LHC Cryogenics

From cool-down to 1st beams

Serge Claudet (LHC Cryo OP),
On behalf of cryo teams involved




= =

—CRYOGENIC ATIONS 2008

Introduction to LHC cryogenics

Cool-down, cryo tuning for magnets HWC

Functional analysis - Controls - Availability
Perspectives

Summary

S. Claudet LHC Cryogenics - CryoOps 2008




= =

—CRYOGENIC ATIONS 2008

Point 4

8 x 18kW @ 4.5 K

1’800 sc magnets

4
(J
(J
]
.
]

24 km & 20 kW @ 1.8 K
36000t @ 1.9K
120 t He inventory

Pt 1
O Cryogenic plant

S. Claudet LHC Cryogenics - CryoOps 2008




Ol LHC Cryogenics architecture |

—CRYOGENI IONS 2008

Point 1.8 Point 2 Point 4 Point 6 Point 8
\QSCB\ Qscd QSCA QSCC QSCC QSCA |QSCB QSCC QSCC QSCB QSCA QSCG |QSCC QSCA |QSCB QSCC § g
osre e ased askg
| l | =
| | | »
» auRA aurs auRA
I I I c
lauiB QUIA Quic Quic 2
o
| | QURC  QURC QURC|  [QURC QURC  QURC|
| \ \ —
i MSector 1—2% MSector 2—3M MSector 3—4N MSector 4—5N MSector 5—6M MSector 6—7N MSector 7—8N i MSector 8—1M %
. ‘ —] = ‘ = -
Legend _ _
Ex Q30 a0 Wi ConprosserSalon ] el Feca o
Distribution QURA: Underground 4.5 K Refrigerator Cold Box
Line QURC: 1.8 K Refrigeration Unit Cold Box iq Superconducting Link
QUI_(A,B,C): Cryogenic Interconnection Box

Large variety of large scale refrigerators,
AND
Large variety of valve boxes and large scale lines




= 1=

—CRYOGENIC TIONS 2008

» QUIC

QURC QURC

eEEEEEE
Sector 7-8 Sector 8-1

iz & | Qualified with performance (@
|  assessment before being

S. Claudet put together LHC Cryogenics - CryoOps 2008

e

L




@©N2ll  LHC Sector 4-5 scheme [

—CRYOGENIC ATIONS 2008

I I I I
f‘\f\.“'

P4 | || I ars
W 0000 = g (2% Febl el el Helel

Ly I‘ll.l.l]cf

CARYD.: D4 05 UBEECTOR 7_0 34

Magnet § AGSGA ASR4 B2 AACSGABSRS B 1hA VACSECASR4M A A VACSECASA4M A A VACSECAGRAM A 4 VACSEC ATR4M

—ﬂﬂLlJJELﬂJLk—iﬂHDbWM\bHT—**ﬂdD%H\MbHH %—+ﬂMbH\MDHH %**#ﬂdb%ﬂ@bﬂHDF—HPWWDWWWﬂD%*—

.’01 SUBSECTOR 11_13 R4 = SUBSECTOR 15_17 54 SUBSECTOR 18_21 R4

3.3 km
4700t @ 1.9K ~— Heblokible - EDolBloRolel Haﬁmwouon - Foleloeplo %F

UssEcToR zazspe 2D A S2%ypsecrons

VACSEC AT1R4M A VACSECAII24.M A VACSEC.A1BRAM

=~ 1 0/1 5tHe A VACSEC AZIRAM A VACSEC AZTEAM

——HUUUHUUUL—HJUUHMD\%—HHMHHJUU——F—HUUU@JJJ—HUEMUUUU—*

UBSECTOR 31 Rd4_33 L3 UBSECTOR 31_28 L3

WACSEC AIIR4M A WACSEC AJILAM Iy VACSEC.AZTLAM

—4HMFDHWP\F##””ﬂHHM\F*—%%%%%\H DDH%%HHF—+:NT \Db@%@ﬂﬂﬂ#ﬂdQ

Q27
A SUBSECTOR 27_23 L3 Ak C23 ¢ peecrons 32110 SUSSECTOR 1817 L3

A VACSEC AZILAM & VACSEC.A18LAM VACSEC. ATSLAM

04 D2

ouumuﬂmimiw Ellot-Fikl el InES @@

011 Q3Q2 o
UBSECTOR 1913 L3 SUBSECTOR 11,8+ ar s

VACSECATILIM A

S. Claudet LHC Cryogenics - CryoOps 2008




= =

—CRYOGENIC ATIONS 2008

S. Claudet LHC Cryogenics - CryoOps 2008




= =

—CRYOGENIC ATIONS 2008

* Cool-down, cryo tuning for magnets HWC
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QuickTime™ and a
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Dust Debris

And
possible
shorts in
diodes !

