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The HL-LHC Cold Powering (WP6a)

» Four Cold Powering Systems in total
» Two different types of Cold Powering
Systems (one for the Triplets
and one for the Matching Sections
(D2 and its correctors) |
» Systems for ITs and MSs identical at P1
and P5 JO——
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HL-LHC Cold Powering System: Schematic
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Cold p

The HL-LHC Cold Powering (WP6a)

owering system for HL-LHC Triplets:
One SC Link;

One DFX;

One DFHX;

All current leads for Triplets;
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The HL-LHC Cold Powering System
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Electrical cchts Triplets

One main 18 KA circuit
Three Trims:
2x2 KA (Q1 and Q3)
1x0.035 KA (Qla)

Baseline established
in May 2017

In addition: D1, Orbit Correctors and Higher Order Correctors individually powered

IT Orbit SF Order 2 SF Order > 2
b1 Corrector Corrector Corrector
0 i DFHX  DFHX DEHX  DEMX DFHX DFHX
D AS) i e
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HL-LHC Triplets — Number of cables/splices

EDMS 1821907

Magnet Cold Powering
In(kA) | peai(KA) leaq (KA) leanie(KA) N icads/ Neables
MQOXF 17.82 - 18 18 2
Trim Q1 2 2.4 2* 7 1
Q2a/Qz2b Protec. 5.6 2* 7 1
TrimQ3 2 6.8 2* 7 1
MCBXFB 1.73 - p 2 2+2
MCBXFB 1.59 - 2 242
MCBXFA 1.73 - 2 2
MCBXFA 1.59 - 2 2
D1 12.96 - 18 18 2
4x 18 kKA
3x 7 kA

. s 12 x 2 KA
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DFX Functional Requirements
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DFX — Main functionalities/characteristics

Cryostat, in the LHC tunnel, between the SC Link and the magnet chain

It hosts the electrical splices between the Nb-Ti, exiting the link, and the
Nb-Ti coming bus-bar passing through the A-plate

It provides the 4.5 K liquid helium bath (1.3 bar), inside which the Nb-Ti
to Nb-Ti splices are submerged. A A-plate separates the 4.5 K bath from
the 1.9 K superfluid He environment (cold diodes box)

> It generates the ~ 5 g/s of maximum helium mass flow rate required for
| cooling the SC Link and the current leads

- » Itmechanically interfaces with the cryostat of the SC Link, on the SC
link’ side, and with the diodes cold box on the magnets’ side

» Ithas vacuum barriers that separates its vacuum from the magnets’ and
from the SC Link’s vacuum
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DFX — Accessibility requirements
Interventions to verify leak tightness and inspect pumping equipment, to
check instrumentation cables can take place (inspections and light work,
typically during LHC Technical Stops)
> Routine maintenance to change burst disks
> Exceptional external interventions to change LHe level gauges that
produce the He mass flow (two will be installed for redundancy)

None of the above interventions requires opening the DFX. They
require standard procedures and tooling. ALARA to be respected

» Exceptional major interventions in the tunnel for the unlike case that
a splice has to be repaired shall be possible. This applies to both Nb-Ti |
to Nb-Ti and MgB, to Nb-Ti splices. Also, replacement of A-plate shall be
possible. ALARA to be respected
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DFX Design Evolution
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DFEX Design Evolution
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Note: illustrative 3D model

Mid-2017 : Cold Powering System*t&ViéW, Y. Leclercqetal o
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I Cable fixing point l

SOTON presentation July 2018, Y. Yang and W.Bailey

iL ,”i @ases, MgB, to Nb-Ti splices done in the tunnel inside the DFX
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DFX Interface to SC Link — Design Evolution

Incorporation at the cold of the SC Link of an ad-hoc designed termination
containing the MgB,, to Nb-Ti splices

-- § MgB, Main advantages:
g E ’l § » MgB, to Nb-Ti splices done in the lab

W é and incorporated in the SC link (not part
3 | MgB, to Nb-Ti

r

>0.7m ]U ‘

of the DFX anymore);
» MgB, to Nb-Ti splices tested and
Nb-Ti gualified with the link before installation
| in the tunnel
|

