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he IT STRING Scope

IT string and hardware commissioning

The scope of the IT STRING is to represent, as best as reasonably achievable in a

M Bajko'™ and M Pojer'®

RN A & ey Scor St surface building, the various operation modes to STUDY and VALIDATE the
16 ring o rdare commisioing COLLECTIVE BEHAVIOUR of the different systems of the HL-LHC’s IT zone
I — (magnets, magnet protection, cryogenics of the magnets andof the superconducting
PO o e e LG, et i et link, magnet powering, vacuum, alignment, interconnections between magnets, and the
S ol 1o e Tt i it superconducting link itself). Another key motivation is to test and optimize the QC

equipment designed for the HL-LHC with their final design, and usable for the HL-LHC. The test bench will
allow a real size training for the installation and alignment, the validation of the electrical circuits, the I IST SCT d P - T d

Fton e o gty b ok At ol e sl e plans, IST, and Powering Test procedures to prepare to
LHC. The powering procedures will be written and validated during the tests. These tests will also improve o
our knowledge of every single component and will give us the opportunity to optimize the installation and

handare commissioning proceduses Ref. HL-LHC IT STRING Scope https://edms.cern.ch/document/1693312/1

1612 Dsmphona[d-el-ﬂ,LHCTl‘smng
The HL-LHC IT st i ies called Q1, Q22, Q2b, Q3, CP and DI
(Figure 16-1). ta ol 21 mpu(ondlxnngmagmuimgNh—T ‘or Nb;Sn technology will be required to set-
up the HL-LHC IT String
Tn the IT string, as for the HL-LHC, the magnets will be powered via a SC link (DSH) by standard HL-
LHC power converters. The circuit will also inchude the curent leads and the water-, air- cables or bus bars
and the leads the so boxes (DCBL.The DCBs
are placed in the vicinity of the power converters allowng the safe separation of the electrical circuns while
necessary. The SC link will be connected to the bus bars of the niagnets via a dedicated equipmeat called DFX.
Cold diodes will provide decoupling between cold and warm parts of the circuit and limit the over-
currents in the superconducting bus bars and link conductors. The diode assenbly will be located in between
D1 aad the DFX, in order for For this reason, a dedicated box,
252 part of the so-called D1-DFX Coanection Module, operating at 1.9 K, will be installed into the IT string.

The IT STRING will deliver the first complete experience
Integration by. A. Kosmicki of installing and operating the IT zone

iLuMi ’ )
HL-LHC PROJECT 7
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OUTLINE

STATUS

STRING Safety

STRING Installation
STRING Validation Program
Software and Control

= Lessons Learned

SCHEDULE AND RESOURCES VS LS3
NEXT STEPS
SUMMARY

1 )
X - 2 Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024



HL-LHC IT STRING SAFETY

See Presentation of D. Bozzini, Room 4L Wednesday 9h40 WP16 session:
“Safe intervention during operation on the electrical circuits of the IT String”

Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024



IT STRING — SAFETY

Sc-Link installation
Control cabling

» Assembly of DFX
* Assembly of DFHX
proximity equipment

CLIQ racks installation
JACKS installation

Applicable . : .
Roles and standards, norms, Design / integration

responsibilities rules and
regulations

Construction
and Installation

U | stallation and SM18
construction s —— '
and coactivities y environment

* SQXL commissioning

» Power converters IST

* Warm powering short
circuit tests

System tests,
commissioning
Anticipate/identify Operation

Functional and what can go wrong.

dysfunctional ComIEEEng i
y and operation Define safe
Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa
October 2024

analysis operational modes
and procedures



IT STRING — Increasing ACTIVITIES

Installation and SM18
assembly environment

8 Departments,

23  Groups involved in-situ s 224 IMPACT requests
( 48 last October)

Horizontal
benches for
, Cryo magnets

Magnet test
cryostats

High degree of adherence to IMPACT tool
which contributes to a smooth coordination
of multi-disciplinary activities.

ool YOU ARE WELCOME TO VISIT
system test U S !

