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Abstract

In J-PARC Main Ring (MR), a control system for new
skew quadrupole magnets has been constructed. This sys-
tem is based on EPICS (Experimental Physics and Indus-
trial Control System). The system comprises a PLC con-
troller running Linux, a function generator, and a commer-
cial DC amplifier. The function generator is controlled us-
ing VXI-11 protocol over Ethernet, and the amplifier is
connected to PLC I/O modules with hardwire. Both de-
vices are controlled by the PLC controller. The function
generator produces a ramp-up waveform at each MR ma-
chine cycle of 2.48 seconds. The DC amplifier drives the
skew quadrupole magnet. The control system for skew
quadrupole magnets was developed in 2012, and has been
in operation since January 2013.

INTRODUCTION

J-PARC (Japan Proton Accelerator Research Complex)
is a high-intensity proton accelerator facility. It has been
operated collaboratively by Japan Atomic Energy Agency
(JAEA) and High Energy Accelerator Research Organiza-
tion (KEK). It consists of three accelerators: a linear accel-
erator (LINAC), a Rapid Cycling Synchrotron (RCS), and
a Main Ring (MR).

MR started beam operation in 2008. MR has a three-
fold symmetry. Three straight sections are dedicated to
“injection and beam collimators”, “slow extraction”, and
“rf cavities and fast extraction” [1]. Four skew quadrupole
(SKQ) magnets were installed into the two of three straight
sections in November 2011. Two magnets are located in
each insertion section. Figure 1 shows locations of the
SKQ magnets. The purpose of these magnets is to reduce
the sum resonance effect, which comes from the rotational
alignment errors of the 216 quadrupole magnets and the
vertical closed orbit distortion at the 72 sextupole mag-
nets [2].

The effectiveness of quadrupole magnets was demon-
strated in the MR beam study of April, 2012. However at
that time, they were stand-alone devices: not remote con-
trollable, and not synchronized to the MR machine cycle.

In J-PARC, we have been using a control system to con-
trol the accelerator equipment [3]. It was developed by
EPICS (Experimental Physics and Industrial Control Sys-
tem) toolkit [4]. A new EPICS-based sub-system has been
constructed to control the SKQ magnets. Using a standard
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Figure 1: Four SKQ magnets in J-PARC MR.

controller (i.e. PLC) and a commercial amplifier as a power
supply, we succeeded to develop the sub-system at lower
cost, in shorter-time, than usual.

OVERVIEW OF SKQ CONTROL SYSTEM

Control overview for two of four SKQ magnets is shown
in Figure 2. The SKQ control system is composed of four
different devices.
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Figure 2: Devices of the SKQ control system.

(a) A PLC controller (YOKOGAWA F3RP61-2L [5]),
which has a CPU loading Linux and I/O modules.
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On this controller, an EPICS IOC (Input Output Con-
troller) is embedded [6].

(b) A function generator (Tektronix AFG3022B) to gen-
erate ramp-up pattern signals. It is controlled using
VXI-11 protocol via Ethernet.

(c) Two DC amplifiers (NF Corporation BP4620), which
signal cables are connected to the PLC I/O modules.

(d) A timing module (REPIC RPN-1110) , which provide
a trigger signal to the function generator.

For all the MR magnets, ramp-up patterns and corre-
sponding waveform data are calculated by dedicated appli-
cations. An IOC in CCR (Central Control Room) manages
all the waveform data. As in Figure 2, patterns and wave-
form data for the SKQ magnets also follow this scheme.
Signals are generated by the function generator, by refer-
ring the waveform data on the IOC, and are delivered to
DC amplifiers.

The devices shown in Figure 2 are installed in a con-
trol rack. One rack is located in the 1st power distribution
building (D1), and another is in the 3rd power distribution
building (D3). Figure 3 is a photograph of one of two con-
trol racks.
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Figure 3: Control rack of skew quadrupole magnets.

CONTROL OF EACH DEVICE

PLC Controller

The PLC controller consists of a CPU module (F3RP61-
2L) and I/O modules. On the CPU module, Linux runs
instead of a ladder sequence. During the CPU boot-up se-
quences, it refers a startup file in a remote file server. An
EPICS IOC runs automatically.
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Table 1 shows the types of PLC modules used in this
PLC controller. The Din and Dout modules control the DC
amplifiers mainly. The ADC module monitors output cur-
rents of DC amplifiers.

