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A control system of the superconducting 63-pole wiggler fabricated at the Institute of Nuclear Physics in
Novosibirsk (BINP) for Synchrotron Radiation center in Canada (CLS) is described. Specific electronics and soft-
ware, which provide continuous monitoring of all the superconducting wiggler parameters as well as full control and
monitoring of power supplies and cryogenics machines, have been designed. The control system is VME-based. A
client/server architecture of the software allowed us to integrate easily this system into the CLS distributed control

system.
PACS: 07.05.Dz, 85.25.L

1. INTRODUCTION

The superconducting 63-pole wiggler with maxi-
mum magnetic field 2 Tesla (SCW) was designed and
fabricated at BINP as a generator of synchrotron radia-
tion for Hard X-ray micro-Analysis station in CLS. In
January 2005 the SCW was installed on the CLS storage
ring.

The SCW control system design was defined by the
CLS control system architecture. The CLS control sys-
tem architecture is based on a distributed control sys-
tem. The heterogeneous collection of computers is inter-
connected predominately using Ethernet. Operator Inter-
faces (OPI) at the top tier provides a means for the oper-
ator to interact with the system. Linux-based worksta-
tions are used as the main operator consoles. MS-Win-
dows 2000 workstations are used for a variety of semi-
autonomous systems that are part of the control system.
Input Output Controllers (IOC) hardware provides a
mapping between device level hardware and the opera-
tor interface.

The SCW control system is a VME-based system
with MVME172 single-board computer running Vx-
Works 5.3 operating system. This architecture (see Fig.
1) allowed one to carry out all necessary tests of the de-
vice before its installation on the ring and to integrate
easily the control system to the CLS one.

2. THE SCW CONTROL SYSTEM MAIN
FUNCTIONS

A superconducting wiggler is a multipole magnet in-
serted into a special liquid helium cryostat. The inner
liquid helium vessel is surrounded by two shield screens
with vacuum insulation between the helium vessel, the
both screens and an external warm stainless steel vessel
to reduce the heat flux. Two Leybold Coolpack 10MD
coolers are used to cool the shield screens.

The magnet consists of 126 coils placed symmetri-
cally relative to the median plane and surrounded by the
ARMKO-iron yoke. The magnetic field on the wiggler
axis is created by 122 central coils. Two power supplies
are used to energize superconducting magnet (one for
all coils and one for central ones). This design allows
one to zero the first filed integral easily by current redis-
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tribution between the power supplies while the summa-
rized current through the central coils (and so the mag-
netic field) remains constant.

Two additional coolers (Leybold 4.2GM One Watt
System) are connected to the current leads (high temper-
ature superconducting ceramic parts) to reduce the tem-
perature.

Such magnet design defines main functions for the
SCW control system:

- cryostat system monitoring;

- magnet system control;

- reliable interlock protection;

- remote equipment control and monitoring.
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Fig.1. The SCW control system architecture

2.1 CRYOSTAT MONITORING

To provide reliable and safe wiggler operation con-
tinuous monitoring of an SCW system state is useful,
namely:

* LHe level monitoring;

*  GHe pressure monitoring;

e insulation vacuum monitoring;
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e  temperature monitoring;
*  GHe flow monitoring.

2.2. INTERLOCK PROTECTION

To protect the SCW system interlock logic is inte-
grated into PLC. The interlock events are:

e quench;

e high current leads temperature;

e low LHe level.

The superconducting coils are protected from dam-
aging by shunts (0.1 Ohm) and cold diodes (Fig.2). A
conventional bridge circuit is used to detect a voltage
unbalance between lower and upper coils during a
quench.
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Fig.2. Cold diodes and quenc oscillogram

To prevent the HTCS current leads from a quench an
interlock signal occurs if the temperature on the even
one current lead is higher than 78 K.

The temperature sensor (without a heat-conducting
path) is used for registration the LHe level interlock.
The temperature behavior of this sensor is shown in
Fig.3.

2.3. REMOTE EQUIPMENT

The power supplies and cryocoolers are the part of
the SCW system. RS232 interface is used to control
these devices and to get status information.

3. SCW CONTROL SYSTEM HARDWARE
IMPLEMENTATION

The control system hardware includes:

e instrumentation for system diagnostics;
*  Junction Box (special electronics);

e VME boards;
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Fig.3. The temperature behavior of the diode sensor

3.1. JUNCTION BOX

Junction Box (JB) was intended for SCW signals
gathering. As a matter of fact JB is a main element of
the control system. The outline scheme of the JB is
shown in Fig. 4.
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Analog and digital output connectors for VME board
are available on the JB front panel (see Fig.5). Two con-
nectors for signal cables from cryostat as well as an in-
terlock output connector are placed on the back panel.
JB has an independent power supply to ensure reliable
and safe operation of the device.

Fig.5. The Junction box front panel
3.2. SCW DIAGNOSTIC INSTRUMENTATION

16 temperature sensors placed in various points of
the cryostat give full information about system state
during routine operation as well as during system cool-
ing down and warming up. In the system described, sili-
con diodes are used for temperature measurements.

LHe level sensor is a superconducting wire with
length about 400 mm and diameter of 0.1 mm. The re-
sistance depends on the LHe level.