\ RF test zone bench

Cryogenic
infrastructure
Instructions for visits are in

: : " " EDMS 3072722
‘HnLu | ’
HL-LHC PROJECT
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HL-LHC IT STRING INSTALLATION

Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024



STATUS of the CRYOGENIC INFRASTRUCTURE

HTS Superconducting Feedbox (DFHX)

Superconducting Link (SC Link)

Control Racks

- Cryogenics
- Quench Protectio
- Remote Alignme
- Vacuum

- Power Interlock

Circuit Disconnectors

Power Converter & Energy Extraction

\ .
nics Line (SQXL) ”

Cryoge

Superconducting
Feedbox (DFX)

Magnet Line, Jacks & Alignment System

See Presentation of V. Gahier, Tuesday 12h30 Plenary session:

aj “Cryogenics: status and perspectives towards installation®
HL !I-% PROJECT|
‘ Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024



CRYOGENIC EQUIPMENT mrease

PCDS, SQXL and associated CONTROL installation including the Cold Compressor
and he GMS for the DFHX all COMP!_ETED

Gas management DFHX




Phase 1a: Mechanical integrity validation during
controlled cooldown (2023)

Phase 1b g0

Thermal performance validation: 6 g/s (cold powering) + 300 * 1=

Heat loads on TLO1 was 10-20 W higher than expected ; Cold
compressor (CCU): Repairs performed and validated while
the planned logic demonstrated lack of maturity (2024)

44 mm (approx.) % - 250

| During repair
(between Phase 1b and 1c)

ase 1C

CCuU control logic validation; Thermal characterisation 50
of the system (TLO1 repair validation); Further heat load

, I_ﬁr[mcooling capacity assessment (2024)
é HL-LHC PROJECT

0

W at 1.8 K (magnet cooling) — allows to operate the magnets; ‘35,

*- Startof

cooldown

Heat load
measurement
at90 K

CC tests
at1.9K&
system

Plateaus at
220K,90 K

tests

CCUtesta 5K Plateau 2

I's

Drift

15K

Level gauge
replacement

Date [-]

~—— Rotation frequency of CC

Heat load
measurement
at20 K

Warm-up

/

Capacity

| i N

18K
i

Line B

Warm-up

w
=}
=]

&)
aQ
=]

5 B
(=] =]
CC rotation frequency [Hz]

- 100

- 50

-0

03Jun2024 08Jun2024 13Jun2024 18Jun2024 23Jun2024  28Jun 2024

Marta Bajko ', HL-LHC Annual Collaboration Meeting, Genoa October 2024

CRYOGENIC EQUIPI\/IENT COI\/II\/IISIONING

The cryogenic
system has a
sufficient cooling
capacity to keep the
magnets at 1.9 K —
system has been
validated for the IT
String operation

After repair
(Phase 1c)

by. A. Onufrena




HTS Superconducting Feedbox (DFHX)

Superconducting Link (SC Link)

o R 4L E R o «

Power Converter & Energy Extraction

- Circuit Disconnectors

Control Racks

'

- Cryogenics
- Quench Protectio
- Remote Alignme
- Vacuum

- Power Interlock

WARM POWERING SHORT CIRCUIT TEST

\ .
Cryogenics Line (SQXL)

Superconducting
Feedbox (DFX)

Magnet Line, Jacks & Alignment System

See Presentation of M. Martino. Tuesday 14h40
Plenary session: “WP6B outlook in IT String operation ©

iL | ’
HL-LHC PROJECT
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THE IT STRING: an ELECTRICAL INSTALLATION

AC network, WCC, ACC, CDB, PC, EE, PIC, WC all in COMPL =1/ -

HSE Inspection
IAD ELEC N* 050 2023

CERN Mise & Sisposition de phosographies des cbsenatons
2173

SM18 HALL DASSEMBLAGE DES

AIMANTS 2713

SE18 _LH-LHC IT-STRING_ @
01630 PREVESSIN

CERN
FINANCE AND ADMINISTRATIVE

PROCESSES D -
Aoty raysbiamns dy SM18 HALL DASSEMBLAGE DES AIMANTS e N
~ set8 " RN

@3.017) .
1211 GENEVE 23 01630 PREVESSIN ;
SuiSse

81112023

LEULLIETTE DAVID
Schéma E36784302301R001 Observason(s) constarsers)

cofrac
uction partelle interdas sans
accors ecrt de O
19112023 Listes des stes ot porbe s faccréaitaton
spomdie sur mww cofac

'3-105 - — o
> 2 e I [ ~— ]

N E KRA ACT EXPLOIT DEUX-SAVOI
21 rue Andromé
= ZAC ALTAIS - VIVACITE
v CS 10¢
74501 seynoncen R
Tel - 04505278

EDMS no. 3006292

P Hisu Y

W6b, WP7, WP16 Y&
( EN-EL, EN-CV) " \E
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https://edms.cern.ch/document/3006292

T. Otto ATS

i D.Letant-Delrieux TE :
i SOOf HLLHC + HSE+ DSO | 3.

