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Minutes of LHC-CP Link Meeting 8

Subject : LHC Controls Project

Date : 14:00  19th December 2000

Place : 936 Conference Room

Participants : Billen, R SL-MR
Bland, A SL-CO
Calderini, F SL-CO
Carlier, E SL-BT
Daneels, A IT/CO
Di Maio, F PS-CO
Gavaggio, R LHC-VAC
Gras, JJ SL-BI
King, Q (Secretary) SL-PO
Kostro, K SL-CO
Lauckner, R (Chairman) SL-DI
Pezzetti, M LHC-ECR
Rodriguez Mateos, F LHC-ICP
Sollander, P ST-MO
Tyrell, M SL-CO
Vanden Eynden, M SL-CO

Excused : Gayet, P LHC-ACR
Martel, P EST-ISS
Walckiers, L LHC-MTA

Absent : Brahy, J LHC-IAS
Bruning, O SL-AP
Ciapala, E SL-HRF
De Rijk, G SL-MS
Epting, U ST-MO
Lamont, M SL-OP
Wolf, R LHC-MMS
Schmidt, R AC-TCP

Distribution : Via LHC-CP website: http://cern.ch/lhc-cp
Notification via: lhc-cp-info@cern.ch

Agenda : 1. Minutes from previous meeting
2. Controls News R. Lauckner
3. Presentation & demo: Middleware K. Kostro
4. Control activities in LHC-ICP F. Rodriguez Mateos
5. AOB

http://cern.ch/lhc-cp
mailto:lhc-cp-info@cern.ch
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1. Minutes from Previous Meeting

The minutes from meeting 7 were approved.

2. Controls News R. Lauckner

The chairman reported that the controls board has drafted a mandate for the second phase of
the SCADA working group and has asked Wayne Salter (IT-CO) to be the chairman.  Issues to
be considered by the working group include the following:

• The volume of potential users.

• Produce licensing (site license?).

• Support and Training.

• The future of non-PVSS SCADAs already chosen by equipment groups (e.g. by Cryo and
Cooling & Ventilation).

Claude-Henri Sicard (LHC-IAS) will represent the LHC-CP as well as LHC-IAS on the
working group.

3. Middleware Presentation & Demonstration K. Kostro & F. Calderini

Kris Kostro (SL-CO) presented the activities of the Controls Middleware (CMW) project (see
attached slides).  This project has been going for some time and although its mandate is
limited to SL and PS, it is accepted that work done by the project should benefit the LHC as
well.

For LHC, there will be various domains in which SCADA is used for supervision.  A
message-oriented middleware (MOM) will be needed to link these domains with surveillance
applications.  Within the accelerator controls domain, a command/response middleware will
be required and CORBA has been chosen in part because of it multi-platform support.

The CMW team will provide a simplified API, which will allow applications to use both
CORBA and MOM.

The question of multicast was raised as it can influence the performance of access to large
numbers of equipment.  Q. King and K. Kostro will meet in the new year to discuss the LHC
power converter controls project and will report back to the LHC-CP in a future meeting.

After the presentation, Kris and Francesco successfully demonstrated two different prototype
middleware applications, based on subscriptions to published data.

4. Controls activities of LHC-ICP F. Rodriguez Mateos

Felix Rodriguez Mateos presented the controls activities of the LHC insertions, correctors and
protection (ICP) group (see attached slides).  The group is responsible for all superconducting
magnets, except the main dipoles and quadrupoles, the integration of the insertion regions, all
current leads and quench protection of all superconducting elements (including bus bars and
current leads ).  They also provide a magnetic field calculation service to the LHC Division.
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The group has traditionally been focused on hardware development and relies on
collaborations with other groups for the software component of their control systems.  A
significant task at the moment is the monitoring and supervision of the String 2 quench
protection system.  The system uses 13 data acquisition cards developed by Gespac for main
magnets and extraction systems, plus 9 more cards for global quench detection of complete
circuits. These cards are linked via a 1 Mbps WorldFIP bus to a VME based gateway machine
supplied by SL/CO.  The PCvue based interface application is being developed by the BARC
programming team along with all the other String 2 supervision applications.