The industrial pressure transmitter PAA-23S with
absolute pressure range 2 Bars, 10 V output is used as a
pressure sensor.

The industrial gas-flow meter F-112AC-HAD-33-V
with gas-flow capacity 100 L/min, 5 V output is used as
a He-gas flow meter.

SingleGauge™ controller TPG 261 (measurement
range 5-10"'...55000mbar, RS232 interface, analog
output 0...10 V) is used for insulation vacuum monitor-
ing.

3.3. VME BOARDS

The following VME boards are used in the SCW
control system:

*  Motorolla MVME172 processor board,

e RS232 8 cannel interface to control power sup-
plies and cryogenic machines;

e SMI1 module includes 14 bits 32 channels ADC
and Input/Output register. This VME board was
designed in BINP.

4. SCW CONTROL SYSTEM SOFTWARE

Characteristic features of the SCW control system
are the following:

to VME

to VME



¢ Distributed multilevel software hierarchy with
classic client/server architecture;

. Software is divided into two parts: an embed-
ded part (target) and a high-level (host) part;

e The target part of software operates on industri-
al equipment under VxWorks 5.3 operating sys-
tem;

e The host high-level part is a client user interface
application;

e The interaction between these two parts is real-
ized via Ethernet.

The architecture of the SCW control system soft-

ware is shown in Fig.6.
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Fig.6. The SCW control system software architecture

Main functions of the SCW control system soft-
ware:

e monitoring of all SCW parameters;

¢ remote equipment control and monitoring;

e alarm processing;

e convenient representation of all actual data.

The target part is the main one as it provides infor-

mation processing from the hardware devices and real-
izes all of algorithms for the SCW control. The host
software is a high level user interface program which al-
lows users to obtain all SCW data and to control the ma-
chine. The example of the user interface screen is shown
in Fig.7.
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Fig.7. User interface screen

5. SUMMARY

The control system designed for the multipole super-
conducting wiggler supports the routine operation and
provides reliable device protection. The VME-based ar-
chitecture allows the SCW control system to be integrat-
ed into the CLS one.
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CHUCTEMA YIIPABJIEHUSA U MOHUTOPHHT A 63-IIOJTIOCHOTI'O 2-TECJIA CBEPXTTPOBOJSAIIE-
'O BUI'TJIEPA JUISI KAHAJICKOI'O HEHTPA CHHXPOTPOHHOTI'O U3JTYYEHUS

3.A. Kynep, H.A. Me3enyes, E.I. Mucunckas, B.B. Penkos, B.M. Ilykanos

Omnwcana cucTeMa ynpaBJIeHUs] 1 MOHUTOPUHTA 63-IIOJFOCHOTO CBEPXMPOBOSIIETO BUITIEPA, H3TOTOBIEHHOTO
B USI® CO PAH s ucrounnka cuaxpotponHoro nziaydenus CLS. Beim paspaboTansl cienuaibHas SI€KTPOHNUKA
U TIporpaMMHO€E o0ecriedeHue, 00eceYnBaroIIne HePephIBHBIIT MOHUTOPUHT NTapaMETPOB CBEPXIIPOBOISIIETO BUT-
rjiepa U ynpaBieHUE UCTOYHMKAMHU NMUTAHUS U XOJOAWIbHBIMU MallMHaMU. B cucreme yrpaBieHHs UCHOIb30BaH
KOHCTpYKTUB VME. ApxuTeKkTypa ImporpaMMHOro 00eCHeUYeHHUs] KIMEHT/CepBep MO3BOJIMIIA JIETKO WHTEIPHPOBAThH
JAHHYIO CHCTEMY B paclpelelIeHHYI0 cucteMy ypasneHus CLS.

CUCTEMA KEPYBAHHS I MOHITOPHUHI'Y 63-IIOJIIOCHOT'O 2-TECJIA HAAITPOBIITHOT'O
BITTJIEPA JJI51 KAHAJICBKOI'O HEHTPA CUHXPOTPOHHOT' O BUTIPOMIHIOBAHHS

E.A. Kynep, H.A. Mesenues, €.I. Mizcincoka, B.B. Penxos, B.M. I[yxanoe

OnucaHo CUCTEMy KepyBaHHs 1 MOHITOPHHTY 63-IOJIFOCHOTO HAJMPOBITHOIO Birrjepa, BUTOTOBIEHOTO B [SD
CB PAH nans mxepena cuHxpoTpoHHoro BumnpominioBaHHs CLS. Byna po3po0Onena cnenianbHa eJeKTpOHIKa i
mporpaMHe 3a0e3MeyeHHs, Mo 3a0e3MeuyroTh Oe3MepepBHUI MOHITOPUHI ITapaMeTPiB HAAMPOBIIHOIO BIirriepa i
KEpyBaHHS JDKEpeJaMu JKMBJICHHS 1 XOJNOIAMJIBHMUX MAIlWH. Y CHCTeMi KEepyBaHHS BUKOPHCTaHUI KOHCTPYKTHB
VME. ApxiTekrypa MporpaMHOro 3a0e3redeHHs KIIEHT/CepBep J03BOJHIA JIETKO IHTErpyBaTH IaHy CHUCTEMY B
posnoaineny cuctemy kepysanus CLS.
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