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be heavily modified.

QP: OL QHs + CLIQ + Cold Diodes

The IT quadrupoles (Ql1-

Q3) will use NbsSn instead
of the Nb-Ti used by the
present ones.
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The protection of magnets based

be different from what is used
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Nb;Sn superconductor technology will |

present. This will be the first time using
the CLIQ and QHs. Higher magnetic
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The HL-LHC IT STRING MOTIVATION

In the HL-LHC configuration, the present LHC’s Inner Triplet (IT) regions of IR1 and IR5 will be heavily modified will

The magnets will be powered
with a higher current than the
present LHC IR magnets
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than in the LHC) in the magnets, in ‘

and remote
(FRAS) for

New continuous
alignment system
aperture optimisation, minimising
corrector strength and radiation
exposure of personnel. Atl sigma
the target is +0.100 mm precision.
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In addition, the aperture will
be much larger. The cold
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mass configuration will be
completely different
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and will be fed via a
superconducting link
and new a generation
of superconducting
current leads

The D1 magnet will be
made of superconductor

instead of normal
conductors as is in today’s
LHC.

The corrector package
will  be substantially
modified as configuration
and technology too.

Train teams and
validate procedures for
LS3 and HL LHC HWC.
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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
R surface building, the various operation modes to STUDY and VALIDATE the

ICERN, Accelerator & Technology Sector, Switzerland
authors

e COLLECTIVE BEHAVIOUR of the different systems of the HL-LHC's IT zone
T (magnets, magnet protection, cryogenics of the magnets andof the superconducting
. 7 i (7 ) et s e L, s s el el link, magnet powering, vacuum, alignment, interconnections between magnets, and

behaviour of the IT magnets and circuits in condifions as near as possible to the operational ones. Each.
individual magnet circuit will be powered through a SC link and its associated current leads up to the ultimate . . .

perational current while cooled to 1.9 K in liquid helium. The test stand will be installed in the building 2173 the Superconduct'ng ||nk |tse|f)
(SM18) and will use magnets, superconducting (SC) link, current leads, power converters and protection "
equipment designed for the HL-LHC with theis final design, and usable for the HL-LFIC. The test bench will

allow a real size training for the installstion and alignment, the validation of the electrical circuits, the

protection scheme of the magnsts, and the SC link. At this occasion, all subsystem owners will be able to fine-

tune their set up and to complement or change when necessary, before they are finally installed into the HL-

LHC. The powering procedures will be written and validated during the tests. These tests will akso improve

e e e gomponce s il g s th opportuly [0 opiniz e inslion v Ref. HL-LHC IT STRING Scope https:/edms.cern.ch/document/1693312/1

hardware commissioning

1612  Descripion of the HL-LHC IT string
The HL-LHC IT strin

(Figure 16-1). In total
up the HL-LHC IT §1 L

Tnthe IT string

LHC power converte:
between the power co
are placed in the vicr DSHX (SC link)
necessary. The SC lin

Cold diodes w
currents in the superc
D1 and the DFX, in o
a5 2 part of the so-cal

{,.. =
i T e 5| [
H i oo *‘ "‘P" f——" " crogencs | CS: Compressor Statior

! inkastucture | WRL: Warm Recovery Line:

m “ten' The IT STRING will deliver the first complete experience of installing and operating the IT zone
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(L
The HL-LHC IT STRING I {

will serve as a test bed
for matters or
conditions that either

The HL-LHC IT STRING: a test stand

cannot be fully tested as a part of the component .
plices

acceptance and characterisation program
{ Lambda Plate

Interconnections

depend on the response of the integrated system Ciraults

Alignment

The STRING test takes place TOO LATE in
the project to be used FOR
QUALIFICATION of COMPONENTS and
« known unknowns » must be addressed
at the level of the design.

We rather look for VALIDATION AND
« unknown unknowns » of the
INTEGRATED SYSTEM during its
installation, operation and
dismounting.
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Drivers of the String Validation Program

Alignment and repeatability

Quench protection and Circuit
Compatibility of Control layers
Validation of the collective
. behaviour
Beam operation cycles
— /

STRING Validation Training teams
n Program

Validate procedures
Quench detection thresholds /

Cryogenic operation scenarios

Power Convertre's accuracy,
precision and control

Tooling and methods for
|L | ’ @) Interconnections
HL-LHC PROJECT
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HL-LHC IT STRING =

— [n weekly an Tuesdays J

rganisation for validation mm ] =

D. Bozzini TE-MPE

G, Vandonl ATS-D0

s, Blanchard TE-MPE

STRING Installation Meeting SIM

STRING QC and HWC:

i BO of HL-LHC + MPE 5%
program o
[ :[—n]weeklym(uﬁﬂast
A ] i -

ad 4

S — ]
L)
N E. Vergara EN-ACE
=

WP2, WP3, WP6a, WP6b, WP7, WP9, WP12, WP15/15.4 and WP16
are represented wegain |

= Objective of the Meetings: (reman) pro—

Y

,
.., =
L

g [ WP3 Magnet and Inteconnections

*  Define the validation program of the string with the relevant () { o
WPs o

«  Coordinate with equipment owners the test procedure for HWC (o) \Ow 4 S \
and QC tests (EIQA, leak, pressure tests, etc.) [ s oyogenc contng ||| (i s

. . . SM18 Infrastructure |
*  Produce the powering procedure for HWC tests per circuit
family and for Combined powerlng | 5 Bertolast 66 coordinator for we16

Gas Managment System ]