An equivalent system will be needed for LHC, however, this will require more than 3000 data
acquisition cards, distributed around the LHC tunnel where radiation will be a significant issue
in many cases.  A rad-tolerant card from Gespac has been tested during the last campaigns in
the TTC-2 area (ref. R. Brun).  It is not yet clear if this type of solution can be applied in the
tunnel for the protection system.

5. AOB

None.

Actions People

Establish Real-time and Components sub-projects. R Lauckner

Set up the LHC Controls Engineering data tree in EDMS M. Vanden Eynden

Complete planning questionnaire for all LHC controls related
sub-projects with a group

All LHC-CP linkmen
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CP-8 CERN    LHC / ICP

Controls Activities in LHC-ICP

Controls Project Meeting 8, 19 December 2000

F. Rodriguez-Mateos, LHC/ICP

CP-8 CERN    LHC / ICP

What is LHC-ICP doing for LHC?What is LHC-ICP doing for LHC?

uu The magnets of the insertion regions and their integration in the Machine.The magnets of the insertion regions and their integration in the Machine.

uu The corrector magnets in the LHC Machine.The corrector magnets in the LHC Machine.

uu The protection of the superconducting elements in the LHC circuits.The protection of the superconducting elements in the LHC circuits.

uu The bus bars for 600 A correctors inThe bus bars for 600 A correctors in  SSSs SSSs and the 6 kA bus bars. Their and the 6 kA bus bars. Their
integration.integration.

uu The current leads (resistive and superconducting). Their integration.The current leads (resistive and superconducting). Their integration.

uu Magnetic field calculations.Magnetic field calculations.

CP-8 CERN    LHC / ICP

OutlineOutline

1. Controls activities in LHC-ICP: String-21. Controls activities in LHC-ICP: String-2

2. A perspective towards LHC2. A perspective towards LHC

3. Our challenges3. Our challenges

CP-8 CERN    LHC / ICP

Control activities in our group?Control activities in our group?

ÎÎ Experience in the so-called slow controls forExperience in the so-called slow controls for
the Quench Protection System in String-1the Quench Protection System in String-1
(based on Siemens AG-95, as in the test(based on Siemens AG-95, as in the test

benches at that moment). Collaboration withbenches at that moment). Collaboration with
P. Legrand and J. Brahy.P. Legrand and J. Brahy.

?? Stations for testing electronics equipmentStations for testing electronics equipment
(test bays for HDS, QD or complete racks for(test bays for HDS, QD or complete racks for
String-2) in String-2) in Bdg Bdg 281.281.

?? Test station for current leads (cryogenics,Test station for current leads (cryogenics,
powering, monitoring, data acquisition, É):powering, monitoring, data acquisition, É):
different collaborations with other groups.different collaborations with other groups.

Are these guys doing
any controls at all?
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??Activities for String-2 É And the machineActivities for String-2 É And the machine

uu Activities on monitoring and supervision for the Quench Protection System andActivities on monitoring and supervision for the Quench Protection System and
Energy Extraction System in String-2 started in our section in January 1999. OneEnergy Extraction System in String-2 started in our section in January 1999. One
ÒÒprestation prestation de serviceÓ man was appointed to do the job.de serviceÓ man was appointed to do the job.

uu A collaboration started soon after with Pedro A collaboration started soon after with Pedro Ribeiro Ribeiro (SL/CO). He took in charge(SL/CO). He took in charge
the gateway (interface of our system to the supervision), did all thethe gateway (interface of our system to the supervision), did all the
programming to interface our equipment to the gateway, and to connect theprogramming to interface our equipment to the gateway, and to connect the
latter to the supervision, properly channelling the data coming from the latter to the supervision, properly channelling the data coming from the AMCÕsAMCÕs..

uu The supervision of our system has been integrated in the work-package done byThe supervision of our system has been integrated in the work-package done by
BARC in India. A first version of the application for QPS and EES is almostBARC in India. A first version of the application for QPS and EES is almost
completed (ready for the commissioning of String-2 in April).completed (ready for the commissioning of String-2 in April).

uu We did ourselves:We did ourselves:

n The integration of the GESPAC module into our monitoring subsystem, with the
corresponding interface to pick up the desired signals.

n The programming of these AMC

n The specification for the supervisory application
CP-8 CERN    LHC / ICP

QP and EE: Communication Structure inQP and EE: Communication Structure in
String-2String-2

Quench Detector

WorldFip

Magnet Protection Gateway
MPG

Supervisor
Application

SA

Test Mode Unit
TMU

Time Signal
(GPS)

Main Energy Extraction
Switches

AMC

..........

