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The pumping system of the polarized ABS of the ANKE storage target consists of 3 cryogenic and 7 turbomolecular
pumps with different pumping speeds [1, 2]. The intention is to replace these cryogenic pumps with turbomolecular
pumps to overcome some limitations caused by cryogenic pumps, while maintaining the overall same pumping speed and
efficiency of the pumping system. For common control of the system, industrial equipment SIEMENS SIMATIC S7-300
family of programmable logic controllers has been implemented that would provide a reliable, long-term support, remote
control of the target as well as measurement and optimization of its operating parameters. The process control software
was implemented using the Windows-based WinCC toolkit from SIEMENS.

1.

Introduction

Due to space limitations, no gate valves could be
installed in the ABS to allow separation of the
cryogenic pumps from the ABS vessel. This leads to
appreciable pressure bumps by the evaporating gas from
the cryogenic pumps during warming up for
regeneration. To minimize the load to the
turbomolecular pumps, warming up the croygenic
pumps at present is done in a sequential, time
consuming
procedure.
Replacing
them
by
turbomolecular pumps saves time and increase the ABS
operation time during the experiments. An additional
argument to exchange the pumps is found in the
expenses for the necessary periodic maintenance of the
pumps. For both types of pumps this maintenance is
required in intervals of about a year. The expenses to
replace the displacers in the cooling units of the
cryogenic pumps and the oil adsorbers in the
compressors are, however, appreciably higher than
those to exchange the oil in the turbomolecular pumps.
In addition, the power consumption by the
turbomolecular pumps is much less than that of the
cryogenic pumps.
2.

shown in Figure 1. The highest gas load ( 1mbar l/sec)
is encountered in chamber I. Two strong turbomolecular
pumps, 2200 l/sec, are backed by two stages of smaller
ones, 260 l/sec, and a diaphragm pump. Chamber II is
equipped with a single line of such pumps. Each control
unit is included into the control system. The chambers
III and IV are pumped by strong cryogenic pumps,
3000 l/sec and 1500 l/sec respectively, supplied by He
compressors, whereas a smaller one, 800 l/sec, is
mounted on chamber V.

Currently Mounted Pumps: Functions and
Specifications

Currently, there are 7 turbomolecular pumps and 3
cryogenic pumps installed at the polarized ABS as
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Figure 1. Pumping System of the polarized ABS used for ANKE
experiments in COSY.

Figure 2. Structure of the control system for the controlled pumping system of ANKECOSY.

2.1. Specifications of turbomolecular pumps
replacing cryogenic pumps
The biggest of all cryogenic pumps, 3000 l/sec,
mounted in the chamber III is replaced by 2 big
turbomolecular pumps with a speed of 1600 l/sec. The
smaller cryopump, 1500 l/sec, in chamber IV is replaced
by 1000 l/sec turbopump, and the smallest pump in
chamber V, 800 l/sec, is replaced by a small 300 l/sec
turbo pump. The efficiency of 1500 l/sec and 800 l/sec
cryogenic pumps is not totally used, thus they can be
counter balanced by 1000 l/sec and 300 l/sec
turbomolecular pumps.
3.

Control-system technologies

The exclusive use of industrial control technology is
important for the target control system to ensure reliable
operation under any circumstance. The robust industrial
PLC (Programmable Logical Control) technology is
ideally suited for this purpose. The control of the system
constitutes a typical slow control problem with
moderate requirements of reaction time and data
throughput. Since the control system up to now employs
about 800 process signals; it could be implemented on a
single PC. It should, however, be possible to extend the
control system to a distributed configuration with more
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than a single PC. An additional boundary condition was
the restricted manpower. Therefore, powerful
development tools were desired. Since the technical
specifications of the storage target have been
continuously evolving and subsystems had to be tested
individually, a high degree of flexibility was required
from the development tools. This existing industrial
control technology used in ANKE is further used for
controlling the new turbomolecular pumps. Two more
modules, digital input and output, are installed. They
control the automatic evacuation and venting of the
turbomolecular pumps. In addition, an emergency
shutdown can be initiated by the interlock system. The
pressures of all vacuum gauges and the status of all the
mechanical components are regularly monitored,
displayed and saved in an online database. The
rotational speeds of all the turbomolecular pumps are
monitored as well. The power for two big 1600 l/sec
pumps is supplied by an electronic drive unit
(TCP 600), and 1000 l/sec pump is controlled by
PROFIBUS. A signal distributor box is made and
implemented in between SIMATIC PLC and the power
supplies to monitor and distribute the required signals.
The whole structural assembly constituting the pumping
unit and the control unit with 2 PROFIBUS is shown in
Figure 2.