Roles and
responsibilities

). Gascon HSE

WHO CAN INTERVEEN

S. Blanchard TE-MPE

As from January 2024 the IT String
implemented the role of “chargé
exploitation” — technical coordinator .
with a mandate to prepare and manage e T

the totality of the interventions. (s e ) { [ ancing -
(s { (omroms

The role has been described and ]
................ e _
mandate given to D. Bozzini ( S. Yammine e [ N\ /
. il e e s et } o
in case of absence).  ECTF WG HLNETT Wect warm powering s L J
+ (ommresreswsmmona ) { [ ocrouerng STRING

Maj Protection
Proximity Cryogenics vm
sQx \\ WP7 Machine Protection
s )
P
Vacuum sysems | - (vwonevac )
(s sncwarenre ) | conotsovr \ wers. Agament | ) (7. st s
Control Systems
Analysis software /

(& perins A onutrena eCRG | Gtk \\{ Eem———— 7//
HL I!I-% PROJECJ!
" Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024-

arcla TE-MPE

Q1.Q3

S. L Naour TE-MSC

Q22,Q20

Interconnections

o s T

1‘/ DSHX } ¥, Leclercq TE-MSC

SM18 ,‘ { )
' (1|
Gas Managment System




AC infrastructure

Commissioning
and operation
lin 150 15- kb lg. ia ‘a lg. l%n a Li J::n .H. fa I:- l
S RN R R R R WKL g
) ‘ i 1‘ ;1- 1‘; 3 ! " la i ln §
Since January 2024 1'%t Tgt || | We see where you can lock out inaingsd
"= 18 lock-out requests %g‘ & dgdd o | T T R T L T E TS AN
= 21 work permits Hik ** = il
= 5electrical separation of | i |F[ IEEEY Mol Mo e | flom oMW
networks il | j=lii=Eid=i=ia=iE
AccordingtoNFC18510 | K E —
; FiEg §§¢ H T -
Q HE |
! | |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, fia |
g;[
| ;é:L n}l, . -\‘, . -1', e n\" \;- '} e ‘W‘ 1.
oy e N gy p—,| - =
lL I o it sttt LIXS 0048 |ah
HL-LHC PROJECT
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HOW TO SWITCH OPERATIONAL MODES [

and operation

System State
Circuit + Earthing Switches in Open Position

Y | e s et THE HL-LHC IT STRING
Is an example for the ESP

System State
= Earthing Switch no. 1 in Closed Position
- Earthing Switch no. 2 in Open Position

* CDB in ShortCircuit Position . # PC, EES, DQHDS and CLIQ - g .
- PC, EES, DQGHDS and CLIG Locked-out  toing et andneg specified procedures for IT String
* CLIQ Cables Disconnected (due to high leakage current) by D BOZZI n | S Yam m | ne
. , O.
+ CDB to Load Position Systemhstule .
. i . 1 and no. + Earthing Switch no. 1 in Open Position \ i
ElQA . '::; ::::,,:r ,.l.,u :,,,.,,:.‘g,.., Short Circuit . Eurlhin: Switch no. 2 in :|::.d Position 4 4 =)
Interventions Tests * DB in Short-Circuit Position .
* PC and EES Operational ENGINEERING SPECIFICATIONS
* _DQHDS and €LIQ Locked-out [ HL-LHC IT STRING |
\ / FIFCTRICAI OPERATION PROCEDURES OF THE HL-LHC IT STRING
+ Earthing no.2 + CDB to Short-Circuit Position — Procedure nr. X ET CIRCUITS AND ELECTRICAL INFRASTUCTURE
+ Reconnection of CLIG Cables . 'L’o“f;",::j"“j,“:,'o', BC and EE From “SCT” to “work on circuit live part”
- Nature of intervention
¢+ CDB to Short=Circuit Position .
- Disconnection of CLIG CublesJ - Risk assessment
- n-earthing no.2 _ H H EDM 0. 1
Yrrearthing e LOTO of B and EES Concerned circuit EDMS no. 3165863
* Earthing no.] - Concerned equipment @ in Work
- - Lock-outs points
MCF for operation modes / - Who does what T ——
Work on - Work(s) authorization(s) ‘ e W i | o 6200
EDMS no. 3138092 R - Specific safety measures 2 S —
Parts System State ‘.
» Earthing Switches in Closed Position T eenes
= €DB in Short-Circuit or Load Position

- PC, EES, DQHDS and CLIQ Locked-out - | |

- Local Earthing Required (if CDB earth switches are not close-by) | |
‘ HL-LHC PROJECT ~ \Y/\ Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa
October 2024



https://edms.cern.ch/document/3138092
https://edms.cern.ch/ui/#!master/navigator/document?D:101620721:101620721:subDocs

SHORT CIRCUIT TEST (SCT)

The steps executed during short-circuit tests included the validation of interlocks, the tuning of control
loops, the discharge of the energy extraction system and power converter, and the 8-hour heat run test
for thermal validation.

