold-silicon surface barrier
detector. The output signal of the detector is amplified by
the preamplifier ORTEC 142B and enters the main
amplifier ORTEC 572A. Then the particle number of each
channel is recorded by the multi-channel counter
AMPTEK MCA 8000D. It configures the Ethernet
interface and transmits data to PC through the network.
The data acquisition system on the PC processes the data
to obtain the beam energy.

The superconducting booster control system is
constructed based on EPICS framework, which realizes
the control and condition monitoring of the above

Project Status Reports

ICALEPCS2019, New York, NY, USA JACoW Publishing
doi:10.18429/JACoW-ICALEPCS2019-WEPHAB89

equipment. The overall structure of the system is shown
in Figure 2.
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Figure 2: Structure of control system.

The hardware structure of the control system is divided
into three layers: Operator Interface (OPI), Input/Output
Controller (IOC) and Device Controller. OPI is set in the
central control room and Windows operating system is
installed. IOC is PLC real-time CPU module F3RP61,
MOXA serial port server and PC respectively, in which
serial port server is connected with radio frequency
equipment of each system through RS232 interface.
Yokogawa PLC is connected with cryogenic equipment
and motor. The beam measurement system is connected
PC IOC by LabVIEW-EPICS interface. The control
system uses two IOC/MOXA serial servers, two IOC/PLC
CPUs and one IOC/PC; two sets of PLCs are configured
with Analogy Input (AI), Analogy Output (AO), Digital
Input (DI), Digital Input (DO) and motion module to
control high-energy and low-energy end equipment.

SOFTWARE DESIGN OF CONTROL
SYSTEM

The sequential control CPU and embedded CPU
F3RP61 module are installed on Yokogawa FA-M3 PLC
board. EPICS control program including device driver,
device support, record support and the creation of
real-time database can be deployed on F3RP61 through
cross-compiling. EPICS application program of host
computer can be mounted and run in F3RP61 module in
the form of network file by using minicom command or
network. Then F3RP61 becomes embedded EPICS I0C
[2]. The PLC program is edited in sequential control
CPU, which read data from memory, execute instructions,
and output results to I/O memory to control the operation
of equipment. F3RP61 accesses internal relays, data
registers and file registers of sequential control CPU
periodically, and processes the input and output of 1/O
module and data transmitted by communication module.
The software structure is shown in Figure 3.

The control interface of radio frequency equipment is
mainly RS232 asynchronous communication mode with
the same communication protocol format. The
ASynDriver provided by EPICS ASYN software package
can be used to connect the controlled device with the
interface of the low-end driver layer, while the Stream
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Figure 3: Device driver and 10C architecture.

Device module has a communication interface with the
.= upper software device support module of the AsynDriver.
8 £ Aiming at the asynchronous communication interface and
E character stream control mode of radio frequency
= equipment.EPICS software system is configured in
Z£DA682 and protocol file is written to define the
—g communication protocol between radio frequency
3 equlpment and front-end IOC. The system transmits and
_crecelves string data based on StreamDevice module to
S realize remote control of front-end intelligent equipment
& [3-4]. The software structure of the RF system is shown in
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Figure 4: Software architecture of RF system.

OPI interface is developed with CSS (Control System
Studio). We select plugin source according to need and
export the regenerated CSS program [5-6] through

S Eclipse. It integrates the functions of monitoring interface
© display, PV volume management, database service,
S historical data analysis and alarm. The beam pulse
« interface developed under Windows operating system is
£ shown in Figure 5.

£ The historical data of the control system is stored in
EMySQL database. The connection with local or remote
£ database is set up through JDBC interface. Data Browser
Eof CSS can view the historical data of multiple PV at the

sed under the terms of the CC BY 3.0 licence (© 2019). Any distributi

y be

OI'II]

is

Conten

(0]

WEPHA089
1294

ICALEPCS2019, New York, NY, USA JACoW Publishing
doi:10.18429/JACoW-ICALEPCS2019-WEPHAB89

BEAM PULSING SYSTEM -

6M AMP Fb  6M PHs Fb
- - -

124 Loop 12M AMP Fb 12M Phs Fb

oM Att 12M Att 6M Loop

(m ¥ ﬂ
Pul w d(ns)  Frea Div

2 6M Out Power &M DC'T 124 Out Power 124 DC T
O O 0. 00 0 0.00 0

6M Phs Err 1 6M AMP Err 1 12M Phs Err 1 12M AMP Err 1
0 o 3 5,585 5, 584. 80 5,585 5, 584. 80

6M Bunch V 6M Power Amf
0. 00 0. 00

o "

M Phs Err 2 6M AMP Err 2

5, 5841. 80 5,585

12M Phs Err 2 12M AMP Err 2
5, 584. 80

Pul Delay(ns) Chopper
40 60

' 5, 585
20(.)9 '
)
B 9 a

6MLPPhs o | 12MLPPhs 0 9| ChpPhs o $ LowEPhs o §

0

“»

State 0 State o State 0 State 0

Figure 5: Control interface of beam pulsation system.

same time. The database also supports channel archiver
binary data query.

The alarm status of the control system is also stored in
MySQL database. Operators can view alarm status,
history alarm or change alarm configuration through the
Alarm Tree and Alarm Table plug-ins of CSS.

CONCLUSION

The hardware of control system uses Yokogawa PLC
and MOXA serial server as EPICS IOC to communicate
with the controlled equipment according to the physical
application of superconducting booster and the functional
requirements of control system. The control system
completes the functions of data acquisition, network
monitoring, historical data storage, alarm and operation
interface design of remote equipment, and realizes beam
chopping, bunching and energy increasing. At present, the
control system has been put into operation in 2016. The
system runs steadily and reliably, which satisfies the
actual needs of the tandem upgrading project.

REFERENCES

[1] GUAN Xialing, PENG Chaohua, Conceptual Design of
Superconducting Booster for HI-13 Tandem[J], Atomic
Energy Science and Technology, 37(2):132-135.

[2] HE Yongcheng, WANG Chunhong, ZHAO Zhuo, et al.,
Research and implementation of embedded EPICS I0C
based on F3RP61[J], Nuclear Electronics & Detection
Technology, 2012, 32(1):17-20.

[3] EPICS StreamDevice,

http://epics.web.psi.ch/software/streamdevice
/doc/

[4] Zhang Yuliang, Study of StreamDevice Based VME Chassis

Monitoring and its Implementation[J], Nuclear Electronics
& Detection Technology ,2014, 34(7): 834—836.

[5] Kay K., Gabriele C., Control system studio guide: For

installers and maintainers of CSS[DB/OL], 2012,
http://cs-studio.sourceforge.net/docbook/css_
book.pdf

[6] GUO Bing, ZHANG Ning, XU Haixia, ef al., Research and
implement of control system studio for TMSR[J]. Nuclear
Techniques, 2013, 36(11): 110602.

Project Status Reports