WP16 HL-LHC IT

STRING & HWC L
*  Define the additional string-specific tests desired in the String } (7wt )
Validation Program ) { (— on_
*  Ensure the definition of the control layer and tools in line with (oot o — } )
the LHC tools
- Ensure the adaptability of the supervision tools (CRYO, PIC, | () \‘|
QPS, etc.) to the IT String . |- (o votmana e

ugos ). quench detection |

)

M. Bajko or M. Pojer

+ Identify QA/QC steps in the assembly sequence and insert z .' ’".'":'m' T

them, when necessary all along the String lifetime ch
< >

. _ Particular thanks for S. Yammine for input to this (e
|L presentation specifically fOI’ the Validation Program. https://espace.cern.ch/HiLumi/WP16/SitePages/Home.aspx
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String Validation Program and QC Planning

See talk of
] i i 7 " M. Bednarek @11h100 on Thursday
2019 2020 2021 2022 2023 2024 200 ELQA tests for the HL-LHC IT String

Ql Q2 Q3 04 Q1 Q2 Q3 04 Q1 Q2 Q3 Q4 Q1 Q2 Qf Q4 Q1 Q2 Q3 @4 Q1 Q2 Q3 04 QI Q@

ew - 2021

QC coordination for the
installation and
interconnections phases

ITSTRING

WP16 - Baseline - C&S revi

" HWC and String

I W Praiscion Syste 15T : # ' . S . -
B HWC - PIC Tasia i Zara Cament (PIC) Specﬁc TeStS

HWE - Powering Testof 1264 Circsts incm)
IWE - Powering Test of RCX « RGSX3 Circuit (Inom)
I+ - Powesing Test for RDA Cieuit inom)

I Disconnection of Power Converters
B 04 Teats ot Nominal Consitions (WC-C B TP4-E)
B Asgument check

Visem U
LA Tests ot Warm (TP4.4 & MC.W & TPAE)
W ignmant crack
wx
B ELOA Testa o150 K MIC.0 & TRAD)
[ ———
L
-_— s
B ELOA Tesia st Nominal Candions (MIC.C & TRA.E)
B Aigrememt check ot 10K

B - Prometon Syvem 15T
B HWC - Powering Test of 204 1o 2 kA Cicus Qo)
VOG- Powering Teaesof RDY + AGX CirustsGmom)
I - Poweing of Grouped Cocuts




What will we learn during installation?

This is the first time that the individually-tested magnets will be interconnected, following the procedures

which h had been defined for the new HL-LHC inner triplet
cP

Validation of the procedures of interconnection of the magnets (including t
QXL and the N line. < "

lices): the

See talk of
R. Principe @10h50 on Thursday
Magnet splicing and interconnection in the IT String

Validation of the handling and assembly procedures

of the Cold powering system.

% Validation of the water-cooling
distribution in two possible

P. Cruikshank @11h30 on Thursday (\ configurations.

Installation strategy of the SC Link system

o' & - in the HL-LHC IT String
il Marta Bajko for the HL-LHC Collaboration Meeting Sept 2022




What will we learn during STRING HWC and operation?

Ex. Validation of the new POWERING AND PROTECTION STRATEGIES

VALIDATE the new powering scheme: Define thresholds and validate the guench
ex. new decoupling algorithm Qb 0L Qi CLIQ + Cold Dinter detection considering cross-talk among
parameters for the circuit nested (2 ﬁq s circuits and flux jumps, in order to increase
control and the new FGC parameters = o U R the availability and reduce the amount of
for the HL-LHC IT circuits. o S b s o \Q —— false triggers in both HWC and in the |
i Talu operation while keeping a suitable quench |
7~ crai 2 PN ‘ [ detection scheme. :
\// ) Q QZ:\ . th Q3 cp DI 1
v i, p e S — 0.150 ~ - |
“ Ty , Ground to Cold mass el | e W | = o OSE |
it 1 transfer function B -”\iu‘&? ==Re 2 o ‘ PIT !
T 5 o] % oom a‘ :
; Ciruit 3 validation (vibration 3 oo Flux jumps ‘
| > measurements) Powered fom e UL, ULIG, & 0000 |
v\ \\\\/\\ 7 ’E_E UL557 and USC55 - 3 0025 ":‘
Circuit 3 ngr :.’»:; (:n‘:x ; -0.050 v"
| & E -0.075
| 7 2 -0.100 MQXFS3
| Validate the protection strategy Validate the ene?g@%f'ftxtlon ol L RBRP) ]
| combining CLIQ and QH with the new technology o et om s v o oS
s

Validate the Interlock system
for machine protection.

Check how the SYSTEMS TOGETHER can be
commissioned...(also including WCC
performance, CV circuitry, cryogenics etc

Validate the new hardware, software
and procedure for the HL-LHC E/IQA

\mn s |

, HL-LHC PROJECT ; v\}




Documentation Plan

IT String Validation Program Meetings a
P m | S|

]
B e urrer-000s
‘s,

Sy 0 #16)
e o =} jun 1T Siring Validation Program Masting (#15)
REFERENCE : LHC-XMS-£5-0020 ! omeaew 1

ENGINEERING SPECIFICATION
TEST PLAN w7 String Validation Program Mesting (14} Test Procedure and Acceptance Criteria
for the 80 A and 120 A Dipole Corrector
oh 202 Circuits
HL-LHC INNER TRIPLET STRING w17 Sting Validation Program Meeting (#13) .