AMC

AMC

Global Detectors

..........

..........AMC

Current Leads

..........

AMC

..........

Corrector Switches

DataBase

Acquisition and Monitoring Controller
AMC

Power Permit System
PPS

WAN
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String-2 SystemsString-2 Systems

MPS GUI
PCVue

Windows NT

PCVue Database
MPSSupervisionA
AmcOpcServer

Windows NT

Ethernet

MPGateway

GPS
LynxOS 2.5.1
PowerPC

WorldFIP 1Mb/s

AMC
controller

AMC
controllerCourtesy of Pedro Courtesy of Pedro RibeiroRibeiro
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Acquisition & Monitor ControllerAcquisition & Monitor Controller
AMC GESPAC GESSBS-1137AMC GESPAC GESSBS-1137

Microcontroller
Intel 8051

Memory 
RAM / FLASH EEPROM

Input
Buffer

WorldFip
Cell

CPU

Logic Inputs Logic 
Signals

Isolated
Interface

MICROFIP
WorldFip Controller

Station
WorldFip System

ADC
Multiplexer
32 Channels

Input Buffer
Amplifiers

Analogue 
Inputs

Output
Buffer

Logic Outputs
Logic 
Signals

Power Supplies: +5v / +12v. / -12v.

Analogue Inputs

Thanks to Raymond Brun for his collaboration
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Requirements for data volumes and data ratesRequirements for data volumes and data rates
in String-2in String-2

uu In routine, every 100ms each AMC sends a report (max. 64 bytes)In routine, every 100ms each AMC sends a report (max. 64 bytes)
to the Gatewayto the Gateway

uu In case of alarm, the message consists of up to 14 bytes of dataIn case of alarm, the message consists of up to 14 bytes of data
plus 9 bytes of time stampplus 9 bytes of time stamp

uu In String-2 every magnet can send 5 different alarms to theIn String-2 every magnet can send 5 different alarms to the
application (not in LHC!)application (not in LHC!)

uu Alarms are filtered at the Gateway by presence over 5 secondsAlarms are filtered at the Gateway by presence over 5 seconds
(except the quench ones!)(except the quench ones!)

uu A quench event sends automatically 30 A quench event sends automatically 30 kBytes kBytes of binary data toof binary data to
the databasethe database

uu The quench data for post-mortem analysis will be available in theThe quench data for post-mortem analysis will be available in the
historian database after about 2 minutes (acquisition for about 6historian database after about 2 minutes (acquisition for about 6
seconds of real time for magnets, and max. of several minutes forseconds of real time for magnets, and max. of several minutes for
energy extraction units).energy extraction units).
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No real time feedbackNo real time feedback
Nothing to do if all goes wellNothing to do if all goes well
Post-mortem analysis if somethingPost-mortem analysis if something
(quench) happens(quench) happens

During During off-lineoff-line test mode (no test mode (no
beam)beam): check of equipmentÕs: check of equipmentÕs
behavior/degradation according tobehavior/degradation according to
established procedures.established procedures.

A perspective towards LHCA perspective towards LHC

For a more detailed description of our systems (QP and EE), 
please refer to presentations by LHC-ICP

in CO-OP ForumÕ 99 and in Powering Review this year.

To be recalled:To be recalled:
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An example within the LHC arcs: MainAn example within the LHC arcs: Main
MagnetsMagnets
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Acquisition & Monitor System

Hardwired

Quench Test TMU&AMC

Quench Detection

Analogue Signals
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Instrumentation:Voltage
Taps and Heater Leads