1.75e+4
1.5e+4
This last test required the
simultaneous powering of all
circuits at ultimate current for 8
hours, which has been
achieved
2500
0 —ﬂ F
-2500
-5000
09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
Timestamp (LOCAL time)
. . - RPMBC.SMIS.RQSXS.S.F:I_MEAS RPLBB‘SMIB.RCTXISF:I'_MEAS —— RPLBB.SM18.RCT$X3.Sf:I_MEAS
See Presentation of S. Yammine, Room 4L Wednesday 11h30 S RPLBBMISRCOSESAMEAS — AMIBSMIBRCOXSAFAMERS  — RPLOBSM1S RDSESF MEAS
WP16 session: “IST and SCT in the IT String: results ” T RPACSMISRCONOSFAMEAS  RPBAESMISRCONVASFLMEAS  — RPBAE SMIS.RCOXVA.SFL MEAS
~— RPBAE.SM18.RCBXH3.SF:I_MEAS ~— RPBAE.SM18.RCBXH2.SF:I_MEAS ~= RPBAE.SM18.RCBXH1.SF:I_MEAS
== RPAFF.SM18.RD1.SF:|_MEAS === RPAFE.SM18.RQX.SF:I_MEAS

P Hisu Y
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STATUS of COLD POWERING

WP6a, WP16, EN-HE HTS Superconducting Feedbox (DFHX)

Superconducting Link (SC Link)

Circuit Disconnectors

Control Racks
/ - Cryogenics

- Quench Protection
- Remote Alignment

- Vacuum
- Power Interlock

Power Converter & Energy Extraction

\ . | : 2]
Cryogenics Line (SQXL) |

Superconducting
Feedbox (DFX)

[...] unique set of challenges, primarily
centered around the handling of the SC
link connected to the DFHX and its
positioning on the platform.

YAV

-
i R e e ——

WP16 session: “Sc link Installation into the IT String”

/j See Presentation of Y. Leclerc, Room 4L Wednesday10h
i i
il Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024
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COLLABORATIVE EFFORTS of WP16, WP6a
with the key actors of EN-HH

With modest, but key participation of WP16f %

|

An extraordinary milestone
of the WP6a team

» HL-LHC PROJECT <

Marta Bajko , HL-LHC Annual



STATUS of ALIGNMENT EQUIPMENT

WP3, WP19 HTS Superconducting Feedbox (DFHX)
(EN'ACE EN'EL) Superconducting Link (SC Link) ,‘l N Circuit Disconnectors

Control Racks
/ - Cryogenics

- Quench Protection
- Remote Alignment

- Vacuum
- Power Interlock

g e PR— pC—

Power Converter & Energy Extraction

\ . ‘ ‘:
Cryogenics Line (SQXL) "

Superconducting
Feedbox (DFX)

_ _ Magnet Line, Jacks & Alig
Installation started with the |

A. Jack’s positioning
B. WPS cable (WP19)
C. FRAS (OF deployment)

See presentation of WP2/3/19 Thursday & 1

HiLumi | - ‘ o
wm at 11hin DAD. Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024



STATUS of CRYO COLD MAGNETSs

WP3, TE-MSC HTS Superconducting Feedbox (DFHX)
Superconducting Link (SC Link)

Circuit Disconnectors

Control Racks
/ - Cryogenics

- Quench Protection
- Remote Alignment

- Vacuum
- Power Interlock

Power Converter & Energy Extraction

\ .
Cryogenics Line (SQXL)

Superconducting
Feedbox (DFX)

Magnet Line, Jacks & Alignment System

See Presentation of E. Todesco, Monday 10h Plenary session: “ Status of WP3"

Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024




Control Racks
/ - Cryogenics

- Quench Protection
- Remote Alignment

- Vacuum
- Power Interlock

tallation started:
A. Jumper preparation
B. First Cold Mass Installe

See Presentation of S. Le Naour, Room 4L Wednesday 11h WP16
session: “Cryo magnet installation into the IT String ”

Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024



HL-LHC IT STRING MAGNETS READINESS

Cryostating HCOBXF_S007-  HCQCXF_S006-  HCQQXF_SC002- HCQOXF_SB014- HCQOXFE_SAQ08- HCQQXF_SC002-
Phase 1 CR000001 CR000001 FL000001 CR000001 CR000001 FL000002

~~9 Mg tested individually — — —
Cold test Test report @ SM18 Test bench V) @ Test report @ I At FNAL

Oct 2 end Nov *

Cryostating HCQBXFC006- HCQCXFCO10- 4 3 Dac 2024 * - End Noy HCQQXFG005- Reception at CERN
Phase 2 CR000001 CR000001 _ 2024 CR000001 Nov 2024 * for Phase 2
Critical QH issue Performance limitatior QH issue 4>
. - NCR 2769128 NCR 2638374 NCR 3069797
nonconformities NCR 2883868 NCR 2687264 The delay of the Q1
do not prevent the
ID card EDMS 3117914 EDMS 3127310 connection of the
Performance limitation other cryo-magnets
EDMS 31265’ "ﬂ, taken into account in EDMS 3164/ 3  and interlink (DCM).
MAB @ the HWC parameters @
* According to WP3 planning V46 (07/2024) EDMS 2771118
All cryo-magnets are available before the end of year 2024, but Q1. By S. Le Naour

G @)

Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024


https://edms5.cern.ch/equipment/HCQBXF_S007-CR000001
https://edms5.cern.ch/pls/asbuilt/mtf_equip.eqp_main_top?cookie=75413513&p_rec_type=A&p_rec_id=HCQCXF_S006-CR000001
https://edms5.cern.ch/equipment/HCQQXF_SC002-FL000001
https://edms5.cern.ch/equipment/HCQQXF_SB014-CR000001
https://edms5.cern.ch/equipment/HCQQXF_SA008-CR000001
https://edms5.cern.ch/equipment/HCQQXF_SC002-FL000002
https://edms5.cern.ch/document/3015584
https://edms5.cern.ch/document/3076641
https://edms5.cern.ch/equipment/HCQBXFC006-CR000001
https://edms5.cern.ch/equipment/HCQCXFC010-CR000001
https://edms5.cern.ch/equipment/HCQQXFG005-CR000001
https://edms.cern.ch/document/2769128
https://edms.cern.ch/document/2883868
https://edms.cern.ch/document/2638374
https://edms.cern.ch/document/2687264
https://edms.cern.ch/document/3069797
https://edms.cern.ch/document/3117914/2
https://edms.cern.ch/document/3127310
https://edms.cern.ch/document/3126593/1
https://edms.cern.ch/document/3164262/1
https://edms.cern.ch/document/3164262/1
https://edms.cern.ch/document/2771118
https://edms.cern.ch/document/2645484/46

Q2a C0|d mass installation by EN-HE teams
;%ﬁf—a-«-:/

UG ln
M

xtraordinary milestone
'HL'H REIDJ C[\'J of the WP3 team

3alko , HIL-EHC Annual Collaboration Meeting, Genoa October 2024



A REI\/IARKABLE EN-HE CONTRIBUTION

More than 35 years @ CERN ([&F
having installed String I,
String Il and now the IT
STRING




READINESS OF THE HL-LHC IT STRING

HTS Superconducting Feedbox (DFHX)
Superconducting Link (SC Link) [

Circuit Disconnectors Control Racks

/ - Cryogenics
- Quench Protection
- Remote Alignment

- Vacuum
- Power Interlock

Power Converter & Energy Extraction

\ . | 1]
Cryogenics Line (SQXL)

Superconducting
Feedbox (DFX)

Magnet Line, Jacks & Alignment System

iL | ’
HL-LHC PROJECT
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HL-LHC IT STRING VALIDATION PROGRAM

See Presentation of S. Yammine, Room 4L Wednesday 9nh10 WP16 session:
“From HWC of the IT String to the HWC of the HL-LHC: status and preparation”

P Hg @)

Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024



STRING VALIDATION PROGRAM

The scope of the IT STRING is to represent, the various operation modes, to STUDY and
VALIDATE the COLLECTIVE BEHAVIOUR of the different systems of the HL-LHC’s IT zone.
Another key motivation is to test and optimize the QC plans, IST, SCT and Powering Test
procedures to prepare to a smooth L.S3

End of the
Phase | Phase Il Phase Il Phase IV Phase V A
A e e Experimental
Program
‘ (oo | v | o) B 4 1T string
oA In 2664290 10 VALID _—
| e ‘ (] Minutes
K .
>'< (| Presentations
fresT PLAN () Management SCT