HL-LHC IT STRING VALIDATION PROGRAM ebruary 207 woa privtiet

B
Abstract
The HL-LHC Inner Triplet (IT) String is a test stand, whose goal is to validate the ml\m behaviour of the

cooling, protection of the IT incuits in conditi ‘their later M o
T e e e b e S trln g a 1 atlon 1O gr am eetln gs o [Eap——
involved in the HL-LHC IT String. It will also show a proposed test sequence, as well as a time estimation of the
Test Procedure and Acceptance Criteria for
diff i ke the HL-UHC IT Si Validati Pr (SVP).
e ring Vil idition Frogea {5V, the Inner Triplet Circuits in the LHC

. LHC LHCMPP-HCP-0010

MP3 PROCEDURE
Test Procedure and Acceptance Criteria for

the Separation and Recombination Dipoles
Circuits in the LHC

TRACEABILITY

Prepared by: M. Bajko, N._ Heredia Garcia, M. Pojer and 5. Yammine Date: 2022-01-05
Verified by: M. Bednarek, 5. Blanchard, D. Bozzini, G. D'Angelo, G. Daniluk, L De
MHa(FlDELJFM( ., D. Gaml a n

Herty, 5. 3 . M. Modena, A. Perin, E. Rava
Seshadi, 4 slm«: G, slmn H. Thiesen, A. Venweij and 1. Zawi
by: V. Bagiin, O Brining. M. Bajo, A. Ballari

Ma

Tast Procedure

e commssioning or e wasowane i e v | ||
INTERLOCK TESTS OF A POWEAING

:CTOR PRIOR AND AFTER —
connEmou OF THE POWER CABLES TO
DFB LEADS.

Vahdat10n Pr gram Document

(Goals and Methods) See talk of

LHC-XMS-ES-0020, EDMS no. 2664290 N. Heredia Garcia @12h10 on Thursday
m‘ Documentation plan for the HL-LHC IT String

Test Procedures
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String Validation Program Document To the test

No. | Test Name Covered ‘WP | Duration
requirements
_ T | Cryogenics Commissioning without Magnets WPs1 om
Magnets: | (Refer to paragraph 7.2 for breakdown) I I I I
0 Name ‘ Ttems to Yest | Godl of the Tém Wanm of 2 | EIQATests of the SC Link, the DFHX and the DFX at Warm | WP6a-1, WP7-4 aw
. Cold. {Refer to paragraph 7.3.5)
Groundto- . T 2 | Toghng, Procmires 4 Table 4~ Testsaquence after first cool-down
Cold-Mass Magnets: T [Vacwum Pumping o | "> | TRNe Covered WP requirements | HWC or | Duration
o3 Tecater py prh Goal of the Test Warm or sting
Function (TF) Cold B Individual System Test [T [
1 [rome iU Ten  |werLwer s weial [wwe 7w
Tests ‘on magnet fleld and the stability PIC Tests 3t Zero Current WPT3, WPIB-1 WWC | tw
6 i Test [T | Powering Tests for 120A Grcuits [inom) | WP3-2, WP33, WPBb3 | HWC Tw
d — Verify the nominal performance 7 v em Test WP16-1, WP162, WP1B1
W22 | Aignment Tests wpz.12 | Nominal Beam Magnets: 7 Hard | 4 WP3-2, WP33 (3 Tw
Cyde Requirement "“"“‘.'"‘:“"‘ Items to Test Goal of the Test Warm or (inom) WPG33, WP63 6, WP6a-7
Cold? 8| Short Circuit and He: eategigheaipgahgody
A impactof | Cold powering system | '"Vestgate effectofquenching | | caackebyent WS4, WSS, W92,
e WP2-13 | Noise Studies WPSRE | Guenches Ter Vianetr [3__ | EiaATests of the ot
we23 during ngnats: 10| Ground-to Cold-Mass WP16-1, WP162, WP1B-L
Powering Items to Test Goal of the Test Warm or -
Individual 0 Name Cold? n Tooling, Procedures i |5 Powering Tests for RD1 Circutt (inom) WP3.2, WP3-3 2w
WPéa-7 WPGa-3, WPGa-6, WPGa-7
Powering Validate the automated analysis o WPE3, WPED.S, WPELS
we31 EQA Tests Softw phestyrid
weaa | moduaton FowerrGSt | gy | Sptemand | UCRTETE | sommetrenonon | wac Groundto-Cold s L
g Reststance WP6a-8 Grouped Software Tests b B ey = 1FS Connectors Manip i ¥’ *
wP3-2 Circuits. Pumping and Global L WP WP16.2, WP
toms to Test Goal of the Test ST 161, WP162, WP181
Triplet Te ) Name ryogen & | Powering Tests for ROX Grcut (nom) | WP3-2, Wh3-3 TWCT | 1w
s plet Trim - Ao a Insutation Vacuum Chy R s R R L
Powering we33 1 the magnets - including the “Allgnment Tests 3t Wa S— s P ———y Sl
Powes ; o Towame
Individual L b
= WPEbL | T | WPT4 EI0A Tests Validate compliance of the [18__| €1A Tests ot Warm
ckor | Preswreand | Cryogenicsand magnets, the cold powering Cooling t 80X [ i Tt o Vel Conis
A Triplet Trim w34 Package WP7-5 | HeatRunTest Weg- ook Test ¥ [20 | i Tests at 80K [3 T sgnment Chacks
Powering Powering e . s T 3 Viarm up h Room Temperanre
Poweriog of WPeb2 | andHeat Rur Rt | “hanacs tems to Test Goalof the Test Warm or Cooling 1 NOC (1.9 K.
wP3-5 Grouped Test 5 o Cold? ‘Static Cryogenics Mea: |7 | Powering of Grouped Crcuts S
Circuits Detection WwPg- “Tuni Teak Tests of — e
L Bl i . Decoupling | WPT-6 | pocnoug Tests . WPI22 | the magnets installation of the magnets w 33| €10A s Nominal Cond |3 | Bayonet eat Exanger Test|~—)
i wes | paemeces Wreb3 “"m::' and R VocuumTF | asiation vacuum | S1U0Y the transfer functions due 24| Aligoment Tests at Noi 5
uratior ‘Static and X ke 10 | Cross Tak Studies (|
' oy| Wezs pselerss o differeatial pressures of the: s
WP | Combinations s Load Wi [19] 3T | Oporation Powering Cyckes [ 10| Algnment Test st ool Comdeons |
wega1 BOATests | ¢ Full s of the Interconnection i | motecan e wi
Tuningof 01 WPeb4 | DischargeTes | upys | crossTalkTest interconnection """m':;':ix;fﬂw"‘u 12| Powering Tests for 1204103 VA Greuts
WP2-9 X e C i wel
g Instrumentation whas oot L o (QC) asin the tunnel. A . N T3 Poweing Terts for ROT and WX G
Weks2 v:’""" i representation of the space will o I w
idation : ‘e niss gt © [ Pomerng of Groupea Grcurs
Discharge Tes - ot Gt s
Orbit Feedback Weebs | afterlossol | ey o 2 10| Powering beyond Nominsl 16 aigument rects
wp2:10 : = oo N | interconnection Check the tooling and procedure - it
Tests i Resistance Cooling Wate wP9.6 Heat Transfer weisz [t | interconnections e w e e e caaTon o]
e | €€ Performance Tooling =
pan —— wreebs | X Jess Cryogenic | DOM; ok nd .m:'fmml‘ 1]
weead | CrossTakTest | ¢ Precision Test wa wegy | Perdormance | Tl Weis3 b OPXandSCH® | potween the oCM, SCinkand | =
We7-10 “Test during Intercannection £y
M‘: Validate IFS cable connection and
cwa Quend = peias e
wesas | mpactol Wb-7 S| W | e Recovery | €| weisa | 7S Conoecton S cabli Magnets:
Recovery rotect W98 q . Requirement | Requirement
System Set Items to Test Goal of the Test Warm or
r O m e Thermal fiasiimog 11 D Name oo
Fropagation Maximum Heat
Tests wre9 Simulate and validate a remote
WP Individual Load Remote measurement “train” to prepare
. Systems Test Wrisaq | FASOperstion | FRASOIQLO | \p15.44 | Measurements | FRAS measurements w
r lr l.].] l.] tS |] WP7-13 UPS Test Tests Q3, 0FX, Train ‘(unnz\ measurements of
E q tl E E ’ WP9-10 ‘Warm-up Tests | Cole FRAS Access Maintenance of Test and optimise the FRAS
and 7 i system proced
. wro. WP15.4-5 Maintenance systems on all {access and duration) for ALARA w
the different WPs — '
Pressure Drop FRAS ‘WP16
WP9-11 Colef of aryostat.
Tests We1542 | Repeatabilty -
Tests intemalcomi | \ypyg.q HWC HWC Procedures | Validate HWC procedures for Hl. c
(ie.coldm LHC circuits.
Teak Tests of Validate HWC software
M the Cold In| {AccTesting, Swan Notebook,
WP12-1 1
m I Powering WP16-2 HWC HWC Software Post Mortem, etc.) for HL-LHC W&C
System circuits.
HL-LHC PROJECT 7 Wnisa3. | roceasesand | sgrmentye Wi : :
LHC-XX] 20. EDM 26642 el | e — Vet e vartov syt Tt xration Meeting Sept 2022
- = y no. Wp1g-1 Tes;’s Control Systems rely on the HL-LHC controls. wec
- provided by WP18.



