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Overview — Cryogenics for WP16

. All cryogenic process aspects

. Design, construction and installation of the
String specific cryogenic infrastructure
and cryogenic distribution system

- - Cryogenics data acquisition and control
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Layout of the cryogenic system

Specific to the IT String
PCDS: proximity cryogenic distribution system
SQXL: cryogenic distribution line
CCU: cold compressor unit
Quench relief line

Part of SM18 infrastructure
Warm quench buffer
Existing refrigerator

Warm pumping units

Main helium storage

+ electrical & control system

In orange: cryogenic equipment for the operation of the HL-LHC IT string
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Status of the proximity cryogenics

Installation of the String Valve Box (SVB) and of the PCDS cryogenic
transfer lines completed in September-October 2021

Other components :
= Gas Management Panel, completed
= Main He guard, completed

Pressure and leak tests of the PCDS, completed

- . Main He guard TLOS
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Status of the SQXL

Junction module, jumpers DX-D1 & CP and pipe elements PE1 and PE2: installed
Delivery of jumper Q2b and return module planned September 2022

End of installation, including pressure & leak tests, by november 2022

SQXL being installed in SM18 Assembly of the return module at Kriosystem.
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Status of the Strlng mfrastructure

erarReE—

Manufacturing and installation of the heater unit
completed

Warm Quench Buffer (WQB) connected to SH18
infrastructure and compressor station during
shutdown in January 2022

Installation of
thermometers on top

Thermometers for WQB wall temperature monitoring,
installed

TLO4

. Heater unit outside SM18
| In production

WQB connected to SM18 cryo
infrastructure

Order for new CC drive unit placed with Linde (delivery end of 2022)
= Refurbishment and extension of the Cold Compressor box, ongoing

= Installation of the Cold Compressor unit planned during the SM18
CCU box shutdown (1st quarter 2023)

i S = Warm piping and quench line extension, to be completed by mid-2023




Status of the electrical & control systems

ELECTRICITY

= Electrical cabinet for PCDS, CCU and heater unit, installed.
CCuU part to be finalized

= Electrical cabinets and fieldboxes for the SQXL, completed and
installed

Manufacturing of the crates for IT magnets instrumentation, in progress
=  PCDS, heaters unit and WQB cabling, completed

= Cabling for SQXL and magnets dependent on SQXL installation and _ : _ _
cabling campaign All electrical cryo cabinets installed in SM18

v atnas

Wyt

CONTROL

= PLC skeleton including all instrumentation, completed
= Synoptic of cryo infrastructure, in progress

= Front End Computer (FEC) installation, completed

= Control logic and interlocks, in progress
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Interface with Status Notes
* CRNQLFIC0027

WP3 - IT magnets . CRNQLFIC0028

S | wpea- DFX . CRNQLFIC0028

£

% WFP6a - DFHX . EDMS 2341133
TE-VSC . At SQXL flanges
WP3 - IT magnets O

_8 WP6Ba - DFX . Indico 1163418

w WP@a - DFHX . Indico 1163418
TE-VSC

. Completed

. On track, not finalized

O In work

Interfaces

\

. Blocking point

* SQXL — IT magnets interconnection is performed by WP3. Detailed
flanges and procedure in work, to be jointly defined by WP3 and TE-CRG
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SQXL — IT magnets interface
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Schedule

= PCDS: installed & tested, String infrastructure: to be completed in 2023
= Manufacturing and installation of SQXL: schedule shift of ~10 months . End of installation in October
= Cold compressor drive unit and box: installation planned during SM18 shutdown of March 2023
= Cold commissioning of the cryogenic system without magnets from May 2023

HL-LHC IT String Cryogenic System 2020 2021 2022 2023 2024 2025 i
A. Perin, G. Rolando, TE-CRG, 14.09.2022 3 FiMalD [a]a]s o[n[o]s[FimalD [s]alslo[n o[ s [FMaMO |1 ]a sfolMbl i EMam 1 L1 alsloNb[1 [ Fiviam 1 1[als /N[ [FmMaM 1 [s]a s /0N D
Tendering SQXL installed
PCDS Design a.nd Manufacturing
Installation SQXL | Flowmeters
/0 & test: .
/O 8 pressure tests | ccuinstaled | -
Tendering v [ | Electricity
Design and manufacturing
. Gas management pannel
SaxL i:rs‘;allatlon and He Gusrd
oxes
I,l'O 8 pressure tests .I PCDS Transfer lines & SVB
CCU Drive unit & valve box
Electricity
SM18 infra |WQB & Quench recovery line
for IT String |Warm piping Cold compressor
Electr. and |PCDS & String infra I drive unit & box
controls SQxL &IT magnets Heaters unit
EN-EL cabling String
. . inf
General Magnets installation e Quench recovery system
Cryo commissioning wo magnets IIIII
L]
Tendering Des.& man. Installation .Com. & op. tOday | Ready for cryo Commissioning wo magnets

