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Abstract

The reliability of large vacuum systems is largely dependent on procedures
established duing installation and, later, on vaauum interventions that
concen the echange of macdiine parts, lek detedion a bakeout.
Nonetheless vaauum equipment and its remote operation day an essential
role in maintaining the reliability of the system. Therefore, as ealy as the
design plese, particular attention shoud be paid to oktaining a predse
structure for this g/stem. The vaauum controls shoud be treaed as a sub-set
of the overall machine @ntrol.

1. VACUUM CONTROL

1.1 Overall layout

The succesdul operation d large vaauum systems must be based on dstributed intelligence this
implies a reliable communicaion infrastructure between host computers and intelli gent vacuum
instrumentation.

The vaauum remote cntrol shoud be designed as an open concept that allows upgades and
modificaions of the system. It shoud be structured so that the user can accessand modify diff erent
vaauum items on his own and to integrate during commisgoning a intervention pheses additional
control parameters of bakeout or mobile pumping equipment in arder to keep trac of the performed
interventions.

The general control structure shoud be split into dfferent control levels. The vaauum
instrumentation located on the lowest level is conreded via dedicaed control interfaces to locd
process computers on an intermediate level. These mmputers are wnreded to the server computers
via anetwork, the man-madine interfacebeing the highest level.
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1.2 Vacuum equipment

Depending onthe sizeof the install ation and avail able resources, the vacuum control units to maintain
and measure the vaauum system can be dther developed in-house or bought as off- the-shelf products.
Available mntrol units can be perfedly adapted to the predse needs of the fadlity, including the
hardware distribution, functionality and remote antrol interfaces. Nonethelessthis implies devoting a
significant amourt of resources and time in order to oltain reliable operation. The more frequent
solution is to use off-the-shelf prodicts. In this way benefit from the steady development of the
product is gained together with the advantage of a proven techndogy.

Spedfications or seledion criteria of vaauum equipment shoud include built-in microprocesor
control; thus a significant amourt of the spedfic operation and error handing is performed by the
equipment itself which simplifies the necessary control software.

1.3 Control interface

As most commercial vacuum controll ers are equipped with a microprocesor their remote operationis
mainly based ona serial interface Despite some eisting eledricd spedfications, serial lines are nat
standardised and dfferences between the different serial interfaces are common. The RS232
transmisson protocal is a one-line emisson/reception standard which, die to its eledricd layout
(massreferences), is lessreliable with regard to communication errors and is limited in transmisgon
distances (20m).

The evolution o differential signals was initiated by the RS422 seria interface This twisted
two-line emisson/reception standard improved reliability as polarity changes were used instead of
mass references, which may fluctuate between the wnreded unts. The R$485 seria interfaceis
based on the RS422 standard embedded in a multidrop. The use of this interface requires a
communicaion potocol to be dle to identify the different users. It has the disadvantage of a
multidrop that, in case of a mmunicaion problem, rendersthe whae dhain faulty.

The use of a seria interface & ords the alvantage of alowing a fully remote wntrol of the
vaauum equipment. However, software development can be time ansuming espedally if different
hardware platforms are used. Spedal though shoud be given to keeping the interface & smple &
possble. The advantage of industrial standard bus g/stems like CAN, BITnet, G-bus are their reliable
communicaion and a standard bus communicaion protocol could be used for some parts of
equipment, espedaly for the Programmable Logic Controllers (PLC) or temperature sensors.

1.4 Low-level control

This equipment shoud be divided into dfferent device groups consisting d pumps, gauges, vaves
and temperature sensors. In order to maintain identicad accessto the different device groups an access
protocol has to be defined guarantedng an identicd interface for eady member of similar device
groups, independent of the hardware and the diff erent applicaion grograms. Thisimplies the analysis
of eath vaouum device @ncerning its functionality, capability and the properties of the diff erent
devicesignals/parameters[1] [2].

The locd process computer contains the dedicaed software (device server) to completely
operate eat part of the vaauum equipment. This ftware handes the routing o requests coming
from various applicaions (e.g. gaphicd interface historicd archiving). It shoud be @le to monitor
the equipment andinform the gplicaionin case of incidents.

1.5 High-level control

A common man-machine interfaceimplies that al applicaions must be &le to accessthe different
vaauum devices in an identicd way. In arder to oltain a simple and reliable control, a dient/server
architecure shoud be alopted. The device software on the locd process computers are the servers
which respond to requests coming from the vaauum applicaions. Due to the important amourt of
equipment an event driven data exchange between client/server, rather than pdling the server on a
periodicd time bases, is more dficient.
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Fig. 3 Lower control level layout

Restarting application ograms or dedicated device software shoud automaticdly restore the
necessary configuration data from a database. This allows a dynamic update of any modificaion to
the vaauum system with the guaranteeof having avalid upcite onall control levels.