https://edms.cern.ch/document/2664290

\ o 0 EDMS NO. REV. VALIDITY
@) P e | 5 | o
g REFERENCE - LSC-XMS-£5-0020 ')

TEST PLAN

HL-LHC INNER TRIPLET STRING
HL-LHC IT STRING VALIDATION PROGRAM

Abstract
The HL-LHC Inner Triplet (IT) String is 3 test stand, whose goal is to validate the collective behaviour of the
ooling, protection of the IT ircuts in condit 2 their later

‘operation in the LHE. This document will be concerned with classifying the tests requested by the different WPs.
invalved in the HL-LHC IT String, It will also show a proposed test sequence, as well as a time estimation of the
different tests that make up the HL-UHC IT String Validation Program (SVP).

TRACEABILITY

Prepared by: M. Bajko, N._ Heredia Garcia, M. Pojer and 5. Yammine Date: 2022-01-05

Verified by: M. Bednarek, 5. Blanchard, D. Bozzini, G. D'Angelo, G. Daniluk, L De
Mallac, A Denz, J. Fleiter, D. Gamba, H. Garcia Gavela, M. Giovannozzi, N. Grada, A
Herty, 5. Kostoglou, W. Maan, M. Modena, A. Perin, £ Ravaioll, G. Rolando, 5.
Seshadii, 1. Steckert, G. Sterbini, M. Thiesen, A. Verweij and 1. Zawilinski
Approved by: V. Baglin, O. Brining, M. Bajko, A_ Ballaring, P. Chiggiata, 5. Claudet, A
Dewred, P. Fessia, B. Goddard, 1.M. limenez, H. Mainaud Durand, M. Martino, A. Masi,
V. Montabonnet, T. Otto, M. Pojer, F. Rodriguez Mateos, 1. Serrano, A. Siemko, g3
Tavian, E. Todesco, R. Tomas Garcia, ). Wennings
Distribution: K. Foraz, R. Janes and HL-LHC SVPM members
T T — .

i

Documentation Plan

IT String Validation Program Meetings o

3pug 1T String Validation Program Mesting (#18) ()

B wasm 1T String Validation Program Mesting (#17)

une 2022
2tun 1T String Validation Program Mesting (16)
wraun 1T String Validation Program Mesting (#15)