HL-LHC INNER TRIPLET STRING () Engineering HWC =
HL-LHC IT STRING VALIDATION PROGRAM pd ©J Fabrication, Assembly =
provm s3] () Installation & Commissioning 3

Do b e 1 s e e s E 4 ) Valdaton Pogram 2z

o i " 2 will b " » sted - . " I’ e S

:ﬁm..’!ﬁ'l‘.ﬁ"ﬂ: ;:cmm:lmllllm show a pmmd test sequence, as well xa‘lmeue;ﬁmmn of the t‘) [J HL-LHC IT String ISTs and Short Circuit Tests ‘E’ &
different tests that make up the HL-LHC IT String Validation Program (SVP). 0) . i . . ©
5 U HL-LHC IT String Tests during Magnet and Cold Powering Interconnections e
4 ij HL-LHC IT String Circuit Commissioning Tests é’
3 LHC-XMS-OP-0004 (v.0.1) ELQA QUALIFICATION OF SUPERCONDUCTING CIRCUITS IN == *

[ LHC-XMS-OP-0006 (v.0.9) Test Procedure and Acceptance Criteria for the 2 kA Corrector Ciry

)

= LHC-XMS-OP-0007 (v.0.9) Test Procedure and Acceptance Criteria for the Separation Dipole
LHC-XMS-OP-0008 (v.0.1) Test Procedure and Acceptance Criteria for the Inner Triplet Circui
= LHC-XMS-OP-0009 (v.0.1) Parameters for the HL-LHC IT String Circuit Powering Tests

TRACEABILITY

Prepared by: M. Bajko, N. Heredia Garcia, M. Pojer and 5. Yammine Date: 2022-01-05 15(
Verified by: M. Bednarek, S. Blanchard, D. Bozzini, G. D'Angelo, G. Daniluk, L. De
Cool-Down

Mallac, R. Denz, ). Fleiter, D. Gamba, H. G: Gavela, M. Gic nozzi, N. Grada, A. . " " "
Herty, 5. Kasoglou, W, Maan, M. Modens, A Pern €. Rovio, G, Rotando, .| 00t 20220021 LHC-XMS-OP-0011 (v.0.1) Interiack Tests of the HL-LHG IT String Gircuits
Seshadri, J. Steckert, G. Sterbini, H. Thiesen, A Verweij and J. Zawilinski N

Approved by: V. Bagin, O. Brining, M. Bajka, A Ballaring, P. Chiggiato, 5. Clauder, A, 2920923 (v.0.1) Parameters for the HL-LHC Quench Detection System
Devred, P. Fessia, 8. Goddard, J.M. limenez, H. Mainaud Durand, M. Martino, A. Masi, Date: 2022-04.05

[0 (1) [ [ [ [

LHC-XMS-OP-0014 (v.0.2) Test Procedure and Acceptance Criteria for the 200 A Corrector Ci
; LHC-XMS-OP-0015 (v.0.2) Test Procedure and Acceptance Criteria for the 120 A High Order !

V. Montabonnet, T. Otto, M. Pojer, F. Rodriguez Mateos, ). Serrano, A. Siemko, L.
Tavian, E. Todesco, R. Tomas Garcia, ). Wenninger, D. Wollmann and M. Zerlauth

Distribution: K. Foraz, R. Jones and HL-LHC SVPM members
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WP16
HL-LHC IT STRING and HL-LHC HWC

Ext
The HL-LHC IT STRING will serve as 8

COMMISSIONING phase should
bed [...]. The HL-LHC IT STRING s ) all equipment that will be installed in the
therefore validate operational m g 8. The hardware commissioning (HWC)
[.] in view of the hard - : k the preparation and execution of detailed
commissioning and operation perio = : ding their individual system tests and a
kthe HL-LHCera. [...] paign, [...] consolidated operational tools
" — N lidation of the superconducting circuits.
The present reporting is esse
done in this part

~ NC Procedures, Software and Control
specific, but destinated to HL-LHC

Preparation done by MCF, MP3 to be applied to the WP16 String to optimise and validate for the HWC of the

HL-LHC
See Presentation of S. Yammine, Room 4L Wednesday9h10 WP16 session:
iL i ’ @) “From HWC of the IT String to the HWC of the HL-LHC: status and preparation”
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LESSONS LEARNED
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Lessons Learned 1

= Design
= Water Cooled Cables: optimisation by standardisation

= Water Colling: Study the option of series or parallel feeding of cables and
choose based on measurements and simulations

