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Abstract

The helium cryogenic system at Spallation Neutron Source (SNS) provides cod
81 superconducting radio frequency cavities. To support the operation of the
cryogenic facility, a highly reliable control system consisting of software, hardw|
and Human Machine Interface (HMI) has been developed and improved during
first fifteen years of operation. Integrating the cryogenic control system with oth
subsystems of the SNS complex is an important aspect to the success of the
operation. The operating experience, lessons learned and recommendations tq
consider for future facilities will be detailed in this paper.
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Introduction

SNS cryogenic system

The design of the SNS cryogenic system is similar to the system deployed at Thomas
Jefferson National Accelerator Facility (TINAF) with some modifications. The SNS sys-
tem is designed with about 60 % of the refrigeration capacity of the original TINAF
system []. Table 1 details the system specifications. Figutds a simplified diagram of

the system. The major components of the system include a purifier, helium gas storage,
warm compressors, 4.5-K cold box, liquid helium storage, 2-K cold box, linear acceler-
ator (LINAC) distribution system, controls system and additional ancillary systems.

SNS cryogenic control system

The Central Helium Liquefier (CHL) at SNS is a highly automated and highly reliable
machine with an exceptional performance record. The control system was designed in
a modular fashion within the Experimental Physics and Industrial Control System
(EPICS) framework which allows it to integrate with the other controls in the SNS ac-
celerator complex. This design EPICS includes a total of 14 Versa Module European
(VME) Input Output Controllers (I0OCs) and 23 Allen Bradley ControlLogf¥
Programmable Logic Controllers (PLCs). Each subsystem has its own dedicated pair of
ControlLogix™PLC and a VME I0C. In this implementation, the lower level controls,
equipment and instrumentation interface, and interlocks are contained in the PLC
while the higher-level controls, Proportional Integral Derivative (PID) loops, diode
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Table 1 SNS cryogenic system specifications

Primary Secondary Shield
Supply temperature [K] 4.5 4.5 38
Return temperature [K] 2.1 300 55
Supply pressure [bar] 3 3 4
Return pressure [bar] 0.041 1.05 3
Static load 850 W 5als 6070 W
Dynamic load 600 W 2.54gls -
Capacity 1259/s 15¢9/s 8300 W

temperature sensor modules and Linear Differential Variable Transformer (LVDT)
modules are handled in the VME IOCs. A block flow diagram of the cryogenic control
system is depicted in Fig2.

In addition to the ControlLogix PLCs and VME IOCs, the cryogenic control system
utilizes EPICS'soft’ IOCs to implement the cryogenic alarm handler and upper level
control sequences. An EPICSoft’ IOC is a program running on a host machine per-
forming input/output (1/0O) operations on devices with no direct hardware connected
to the host machine, as well as executing sequence operations, open or closed loop
controls, and other computations.
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Fig. 1 Diagram of the CHL
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Fig. 2 Diagram of the Cryogenic Control System
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The system is equipped with multiple sources of electrical power to maintain
high system reliability, and consequentlyngure uninterrupted control system oper-
ation. The primary power source is susceptible to interruptions caused by external
factors; hence the control system devices are setup with a secondary or emergency
power source delivered by an Uninterruptible Power Supply (UPS) with a diesel
generator backup. Maintaining uninterrupted power to the control system through
automatic transfer switches (ATS) is critical to the reliability and availability of the

facility.

For operator interface, SNS has selected the Extensible Display Manager (EDM),
which is maintained at ORNL. A script was created to translate the JLab operator
screens, which were implemented using Motif Editor and Display Manager (MEDM),
into EDM. The SNS color and font standards were applied after the screens were trans-
lated. The screens were updated to reflect the SNS plant hardware design and to in-
corporate improvements suggested by JL&#. [The initial controls development effort
resulted in control screens for each of the subsystems and several of the individual
pieces of equipment. An example of a control screen is provided in BigAs time pro-
gressed, additional screens were included for diagnostic purposes. Screens capturing
important trip data or information about equipment health were added to assist with
system troubleshooting. Summary screens were included for the valves and instruments
of each subsystem to aid in the calibration and initial set up of the system. The control
screens closely mimic the Piping and Instrument Diagrams (P&IDs) to support oper-
ator familiarity with both the drawings and control screens. This approach aids with

system operation and troubleshooting.
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Fig. 3 Main Compressor Overview Control Screen

Integration of cryogenic control system with accelerator controls

The integration of the cryogenics control system with the rest of the accelerator com-
plex is of key importance. Data is provided from the cryogenic control system to the
Radio Frequency (RF) control system to determine whether it is acceptable to apply RF
power to the superconducting cavities. Additionally, the cryogenic control system is
used to control the liquid level, pressure, temperature, and amount of electric heat in
the cryomodules. It performs these functions in normal operating conditions and in
transitional phases of operation. Several control sequences are in place to integrate
these functions.