May 2022

#ay T String Validalion Program Mesting (£14)
B ovwar [T Sting Validation Program Masting (#13)

i Fess T String Validation Program Meating (£12)

String Validation Program Meetings

Validation Program Document

(Goals and Methods)

LHC-XMS-ES-0020, EDMS no. 2664290

. LHC LHC-MPP-HCP-0005

omeaew 1

ENGINEERING SPECIFICATION

Test Procedure and Acceptance Criteria
for the 80 A and 120 A Dipole Corrector
Circuits

= -

MP3 PROCEDURE

Test Procedure and Acceptance Criteria for
the Inner Triplet Circuits in the LHC

MP3 PROCEDURE

Test Procedure and Acceptance Criteria for
the Separation and Recombination Dipoles
Circuits in the LHC

Test Procedures
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https://edms.cern.ch/document/2664290

Powering Tests for Hardware Commissioning

LHC 600 A Step fOI' HL- Test Description 4 .'L,-I HL-LHC IT String Circuit Commissioning Tests

ef LHG IT St [ LHG-XMS-OP-0004 (v.0.1) ELQA QUALIFICATION OF SUPERCONDUCTING GIRCUITS IN THE HL-LHG IT STRING
Tren: rin
(Reference) g LHG-MPP-HCP-0005 (v.4.2) Test Procedure and Acceptance Criteria for the 80 Aand 120 A Dipole Corrector Gircuits

PCC PCC Power Converter 2 LHC-MPP-HCP-0003 (v.5 4) Test Procedure and Acceptance Criteria for the 600 A Circuits
Conﬁguration ;: LHC-XMS-0OP-0006 (v.0.1) Test Procedure and Acceptance Criteria for the 2 kA Corrector Circuits (RCBX) in the HL-LHC IT String
|=| LHC-XMS-0P-0007 (v.0.1) Test Procedure and Acceptance Criteria for the Separation Dipole Circuit (RD1) in the HL-LHC IT String
PIC2 PIC2 PIC tests 2] LHC-XMS-0P-0008 (v 0 1) Test Procedure and Acceptance Criteria for tha Inner Triplet Gircuit (RQX) in the HL-LHC IT Strig
[Z) LHC-XMS-0P-0008 (v.0.1) Parameters for the HL-LHC IT String Circuit Powering Tests

PCS PLI1.s1 Splice Mapping @ 500 A — A7 |

PLI1.bl EE from QDS @ 500 A
PLI1.d1 Powering Failure @ 500 A
PLIl.el SPA @ 500 A

PLI3.bl PLI2.s1 Splice Mapping @ 1 kA
PLI2.cl FPA @ 1 kA

PLI2.d1 Powering Failure @ 1 kA
PLI2.el SPA @ 1 kA

IT Orbit Corrector
(MCBXFA /B)

PNO.d3 PNO.d1 Training and Powering Failure

PNO.bI PNO.bI | EE from QDS @ +I_PNO oo A
PNO.a3 PNO.al | Bipolar Cycle @ +I_PNO )

PNO.x1 PNO.x3 | Combined Powering Example : Steps for 2 kA Circuits

\ L Lhc FRosecT Z \ / q T .
o S Special thanks for MP3 members participating in the procedure redaction



String Validation Program Phases

Phase | Phase ll Phase lll Phase IV Phase V
Tests before cooling Powering tests before TC TC (1% warm-up Pow. tests 2™ warm-up

and 1** cool-down & 2™ cool-down) after TC & dismantling
300 K ==o}erger - -y« =1+ s 2 25 s r e ne s g TTT T T N

ITString ITString

Operation Operation

Tests before cooling Dismantling|
Checks
80 K

19K saddisssssssfimmmmmnnia s nsrssass e Lo Nl <5 & 5 s TEERERE A EA SR LA e A TTITTETT T

Pumping and Global Leak Tests for the Magnet and Cold Powering Vacuum |5 w
Cryogenics Pressure and Leak Tests and Insulation Vacuum Check 2w
EIQA and Alignment Tests at Room Temperature 2w
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String Validation Program Phases

Phase | Phase ll Phase lll Phase IV Phase V
Tests before cooling Powering tests before TC TC (1% warm-up Pow. tests 2™ warm-up
and 1# cool-down & 2™ cool-down) after TC & dismantling
300 K ==o}erger - -y« =1+ s 2 25 s r e ne s g TTT T T N
ITString ITString
Operation Operation
Tests before cooling Dismantling|
Checks
80 K

19K saddiessssssfmmmnininisiiasst it s S LY = e L ITTTTTErrIr T e e A TTITTETT T

v

[EIQA and Alignment Tests at 80 K |1 w |

Marta Bajko for the HL-LHC Collaboration Meeting Sept 2022



String Validation Program Phases

Phase | Phase Il Phase lll Phase IV Phase V
Tests before cooling Powering tests before TC TC (1% warm-up Pow. tests 2™ warm-up
and 1* cool-down & 2™ cool-down) after TC & dismantling

300 K ==o}erger - -y« =1+ s 2 25 s r e ne s Ay S — TTTTTIT LI

ITString
Operation

ITString
Operation

Tests before cooling Dismantling|

Checks

80 K

LOK wnsfarsnssssfmmsmnrnismsrssnsnannnnananansnes CALANIN

Static Cryogenics Measurements and Controls Tuning |4 w
EIQA and Alignment Tests at Nominal Conditions 1w

Protection System IST and PIC Tests (PIC1) 3w
Powering Tests for 120A + 200A Circuits (I......) 2w
Powering Tests for RCBX -2 kA- Circuits (I,.....) 3w
Powering Tests for RD1 -14 kA- Circuit (I...) 2w