= Air cooled cables and DFHX interface optimisation with ultra flexible cables

= Integration

= Very tight space: absolute necessity to integrate the “as built” as we are
even sensitive to fabrication and assembly tolerances; Investment in a tool
with EN ACE that will allow QC in situ;

= Safety

= Operational safety now relays on clear procedures and single drawing
allowing all lock outs and changes of phases. It result to be an example for
the ESP.
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Lessons Learned 2

Installation

= Simple, low tech can turn to be much expensive and longer due to problems in
specification and quality of the implementation

= Dummy tests: step by step of critical installation process leads to success of the most
complex system. Tools to perform test (as the short circuit mock up) is an added value
when optimising the schedule

= Schedule

= Flexibility allowed to gain a lot of time: changing the sequence of installations from the
baseline ( ideal one) to the feasible one counting on availability of equipment

= Planned schedule and duration of activities was not achieved for several reasons: low
priority, early stage of production, working in the shadow of delayed equipment ect. In
conclusion the schedule lof the IT String is not representatives for the HL-LHC.

= Qperation
= As built instrumentation drawing for the IT String circuits will allow to integrate in a clear
way all NC related to the electrical circuits.
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HL-LHC IT STRING SCHEDULE
RESOURCES WRT LS3
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HL-LHC IT STRING SCHEDULE
m LS3 Reference Schedule (ACC-PM-MS-0004)

LS2 YETS YETS EYETS EYETS
2021 2022 2023 2024 2025 2026 2027 2028 2
Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 O Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
|
B I Z’Enstm;gne:de\;ﬂm . . .
o e ——— Start of Cold Commissioning
WPEB: Components ready forfhe IT String Test
\ G S| October 2025.
q : Cor ents ready for [T STRING Test . ] S

h@.m | 1" The first important results on the

Rack nstallachn collective behaviour is expected at
the end of the first thermal cycle:

AC infrastructurd

Control cablin

IT STRING

CV infrastructure

| Dccﬁmc,u - by July 202.
. ...
T | O EZTE ] R End of the String
oy T SRR \alidation Program by
. December-2026

Powering tests aftel

WP16 - In Work schedule HL-LHC IT String Day IV (September 2024)

‘Warming

Bl installation I  commissioning | Milestone U input

i This planning does not integrate the annual SM18 shut down period for 2025/2026, and is conditioned by the delivery of the Q1
wm/ w Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024



RESOURCES during LS3

The overlap with LS3 does not imply major conflicts . A study is done ( and is updated at every
baseline change) , showing the needs of STRING .

Workload for the HL-LHC IT String

« o The CERN BE-OP team has LS3 *)
2 shown strong interest in
20 collaborating with the WP16 team.
18 However, their active and regular
i participation depends on the LS3
timing. Our objective is to ensure
their full presence during the
E “lg "Optimised Powering Test.”
P~ g Looking forward further i
18 collaborations! i | ] |
4 ‘;’ . . o il .| Optimized [
- FT T || | 1
o Tests
|5 “ i | h ‘I |
01/01/2024 0)1/04/2024 01/07/2024 01/10/202 01/01/2025 01/04/2025 01/07/2025 01/10/2025 01/01/2026 01/04/2026 01/07%/2026 01/10/2026 01/01/2027 01/04/2027
2024 2025 2026 2027

|

‘ HiLur . Alreadv anticipated LS3 shift to end of June 26 — HL-LHC CSR24 will refer to LS3 vlanning starting on Nov. 25
b HL-LHC PROJECT \y/\




NEXT STEPS
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INSTALLATION and INTERCONNECT
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PERFORM of QC TESTS

Leak detection

File ~| View ~| Toals ~| Action -| Replay ~| Admin | Help ~| o] ——

1T String Synoptic

ELQA

-

HVQ - High Voltage Qualification
TFM — Transfer Function Measurement
IRC — Instrumentation Resistance Check

SLC — Superconducting Link Check

ICC — Instrumentation Configuration Check MIC-W — Magnet Instrumentation Check
TDR - Time Domain Reflectometry IT-PAQ — Inner Triplet Partial Assembly Qualification
COC - Continuity of Conductor check ITIV — Inner Triplet Interconnection Verification
QHR - Quench Heater Resistance measurement ITIC — Inner Triplet Instrumentation Check

DVC - Diode opening Voltage Check
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EDMS NO REV. VALIDITY
2771114 0.9 DRAFT

\' REFERENCE : LHC-XMS-OP-0007

PLI2.F23 & PLI3.F23 & PLI4.F23 & PNO.F23: QDS-PROVOKED QUENCH

The aim of this test is to check the circuit and QH discharges triggered via the QDS. The provoked
quench will be trigged by generating a test signal on one of the current lead detectors. The current
profiles of the tests are shown in Figure 7 and the acceptance criteria are listed in Table 6.