But the sooner the best !l
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First beams around LHC
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1 Christmas and water
1 maintenance shut-down -

10- 07- 04- 03- 31- 28- 26- 23- 21-Jul- 18- 15-
Nov- Dec- Jan- Feb- Mar- Mar- Apr- May- Jun- 2008 Aug- Sep-
2007 2007 2008 2008 2008 2008 2008 2008 2008 2008 2008

Cooling 8 sectors + Cryo tuning + Powering tests activities
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Secteur 7-8 #1
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Average temperature of magnets [K]

Dispersion due to particular process (HX & Turbines) and timing for thermal shield/ Line B
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Diam. [mm] Volume [m3]
100 25.9
150 58.3
250 162.0

From QUI to

©—> m’:ROVS QRL_RM

= 3300m

Density [g/l] Mass [kg] Time flight
C [3B, 5K] 118 3058 5-12h
D [1.3, 8K] 8 467 1-4h
B[0.015,4K] 0.18 29 4-12

Changes on « supply conditions » may have an effect some hours later ...
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LHC Cryogenics: duration of cool-down phases Updated

- installed
1 Design | | — '
goKk LHC7-8 I 41 capamty
Final | 44 d
Design 34 i Sketches intended to 25d 18d
20K LHCT-8 | . illustrate achievements and
Final ?? d medium term expectations \/
Design [ 14d S. Claudet - Jul'07
45K LHC7-8 3d 24
Design IZI1 g 214
19K LHo7e IE— U 24 154d
Final B Exciuding ELQA or ’
4d 14 d /2 wks exira-Works :
Design | | BT 710d/ 10 wk ™ ¢! £
R M — - o s s | DUration of
Final m | |%-_ 28 d / 4 wks phases
5. Claudet - 06Dec'07 | Proposed for schedule: Bwks(ﬁwks)d'wks LHG-MAC22 - Cryogenics
N

Present reference with Jun’08 constraints Target 2008: At best:
(staff, LN2, controls) 5 wks 21.5d
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: 4.5K stand-alone magnets
« 2 Kmagnets in ARC Gl i

— LT/EH at return modules — Adjust instrumentation LT/EH

LT of SSS in ARC — Control LHe at 50%
EH at lowest point = Fill-up and boil-off to determine

appropriate set-point
EH of cold masses & beam
screens - . Electrical Feed Boxes (DFB’s)

= Possible pump-down and - Coplrellin Sl Ui
cool-down of magnets — Cool-down leads at 150K, then cool-

including tests with cold dowm plitssie sisplEi;
compressors — Adjust instrumentation LT/EH

— Control LHe at nominal

Identified and tuned for sector 4-5, = Fill-up and boil-off to determine
appropriate set-point

Implemented for sector 5-6, 7-8, and = Tuning of Temp. control loops
now in 8-1, 2-3, 6-7 during the (target

=two) weeks after ARC magnets @
4 5K LHC Cryogenics - CryoOps 2008
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0 Filling 70-100 %
| B Filling 0-70 %

O Cooldown 30-4.5K

From x3 down to

Number of cells [-]

i

» More than 14 cells or full sector: recovery up to 48 hours
* In case of fast discharge (even w/o quench): 2 h recovery (heating due to eddy currents)

S. Claudet

x1.5 w.r.t design
values

LHC Cryogenics - CryoOps 2008




= =

—CRYOGENIC ATIONS 2008

* Functional analysis - Controls - Availability
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PFD Sector 8-1 v. 40
Ma%ner emplying with
Re-Liguefaction

@ = Cryogenics P&F diagram

More than 500 PID

control lnone
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.

A large and complex fluid distribution system ! \




W Vision_1: unicosHMI
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* P, T, L controlers at operating conditions




Hh unicosHMI_2: unicosHMI_2
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» Cool-down using mostly Flow controlers

* T, L controlers at operating conditions




Cryo conditions for powering
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Cryo Start: set of conditions to allow powering of concerned sub-sector
(rather strict = good stability of process)

ATIONS 2008

Few important conditions checking integrity of HW, with

slow power abort in case this signal is lost

T unlcosH1_1 : unicosHMI_1

Cryo Start W
Ciya Start |
Cryo Start

Cryo Start @

Cryo Ok

S. Claudet
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Standard Cells
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LCM L

