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From S. Claudet, 18/10/07, LHC HWC safety
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Cryogenics system introduction

CRYO_START (authorization for powering)

The CRYO_START is a start interlock. Therefore once the conditions are
met the powering is authorised without any further acknowledgement. It
requires a manual intervention (operator request) by the cryogenic
operator. It will also modify the control temperature of the HTS (High
Temperature Superconducting) leads.

The CRYO_START ensures that the required conditions to power the
magnets are met.

It gives sufficient margins to “safely” operate cryogenic equipment
(temperatures, pressures, levels).

It does not protect equipment (it does not replace the quench protection
system, the voltage taps, the beam monitors, etc.).

If the CRYO_START disappears the machine can still safely run for
several minutes.

From L. SERIO, 29/03/07, CRY OGENICSAND POWERING
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Cryogenics system introduction

CRYO START

1. Superconducting magnets OK
. Magnets below threshold (1.95 K) and pressure above threshold (1 bar)
. Stand alone above threshold (level above threshold)
. Beam screen temperature below 25 K

2. Line D (T lowest point above 5 K) and Quench Tanks empty (pressure)

3. DFB’s OK

. Liquid helium level between thresholds in DFB (to cover LTS-HTS joint and
below maximum level)

. Current leads temperature between threshold (48 K — 52 K)
DSL OK: temperature below threshold (5 2 K)
Sector refrigerators OK (Cryoplant Ok for powering)

. Compressors

. Cold compressors

. Turbines
. Phase separator above 50 %

6. Ethernet communication OK

7. Vacuum OK (Magnets and QRL): pressure below threshold (10-2 mbar)
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Cryogenic system introduction

CRYO_MAINTAIN (request for slow discharge)

« The CRYO_MAINTAIN is a full stop interlock which cause a slow
discharge. An operator acknowledgement is therefore needed to be able
to power again the magnets.

e Only the conditions that will directly and rapidly provoke a quench
(magnets, current leads, bus-bars) will be considered.

« Afiltering logic on the sensor used for CRYO_MAINTAIN will be
necessary in order to avoid unnecessary downtime due to failing sensors
or electrical noise. In principle it will be based on the verification of 2 out
of 3 sensors in the cell requesting the discharge or in the case of only 2
sensors both must be out; the conditions must be valid for at least 30 sec.
Instrumentation clearly not functioning (open or short circuit) will be
flagged out.

From L. SERIO, 29/03/07, CRY OGENICSAND POWERING
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Cryogenics system introduction

CRYO_MAINTAIN

1. Magnets below temperature threshold or above liguid helium level (2 K
or minimum level for stand alone)

2. Liquid helium level inside thresholds in DFB (above LTS (Low
Temperature Superconductor)-HTS joint or below maximum level)

3. Current leads temperature below threshold (60 K)

4, DSL temperature below threshold (5.6 K)
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Cryogenic conditions for RF

THE CRYO NOMINAL FOR START POWERING (Cryo Start):
* RF OK

e Liquid helium level in RF cavities between threshold: (40% =
100mm - 80% = 200mm)

* Pressure between 1335 mbar and 1365 mbar

* Vacuum RF Ok

* Cryo enable

» Cryoplant Ok for Powering
» Ethernet communication Ok
THE CRYO ACCEPTABLE FOR MAINTAIN POWERING (Cryo Maintain) :

» To have a Cryo for RF request to Stop the condition must stay
active more than 30 seconds
* Liquid helium level in RF cavities below threshold (20%=50mm)

* Pressure above 1.5 bar
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Cryogenic conditions for powering

Cryogenics conditions for powering:

Conditions to authorize magnet powering
(CRYO_START=TRUE and CRYO_MAINTAIN=TRUE)

Conditions that do not authorize magnet powering but if there is already current in

the magnets there is no request for discharge (the conditions of magnet powering

were met at the time of the start of powering but have disappeared meanwhile)
(CRYO_START=FALSE and CRYO_MAINTAIN=TRUE)

Conditions that do not authorise ma

discharge
(CRYO_START=FALSE and CRYO_MAINTAIN=FALSE)

RF has a separate cryo start and cryo maintain as an independent cryo sector.

Each circuits of sector have
a CRYO _START and a CRYO MAINTAIN
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Status on 25/05/07

High level of detail in the application available in CCC.

Possible to navigate through the Cryogenic system.

Four access levels (the first three with password):
Administrator: omnipotent
Expert login: for experts only, direct control on each piece of equipment of the cryo system. Possibility to
change interlock level.
Operator: can operate the system, accessing the equipment but cannot change interlock levels.
Monitor: Read access only =» thisisthe mode in which we should use the application. Under deployment:
nominative access with role-based rights

Bl Navigation Panel

From G. ARDUINI/S. REDAELLI, 25/05/07, LHC Systems Cryo
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Status on 25/05/07
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Status on 25/05/07 ;
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Status on 25/05/07
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Question and Request by OP

 ACR Support during Checkout first beam ?
* Global display of LHC situation (via Cryo_Start/Cryo_Maintain) ?
« Cryogenics Application improvement, for non-expert :
 Cryo_Maintain and Cryo_Start easier to localize a problem :
« By Sector
By Magnet
 Trend instead of numeric value (not really readable)
 Temperature charge during ramp of magnets
 Who is responsible for Insulation Vacuum
* Linked to alarm system
« PVSS not accessible from LINUX
Post Mortem :
e Delay of PM reading
« Why Measurement DB not accessible ?
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Presentation Layout
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ACR Support during Checkout first beam

e On-line:
« Cryogenics:
— As soon as 2 sectors cold at the same time, ACR operators will be in CCC.
— 2 x 8 h shift + on-call experts.