Logic Signals

Vdd

EQT
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Test modeTest mode
(no beam/no (no beam/no current))

uu CR has the possibility to CR has the possibility to remotely testremotely test::

n Quench Detectors

n Heater Discharge Supplies

n Acquisition and Monitoring Controllers

n Switch Controllers

uu One needs One needs bothboth::

n A simulated (remotely) quench trigger signal will be
generated in a specified magnet from the AMC

n A simultaneous test validation signal

uu No time critical. Procedure to be established.No time critical. Procedure to be established.
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Operational aspects in LHC (1)

uu To have Power Permit from QP System:To have Power Permit from QP System:

n Test mode is finished (off-line)

n All QD are low (OK)

n Switches closed (reset, ON)

n Heater Power Supplies (OK)

uu In case of a quench in a circuit, the operator getsIn case of a quench in a circuit, the operator gets
automatically a message with the most relevant informationautomatically a message with the most relevant information
including timing.including timing.

uu After some time, data are ready to be exported from theAfter some time, data are ready to be exported from the
Gateway to the database (historian).Gateway to the database (historian).
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Operational aspects in LHC (2)

uu Detailed analysis of signals (off-line) should give aDetailed analysis of signals (off-line) should give a
coherent picture of the event (????)coherent picture of the event (????)

uu During operation, other During operation, other alarmalarm signals (just for information) signals (just for information)
could appear on the Magnet Protection screen:could appear on the Magnet Protection screen:

n Switch(es) have opened

n Heater discharge supplies are not available (the capacitorsÕ
charge is too low)

n Non-coherent signals from Quench Detectors (logic output
to low, reference drifted too much, etc.)

uu These signals do not prevent from operation => no actionThese signals do not prevent from operation => no action
required! (not even acknowledgment). Actions could berequired! (not even acknowledgment). Actions could be
taken later during machine access period for repair.taken later during machine access period for repair.

uu All alarm messages will be recorded into a log file.All alarm messages will be recorded into a log file.
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Interface of the QP + EE
Systems with control room

u Test mode:
n Interaction operator-system
n Detail procedure to be established

u Operation:
n Messages via alarms

n Data under request for diagnostics (on-
line, post-mortem)
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Some basic requirements...Some basic requirements...

uu Field buses:Field buses:

l WorldFip

l estimated minimum 6 buses/octant, bandwidth must be larger
than 56 kbauds (t.b.c.)

uu TimingTiming
l Precision 1 millisecond for time stamping

uu GatewayGateway
l ports for GPS and WorldFip

l not decission on this so far (PLC or PowerPC/VME? )

l depends on radiation tolerance of the final AMC

l (and on CP advise as a matter of fact)
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Example: Communication Units in the ArcsExample: Communication Units in the Arcs

WorldFip

SC Magnets:

- Dipoles
- Half-Quadrupoles
- DS

MP
Gateway

To supervision

N
et

w
or

k

QDH

AMC
Isolated Chamber

PAL

SC Magnet

T
M

U

QDH

AMC

SC Magnet

T
M

U

QDH

AMC

SC Magnet

T
M

U

QDH

AMC

SC Magnet

T
M

U

TMU: Test Mode Unit
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The elements (Quench Protection) 1/2The elements (Quench Protection) 1/2

uuQuench Detectors (DQQDG, DQQDL, DQQDC)Quench Detectors (DQQDG, DQQDL, DQQDC)

uuHeater Power Supplies (DQHDS)Heater Power Supplies (DQHDS)

〈  2100 local quench detectors DQQDL (main magnets, 4 and
6 kA circuits with mid-points)
〈  650 global quench detectors DQQDG (600 A circuits,
main bus bars)
〈  650 quench detectors for current leads DQQDC

About 6200 DQHDS needed for LHC
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The elements (Energy Extraction) 2/2The elements (Energy Extraction) 2/2

Energy Extraction FacilitiesEnergy Extraction Facilities

 (DQS, DQR and DQSC) (DQS, DQR and DQSC)

32, 13 kA extraction facilities

(280, 4kA breakers with ~70
controllers)

180, 600 A extraction units
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The challenges

To monitor and acquire data

⌧ For all this equipment

⌧ Integration of the
applications  properly done
at the Supervis ion level (CR)

⌧ To provide ÒgoodÓ data for
post-mortem:

n Selection of data

n These are the only data
coming form the LHC Ò active
coldÓ

⌧ Not to complicate operators
life

To acquire the know-how in the
group::

á We have to make it in
collaboration with others

? Experiences  from other
machines  (HERA, RHIC, ...)

? Need manpower

å And time goes  byÉ
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