HCM
MS_Rt

Gryoplant OK for powering [ |
ARC ( Cooldown 1.9K 0K [

Ethernet communication Ok ——
Line D Ok
Vacuum Ok

120A Current leads ——

Operator Validation for Cryo Start
ARC 56

Cell79R5:
Cell 11_13R5:
Cell 15_17 RS :
Cell 19_21R5 :
Cell23_ 25R5 :

Cell 27 29 RS :

Cell 31_33R5_3316 :

Cell 31 29 L6 :
Cell 27 2516 :
Cell 23_211L6:
Cell 19 17 L6 :
Cell 15_13 16 :

Cell 11 916 :

DFBAJ
LCM

200K
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1.42 bar

1.47 bar

1.27 bar

1.24 bar

1.58 bar

10.71 bar

277 bar

143 bar
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1.43 bar

1.00 bar
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are needed to see

Ayl LHC Cryogenics power permit s

this picture.
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The cherry on the cake ! 20 months after start of cool-down
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@2  Downtime - Availability M

ATIONS 2008

—CRYOGENIC sector 56 origin (hrs) stop (hrs)
1 29-Feb-08 Elec 2.0 Stop 400V (Pb AUG loop) stop CC 168
2 12-Mar-08 Cryo 0.0 Controls CC (AL) stop CC not applicable

3 14-Mar-08 Cryo 48.0 Leak in 18kW Cold Box stop CC 240

_ = T Cryo Controls CC (AL) stop CC not applicable
Summar? waaklv ﬂ\l‘ﬁllﬂhlllt‘f Cryo Stop 18kW Comp. (LS oil) stop entire sector not applicable
100 - I M Water Stop 400V P5 (water) partly blind not applicable
L. . ' /_ Cryo Stop 18kW Comp. (LS oil) stop entire sector not applicable
L Elec 0.0 Low 400kV stop CC 96
- PromISIng perIOd '/" _ I Elec 0.0 CERN 400kYV failure stop entire sector 120
Elec US65 400V stop stop CC not applicable
80 | Elec US65 400V stop stop CC not applicable
1 — Elec US65 400V stop stop CC not applicable
Power fallures Elec 0.0 24 VDC power unit down stop entire sector 80
F ‘/. Elec 0.0 US65 400V stop stop CC 24
= "l Elec
AT / water 264
bl
z Open Days 240 I B stop sector —
3 | 216 - @ stop CC .
= 192 ] "] — LEP Bonus/Malus
2 40 . ] — LHC estimates
o ]
Training Quenches 168 - .
144 §
120 L J
20
96 *
: H "‘ 72
D | | 1 1 1 1 | | 48
O
L - I T T T T T T T T T T T T S T S Sy 24
P P PO S S S A e -ai;} .al\{:‘p ai*'% -al‘:b @‘0 41‘0 -ai:} 03
T T T T T T 1
[ O Cryo maintain LSS RS (4.5K) W Cryo maintain ArcS6 (1.9K) [ Cryo maintain LS5 L6 (4.5K) | 0.0 1.0 2.0 3.0 4.0 5.0 6.0
- Original failure [hrs]

—> Rather good availability already a few weeks after 5 TeV qualification
—> Failure rates of services to be improved
—> Cryo recovery time to be improved with more robust automation

Target Autumn’08: <12 h for stop CC [OK] < 36 h for full sector stop [24h]
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* Perspectives

¢ Summary

S. Claudet
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Cool-down of 8 sectors
— Performed with “cryo island” based teams

HWC of many sectors in parallel:
— Since mid Jan’08, operators up to 22h and Saturdays
— Since Spring’08, two shifts (week) and Saturdays (day)

First beams:
— We do not have CERN staff (alone) for any kind of shift

— Various type of shifts possible via our industrial partner, with CERN
experts and local control rooms (day time) in back-up

Sept. to Nov'08: 2 x (3x8h-7d/7d) in CCC

After July 20009:

— End of present operation contract, with in-sourcing plus “Field
Support Unit” as reference solution, to be re-evaluated end 2008

Learning to master LHC cryogenics, education of teams while updating

controls based on ecperience, towards sites-machines-operations duties
S. Claudet LHC Cryogenics - CryoOps 2008
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Confirmation of cooling principle, heat loads, thermometry
channels, machinery, global system behaviour

The LHC cryogenic system has been progressively put into
service with obvious signs of “learning curve”, and promising
periods for possible beams

Consolidation program started and continued (valves, DFB's,
Instrumentation & controls, helium guards) now extended as well
to services

Slowly preparing the switch from HWC to operation for beam,
with reasonable confidence but with minimal tools and staff
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