The main requirement of a vaauum application program is to visuali se the aurrent status of the
vaauum equipment, to be ale to modify it, to dsplay all relevant physicd data and to indicate arors
or faulty equipment in an explicit written message. Additional information for the evaluation o the
current status of machine parameters (beam current, lifetime) as well as the time stamp must be
available.

Apart from the standard vaauum applications, attention shoud be given to providing simple
development todls to creae small control and analysis programs and to be ale to better spedfy later
applicaion programs or to solve tempaorary problems.



23C

Configuration cbta : C.:LI =7
Historicd data base
Vaauum application
Event driven

==
LOCAL PROCESSCOMPUTER
SERVER SERVER SERVER
Cold Cathode Pirani lon pump {x} lon pump {y}

Fig. 4 Higher control level layout

1.6 Database

The size and complexity of control system data implies the use of databases. These reduce the
difficulties of maintenance and improve understanding d the behaviour of the system. Commercial
database management systems allow access from within the @ntrol applicaion via high level
languages as well as the posshility of interfadng with commercial padages such as data analyser
todls or other data bases [3].

Information concerning the system configuration a measurements, data loggng, cébles,
alarms, equipment maintenance, and failures can be integrated into a @mmon database. This soud
contain all the necessary information for appli cation programs and dcevice server software [4]:

¢ The description d the vaaum system, which includes its physicd layout, equipment
names, and their position.

¢ Communicaion path definition between the eguipment interface ad the network address
including the necessary communication parameters.

¢ Physicd charaderistics describing eat part of the eguipment (cdibration, pocess relay
assgnments, set paints).

The achiving and retrieval of historicd data becomes an important item as time passs. It
enables the identification d leas, qualifies vacuum condtionings after interventions and enables
comparison ketween dfferent Insertion Device diambers. In the cae of the ESRF datais processd in
a ommon catabase for the machine and keamnlines. Up to 3 Gbytes of vaauum data ae stored over a
yea. Initially a commercial database was not available and the storage ring vaauum data was gored
in dedicated files with the atendant difficulties of correlating vacuum data with ather machine data,
and the increasing complexity to extrad important amounts of data.

The system shoud be flexible and easy to use which implies accesstod s to include new signals
or modify the mlledion processes in a synchronows or asynchronouws way with a maximal updating
rate of the order of 1 second triggered by changes. Convenient and paverful graphic programs to
display and krowse the historicd data must be available [5]. In addition it shoudd be compatible for
use by common spreadsheds or other spedalised data analysis programs. A different feaure — as
important as the data loggng o measurements and alarms — is the systematic recording o faulty
equipment or material failures sich as leaks repaired with varnish, radiation damaged cables, lekage
currents on conredors, gauges, fealthrougts, etc. At the ESRF we have started an e-log, besed ona
database, which all ows everybodyto accessvia the Intranet from the various platforms. This enables
problemsto be identified, gvesimproved reliabilit y and eases the maintenance burden.
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2. INTERLOCKS

2.1 General concept

The chaice of industrial Programmable Logic Controllers (PLCs) provides expansion cgpability and
therefore the posshility of an easy upgade to include dchanging requirements of storage ring and
beamline operation duing the instalation and operation pleses. PLCs are used extensively in
industry to control sequential and/or continuows processes. These systems are designed to reliably
sustain the harsh industrial environment. Compared to the dasdc hard-wired systems they provide
more functionality but also communication medanisms, supervision tods or archiving schemes.

At the ESRF the PLCs are mnneded via aproprietary RS485 interfaceto the locd process
computers. The process control part is completely covered by the indwstrial PLC, whereas the
communicaion medanisms of monitoring and control have been adopted by the standard control
system. This resulted in a partial lossof important off-the-shelf feaures auch as reliable intra-PLC
communicaion a aarm handing. A nonnegligible dfort was put into the re-design and integration
into the accéerator control system.
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Possble evolution could be to use a duster of PLCs linked together with an indwstrial field bus
and conreded to an upger control platform which ads as a supervisor. The diff erent clients accessthe
supervisor instead o ead PLC [6]. Based ona moduar system with in situ programming a via
EEPROM, the PLC provides flexibility. This enables user-friendy upgades or modificaions to
interlocks based on software dhanges, maintaining the principle of dedicaed PLC programs using
standard software and herdware interfaces.