‘HiL i ’
HL-LHC PROJECT
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Commissioning without magnets

Reference document: EDMS 2620402
Commissioning of the cryogenic system without magnets from May 2023

Objectives of the commissioning of the IT String cryogenic system without magnets:
= Validate the mechanical and thermal design of the cryogenic system
= Verify the operation and calibration of the instrumentation at Room Temperature & cold conditions
= Validate the cold compressor performance

= Tune the control loops to reduce commissioning time with magnets

IT String test

A Magnets issioni
commissioning installation commissioning program

wo magnets before powering

\ Cryo \ \ \ Cryo \
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Commissioning with magnets & operation

Commissioning before powering
= Validate the mechanical and thermal design of IT magnets and Cold powering system
= Verify the operation and calibration of the instrumentation at Room Temperature & cold conditions

= Tune magnet and Cold powering control loops

S Magnets iy
commissioning T elETEn commissioning
WO magnets before powering

IT String test
program

IT String test program

= SM18 cryo infrastructure limitations: lower liquefaction and low-pressure pumping capacity in SM18 wrt to IP1 and IP5.
No beam screen circuit

= Assessment of bayonet heat extraction capacity (max. < 500 W), heat loads during current ramping

= Thermo-hydraulic analysis of quenches

= Assessment of heat conduction in magnet cryostat & heat removal capacity of adjacent cooling loops
= Characterization of the subcooling heat exchanger

= (Inwork) Pressure waves analysis with cold pressure sensors: work ongoing with CRG instrumentation team & MSC

Cryo Cryo

commissioning irx?;ilr;itosn commissioning

IT String test
program

w0 magnets g g before powering




Conclusions

= Mechanical activities:
= Proximity cryogenics: manufacturing complete, installation well advanced

= Delays in manufacturing and installation of SQXL and cold compressor unit, compatible with global
project schedule

= Main components of the infrastructure to be completed by March 2023

= Jumper connection final details and procedures to be finalized

= Electricity and control system

= Electrical system and cabling completed for PCDS, quench recovery system, heater unit and cold
compressor (minor modifications needed)

= Electrical system and local cabling for SQXL after mechanical installation and EN-EL cabling
campaign (November 2022)

= Next main milestones
= End of SQXL installation in November 2022 and pressure test by end of 2022

= Cold commissioning of the cryogenic system without magnets in May 2023
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Operation modes & requirements

Operation mode Requirements

Max duration: 15 days

I 293K-45K . .
Cool down 293 ° Max. temperature gradient over the string of magnets: 30 K

Additional requirements:

Magnet filling &

cool down 4.5 K - 1.9 K Max. duration: 40 hours " Supply up to 10 g/s of LHe to the Cold Powering

" Supply up to 26 g/s of LHe for the bayonet HX test

Steady state Static heat load to cold masses at 1.9 K: 140 W R Provide up to 26 g/s of low-pressure pumping

Current ramping Additional dynamic heat load to cold masses 1.9 K: 350 W capacity @ 1.9 K for bayonet HX test

Bayonet HX test Extract up to 500 W per each double bayonet HX . Provide thermal shield circuit at 50 — 75 K

Quench Limit the pressure increase in the magnet cryostat . Recgver warm_GHe from current leads outlet
Recover the helium expelled from the magnet cryostat . Not interfere with other SM18 test benches

Quench recovery Recover nominal operating conditions in max.12 hours

Max. duration: 15 days

Warm up 4.5 K =293 K Max. temperature gradient over the string of magnets: 30 K
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Commissioning without magnets

Reference document: EDMS 2620402
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String Day I