 [nsulation Vacuum :
— Managed by AT/VAC.

o Off-line:
— Cryogenic Performance Panel (CPP — Chair: L. Serio):
« Analyze off-line, manage ail aspects of cryogenic performance,
« Study, propose improvements of functional procedure and consolidations,

 Record and track cryogenic sub-system performance in relation to their
manufacturing and test data.

 Design and set-up of the tools for the additional on-line monitoring of the
cryogenics during beam commissioning.
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Hardware situation
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=egenc _ QSC_(A,B,C): Warm Compressor Station Electrical Feed B

Cryogenic QSR_(A,B): Surface 4.5 K Refrigerator Cold Box M ectrical Feed Box

Distribution QURA: Underground 4.5 K Refrigerator Cold Box

Line QURC: 1.8 K Refrigeration Unit Cold Box ____, Superconducting Link

QUI_(A,B,C): Cryogenic Interconnection Box

| Commisionned & accepted B Delivered / Under installation || Ordered (Contract placed)
[ ] Under commissioning [ ] Under fabrication ] Under definition
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i,

Power input LHC Electr . 4.5K Refrigerator g OUI
LHC Helium inventory A 1.8K Refrigeration Unit
4.5K Refr. Impurities e or

D Sector Helium inventory

Project has been put in low priority by ACR,
no resources by CO to developed it.
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Display Cryogenics Status (Online)

A TIM viewer
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A beam oriented fixe display can be developed in few week.
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Display Cryogenics Status (Online)

Cryo main page - Sector 45

Maximal Magnet Temperature —— Awverage Magnet Temperature
inimal Magnet Temperature

4.5K Refrigerator 1.8K Refrigerator Production indicators: Move cursor to yellow square to identify magnst

=

Distribution line

Maintain

|: Cumulated Cryo Start

Weekly Availability
DFBs Magnets

W

HWC web pagesvia php to TIMBER DB,
but update every 1-5min, can be made for AB/OP in few days.
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golt  Alarms »
7 LHC Equipment Control ] Beam Instrumentation #
LHC Beam Control ] Cryogenics b| (FU55d] Cryo point 18
.-=IIJ:I LHC Beam Measurements » & LHC Equip State (@551 Cryo point 2
Control System » — y| (FUssT] Cryo point 4
! | [FUsET] Cryo point 6

[#E5d] Cryo point 8
ﬂ. Post Mortem Cryo

* Monitor by default, in read access only.

o Actually only working on Windows, but February/March Ul will work on
Linux.

 There is actually no PVSS application grouping cryo data, each sectors are
independent.
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No general view availablefor all cryo plant to localize a problem.
Because, actually each cryo plant independent
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Other tools link with Cryo

L ASER:
PVSS CRY O will belinked to LASER, end of November.
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SUMMARY

*Cryo will be ready for beam other application like Alarm, PM, TIM.
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Documentation / Information

Thanks for your help:

 S. Redaelli (AB/OP), G. Arduini (AB/BI), L. Serio (AT/ACR), E. Blanco (AB/CO), H.
Reymond (AB/CO), A. Rijllart(AB/CQO), N. Stapley(AB/CO), P. Sollander (AB/OP), J.
Szkutnik (TS/HDO).

Presentation :

» Special cases of cryogenic intervention(S. Claudet, 18/10/07)
e LHC-Sytem-Cryo (S. Redaelli, G. Arduini, 25/05/07)
 Cryogenics and Powering (L. Serio, 29/03/07)

o Controls for LHC cryogenics (L. Serio, 20/09/05)

Meetings:

o Soft requirements(P. Gayet, L. Serio, M. Sanmarti, M. Lamont, A. Butterworth,
31/06/01)

EDMS Doc:

e The Process of the Cryogenic System for LHC
 (G. Gubello, L. Serio, M. Soubiran, 18/10/06)
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Expected performances and limitations: cell quench recovery &

< 3 kA 9 kA > x> 3 kA > 9 kA

Vs

6
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£
H -
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S 2
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|
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Number of cells [-]

v"Quench propagation within two adjacent cell
v"More than 14 cells or full sector recovery up to 48 hours
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Expected interfaces and interactions

- " Image
emperaiure Currents
control controls Synchrotron Particle
— radiation L osses
_ Resistive
Ramping \ Splices
L osses
Quenches Cryo-pumping
E-cloud losses
Cryostat
Insulation
Compressors,
turbines, valves,
instrumentation ...
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