Table 1: Selection of PLC Modules
Slot Category Model

Connected to

1 CPU F3RP61-2L Control Network

2 Din F3XD32-3F DC amp. (Status)

3 Dout F3YC08-0C DC amp. (Control)

4 ADC F3ADO08-5R DC amp. (Output currents)

Control of Function Generator

The function generator, AFG3022B provided by Tek-
tronix, is used to produce waveform signals. It is control-
lable remotely by the VXI-11 protocol over network con-
nection. An EPICS device support has been developed for
this function generator. The device support is loaded on the
CPU module of the PLC controller. Thus, the PLC con-
troller works as a protocol converter between the VXI-11
protocol and the EPICS protocol.

Control of DC Amplifier

BP4620 is a commercial DC amplifier provided by NF
Corporation. A DC amplifier is used to excite a SKQ mag-
net in the current range between -20A and +20A. BP4620
can be operated remotely using external input/output signal
cables. An analog input, which is connected to the function
generator, is used as an output current control.

On and off controls and status surveillances are con-
trolled by PLC I/O modules. Connected signals to them
are summarizes in Table 2.

Table 2: Connected Signals of DC Amplifier
In/Out

Analogln Control (output current)

Purpose Connected to

Function Generator

Out Status (amplifier power) PLC Din
Out Status (current output) PLC Din
In Control (set output on) PLC Dout
In Control (set output off) PLC Dout
Out Status (over-current) PLC Din
Out Status (soft-busy) PLC Din

Timing Trigger

A trigger signal is needed to start the signal generation
of the function generator. As in Figure 2, a timing module,
RPN-1110 provided by REPIC, receives a reference sig-
nal from the timing master, and generates a trigger signal.
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The generated signal is synchronized to the MR machine
cycle. Description of the MR timing system are given else-
where [7].

CONTROL BY EPICS
EPICS Naming Convention

In an EPICS system, all the signals have unique
names. In the SKQ control system, we applied our
naming convention to four SKQ magnet names: MR-
MAG:SKQPS_D1_001, MRMAG:SKQPS_D1.016, MR-
MAG:SKQPS_D3_145, and MRMAG:SKQPS_D3_160.
Here D1 (or D3) indicates a power-distribution building
where the DC amplifier is located, and a number shows the
address of the MR ring where the SKQ magnet is located.

Each SKQ magnet has several signals, which correspond
to EPICS PVs (process variables). A PV name is a com-
bination of a SKQ magnet name and a functional name.
For example, in a case of the MRMAG:SKQPS_D1_001,
(a) status of DC amplifier output (on or off) is the PV
“MRMAG:SKQPS_D1_001:STAT:OUT”, (b) ramp-up pat-
tern to be generated by a function generator is the PV
“MRMAG:SKQPS_D1_001:SET:CURRENT”, (¢) on-and-
off control of the function generator is the PV “MR-
MAG:SKQPS_D1_001:SET:PTNOUT”, and so on. List of
important functional names are given in Table 3.

Table 3: Important Functional Names for a SKQ Magnet

Func. Name Type Description
:STAT:PWR bi Status of amp. power
:STAT:OUT bi Status of amp. output

:OPE:OUT_ON bo Amp. output on

:OPE:OUT_OFF bo Amp. output off

:STAT:0OC bi Amp. fault (over-current)
Normally 0

:STAT:BUSY bi Amp. fault (soft-busy)
Normally 0

:VAL:CUR ai (calc)  Magnet current

:SET:PTNOUT  longout  Set func.gen. output

ON=1, OFF=0
:SET:CURRENT waveform Ramp-up pattern data

EDM Screen for Operation

Operation screens for the SKQ magnets have been de-
veloped using EDM (Extensible Display Manager), which
is a standard screen editor of EPICS. An example screen
(Figure 4) shows status of both the function generator and
the DC amplifier, together with the pattern shape and the
calculated output current. In the bottom of Figure 4, on
and off control buttons are also shown.
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Figure 4: Control screen for SKQ magnet setup.

OPERATIONAL EXPERIENCE

The first prototype of this control system, with which
only on and off were possible remotely, was used in Oc-
tober, 2012. After that, we improved remote control func-
tionalities. Development of production version was com-
pleted in January, 2013. Data archiving of the SKQ control
system started in April, 2013.

We started to use the system in the MR beam operation
since January, 2013. It had been used successfully until the
machine stop in May, 2013.
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