2.2 Possibledesign solution

At the ESRF the same interlock strategy has been applied for the accéerators, Storage Ring (SR),
Front Ends (FE) and keamlines. Depending onthe size and complexity of the system several PLCs
can buld upthe interlock system for SR or beamlines. The vaauum interlock system shoud be based
on modues, which consist of all vaauum equipment inbetween two gate valves or windows. A
modue shoud consist at least of a Pirani gauge, Cold Cathode or Hot Cathode gauge, pump and pre-
pumping valve.
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Apart from the continuous survey and processng d all conreded trigger signals, which aff ord
protedion for gauges, residual-gas analysers and pumps, ead PLC asaures equential processes. This
concerns the operation d gate valves, shutters and absorbers related to ather safety systems such as
the Personnel Safety System, FE or experimental interlock signals. The remote operation ia the
control system alows a safe accasto control vaauum items and all ows quick and easy diagnasticsin
the cae of interlocks. For the more complex use on keanlines a master/dave structure has been
developed for different PLCs dedicated to codling, safety shutter operation and beamline vacuum; and
for the FE PLCs which operate the diff erent vacauum and shutter elements of the FE.

3. VACUUM OPERATION
3.1 Total pressure measurements

3.1.1 Pirani gauges

These ae diefly used as chegp and simple high resaire gauges, necessary during interventions and
for the completion d the total pressure measurements for the interlock system. The stability of these
gauges is stisfadory. The use of long cables does not appea problematicd with careful eath and
massconredion d the gauges and controll ers. These gauges remain switched onall the time. At the
ESRF the Pirani gauge measurements are used for the interlock system to proted cold cahode
gauges, sputter ion pumps and residual-gas analysers operated at high pesaure and also duing the
NEG adivation.

3.1.2 Cold-cathode gauges

The pressure monitoring system and interlock system at the ESRF is based oncold cahode gauges. It
provides a reliable and stable operation in the dynamic pressure range of the machine (10° -10"
mbar). The gauges are eay to handle. They are mourted using CF38 elbows or crosstubes withou
additional phaoeledron shielding. Eledricd conredion is by triaxial cabling because of the long
cable length. Spedal attentionis given to the dedricd conredion since, apart from the HV supgy of
the gauge, the measured currents are in the 10° A range, which implies careful eath/massconredions
for al gauges and corntrollers. Occasional eledricd led&kage airrents occur on the dedricd
conredion die to humidity or radiation damage, or on the gauge which can be solved by Hgh vdtage
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condtioning. The gauges are mainly started at about 10° mbar, which dces not present any problems
during operation.

3.1.3 Hot-cathode gauges

At the ESRF these gauges are only used in afew places as areferenceunder static vaauum condtions.
Compared to the mld-cahode gauges, the use of these gauges is far more complex. In order to
adhieve reliable and stable measurements, several parameters need to be considered such as degassng
during bekeout and regulation o emisgon currents. At the ESRF some problems were observed:
unstable operation dwe to frequent filament trips;, mourting on a CF63 flange with additional
phaoeledron shielding, a fair amount of gauge falures (short circuits, broken filaments) and
sensitivity to the radiation badgroundwhich required additional lead shielding.

3.1.4 Sputter ion pumps

Recent ion punp paver supies provide the possbility of obtaining reliable measurements of theion
pump current in the low 10°A range. Depending onthe pump size used, the limit pressure measured
shoud bein thelow 10°to 10" mbar range. This may give interesting information abou the presaure
distribution inbetween the gauges during ogeration. It will make it easier to identify locd presaure
bumpsinduced bylesks or malfunctioning o the pumps.

3.2 Partial pressure measurements

Residual-gas analysers (RGA) are included in the standard vacuum monitoring and dita loggng
system to continuotsly follow a defined number of partial pressure measurementsin arder to confirm
corred vaauum condtions on criticd macdine parts. They are dso used in situ via PCs and the
software to confirm corred bakeout, lesk detedion and RGA maintenance work. In order to achieve
reliable measurements a nsiderable amourt of work on system maintenance is necessary.
Procedures have to be established to ougas fil aments and to cdibrate multipliers. The analysers have
to be shielded against phaoeledrons as well as radiation background.

3.3 Additional diagnostics

At the ESRF thermocoupes were installed initially to control and monitor bakeout but have since
been included in the standard vacuum monitoring and data loggng system, as they have proved to be
an interesting dagnastic tod in exotic madine operation modes to trace heding problems.
Thermocoupes are used sincethey are simple to hande and inexpensive. Spedal care has to be taken
during their install ation to asaure areliable d@tachment and cabling. It appeas that apart from standard
locaion oncriticd spots (crotch, absorber, bellows, and ceramic chamber) the system shoud be
flexible regarding herdware and software to allow relocaiorvinstall ation d thermocoupesin situ and
onthe remote antrol.