3.1. PROFIBUS
As an international standard, the PROFIBUS has
become the most widely accepted modern fieldbus
technology in Europe. A major reason for its success is
the technological and functional scalability based on a
common core. Nowadays, a wide range of PLCs, as well
as low-cost process input/output modules are available
from a variety of manufacturers, which greatly
simplifies the interfacing. Most of the installed
PROFIBUS equipment follows the DP profile, which
has been designed for the optimized connection of
simple, low cost input/output modules in a real-time
environment.

with the modern object-oriented technology offering
system modules for:
monitoring, i.e. visualization of the process
status and history,
allowing operator control, like setting of
parameters, switching subsystems on and off,
acknowledgement of alarms,
archiving of process variables and alarms,
communication with the process periphery and
supervisory computers, e.g. the ANKE dataacquisition system.
The main components of the employed WinCC package
are:

3.2. SIMATIC STEP 7 PLC
The SIMATIC S7 series constitutes the actual PLC line
of Siemens. STEP7 offers structured project design. The
hardware configuration is based on menu with drag and
drop options, automatic address distribution by the
system. Creating and debugging of programs is
supported by a wide range of system functions and
library routines.

a graphical editor-process pictures can be
comfortably drawn and the attributes of
graphical objects can be connected to process
variables in a transparent way,
an alarm system,
a database-WinCC integrates the database
Microsoft SQL server for the storage of
process values and alarms,
a variety of channel DLLs (Dynamic Link
Library) supporting industrial networks and
PLC types, and
an integrated script interpreter, based on ANSI
C (American National Standards Institute),
allowing modification of dynamic actions
during runtime, thus increasing development
productivity.
4.

Figure 3 Siemens S7-300.

In the new system, one input and one output
modules are implemented, along with a CPU and a CP
(communication processor) as shown in Figure 3. On
each level consistency check is available. PROFIBUS,
if required, is a well-supported tool for external
connectivity. The S7 series offers a wide spectrum of
CPUs, enabling a high degree of scalability with respect
to performance and functionality. All PLCs use
CPU 315-2 DP (Decentralized Periphery).
3.3. Windows Control Center (WINCC)
WinCC is used for the man-machine interfacing in
automation design global scripts, where a wide range of
standard functions are available. WINCC is developed
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Why replacement is feasible?

Avoid
eventual
damages
to the
installed
turbomolecular pumps
Due to no gate valves presence there could be
considerable pressure bump to the turbomolecular
pumps, which could result in their damage. Hence, to
avoid this damage it is a better solution to replace them
with turbomolecular pumps.
Increase the time for experiments with polarized gas
target
Regeneration of cryogenic pumps takes about 4-5 hours
every week. Hence, to win over this time for the
experiments, replacement is a good feasible option, with
longer experiments time.

Figure 4. Installation of the pumps at the test chamber.

required to replace after every 5-7 years. So, one can
deduce an appreciable maintenance cost reduction.
Achieve lower power consumption
The cryo-compressors need a high power. The
compressor for the big 3000 l/sec cryopump uses 56 kW·h power, 1500 l/sec uses 4-5 kW·h and the
compressor for the smallest cryopump uses 3-4 kW·h.
In comparison to turbomolecular pumps, which do not
need a compressor, this power consumption is too high,
as all the new installed turbomolecular pumps need in
total 1 kW·h of power. Hence, as a result of this
replacement, the power consumption will be decreased
roughly by a factor of 12.

5.

Reduction in the periodic maintenance expenses
The displacers in the cryopumps needs to be replaced
every 12 to18 months. Price of a displacer is about
1500 for a small 1000 l/sec cryopumps, and 3000 for
a big 3000 l/sec cryopump. Turbomolecular pumps do
not have displacers, they need an oil change every year
which costs about 100. Costs of adsorbers, needed in
case of turbopumps, are not mentioned here as they are


mbar.

 Installation and successful testing is completed
at a test chamber (Figure 4). All electronic
configurations is completed as well as tested.
 The combination of S7 and WINCC system,
proved to be flexible and extensible. In particular, the
selection of PROFIBUS DP made the integration of new
components very simple. With the use of WINCC,
simple extensions and modifications of process pictures
was possible as well.
Pressure achieved in the system

3 · 10-8
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