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The cryogenic control system of BEPC I
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Abstract A superconducting cryogenic system has been designed and deployed in the Beijing Electron-
Positron Collider Upgrade Project (BEPCII). The system consists of a Siemens PLC (S7-PLC, Programmable
Logic Controller) for the compressor control, an Allen Bradley (AB) PLC for the cryogenic equipments, and
the Experimental Physics and Industrial Control System (EPICS) that integrates the PLCs. The system fully
automates the superconducting cryogenic control with process control, PID (Proportional-Integral-Differential)
control loops, real-time data access and data storage, alarm handler and human machine interface. It is capable
of automatic recovery as well. This paper describes the BEPCII cryogenic control system, data communication
between S7-PLC and EPICS Input/Output Controllers (IOCs), and the integration of the flow control, the low

level interlock, the AB-PLC, and EPICS.
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1 Introduction

In order to increase the luminosity of the BEPC!,
the project BEPCII was constructed in the past few
years. Three kinds of superconducting devices in-
cluding RF cavity (SRFC), superconducting solenoid
magnet (SSM) and superconducting quadrupole mag-
net (SCQ) are used in the BEPCII for the first time.
Two 250kW compressors are installed in cryogenic
plant. One compressor supplies 4.5K liquid helium
for SRFC, the other compressor for SSM and SCQ.
The compressor system comprises a main compressor,
a refrigerator, a subcooler and transfer lines. The
superconducting SRFC consists of two SRFCs, one
valve box and one 2000L Dewar. The superconduct-
ing magnets are composed of two SCQs, one SSM,
three valve boxes and one 1000L Dewar.

Two cryogenic compressor systems were pur-
chased from the vendor-Linde Company, which per-
forms the compressor control through S7-400 PLC,
Profibus and WinCC software. The control system
of superconduting devices was developed by the In-
stitute of High Energy Physics (IHEP), the Chinese
Academy of Sciences using AB-PLCs, ControlNet
and VME I0Cs.
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2 Control system overview

The control system of BEPCII is based on
EPICS™ ® a set of open source software tools, li-
braries and applications developed collaboratively
and used worldwide.
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Fig. 1. The cryogenic control structure of
BEPCII project.

Figure 1 illustrates the structure of the cryogenic
control system at THEP. The cryogenic control system
is divided into compressor control and superconduct-
ing control according to the front-end devices. The

294 — 296



No. 4 LI Gang et al: The cryogenic control system of BEPCII 295

operator interface at the center control room takes
care of monitoring and archiving of selected signals,
and displays the running status of cryogenic system.
The engineering workstations and VEM IOCs in the
local cryogenic control room can be remotely con-
nected to the PLCs, through Profibus and ControlNet
respectively. PLCs in front end are connected to the
sensors and actuators directly! ®. The local touch
panels are used to show some important information
of the PLCs and can be operated to take some actions
in device field.

3 Communication between S7-400

PLC and EPICS I0C

Cryogenic control of the compressor system is not
described in this paper, because it runs WinCC, a
SCADA system, on an industrial personal computer
(IPC) and was developed by vendor-Linde Company.
But the communication between the WinCC system
and EPICS is required to integrate the compressor
signals into EPICS.

The open development kit (ODK) is a software
package, which provides open C application program
interface (C-API). We have developed a data commu-
nication program, so that the data of WinCC can be
accessed or changed by EPICS via C-API of the ODK.
The software architecture shows in Fig. 2. An IPC
installing WinCC, ODK, Mircrosoft Visual C++ and
CA Dynamic-link Library serves as Channel Access
Client (CAC) of EPICS whereas a PowerPC proces-
sor running IOC database serves as Channel Access
Server (CAS) on the VME IOC.

IPC Windows OS VME-I0C
WinCC VxWorks OS
VC++ 10C/DB
CAC CAS

i ethernet i

Fig. 2. The structure of communication be-
tween S7-400 PLC and EPICS I0C.

The VC++ program serving the data communica-
tion has the following functions. Firstly, the connec-
tion is established between VC++ and WinCC via
C-API of ODK, and the VC++ program reads the
real time data of S7-400 PL.C in the WinCC database
according to the tag name. Secondly, the VC++ pro-
gram can be linked to IOC database via CA and sends
the data to the IOC database. On the other hand,
the IOC database can also update the value of S7-400
PLC through the WinCC. Up to now, the prototype
of communication between S7-400 PLC and EPICS
IOC has been developed and tested in lab.

4 Control system of superconducting
devices

The control system of superconducting devices
is implemented via AB-PLCs, which have Control-
Logix controllers. The PLCs and IOCs communicate
through the ControlNet. The IOCs are MVMES5100
PowerPC running EPICS R3.13.8 under VxWorks 5.4
operating system in VME crates.