2w Mandstory | Pressure and leak tests Validate the mechanical integ ity
2 SOxEL RT 2w Mandatory | Pressure and leak tests Validate the mechanical integrity
Clean the oryogenic circuits to avoid icin
3 PCDS & QXL RT 1w Mandstory | Purge e cices mg ot coit
2w PCDS
. 2w BOXL . Verify instrumentation and acquisition
4 Instrumentatiol RT Mandat: chr gtion test
T n 2w Other andatory | Synchroniz n erwek
eq.
Validate the cold box control loops wrt
Control system/ 45K . the cool down procedure required for o
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45K . Validate the thermal design
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WOE thermometers)
Cold co Aszzess the performance of the cold
11 Cold compressor | 19K L High da n”"‘.’m. COMPressor pressure Etio ve mass floy
recterization rotation speed, stall limit, endurance te|
Tuning of cold compressor Validate the control loops of the cold
12 Control system/ 19k Tur High Irjl me compressor for the various operation
‘Cold compressor 5 con oops modes [cool down, start, steady state,
current ramping with pre-loading, stop,
Validate the thermo-mechznical design
13  Flowmeters 45K 1w Low Cold test the flowmeter bax
erify theflowmeter calibration
Control system/ . Tuning of the heater unit Validate the control loops of the heater|
14 ; 45K Twr High .
‘ A Per ERN Hester unit control loops unit for quench recovery and wam up
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Commissioning with magnets & operation

Comm ISsioning before powering
Cold mass RT 2w y | Pressure and leak test ‘Walidzte the magnets mechanical integrity
Clean the cryogenic circuits to avoid icing
2 | Coldmass RT 1w Mandatory | Purge of the whole system | _ % 280
Zw Cald
pat. Verify instrumentztion nd it
3 | Instrumentation | AT 2w Cold Mzndatory | Synchronization test ferify instrumentation and acquisition
channels
mass
2 | Coldmass 156 | 1w High SRR Assess the static heat load
. - Validate the cantral lacps for the pre-
g | Controlsystemf | g0 |, High Tuning of pre-loading loading of the cryogenic system for
Cold mass contral loop ]
current ramping
15K Dynamic heat load test
5 | Coldmass 1w High mie Assess the dynamic heat load
‘Walidate the control loop that stabilizes
Control system/ Tuning of the return the mass flow processed by the cold
7 rn module 19K id Medium module control | compressar in case of variztions in the
oop heat load of the cold mass by generating a
mass flow in the return module
Tuning of the control loop | Determine 2 priori
g | Comtrolsystem | 13k | ik rezulsting the supply of for the contraller before installation in the
Cold mass = LHg to the bayanet HXs axL
Validata the model developad by B. Bradu
15K Tune the bayanst HX cantral loap.
3 g:'“:::ﬁ“"’r 1d High Ovarflow tast Asses the time to recover opersting
Vol conditions in case of overflow
Chack the instrumentatian chain of sach
10 | oFex 45K | 2w Mandatary | Coherence test e ——
i1 | oFx 15K High Static heat load test Validats the thermal design
12 | DSHK & DFHK 15K High Static heat load test Validate the thermal design
15K - Mass flaw regulation test | Validate the current lsads design in static
13 | Current leads Hizh in static conditions conditians
Assess the effect of disturbances of the
34 ontral
1 | Controlsystem/ | 45k v igh T”“'r'\‘i‘t’:‘mcl 11999 | order of 0.2-0.3 K of the Lg supply
DFX g aiga\ temperature on the level regulation in the
disturbances
DFX
. _ Validata the control loops for the mass
15 | Comtrolsystem/ |, oy High Tuning of the electrical and | g oo aration with both the electrical
DFX cail heaters contral locps p
=nd coil heaters
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IT String test program

Assess the maximum heat removal
13K i Mz
1 Bayonet HXs. 1w High mum heat load test capaity of the bayanet His
Asszess the heat removal capacity of the
zdjacent cooling loops wrt 1o heat loads
. zpplied at each magnet pair
13
2 Magnet cryostat 1w Medium Heat conduction test Assess the heat conduction along the He
bath and the effect of restrictions at
interconnection:
Control
Quer:chsryesnz(:::j Assess the gquench dynamic of the IT
3 m,-f Y 1ok | wa High Quench String {mass flow, pressure evolution,
00’ 1d mass etc...} at different quench energies
Control system; Assess the effect on the quench dynamic
4 Quench recovery | 19x | 3d Lows ‘QRV set pressure test. of small changes in the set pressure of the
system QRVs
N Mass flow regulation test Validate the current leads design in static
45K
S | Currentleads High in static conditions conditions
N Assess the warm-up time of the system
g | Coldpowenng | High WWarm ”I" ‘e";_r_“’"' starting from nominz| canditions (4.5 K
system u nominal canditians 2nd 3.5 bar in line C)
N Asszess the warm-up time of the system
7 || ErHeEEiE 20K High r’: up ‘esé_f:’"' ok starting from cold stand-by conditians (20
B AT BRIETE ¥ and 3.5 bar inline C)
y Assess the pressure drop along the DSHX
8 DSHx 45K High Preszure drop test 2t different mass flow rates
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