Powering Tests for ROX -18 kA- Circuit (L, ) . . |[11w | . .
Powering of Grouped Circuits vIarca uaﬁ%‘b TOT 11T rJ‘_;V'J_/L T\ Coﬂabm ation Meetlng Sept 2022




String Validation Program Phases

Phase | Phase ll Phase lll Phase IV Phase V
Tests before cooling Powering tests before TC TC (1% warm-up Pow. tests 2™ warm-up
and 1** cool-down & 2™ cool-down) after TC & dismantling
300 K ==o}erger - -y« =1+ s 2 25 s r e ne s g TTT T T N
ITString ITString
Operation Operation
Tests before cooling Dismantling|
Checks
80 K
19K saddiosssssifmmmmnninisiiasst s ai s e AL RS : N Iy e A TTITTETT T

Bayonet Heat Exchanger Test 1w
Cross Talk Studies 4w
Operation Powering Cycles and Noise Measurements 3w
Flux Jump Measurements 3w
Powering Cycle Endurance Test 3w
Powering beyond Nor%xlgaa} L(f Bgﬁgqﬁe{LC H=HCCE 31?2’& oration Meeting Sept 2022




String Validation Program Phases

Phase | Phase ll Phase lll Phase IV Phase V
Tests before cooling Powering tests before TC TC (1% warm-up Pow. tests 2™ warm-up
and 1# cool-down & 2™ cool-down) after TC & dismantling
300 K ==o}erger - -y« =1+ s 2 25 s r e ne s g TTT T T N
ITString ITString
Operation Operation
Tests before cooling Dismantling|
Checks
80 K
19K saddiosssssifmmmmnninisiiasst s ai s e AL RS : S P e A TTITTETT T
v

[EIQA and Alignment Tests at Room Temperature (1w |
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String Validation Program Phases

Phase | Phase ll Phase lll Phase IV Phase V
Tests before cooling Powering tests before TC TC (1% warm-up Pow. tests 2™ warm-up
and 1# cool-down & 2™ cool-down) after TC & dismantling
300 K ==o}erger - -y« =1+ s 2 25 s r e ne s g TTT T T N
ITString ITString
Operation Operation
Tests before cooling Dismantling|
Checks
80 K

19K saddiosssssifmmmmnninisiiasst s ai s e AL RS e L TITTTTrrr e e A TTITTETT T

[EIQA and Alignment Tests at 80K |1 w |
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String Validation Program Phases

Phase | Phase Il Phase lll Phase IV Phase V
Tests before cooling Powering tests before TC TC (1% warm-up Pow. tests 2™ warm-up
and 1* cool-down & 2™ cool-down) after TC & dismantling
2300 K 1eefrngen il ¢ 1 s 11000 1f s 0 nnaenannnnnnnsannnsnnnsnnnnns e d TTTTTT T e

ITString
Operation

ITString
Operation

Tests before cooling Dismantling|

Checks

80 K

LOK wnsfarsnssssfmmsmnrnismsrssnsnannnnananansnes CALANIN

Protection System IST and PIC Tests at Zero Current (PIC1) 3w
Powering Tests for 120A + 200A Circuits (I,...) 1w
Powering Tests for RCBX -2 kA- Circuits (I......) 1w
Powering Tests for RD1 -14 kA- Circuit (I..) 1w
Powering Tests for ROX -18 kA- Circuit (I......) 4w
Powering of Grouped Circuits 1w
Final EIQA (Testsjat Nomihal /Conditiéns ollaboration Meeting bwof 2022




String Validation Program Phases

Phase | Phase ll Phase lll Phase IV Phase V
Tests before cooling Powering tests before TC TC (1% warm-up Pow. tests 2™ warm-up
and 1# cool-down & 2™ cool-down) after TC & dismantling
300 K ==o}erger - -y« =1+ s 2 25 s r e ne s g TTT T T N
ITString ITString
Operation Operation
Tests before cooling Dismantling|
Checks
80 K
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[EIQA and Alignment Tests at 0K |1 w |
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String Validation Program Phases

Phase | Phase ll Phase lll Phase IV Phase V
Tests before cooling Powering tests before TC TC (1% warm-up Pow. tests 2™ warm-up
and 1# cool-down & 2™ cool-down) after TC & dismantling
300 K ==o}erger - -y« =1+ s 2 25 s r e ne s g TTT T T N
ITString ITString
Operation Operation
Tests before cooling Dismantling|
Checks
80 K
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[EIQA and Alignment Tests at Room Temperature [l w |
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HL-LHC IT STRING in the SM18: activity planification

STRING area

Horizontal
benches for

Magnet test cryomagnets

cryostats

Cryogenic
infrastructure SC link system

test bench

O

iLumi Y @ Integration work by A. Kosmicki
HL-LHC PROJECT
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HL-LHC IT STRING in the SM18: activity planification
|

Daily graphical colour-coded calendar

Purod rom Ot 110 Oct.
MAGNET LINE

MAGNET UINE 5

SaxLinstall - until end of Oct. o : Saxtinstall- untl end of Oct.

T Frre———— ] 1] TR T A
BELOW PLATFORM and ZN_RACKS BELOW PLATFORM and ZN
B -

See talk of
D. Bozzini @11h50 on Thursday
Safety considerations for the HL-LHC IT String

https://string-sm18.web.cern.ch/

Special thanks for S. Blanchard for the daily calendar and coordination

‘ m&gﬁmj ’ work in Sm18; for D. Bozzini to insure the safety in the installation.