The cryogenic control system resides on its own network and is separate from the ac-
celerator network. The cryogenics plant is equipped with its own control room and is
controlled from a location separate from the rest of the accelerator. In the off shifts
when the cryogenic system is unmanned, the control system is equipped with an auto-
dialer that calls the staff in the event of an alarm. The accelerator central control room
(CCR) has read access to the cryogenic system, monitoring operation in the cryogenic
facility during off shifts. This provides redundancy to the auto-dialer. Over time, desir-
able control functions were identified as important for the CCR operators to perform,
avoiding excess call-ins for the cryogenic staff. To enable control, the chief operator in
the CCR can log in to the cryogenic network where the EPICS access security configur-
ation has been set to provide the chief operator with limited amount of write access to
the cryogenic controls. The chief operator can make select modifications such as an ad-
justment to the electric heat in the cryomodules to stabilize pressure.
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An added challenge to integrating the controls of the cryogenics system is interfacing
with the multiple vendors and contributors to the design and fabrication of the system.
Most large-scale cryogenics systems are built by multiple vendors and institutes. For the
SNS cryogenic system, TINAF, Oak Ridge National Laboratory, Linde, Air Liquide, S2M,
PHPK, and several other vendors were involved. SNS partnered with TINAF personnel to
lead the controls effort. However, several of these vendors provided PLC code for the op-
eration of their component. A functional description was developed to guide the staff in
coalescing these different code components into one cohesive functional control system.

Control system standards

Implementation and enforcement of standards in several areas, including software,
hardware, screen design, device naming, and signal naming were recognized as early
linchpins of the integration approach for the SNS controls system implementation. To
ensure uniformity across all developed software, the SNS project negotiated project-
wide licensing agreements. The most important aspect of control system
standardization was the uniform use of the EPICS framework for all subsystem con-
trols. EPICS provides tools for developing and executing control algorithms, a common
communication protocol, Channel Access, and a set of configurable tools for graphical
user interfaces (GUI). Contrary to tradition even in other EPICS laboratories, this in-
cludes both the conventional facilities and the target control systems, where integration
was deemed important from the outset. Training was required for both commercial
firms and partner laboratories not familiar with EPICS. The GUI tools available in
EPICS include the EDM, developed for EPICS at the Oak Ridge Holifield facility and
further enhanced in collaboration with the SNS controls group. EDM was chosen for
easier maintenance and extensibility than competing EPICS display managers, and tools
were developed to translate screens developed in two of these: MEDM and DM2K
(European version of MEDM). Working with the operations team, SNS standardized
layouts and color schemes used for operator screens. EDM facilitates consistent use of
color rules by allowing selectable pre-defined configurations for similar types of
screens. Linux was chosen as the operating system for control system development, as
well as operator console, file management and high-level server applicatighs [

SNS facilitated the use of hardware standards by establishing Basic Ordering Agree-
ments (BOASs), which allowed all partners, subcontractors, and vendors to purchase se-
lected standards at project-negotiated prices. The SNS control system makes far greater
use of commercial PLCs than was traditional in EPICS-based systems. PLCs were used
for subsystems that must be kept operating whether the rest of the control system is
needed. SNS selected the Allen-Bradley ControlLd#family of PLCs for these applica-
tions. SNS originally standardized on the Motorola 2100 Power PC series of processors
for its distributed 10Cs, however, some limitations of this model have led to many
IOCs being upgraded to Motorola 5500 s after some years of operational experience.
An adapter card allows the same processor to be used for both VME and VME eXten-
sion for Instrumentation (VXI) applications. BOAs were established for VME and VXI
crates: Dawn for 7 slot VME crates; Wiener for 21 slot crates and Racal for VXI. A
BOA was completed for standard, 19equipment racks. These were configured as re-
quired with doors, side-panels and/or other accessories.
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One of the first and most important standards agreed by the partner laboratories was
for signal and device naming. Despite having established the standard, the application
of the naming convention broke down during the development of the control system
with multiple partners. The standardized names using several different interpretations
of the original standards document appeared on drawings, screens, in documents, and
prototypical databases. It was also unfortunate that special characters defined in the
naming standards could not be accepted by other commercial software products subse-
guently utilized for non-controls applications.

Results

Reliability

The SNS cryogenic system has been 99.7% reliable over the last ten years operating, on
average, 5000 h per year. This equates to approximately 14 h of down time per year.
That means each subcomponent of the system must greatly exceed 99.7% reliability to
ensure the continued operating record of excellence. Figdrdepicts the reliability data

of the cryogenic system. The down time is calculated from the time the beam goes off
to the time the beam returns. The most important aspects of recovery are response
time, diagnostics and evaluation, and the implementation of the repair. When possible,
these issues are corrected on scheduled maintenance days or during maintenance out-
ages to avoid operational risk.

The down time experienced by the cryogenic system over the last ten years of oper-
ation can be classified into six categories: sinus filter, output module, capacitor, PLC
fault, heater power supply, and JT valve motor (Fig. Of these six categories, the
down time caused by the sinus filter was by far the biggest contributor, responsible for
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Fig. 4 Reliability data of the SNS Cryogenic system for last ten years of operation
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