A. Ballarino, WP6a Meeting, 19/07/2018

Left: Blue = flexible inner and outer pipes of SC Link cryostat (outer pipe external diameter < 200 mm); |
orange = stainless steel cylinder containing the MgB2 to Nb-Ti splices; violet envelope = MgB, cable
assembly; grey envelope = MgB, to Nb-Ti splices; red lines = flexible Nb-Ti cables coming out from th
orange stainless steel cylinder; green = stainless steel cylinder. Right: in the volume inside the orang

Mmder | €\MgB, cables are opened and connected to Nb-Ti cables).The maximum extern
‘diaftvéter is gt 220 mm.
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Retained design

Vertical integration

LHC shaft/core
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SC Link

d

<

I
1
I
Nb-Ti Tk
MgB, to Nb-Ti \ i |
| I
/ | \‘ I
| !
- 1 - '! |—I o
y l — =p 3/

Main advantage: bending and manipulation in the tunnel only of Nb-Ti cables
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DFX below LHC Shaft

A. Ballarino, WP6a Meeting, 19/07/2018
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Retained design

Link cryostat

SC Link Cryostat
Interface to DFX

MgB, to Nb-Ti
Splices

Mock-up in
preparation

Nb-Ti flexible termination

N
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WP6a Schedule and key milestones
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WP6a Master Plan

Master plan 2018 | 2019 2020 2021 2022 2023 2024 2025
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WP6a Master Plan

2020 2021 2022 2023 2024 2025
a1|o2|a3|a4a1|az| as|as|ai1| az|as|as|a1| az|asfas

Master plan 2018 | 2019
Q1) Q2| Q3| Q| Q2|03

Current leads

b

IMgB; wire

|MgB, cable assembly

\

SC Link cryostat
SC Link
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Test Demo
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WP6a Key Milestones

Master plan 2018 2019 2020 2021 2022 2023 2024 2025
02|03 as|a1|az|a3|as|ai| n2]a3|as|a1|az|a3| oy

Current leads

Series procurement MgB.,— FC Dec 2018

MgB; wire

Series Cabling MgB, - FC Dec 2018

MgB, cable assembly

2018
Yendering SC Link cryostat SC Link Cryostat (2-walls) — Sept 2018
e P01
Wanufacturing chinofog} (Jepl 218) Series SC Link Cryostat — FC Sept 2019
e Scnk rlEaaags ] Series SC Link assembly— FC Sept 2019
| oo it o
' DF
Sparas

. Achiwvad milestone ‘ DfM [nd g.anav.zl 19{ cdneepufal Peslen Prototype DFH — June 2020
2 Future milestone [ | ‘ Series DFH — FC June 2019

FC dates g

( DFHPL E n al fleslen Feview
Test Demo Demo 1 — Dec. 2018/ March 2019
erhol2
edﬂ_‘nol[JD X, DD, $20)m $f induptripl BE, splicgs) DemO 2 _ DeC. 2019
Test Proto Siysterrt fol Strirlg (tested).Fll [ength pnd al| cgmpongnt
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DFX in WP6a Master Plan

Master plan 2018 2019 2020 2021 2022 2023 2024 2025

QljQz2|ja3|Q4jQija2|ja3|a4|Qi|az|a3|a4|Qi|Q2ja3|Q4jQl|az|a3|a4|ai|Qz|Q3|Q4|Ql| Q2 |a3|a4|Q1| a2 |aQ3| Q4

FCJune 2019 |First Unit
DF
| |

| | | |
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i@o: full scale system with all components —including DFX
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DFX Prototype — UK Collaboration

The DFX design is being performed in the framework of the HL-LHC UK
collaboration

The design work is done by the colleagues at the Univ. of Southampton
in close contact with WP6a — weekly meetings and discussions — and |
WP15 (tunnel integration/accessibility aspects taken into account from the |
. early stage of the design)

» The DFX being designed shall meet all requirements for
~Installation/operation in the tunnel —itis in fact a spare unit for LHC

LG ~ CERN
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Conclusions

A significant progress has been made in the last year on the conceptual
design of the DFX

The proposed design takes into account requirements from SC
Link/Cables/Splices integration and operation — including protection
aspects and related instrumentation

. » The proposed design takes into account tunnel integration aspects

?"> The status of the work is at the conceptual level. Provided no
i

|

showstoppers will be found, the detailed design will start in February
2019 — aiming at a detailed design review by end of March 2019
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Thanks for your attention !
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