7\ viaria Bajko 10r tne AL-LAC Collaboration Meeting Sept 2022



Magnets

Cold powering

‘ Power Converters
. Re-usable inthe Magnet Protection
. HL-LHC (prototypes/ -
: pre-series) Quench detection

Machine Interlock

Alignement system

Disconnector Boxes

Impact on the schedule™ [vetcsictre |
\"."‘I‘. Control Cabling
; [——
i Responsability || AC Powering
. of WPI6 ) comtror R
Component : __-ontro’ Room - STRING specific
responsibility in the HL- |\ Cryogenic system
LHCIT STRING ";".‘ Demineralised Water
Responsibility : |\ distribution
of OTHER 1 I\ >
Whe or 3
Groups QA/QC

Component responsibilities and

-+ Water Cooled Cables

Responsability:WP6b:
PC and CDB

o
() #
A
{ w

Responsibility WP16: AM
Demineralised Water
distribution
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Component responsibilities and impact on the schedule
rr—

oSS IR R R The interfaces fall the responsibility of the WPs.

T The String - being an early activity mirroring the
N =8 installation of the HL-HLC - facilitates the
mee = discovery of grey zones ( ex. GMS).

- WP16 team master the delivery times

P s Water Cooled Cables
/ Metallic Structure
---------------- f‘/ Control Cabling

LA Responsability !/'/ AC Powering
i of WP16 V" control Room
T Magnets Component — — - STRING specific !
responsibility in the HL- |\_ Cryogenic system ]
cold powering LHCIT STRING N Demineralised Water
Responsibility : \ distribution
of OTHER . |

| Re -usable in the Magnet Protection WPs or ,_ l\ Handling infrastructure
i HL-LHC (prototypes/ - Groups : QA/QC E H

pre-series) Quench detection /%H .
Machine Interlock

ELQA Leak detection Alignment Any other method
Alignement system 1 il i

i Power Converters

Disconnector Boxes As in HL-LHC

m"m'i\'/'l'é{'r'fé{“éé'j'k'b"'fé'_rmtnﬁéuﬁi:—;LHC Collaboration Meeting Sept 2022




Schedule
The first important results on the collective

behaviour is expected at the end of the
first thermal cycle: by Sept 2025. m

LS2 YETS YETS YETS EYETS LS3

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4 /Q1 Q2 Q3 Q4 Q1 Q2 Q] Q4 21 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 |04 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
I

The YETS 2022 has been recently 4 = | In the last yehr, we accumulated 1 year of
nced with 2 weeks impacting — — delay. Today] the end of the IT String
the IT String Infrastructure planning. experience cojncides with the start of LS3.
Analysis of alternative options to
delay activities is already ongoing. ¢ niesimicure oo gigly withou maggers

Delays caused by covid war and ngh conformities

| The critical path is driven by
ITSTRING B oS e the delivery of the last cryo-magnet

SM18 Shutdown dates are not comnection to the String. It is shown in red.
confirmed for 2022/2023 yet. B s o

These dates will have a direct
impact on the STRING e B
schedule.

The next critical item is the Sc link
system delivery and installation.

WP16 - Baseline - C&S review - 2021

cooling

Powering tests after TC

| B instellation B Commissioning

e 2 Magnet interconnection now coincides with YETS 2023, impacting the

ATy availability of some teams: VSC, Alignment, ELQA etc.
‘ HL-LHC PROJECT M
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Resources & resource distribution in time

These two activity will employ the same type of resources and some
of them would be also solicitated for the EYETS.

| |
Cold Powering Magnets These resources maybe
SOXL and Installation Interconnections partially those needed for
Demineralised the LS3

Water Distribution
System installation

Powering Tests

NO OF RESOURCES {%)

o

1/1/.2022 3/1/2022 5/1/2022 7/1/2022 9/1/2022  11/1/2022  1/1/2023  3/1/2023 5/1/2023 7/1/2023 9/1/2023  11/1/2023 1/1/24 3/1/2024 5/1/2024 7/1/2024 9/1/2024  11/1/2024  1/1/2025  3/1/2025 5/1/2025 7/1/2025 9/1/2025  11/1/2025

Particular thanks for N. Heredia Garcia and E. Vergara for input to this presentation
specifically for the schedule and resource loaded planning + related tools preparation.

iL I ’ CERN
HL-LHC PROJECT
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Potential candidates for the critical path and
further conflicts

LS2

3

@
=

SM18

&

YETS!

|
&

=

&)

EYETS

[smis]

LS3

[smis]

2019 2020

2021

2022

2023

2024

2025

2026

2027 2028 2029

Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4

IT STRING

WP16 - Baseline - C&S review - 2021

installation.

SM18 Shutdown and the EYETS
dates have a direct impact on the
STRING schedule next year during

Ql Q2 Q3 Q4 Q1 Q2 Qf

| B instellation B Commissioning

| Milestone

b Input

Q4 a1 QZ‘QB Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 QZ‘QEB Q4 0.1|QZ Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2

|
q

rcuit Test

m

o

A—

=

[Conts

ol cabling i

Cryogenic infrastructure +

nstallation

B

Jowering in

agnet inst

stallation
llation

Interconnections
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Candidates to be on the critical path:

a.
b.

tooling ( ex. SC link handling) or
compatibility of design ( ex.
interconnect jumpers between SQXL
and cryomagnets)

feasibility of the N line insertion.

cooling

Potential further conflict:

. System installation!

Magnet interconnection may
coincide with  the very
complex  cold powering




Status In pictures

Marta Bajko for the HL-LHC Collaboration Meeting Sept 2022



metallic structure

tures

Marta Bajko for the HL-LHY

in pic

at



Status in pictures

"rllu'm | Ili

PrOX|m|ty cryogefmc,s');, e

~

Fhes ==

/
B l\

See talk of A. Perin @10h30 on Thursday
Status of the cryogenics system of the HL-LHC IT String

|
HiLumi <
H LHC PROJECT
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Status In pictures
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Status In pictures

We are ready to perform
- g7 thelT STRING Validation
| | Program.