TIE PLI
1PN

—PNO.1Z3
PLIAf23
PLI3f23
PLIZ123

Current [A]

IT String Mock up by
A . KOS m I C kl E N ‘AC E Figure 7 - Current during QDS-provoked quench
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SUMMARY

STRING Integration and Installation
1 Major infrastructure is in place and commissioned. The goal of 2023 to perform the SCT achieved.
Major component delivery : SC link and the first magnets in place.
STRING Validation Program- Control and Software

1 Work advanced on the HL-LHC HWC procedures, together with the HL-LHC like software and
control layers in 2024. Dry runs planned.

STRING Safety

1 Safety is closely followed. On the activity/coactivity side is to remark that 222 IMPACT request
from 22 different groups are processed or in process. The most challenging activity the installation
of the Sc link system is behind us.

STRING Operation and Resources

J The Operation structure, roles and responsibilities has been defined and documented. BE-OP
presence in the STRING is conditioned by the LS3 timing. We are looking after collaborations.

Schedule

J The start of the cold commissioning is foreseen by October 2025. First important results on the
collective behaviour is expected at the end of the first thermal cycle: by July 2026. End of the

String Validation Program is planned by December 2026.
HL-I!I-% PROJECTIS
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Thank you for your attention
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HL-LHC IT STRING MODUS OPERANDI

Marta Bajko , HL-LHC Annual Collaboration Meeting, Genoa October 2024



STRING OPERATION

STRUCTURE, ROLES AND RESPONSABILITIES

HL-LHC IT String Operation
HL-LHC IT String
M. Bajko EDMS 2956328 Approved Equipment &
Infrastructure
CERN, TE Department, Genéve 23, CH-1211, Switzerland
The HL-LHC IT String is the test stand to validate the collective behavior of
the Inner Triplet (IT) magnets and circuits in conditions as near as possible to
the operational ones. This document describes the modus operandi of the “"“""’"::"""‘""“

hardware commissioning and the operation of the HL-LHC IT String.

1. Introduction

The goal of the HL-LHC project is to upgrade the existing LHC machine by
incorporating new technologies that enable it to achieve its objectives [1]. The
individual component tests do not fully capture their behavior when integrated into
the HL-LHC, where several components are interconnected through a common
electrical and cooling circuit. The HL-LHC IT String test stand allows for the
comprehensive validation and testing of an entire Inner Triplet (IT) region of the
HL-LHC under normal operational conditions, providing insight into the collective
behavior of its components [2]. The HL-LHC IT String represents a significant
intermediate milestone for the HL-LHC project, enabling system integration
verification and smooth hardware commissioning of the final machine.

2. Description of the HL-LHC IT String

The HL-LHC IT String is installed in a surface building and functions as a
representative model of the Inner Triplet (IT) region located on the left side of the
HL-LHC at Point 5 as shown in Fig.1. However, the HL-LHC IT String setup does
not replicate the tunnel inclination, does not include the modified matching section
region and exclude the beam screen from the setup.

SM18 Coordination

Attendance of any other member

depending on the topic
‘ Responsible for Operation |
TETM Tcc
TEDH HL-LHC PL

Decision repeat, continue
or modification of tests

HL-LHC IT String
. Validation Program

Magnets TE-MSC
Cold Powering TE-MSC

Power Converters SY-EPC g

Pratection TE-MPE “QI?SS'
- Equipment Experts - Cryogenics TE-CRG ~ CLIQ.PIC
Vacuum TE-VSC

Facility Technical Coordinator /

) Alignment BE-GM
Safety Officer

Infrastructure Expert: EN-EL / EN-CV

Al

BE-CEM
BE-CSS

BE-ICS

Controls and
Software Officer

TE-MPE
Controls & Software Experts TE-VSC
TE-CRG
BE-GM

SY-EPC

Operator IT String TE-MPE, BE-OP

Operators  Cryo Operator TE-CRG
MP3
WP2
WP3
- ‘WP6a
T WPGb Participating according to the test
Test & HWC WPs WP7 program advancement and on request
| Coordinator wps
WP12
WP15.4
MCF
BE-OP
Other Groups ENEL

EN-CV
Quality Officer

See Presentation of N. Heredia, Room 4L Wednesd&5*ES8ee
WP16 session: “Organisation of the operation for the HL-LHC IT
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