3.4 Safety elements

3.4.1 Gate valves

The vaauum systems have to be divided into a sufficient number of sedions limited by cpte valvesin
order to isolate sedions likely to undergo more frequent changes from sedions that shoud remain
stable. These gate valves $oud be euipped with an eledro preumatic control in order to close
vaauum sedionsin case of presaureincreases. This also impliesthe layout of the FE sedion and beam
lines.

Several fail ures at the ESRF have proved that the existing interlock system can face acidental
venting die to material failures (cavity window) or human errors during interventions. In all casesthe
incident could be limited to the zone between two preumatic gate valves.

3.4.2 Fast shutters, acoustic delay lines

The UHV system of the SR has to be proteded from vaauum failures in the downstream
beamlines. Some of these beamnlines are diredly conreded to the SR vaauum withou any physicd
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limitation d awindow. At the ESRF eat FE has been equipped with fast shutter and amustic delay
line in order to isolate the SR vaauum system in case of an important vaauum failure. Commercial
fast shutter systems are avail able and those install ed are working well .

The propagation time of the presaure wave has to be increased by means of additional volumes
or acustic delay lines that consist of a series of baffles[7 — 9. Tests have shown that the time taken
for a wave to travel through a vacuum chamber varies acwording to the entry presare, bu aso
depends on the type of failures that vary from acddental manipulation d a valve to a windov
breskage. Experiencegained at the ESRF shows that many vaaium acddents are not dramatic fail ures
requiring the operation d adive safety elements. Only in two cases was the fast shutter triggered and
prevented the venting d SR vaauum sedions. In bah cases the fail ure happened onthe first vacuum
sedion onthe beanline which is nat isolated by a gate valve. In al other cases the beamline vacauum
interlock system triggered the dosure of the gate valves on the beamline and FE and prevented
venting d the FE. Apart from the adive safety elements such as fast shutters and acoustic delay lines,
spedal attention has been gven to include passve safety elements in the design d criticd beanlines
by using the sometimes important volumes of opticd comporents (mirror, monachromator) linked
with rather small condiwctance and dfferential pumping together with a sufficient number of gate
valvesto prevent the propagation upto the FE.

3.4.3 Comments concer ning windowl ess beamlines

Spedal beamline layouts, interlock feaures and procedures have been developed to proted the SR
vaaium against acddental venting and contamination from beamn lines which do na have aphysicd
barrier between bah vaaium systems. In order to proted the SR vaauum the interlock systems of
beamline, FE and SR have to be diredly linked together.

¢ Acddental venting die to material failure

The mentioned FE amustic delay line and fast shutter are the standard items. In addition a
pressure gauge located onthe first beam line modue triggers the dosure of the gate valves
on the beanline and FE. An additional fast ading shutter only on keanlines proteds the
SR vaauum if an experimental part is placed ouside aprotedion huch or the experimental
set-upis particularly risky (ultra-thin window).

¢ Acddental venting dieto human error

Theinstallation d a pneumatic gate valve & one of the first elementsin ead huch allows
systematic dosure of the dedicated gate valve if personal accessto the hutchis enabled.

¢ Leéksand contamination

The vaauum presaure of the beamline dose to the FE has to be compatible with the SR
vaauum. As mentioned ealier the FE gate valves are triggered na only by the FE gauges
but also from a gauge locaed onthe first beanline modue with a large hysteresis on the
trigger level.

If there is an abnamal presaire increase in the beamline the limiting gate valves are
closed and cause the dosure of the FE absorber. The presaure has to recmver by afador of
two from the set point value in arder to reopen these gate valves. In the cae of an
important legk which causes the presaire to rise in the first modue the limiting keanline
gate valves and FE gate valves will be dosed. The FE gate valve will be inhibited urtil the
presaure in the first bean line modue has recovered by a fador of 100 from the set-point
value.

Additional procedures have been established at the ESRF to proted the SR vaauum against
contamination and for example, a partial presaure darm system has been developed.
Residual-gas analysers are installed between the FE and the limiting gate valve to the
beamlines. In arder to continuowsly proted the SR vaauum it is necessary to contain the
partial pressure measurement in an alarm system conreded to the standard beamline
interlock system to close shutters and ggte valvesto isolate the vaauum sedions.
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¢ Differential pumping

Most beamlines use differential pumping systems to separate UHV from HV vaaium
sedions. In this cases the ion punp power supdies are dso interlocked with the limiting
gate valves.

ESRF Windowless Beam Line interlock system
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Fig.7 Interlock logic of windowlessbeamline
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