Control layers strategy is
made and work is planned
for 2023.

New control room

Marta Bajko for the HL



Summary

INTEGRATION- and INFRASTRUCTURE are well-advanced. At this stage change in dimensions of objects

have a large repercussion on schedule.

VALIDATION PROGRAM has been set up and approved ; test procedures are under revision. While writing

the HWC procedures for STRING, we prepare the work for the HWC of the HL-LHC itself.

Gymnastics are needed to adjust to SCHEDULE CHANGES (e.g... Sc link installation first then the

converters- or vice versa; changes of SM18 shutdown schedule affecting the CRG equipment HWC) and to

avoid (E)YETS or other possible co-activities ( e.g.. delay in magnet delivery implying the coactivity with

YETS and thus maybe a lack of personnel for QC as VSC and EIQA). Unfortunately we continue

accumulating important delays from major components that already define the critical path. In todays Master

Plan, the STRING program will end at the beginning of the LS3 with a very first feed back on the

collective behavior is expected for September 2025.

4. INSTALLATION SEQUENCE definition with the required QA/QC has been started in dedicated regular
meetings since May. This is our most important work right now: after the summer we made important
advancements. The new information-both in sequence, time and in resources - are introduced step by step
into the IT STRING planning implying the risk of further delays as we still need to analyze. Handling tools to
be still designed maybe also on the critical path.

5. The COACTIVITY IN SM18 is quite important. Major component installation In parallel maybe not possible;
The annual SM18 cryogenic shut down will have a direct impact on the planning of the STRING from early
2023.

6. DISMANTELING of the STRING is not yet completed; we just watch out for spare components needed to

ecove r the installation of the machine itself. PCs of 2kA are expected to be needed the most
“HilLuguaickly; disMantling planned for March 2026.
SLS

‘ HL-LHC PROJECT




HL-LHC IT String Infrastructure team

General Integration: Antoine Kosmicki, Alparslan Tursun (EN-ACE), Philippe Orlandi (EN-EL)
Civil Engineering: Alejandro Martinez Selles, Wolfgang Bastien (SCE)

AC Powering: Nuno Dos Santos, Mathieu Rigollet (EN-EL)

Control Cables: Gael Girardot (EN-EL)

DC Cables: Matheus Silva (EN-EL)

IT Infrastructure: Maryse Da Costa (IT-CS)

CV infrastructure: Francesco Dragoni, Dominique Piednoir (EN-CV)

Cryogenic infrastructure: Gabriella Rolando, Jeremy Mouleyre, Jos Metselaar, Andrew Lees,
Luis Fernandez, Benoit D'Hulster (TE-CRG)

Transport: Serge Pelletier, Erik Richards, Antonio Jorge-Costa (EN-HE)

Design and drawing: Robin Betemps, Oussama Id Bahmane, Hector Perez (EN-MME)
Alignment: Andreas Herty, Jean-Frederic Fuchs, Kacper Widuch (BE-GM)

Mechanical works: Jordi Bossy, Pascal Catherine (EN-ACE)

Control HW infrastructure: Benjamin Ninet (BE-CEM), Enzo Genuardi (BE-CSS)

DT 4
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WP2/BE-ABP Rogelio Tomas Garcia Elias Metral
WP3/TE-MSC Ezio Todesco Delio Duarte Ramos

WP6a/TE-MSC Amalia Ballarino Paul Cruikshank

WP6b/SY-EPC Michele Martino Valerie Montabonnet

WP7/TE-MPE Daniel Wollmann Reiner Denz
WP9/TE-CRG Serge Claudet Antonio Perin
WP12/TE-VSC Vincent Baglin Giuseppe Bregliozzi
WP15/BE-GM Paolo Fessia Michele Modena
WP16 (HWC) Marta Bajko - Mirko Pojer

WP18 Javier Serrano Greg Daniluk

= A. Verweij, E. Ravaioli for MP3

" M. GiOV&nnOZZi, Riccardo De Maria for WGA = M. Jakub Bednarek for EIQA tests

= M. Zerlauth for the Project Office
= S. Blanchard for IT String Installation
= D. Bozzini for IT String Safety Coordinator

¢ . J. Zawilinski for IT String Tools Coordinator
‘HIL | N
HL-LHC PROJECT 7

HL-LHC IT String Validation Program team

Yannis Papaphilippou Davide Gamba
Arnaud Devred Ezio Todesco and Sandrine Le Naour
Amalia Ballarino, Paul Cruikshank and

R D Jerome Fleiter

Valerie Montabonnet Louis' de Mallqc, Hugues Thiesen and
Shruti Seshadri

Felix Rodriguez Mateos Daniel Wollmann and Jens Steckert

Dimitri Delikaris Antonio Perin and Gabriella Rolando

Paolo Chiggiato Willemjan Maan

Helene Mainaud Durand = Michele Modena and Andreas Herty
Felix Rodriguez Mateos Marta Bajko and Mirko Pojer
Alessandro Masi Greg Daniluk and Odd Oyvind Andreassen

= M. Guinchard for Mechanical TF Measurements

= S. Yammine (Chair)

= N. Heredia Garcia (Scientific Secretary)

= Others for specific topics (software, control layers, protec
equipment, etc.)
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Thank you very much for your attention

P W70 il

String Day 2-15% of September |
HiLumi y @) https://indico.cern.ch/event/1183794/timetable/
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