The cryogenic control system supplies the 4.5 K
liquid helium to the SRFC, the 4.5 K two-phase he-
lium for SCQ and SSM of the BEPCII. Once the
cryogenic system operates, the cryogenic control sys-
tem is expected to run continuously and steadily. It
needs more time, more money to get back stably when
the cryogenic control system has fault. So it is very
important to design the control logic, control PID
loop, low level interlock and sequence for this reason.

4.1 Design of control function

The cryogenic system has several operational
phases including cooldown, normal operation,
warmup and quench recovery. During the different
operational phases, the different control logic, inter-
locks and control loops are used to control the actu-
ator, the heater and so on. Fig. 3 shows the distri-
bution of the cryogenic control functions. All high
level control algorithms, control PID loops and au-
tomatic sequences reside in I0Cs under the EPICS.
Only the low level interlocks and device I/O of the
pivotal equipments run in PLCs.

A

N
N .| 110
valve PLC

10—
v
S —

I 10C

pressure & level
inter-
lock | peget

Fig. 3. Design of the control function of the su-
perconducting devices.

The control logic and control loops often need to
be modified during the commissioning stage. Gener-
ally the loops running on the PLCs must work contin-
uously, even momentary interruptions can not be tol-
erated whereas a short interruption can be tolerated
in the IOC side. Thus IOC reboot is allowed for main-
tenance, because the communication between PLCs
and IOCs is via the ControlNet, and the ControlLogix
will keep the value of all inputs and outputs of PLCs
when the ControlNet communication is broken for a
while.

The EPICS “PID” record used in the cryogenic
control system was developed by DESY, which not
only allows easy adjustment of the loop constants and
changing the loop parameters, but also provides the



296 Chinese Physics C (HEP & NP)

Vol. 32

digital enabling interface to realize the sequence pro-
tection of the cryogenic system.

4.2 PID control loop

To keep the cryogenic system’s best operation
with a fairly constant load, a lot of PID control loops
are used in the cryogenic control system'® 7. Here
is the example which shows how to control the level
of liquid helium in the superconducting cavity (See
Fig. 4).

The power of the electrical heater is used to com-
pensate the dynamical load of the SRFC. Normally,
the output power of the electrical heat is calculated
according to the power from the RF system, and the
inlet valve feeds the liquid helium into vessels to keep
the cavity in superconducting states. Because the re-
sistance of the wires and system errors exist, two PID
control loops are designed to keep the balance of the
liquid level in vessels.
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Fig. 4. Two PID control loops.
The output power formula of electrical heaters is
as follows:

PHeater = PState+PRF + PPID,

where PState stands for the static state power of elec-
trical heater; PRF means the dynamic load power
from the RF system, PPID is the compensating
power of electrical heater. SetpL_H stands for the set-
point value of the level-heater PID control loop, and
SetpL_V is the setpoint value of the level-valve PID
control loop. By the way, the value of the SetpL._V is
much smaller than the value of the SetpL_H.

4.3 Interlocks in PLC

In order to protect the key devices, for example
the cavity or current leads of superconducting mag-
nets, from damage, a lot of interlock conditions need
to be taken into account to force actuators at a safe
position. Of course, these interlock programs reside
in the PLC, which is independent from the IOC.
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All of the interlock actions are performed auto-
matically as soon as one of the interlock conditions
is available. However, the recovery of the interlock
status must be enabled by the operator. The super-
conducting cavity is sensible to the pressure in the
vessel. So the inlet valve should be closed immedi-
ately to cut off the supply of the liquid helium when
the liquid level or pressure is high. The interlock logic
is as follows:

When P > 1.26 or L > 90%, the interlock activates
and closes the valve (default state);

When P < 1.25 and L < 86% and Man_Reset are
true, the interlock resets and is ready to work.

Where P is the pressure in the vessel, and L is the
liquid level of the vessel.

Certainly, there are other interlock conditions to
be considered as early as possible before construction
of the cryogenic control system. For example, the
power of level indicators should be shut down, if no
liquid is detected in vessels; the power supply of the
heaters need to be switched off as soon as a risk of
thermal runaway exists.

5 Conclusion

The control system of superconducting systems
was designed, constructed and is under commission-
ing. Two-layer control structure is adopted in the
cryogenic system. The high level control is on the
EPICS I0C, where all control algorithms, PID con-
trol loops and sequences reside. The low level control
is on the PLC, which performs data input output and
the important and necessary interlocks. The control
system of SSM and SCQ has been improved to fix
some problems in design of current leads. The con-
trol system of SRFC has been in operation for more
than one and a half years without any problem and
the improved cryogenic control system was put into
operation in May 2007 and it is working well.
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